
Volume 18(1), 1- 6, 2014 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

1 

Response of Hedera helix (English Ivy) to various salinity 
levels 
 
Adnan Younis1,2*, Atif Riaz1, Sabi-ul-Hasan1, Nouman Mustaq3, Mansoor Hameed4 
 

1
Institute of Horticultural Sciences, University of Agriculture Faisalabad, Pakistan.38040; 

2
Department of 

Horticultural Science,
 

Kyungpook National University, Daegu 702-701, Korea; 
3
Directorate of Land 

Reclamation, Irrigation and Power Department, Lahore; 
4
Department of Botany, University of Agriculture 

Faisalabad, Pakistan.38040 
 
*Corresponding author. Email: adnan@knu.ac.kr 

 
 
Abstract       The presence of salts in soil, underground water and as well as 
surface water sources is main cause of salinity that exacts economic and 
environmental issues like: reduction in agriculture land, productivity, decline in 
quality water, limiting plant species and destruction of ecosystems. In this 
study, the growth response of English ivy (Hedera halix) to various salinity 
levels was assessed. English ivy plants were grown in pots. The plants were 
treated with salinity stress (4dS/m, 7dS/m, 10dS/m, and 13dS/m) with a 
control treatment (2.5 dS/m). These salinity levels were maintained by the 
addition of weighed amount of salt into the soil. shoot fresh and dry weight, 
root fresh and dry weight, root-shoot fresh weight ratio, root-shoot dry weight 
ratio, root length, shoot length, plant quality, leaf area, number of leaves 
significantly decreased as salinity increased while  mortality percentage, 
percentage leaf firing and Na

+
 and Cl

-
 concentration in leaves significantly 

increased  with more salinity. On the basis of overall study it reveals that H. 
helix gave better results in salinity level of 2.5dS/m but the overall growth 
decreased at the salinity level of 13 dS/m.   
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Soil salinity is the oldest soil pollution 

problem. Salts’ adverse effects are commonly found in 

all the continents and under almost all types of 

climates. However, their distribution is extensive and 

widespread in arid and semi-arid climates compared to 

humid regions of the world (7, 11, 15). Salinity is not 

matter of high accumulation of Na
+
 and Cl

–
 in plant 

tissues but also disturbs various physiological 

processes in plants (5). Problem with area under saline 

soils can increase as more effluent and poor quality 

water are being applied to ornamental crops (17, 49). 

Soil salinity is a growing problem in the world with 

almost 10% of the total surface of the earth is covered 

with saline soils, which is 954 million hectares and up 

to 120 million hectares is saline as a result of irrigation 

(48). Each year due to salinity, million hectares of 

cultivated land is going to turn into zero productivity 

(16). The soil solution makes it impossible for the plant 

to take up water due to high levels of salts. Higher salt 

concentration in soil solution than in the root system of 

the plant makes the plant incapable of take up water. 

Under these circumstances the plant will wither and 

sooner or later die due to the high salt content even 

though there is sufficient soil moisture. 

Water is becoming increasingly rare reserve 

and as a result, inferior quality water is often used for 

irrigation in agricultural as well as horticultural crops. 

The application of poor quality water distresses plants 

in different ways depends on the level of stress 

tolerance of a particular species (3, 22, 42). Salinity 

may also affect physical and chemical properties of 

cultivated land and thus limit the cultivated and wild 

plant species to grow in, but generally wild plant 

species have greater salt tolerance (35, 37). 

Use of saline-tolerant plant species in 

landscape, parks, public spaces and xeriscaping should 

be considered (36). Although native plant species are 

usually selected for landscape in saline soil, but limited 

information is available about the ornamental plant 

species that can tolerate to diverse salinity conditions 

(50). Salt stress effects osmotic and ionic stress as a 

result of low soil water potential and ions 

accumulation.  

