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Abstract: For the past hundreds of year’s trees like Dalbergia sissoo (shisham), Acacia nilotica (Kikar), Prosopis 
cinneraria (Khejri) etc. have inhabited vast areas in the plains of Afghanistan, Pakistan, India, Nepal and Myanmar.  These 
have also been widely used for afforestation in many parts of the country except in the very hot, cold and wet tracts.  These 

have good atmospheric N2- fixing ability, therefore, are extensively planted in social and agro-forestry programmes. In order 
to evaluate the effect of soil salinity, present investigation was conducted on two tree species i.e. Dalbergia sissoo Roxb. 
ex DC (Shisham) and Acacia nilotica (L.) willd. ex Delile (Kikar) growing under field conditions in Hisar district during the 
year 2011-2012.  It was noteworthy that overall decrease in leaf area due to salinity in Dalbergia sissoo was 11.36 % as 
compared Acacia nilotica where it was 9.81 %, indicating that overall sensitivity of Dalbergia sissoo to saline conditions 
was more vis-à-vis Acacia nilotica. In Acacia nilotica show that specific leaf weight was in the range of 9.53 to 10.96 
mg/cm2 in healthy trees which was higher i.e. 9.62 to 11.99 mg/cm2 in trees growing under saline sites.  The mean specific 
leaf weight was 10.31 mg/cm2 under non-saline conditions which was significantly lower than 10.89 mg/cm2 obtained under 

saline environment. Acacia nilotica tree leaves sampled from the saline sites showed total soluble salts in the higher range of 
222.7 to 279.0 mg/g as compared 223.0 to 263.7 mg/g dry weight in trees growing under non-saline sites.  The mean value 
of total soluble solids in Acacia nilotica also showed significant increase in non-saline conditions over saline site trees. 
Relative stress injury in case of Dalbergia sissoo was interestingly in the higher range of 52.1 to 60.2 % as compared to 39.8 
to 39.9 % in trees growing under saline soils.  Hence, the mechanism of salt tolerance is relatively better in Acacia nilotica 
than in Dalbergia sissoo as found from morpho-physiological and biochemical studies. 
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Abbreviations: LA – Leaf area, SLW- Specific leaf weight, RSI – Relative stress injury and TSS – Total soluble sugar  

 

INTRODUCTION 

 

or the past hundreds of year’s trees like 
Dalbergia sissoo (shisham), Acacia nilotica 

(Kikar), Prosopis cinneraria (Khejri) etc. have 

inhabited vast areas in the plains of Afghanistan, 

Pakistan, India, Nepal and Myanmar.  These have 

also been widely used for afforestation in many parts 

of the country except in the very hot, cold and wet 

tracts.  These have good atmospheric N2- fixing 

ability, therefore, are extensively planted in social 

and agro-forestry programmes.  

However, the past few decades have seen strange 

phenomena of tree mortality in the northern part of 
the Indian sub-continent comprising of Uttar 

Pradesh, Haryana, Punjab, Rajasthan, parts of 

Himachal Pradesh and even adjoining Pakistan, 

Nepal and Myanmar. Changing environmental 

conditions including rising temperature, poor soil 

health, and hydrological imbalance are believed to 

have led to increasing incidence of pest diseases and 

abiotic stresses. Plantations of Dalbergia sissoo and 

Acacia nilotica are the most adversely affected by   

this mortality scenario (FAO 2007, Nandal and 

Kaushik 2007).  Kaushik (2007) opined that disease 

problems in natural forests remain under control due 
to genetic diversities and presence of biological 

antagonists.  However, at the sites raised outside the 

forest areas (on farm lands, along road, railways, 

rivers, canals and panchayat lands) the trees are also 
exposed to varied type of biotic and abiotic stress 

factors which ultimately lead to increasing incidence 

of mortality. As the geographical domains of the 

problems of tree mortality are wide spread, it is 

unlikely that the causes, both biotic as well as 

abiotic, are the same everywhere and their remedies 

should be looked in a location specific context. 

Recognizing irrigation as a cardinal input for 

increasing and stabilizing yields has prompted 

countries throughout the world to expand their canal 

irrigation potential many fold. Where ever such 
import and liberal use of water has involved arid 

regions, the problem of water logging and salinity 

have surfaced. Presently, about one-third of the 

world’s irrigated area of 20 million ha is salt affected 

(Garg and Gupta 1997, Heuperman et al. 2002, 

Ritzema et al. 2008).  In south-west Haryana about 

200 km  long axis  of arable land comprising the 

districts of Jhajjar-Rohtak-Hisar-Fatehabad-Sirsa 

forms an inland basin with no natural drainage, is 

mostly underlain with  saline   ground water typifies 

this scenario (Kumar 2004).  Indiscriminate irrigation 

during the past 60 years or so has resulted in rise in 
saline water tables and infestation of soil salinity.  It 
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becomes pertenent therefore to specifically ascertain 

the role of salinity in the tree mortality phenomenon 

in south-west Haryana. 