Ground cover plant species exhibit variation 

against salt stress and only some species perform well 

in saline soil. English Ivy, Aspidistra and Juniper 

species etc. are reported salt tolerant. Unfortunately, 

this salinity problem is favored due to light irrigation 

water application that is applied during turf 

establishment. As a result of light watering salts is 

deposited in ground and salinity can accumulate 

quickly to severe levels that limit the plant growth.  
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Hedera helix L. is commonly known as 

English ivy. It is a native of Europe and belongs to the 

family Araliaceae. English ivy grows well in different 

types of soil conditions and under shade and in sun. 

This plant is grown in gardens, landscapes and as 

house plants. English ivy is moderately tolerant to 

drought once it is established. Leaves are simple and 

alternate with 3-5 lobed young leaves and adult leaves 

ellipsoid to rhombic. It bears greenish-white flowers at 

maturity and produces black and berry-like fruits. 

Dissimilarities in salt tolerance between ground covers 

have been verified in numerous studies using field 

culture and hydroponics system (19, 33).The objective 

of the present study was to determine the growth 

response of English ivy at different salinity levels.  
 

Materials and Methods 
 

English Ivy (Hedera helix) was grown in pots 

to check its response to different salinity levels. The 

salinity levels were 2.5dS/m control, 4, 7, 10 and 13 

dS/m. The plants used were taken from a well-known 

local nursery. Healthy and vigorous plants were 

selected to withstand the stress conditions. Salinity 

effects on mortality percentage, Shoot fresh weight, 

shoot dry weight, root fresh weight, root dry weight, 

root-shoot fresh weight ratio, root-shoot dry weight 

ratio, percentage leaf firing, root length, shoot length, 

plant quality, leaf area, number of leaves, Na
+
 and Cl

-
 

concentration in leaves were measured. 

The research work was conducted in Glass 

House of Citrus Area, Institute of Horticultural 

Sciences, and University of Agriculture Faisalabad. 

The growing media was sandy loam in plastic pots. 

The desired salinity levels were maintained by 

applying weighed amounts of NaCl calculated by 

formula. The measured amounts of NaCl for respective 

salinity levels was mixed into the soil by using stirring 

machine and by thoroughly manipulating the soil and 

salt so that salt might not deposit on the upper layer 

only. Twenty pots were used with one plant in each 

pot. Pots were filled with equal quantity of soil by 

weighing it using triple beam balance. The soil was 

analyzed to ascertain its EC for the purpose of using it 

as a control treatment. After that the plants were 

transplanted to the pots. After the period of three weeks 

roots and shoots of all the plants were trimmed back 

for studying their subsequent growth in the said media. 

The EC of original soil was 2.5dS/m was 

taken as control. The other four salinity levels were 

developed scientifically by the addition of calculated 

amount of commercial graded NaCl. For this purpose 

weighed soil was spread on a plastic sheet and the 

calculated amount of salt was thoroughly mixed with 

soil. The soil in each pot was irrigated with measured 

amount of water (calculated on the basis of saturation 

%age of the soil), and when the soil attained proper 

moisture conditions, one plants was planted to each 

pot. The plants were regularly visited and irrigated 

with equal amount of water for pot. The data was 

collected in respect of following parameters at 15, 30, 

45, 60, 75 and 90 days after plantation. Plants under 

different salinity levels were evaluated for the 

following parameters:- 

Morphological Parameters: The numbers of survived 

plants were counted after 15, 30, 45, 60, 75 and 90 

days of planting and the mortality %age was calculated 

as: 

 

No. of plants died 

Mortality %age = ------------------------------------- x 100 

No. of plants planted 

 

The harvested plants were cut just at the start of roots 

from basal portion of root and shoot; the shoot fresh 

weight was recorded in grams by using an electrical 

balance. The shoot part was oven dried at a 

temperature 75ºC to a constant weight (g). This weight 

was recorded as shoot dry weight. The root fresh 

weight was recorded in grams by using an electrical 

balance. The root portion was oven dried at a 

temperature 75ºC to a constant weight (g). This weight 

was recorded as root dry weight (24). Root-shoot fresh 

weight ratio was calculated by dividing shoot fresh 

weight on root fresh weight. For Root-shoot dry weight 

ratio divide shoot dry weight on root dry weight. Leaf 

firing percentage was calculated as the total percentage 

of chlorotic leaf area, with 0 % corresponding to no 

leaf firing, and 100 % as totally brown leaves (4). The 

length of shoot was calculated in centimeters by using 

meter rod. The length of root (cm) was also calculated 

using meter rod. The numbers of leaves per plant were 

calculated after every 15 days interval. Leaf area (cm²) 

was calculated by using leaf area meter. 

Plant quality represents uniformity, density, texture and 

color. Visual quality was recorded regularly through 

the growing period based on a scale of 1–9, with 9 as 

green, dense, and uniform, and 1 as thin and 

completely brown (dead). Evaluation was done by 

three different judges adopting the method described 

by (38). 

Soil Analysis: A representative of soil was used for 

various physio-chemical characteristics. The analysis 

was made according to the methods. pH was measured 

on a digital pH meter. Clear extract of the saturated soil 

paste was obtained by using filter paper while applying 

positive pressure of any desirable magnitude. EC was 

recorded by using digital EC meter. Saturated soil 

paste was transferred to a weighed china dish, weighed 

and oven dried to a constant weight. Saturation %age 

was then measured using the formula: 

Loss in weight on oven drying 

Sp = ----------------------------------------- x 100 

             Weight of the oven dried soil 

 

Plant Analysis for Na
+ 

and Cl
-
:Oven dried plant 

materials was grinded to powder with the help of 

electric grinding machine and stored in a dried paper 
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bags. Sodium was determined by using GDV Flame 

Photometer; [model Digi flame 2000] (1). Chloride 

ions in shoot of different cultivars were determined 

following the method described by (20). For this 

purpose, .1 g oven dried and grounded sample was 

taken in the test tube in which 20 ml of distilled water 

was added. Test tubes were placed in boiling water for 

20 minutes. Centrifuged the material in the test tube 

and the solution decanted in the volumetric flask and 

volume was made up to 10 ml Chloride were 

determined by Hanna ion meter [model pH.301]. 

Statistical Interpretation: Data collected was 

analyzed statistically using analysis of variance 

techniques (ANOVA). The experiment was laid out in 

Completely Randomized Design (CRD). Difference 

among the treatment means was compared by using 

Least Significant Difference (LSD) test (43). 
 

Results and Discussions 

 
Fresh weight of shoot decreased as the amount 

of NaCl increased and salinity level To (2.5 dS/m) 

gave maximum shoot fresh weight followed by T1 (4 

dS/m), T2 (7 dS/m) andT3 (10 dS/m). Shoot dry weight 

also decreased significantly with the increase in levels 

of salinity. T0 gave good results with respect to shoot 

dry weight. Root fresh weight decreased while 

increasing salinity and minimum was recorded in T4. 

Maximum root dry weight was produced at T0. On 

overall basis all treatment showed decreasing trend in 

dry mass production with increase in salinity, and the 

salinity level T4 gave lowest root mass production. 

However, minimum shoot fresh weight was recorded 

at13 dS/m (Table 1). In scientific studies also stated 

decline in plant growth in number of plant species by 

means of salt stress (9, 26, 28, 44, 45). These previous 

findings of decreased growth due to NaCl treatment are 

confirmed from results. Perhaps the adverse result of 

stress on plants triggered osmotic potential by salt in 

the soil, so that the root cells did not get the required 

amount of water from the soil (34, 41). 