Salinity  toxicity normally results when certain ions 

are taken up with the soil- water and  accumulate in 

the leaves during water transpiration to an extent that 
result in damage to the plant.  The degree of damage 

depends upon time, concentration, crop sensitivity 

and crop water used, and if damage is severe enough, 

crop yield is reduced.  The usual toxic ions in 

irrigation water are chloride, sodium and boron.  

Damage can be caused by each, individually or in 

combination. (Tanji 1990). 

In India Tewari et al. (2006) observed growth 

responses of Dalbergia sissoo and Acacia nilotica 

seedlings on different levels of soil sodicity and 

salinity. The growth and dry weight of one-year old 

seedlings decreased as the level of sodicity and 
salinity increased in both species. However, the 

suppression in growth caused by sodicity and salinity 

was relatively greater in D. sissoo than in A. nilotica. 

A. nilotica showed wider response breadth compared 

with D. sissoo on both the gradients. Further, the 

response breadths were comparatively higher under 

sodicity levels than under salinity levels. Singh et al. 

(2007) noted that Dalbergia sissoo in its natural and 

man-influenced ecosystem was being adversely 

affected by various abiotic stresses. Studies 

undertaken on the physio-chemical characteristics of 
soil under dead and healthy trees of Dalbergia sissoo 

and to correlate soil factors with the decline of 

shisham in semi-arid regions revealed that the pH, 

ECe, bulk density and calcium carbonate was found 

higher in soil under dead trees as compared to 

healthy trees. The value increased with increase in 

soil depth. The organic carbon and macro-nutrient 

(i.e. N, P, K, Ca, Mg and S) and micro-nutrients (Zn, 

Fe, Cu, and Mn) were  higher under healthy trees as 

compared to dead trees and their concentrations 

decreased with increase in soil depth both in case of 

healthy as well as dead trees of Dalbergia sissoo.  
Bimlendra and Datta (2007) noted that out of ten 

provenances of Acacia nilotica, salinity was found to 

be more deleterious for growth, development, 

metabolism, water relations and nutrients in three 

provenances, viz., Chandigarh, Banaskantha, and 

Bhopal. Under saline conditions, plant height, 

number of leaves, leaf area, dry weight of plant parts 

was reduced remarkably (60-70 %) in provenances of 

Behrampur, Patna, Coimbatore and Banaskantha. 

 

MATERIALS AND METHODS 
 

The present investigation was conducted on two 

tree species i.e. Dalbergia sissoo Roxb. ex DC 

(Shisham) and Acacia nilotica (L.) willd. ex Delile 

(Kikar) growing under field conditions in Hisar 

district during the year 2011-2012.  For this field 

surveys were made and sampling of soil and leaves 

was done.  The soil and leaf samples were further 

analyzed in Stress Physiology Laboratory, 

Department of Botany & Plant Physiology, Central 

Instrument Laboratory and Soil Science Laboratory 

at the CCS Haryana Agricultural University, Hisar.  

For the determination of soil ECe and pH soil was 

sampled at a distance of 1.5 m in the East, West, 
North and South from the main tree trunk.  Soil was 

excavated to the depth of 1 m with the help of an 

auger and soil from all the four samples at 20-100 cm 

were homogenized and sieved.  Each sample was 

processed for the preparation of soil saturation 

extract in the laboratory by gradual shaking and 

addition of distilled water to get a water saturated 

soil paste.  The paste was vacuum filtered and 

electrical conductivity of soil saturation extract 

(ECe) was measured by using digital conductivity 

meter and expressed as dS m-1 at 250 C. Soil pH of 

the saturation extract was measured with the help of 
pH meter (Elico India). 

Leaf area was determined by counting the number of 

millimeter squares (mm2) within the demarcated 

domain and expressed as cm2.  The leaf samples were 

simultaneously placed in paper envelopes and dried 

to a constant weight in an oven at 65 oC-70 oC for 72 

h.  Specific leaf weight was computed and expressed 

as mg/cm2. Total soluble sugar was determined with the 

method of Yemm and Willis (1954). Membrane injury 

index was measured as percent proportion of ion 

leakage in to the external aqueous medium to the 
total ion concentration of the stressed tissue as 

measured by the EC of the external medium 

(Sullivan and Ross, 1979). 

Data were subjected to analysis of variance 

(ANOVA) using online Statistical Analysis Package 

(OPSTAT, Computer Section, CCS Haryana 

Agricultural University, Hisar, Haryana, India) and 

treatment means were compared by the least 

significant differences (LSD) (p < 0.05). 

 

RESULTS AND DISCUSSION 

 
The results presented in Figure 1 show that leaf area 

in Dalbergia sissoo was in the range of 48.8 to 80.4 

cm2 under the non saline conditions and 44.1 to 70.0 

cm2 under the saline conditions. The results 

presented in Figure 2 show that leaf area in Acacia 

nilotica was in the range of 1.22 to 1.90 cm2 under 

the non saline conditions and 1.07 to 1.70 cm2 under 

the saline conditions.  The mean leaf area was 1.63 

cm2 under non-saline conditions which was 

significantly lower than 1.47 cm2 obtained under 

saline environment.  
It was interesting to note that specific leaf weight of 

Dalbergia sissoo was in the lower range of 10.73 to 

11.99 mg/cm2 in non-saline environment trees as 

compared to 10.72 to 12.99 mg/cm2 in trees growing 

at saline sites (Figure 3).  Again the results presented 

in Figure 4 in Acacia nilotica show that specific leaf 

weight was in the range of 9.53 to 10.96 mg/cm2 in 

healthy trees which was higher i.e. 9.62 to 11.99 
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mg/cm2 in trees growing under saline sites.  These 

results agree with findings of Longstreth and Strain 

(1977) who observed that in Spartina alterniflora 

growth at low illumination and high salinity (30 ppt) 

resulted in a 50 % reduction in photosynthesis.  