As the amount of NaCl increased, there was 

increase in percentage leaf firing. Leaf firing was 

assessed as the total percentage of chlorotic leaf part, 

with 0% matching to no leaf firing, and 100% as 

completely brown leaves (46). Leaf firing percentage 

was minimum in control (2.5 dS/m) while T4 (13 dS/m) 

had maximum leaf firing percentage and deterioration 

of leaves. The leaves of R2 and R3 destroyed at this 

level (Table 2). Burning of leaves was more 

pronounced in T4 (13 dS/m). Increase in leaf firing in 

different plant species by means of salt stress was 

reported by many scientists. The extreme salinity dose 

increased leaf firing reaching 94-100% (47). 

Measurement of salinity tolerance by percent leaf 

firing has been reported in previous studies (27, 31). 

Leaf firing can be included in salinity calculation as 

one measure because leaf firing is simply assessed. It 

was caused by drought conditions develop around the 

plant root because of greater salt concentration which 

decreases the water potential in the soil. 

The best plant quality was observed at salinity 

level T0 (2.5 dS/m) followed by T1 (4 dS/m), T2 (7 

dS/m) and T3 (10 dS/m). These results are in lined with 

(47); they observed that turf quality deteriorated with 

increasing salinity level. Quality deterioration was 

severe in some species while others exhibited the best 

turf quality among the entries at all salinity levels. 

There was reduction in the average leaf area of the 

plants with the increase in salinity. Salinity level T0 

(2.5 dS/m) gave maximum leaf area while in T4 (13 

dS/m) leaf area was minimum (Table 1). 

 

 

Table 1 

 

Morphological response of Hedera helix to different salinity levels 

Salinity Shoot 

fresh wt. 

(g) 

Shoot 

dry wt. 

(g) 

Root 

fresh wt. 

(g) 

Root dry 

wt. 

(g) 

%age 

leaf 

firing 

Plant 

quality 

Leaf area  

(cm²) 

Root 

shoot 

fresh wt  

ratio  

Root 

shoot dry 

wt. 

ratio 

T0 3.75a 1.86a 1.51a 0.82a 8.54c 9.00a 9.50a 0.40a 0.44a 

T1 3.28b 1.62b 1.25b 0.59b 12.46c 7.56b 8.75ab 0.38b 0.36c 

T2 2.78c 1.37c 0.90c 0.46c 17.63bc 5.56c 8.00b 0.33c 0.34c 

T3 2.16d 1.10d 0.65d 0.40d 36.48b 4.00d 6.75c 0.31d 0.59a 

T4 1.48e 0.70e 0.45e 0.24e 79.21a 1.56e 5.25d 0.30d 0.58a 

LSD 0.1156 0.0456 0.0359 0.0677 8.54c 9.00a 0.6750 0.0156 0.0519 
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NaCl highly reduced total leaf area and fresh 

weight of salt sensitive cultivar compared to salt 

tolerant cultivars (12). Green leaves and dry matter 

production per plant were reported to reduce with the 

increase of soil salinity (6). Salinity also affected leaf 

area (LA) and leaf area index (LAI) in different ways. 

Salinity in few instances stimulated the development of 

LA as well as LAI of some plants at critical growth 

stages but in other cases inhibited those (2, 40). 

Salinity causes reduced total leaf area and increased 

leaf thickness because increasing salt concentrations 

limits the water uptake by decreasing the water 

potential in soil. Reduction in leaf area is a drought 

escaping mechanism which aimed at decreasing the 

rate of plant water use and ultimately conserves water 

for drought periods (21, 39s). 

Root-shoot fresh weight ratio decreased as 

salinity increased. The results show that there was 

significant difference among the treatments. The 

salinity level T0 gave maximum while the salinity level 

T4 gave minimum. Results regarding root-shoot dry 

weight ratio revealed that it decreased with the increase 

in salinity. Treatment T3 and T4 gave maximum ratio 

while minimum in T3. There was no significant 

difference in T3 and T4 (Table 1). Average length of 

root decreased as the amount of NaCl increased. 

Maximum length of root was recorded in T0 while T4 

gave minimum root length. The comparison of means 

shows that response of all the treatments against all the 

salinity levels was highly significant. As the amount of 

NaCl increased there was decrease in length of shoot 

on equal basis. Salinity had little effect on the mortality 

percentage. Salinity levels T0, T1 and T2 gave no 

mortality percentage but maximum percentage was 

recorded in T4. Salinity effected number of leaves in a 

significant way. Salinity level T4 gave minimum 

number of fresh leaves (Table 2). Salinity causes 

adverse effect on plant biomass, and also on 

morphological characteristics like: plant height, 

number of leaves, root length and root-shoot fresh and 

dry ratio (10). The similar pattern of decline with an 

increase in salinity in growth like: plant height, number 

of leaves, and shoot and root length was reported (13, 

14). 

As the amount of NaCl increased there was 

increase in Na
+
 concentration. Maximum ion 

concentration was observed in T4 while in T0, Na
+
 ion 

concentration was minimum. Increasing levels of 

salinity resulted in an increase of Clˉ accumulation 

plants. From the means it reveals that Clˉ concentration 

increased in a significant way as salinity increased 

from T0 to T4 (Table 2). Na
+
 and Cl2 concentrations 

increased with an increase in salinity. Osmotic change 

occurred under increased salinity and rise in the 

sodium and chloride concentrations of shoots, reduced 

shoot potassium concentration, and decreased shoot 

succulence (30). Usually, roots had greater ion 

accumulation than in shoots. A huge percentage of Cl2 

was seized in the roots and did not reach the shoot. Na
+
 

and Cl2 concentrations increased with an increase in 

salinity, while Ca
2+

, Mg
2+

, and K
+
 decreased (25, 32). 

Whereas, it was reported that in Hordeum jubatum a 

large amount of Na
+
 and Cl2 were stored in its organs 

when compared with other cations (23). Salt-sensitive 

plants are reported to accumulate salt ions to critical 

toxic levels and cause osmotic modification, resulting 

in shoot sap osmolality in growing media (8, 18).

 

 

 

Table 2  

Morphological characteristics and Na
+ 

concentration and Clˉ concentration  

in response to salinity in Hedera helix 

Salinity Root length 

(cm) 

Shoot length 

(cm) 

Number of leaves Na
+
 ions Chloride

-
 

T0 14.07a 13.75a 50.00a 3.38e 2.65d 

T1 12.88b 13.18a 47.44a 5.99d 3.72c 

T2 11.88b 12.02b 38.33b 6.99c 4.40b 

T3 10.75c 10.55c 26.00c 7.66b 5.00a 

T4 9.45d 9.05d 13.00d 8.65a 5.40a 

LSD 1.1301 0.9774 4.6378 0.6363 0.4209 
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Overall results showed shoot fresh and dry 

weight, root fresh and dry weight, root-shoot fresh 

weight ratio, root-shoot dry weight ratio, root length, 

shoot length, plant quality, leaf area, number of leaves 

significantly decreased as salinity increased while 

mortality percentage, percentage leaf firing and Na
+
 

and Cl
-
 concentration in leaves significantly increased 

with more salinity. Similar results were reported earlier 

in Hedera helix with dry weights of all cultivars were 

much lower and Cl concentration peaked in the all salt 

treatment (18). The plants had the decreased fresh 

weights as a consequence of the relative increase in 

Na
+
 concentration, which could imply that an ionic 

effect was being expressed. Higher salt concentration 

decreases the water potential in the soil which obstructs 

absorption of water and thus limits plant growth. Water 

shortages cause decrease in stomatal conductance (21), 

and this contributes to reduced carbon assimilation and 

hence results in low biomass production (29). 

Increasing levels of NaCl prompted the absorption of 

Na
+
 and Cl

-
 in plant. Na ion concentration in the plant 

tissue obstructs nutrient balance and osmotic 

regulation. Excessive Na
+
 uptake causes toxicity which 

was the main cause of plant growth reduction. Chlorine 

ion accumulation in the root tissue is turbulent to 

membrane uptake mechanisms and these enhance the 

translocation of Cl
-
 to the shoots. 
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