Photosynthetic rate of plants grown at high salinity 
and high illumination were reduced only slightly 

compared to rates of plants grown, in 10 ppt and 

Hoagland’s solution.  Interestingly in these findings 

high salinity and high illumination were also 

correlated with increases in specific leaf weight. 

It is seen in Figure 5 that total soluble solids (TSS) of 

leaves of Dalbergia sissoo was interestingly in the 

lower range of  232.7 to 259.3 mg/g  dry weight, as 

compared to and 234.0 to 279.0 mg/g  dry weight in 

trees growing under saline soils.  Acacia nilotica tree 

leaves sampled from the saline sites showed total 

soluble salts in the higher range of 222.7 to 279.0 
mg/g as compared 223.0 to 263.7 mg/g dry weight in 

trees growing under non-saline sites (Figure 6). Our 

results are in agreement with Mizrahi and Pasternak 

(1985) who reported that increasing level of salinity 

cause an increase in total soluble solids in fruits of 

tomato, melon, peanuts and chinese cabbage.  The 

increase in total soluble solids in fruits in response to 

salinity appears to be well documented. Rhoades 

(1996) also reported a partial correlation between the 

ambient salinity, electrical conductivity and total 

dissolve solids in tissues.  It is therefore concluded 

that specific leaf weight increased in both Dalbergia 

sissoo and Acacia nilotica due to increase in per unit 

area total soluble and insoluble solids both organic as 

well as inorganic.     

This is further corroborated by data presented in 
Table 1 that under non saline conditions the mean 

relative stress injury was 36.3 % which was 

significantly lower than 56.5 % obtained for trees 

growing on saline sites. The mean relative stress 

injury was 31.9 % under non-saline conditions which 

was significantly lower than 50.4 % obtained under 

saline environment (Table 2). The cell membrane is a 

phospholipid bilayer which acts as a semi permeable 

barrier to solutes.  Any stress, particularly ionic 

stress, causes membrane injury and ion leakage from 

the cell which is proportional to the magnitude of 

stress (Dionisio-Sese and Tobita 1998).   

 

CONCLUSION 

 

Considered in totality it would appear that the 

salinity in the soil profile has a perpetual retarding 

effect on various morpho-physiological parameters 

of Dalbergia sissoo as well as Acacia nilotica.  This 

alone or in combination with other abiotic and biotic 

factors may lead to a slow decline and ultimate 

mortality of the trees. 

 

 
Fig 1: Leaf area (LA) of Dalbergia sissoo trees under non-saline (blue) and saline (red) sites. 
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Fig 2: Leaf area (LA) of Acacia nilotica trees under non-saline (blue) and saline (red) sites. 

 

 
 

Fig 3: Specific leaf weight (SLW) of Dalbergia sissoo trees under non-saline (blue) and saline   (red) sites. 

 

Leaf area A. nilotica 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

0 5 10 15 20 25

Soil site ECe dS m
-1

L
ea

f 
a

re
a

 (
cm

2
)

Non saline site

Saline site

Specific leaf weight D. sissoo

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

0 5 10 15 20 25

Soil site ECe dS m
-1

S
p

ec
if

ic
 l

ea
f 

w
ei

g
h

t 
(m

g
/c

m
2
 d

ry
 m

a
ss

)

  Non saline site

 Saline  site



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 10(10) 543 

 
 

Fig 4: Specific leaf weight (SLW) of Acacia nilotica trees under non-saline (blue) and saline (red) sites. 

 

 
 

Fig 5: Total soluble solids (TSS) of Dalbergia sissoo trees under non-saline (blue) and saline (red) sites. 
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Fig 6: Total soluble solids (TSS) of Acacia nilotica trees under non-saline (blue) and saline (red) sites. 

 

Table 1. Mean values of relative stress injury (RSI) of Dalbergia sissoo trees under non-saline and saline sites ± 

standard deviation (SD) and standard error (SE) along with t at P > 0.05. 

Site type RSI (%) ± SD ± SE T 

1.  Non saline 36.3 ± 3.17 0.71 22.1 

 2.  Saline 56.5 ± 2.54 0.56 

 

Table 2. Mean values of relative stress injury (RSI) of Acacia nilotica trees under non-saline and    saline sites ± 

standard deviation (SD) and standard error (SE) along with t at P > 0.05. 

Site type RSI (%) ± SD ± SE T 

1.  Non saline 31.9 ± 3.25 0.72 19.7 

 2.  Saline 50.4 ± 2.61 0.58 
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