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ABSTRACT 
 

Effect of salinity on growth of some forest tree species was studied at their 
seedling stage in nursery net house, Department of Forestry, Range 
Management and Wildlife, University of Agriculture, Faisalabad, Pakistan during 
2007. Four forest tree species i.e. Acacia ampliceps, Acacia nilotica, Eucalyptus 
camaldulensis and Azadirachta indica were tested against 3.61, 6.0, 12 and 18 
dS/m ECe levels. Length of root, shoot and root shoot ratio of these forest 
species were significantly affected by salinity. Moreover growth parameters of 
each forest tree species decreased as salinity increased. Eucalyptus 
camaldulensis was found as the most susceptible to salinity as its shoot length 
(2.76 cm), root length (2.22 cm) and respective ratio (0.37) was the lowest at 18 
dS/m ECe whereas Acacia species were observed as salt tolerant. Maximum 
shoot length (11.00 cm) and root length (19.18 cm) was recorded from Acacia 
nilotica against Acacia ampliceps at same level of salinity (18 dS/m ECe). 
Germination percentage of four forest tree species decreased as the salinity 
level increased.   
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INTRODUCTION 
 
Pakistan has been facing salinity menace since its creation. According to 
Siddiqui (31) sub-soil water of more than 50 percent of Indus plains was 
saline and rising level of this aquifer brought dissolved salts to the surface 
through capillary action. When water evaporated, a salt deposit was left 
behind in the surface soil. In addition, there were considerable quantities of 
salts in the Indus water which were exported to the sea before the building of 
head works and barrages, These are now deposited on land or seep through 
it to become part of shallow aquifers. Siddiqui further stated that on an 
average, one ton of salt is added to every irrigated acre in lower Indus plain 
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every year. As a result, 40,000 hectares of agricultural land are lost to salinity 
and water logging annually. Irrigated agriculture is practiced over about 16.53 
million hectares in the country where over 5 million hectares are affected by 
salinity and sodicity.  His study further revealed that out of total irrigated area 
8.1, 2.4, 2.0 and 3.2 million hectares are normal, slightly saline, moderately 
saline and highly saline, respectively (31). But according to Quraishi et al. 
(26), soils were affected to varying degrees of salinity, cover about 5.3 million 
hectares of which 2.8 million hectares are currently irrigated. Another report 
(5) disclosed that out of 20 million hectares of land available for agricultural 
production, 6.67 million hectares are salt affected. 
 
Salinity adversely affects physiological and metabolic processes and finally 
diminishes plant growth and yield. It also affects the availability of nutrient 
and water, lowers the quality of aerable lands and alters the structure of 
ecological communities. It induces osmotic stress and physiological drought 
which typically reduces growth and photosynthesis in plants (1, 6, 16, 17, 18, 
20, 24). 
 
There is acute shortage of wood in Pakistan due to very small area (4.5 to 
4.8%) under forests against 20-25 percent recommended internationally for 
maintaining ecological equilibrium (25, 26, 29). Forestry sector provides 3.5 
million cubic meter wood and almost one third (15 million tons) of oil of 
nation’s energy need. Moreover, tree cover is declining rapidly due to heavy 
population pressure which is growing @ 2.7-3.00 percent per year (4). 
 
Due to tremendous increase in population of country, there is no scope to 
bring any productive culturable land under wood production and only marginal 
lands like saline soils are available for this purpose which have great potential 
for it. As stated by Siddiqui (31), tree growth in salt affected area exerts 
ameliorative effect by improving physical, chemical and biological properties 
of soil. Deposition of salts in upper layers of the soil is minimized through 
reduced evaporation from soil surface due to shading effect of trees. Trees 
absorb considerable quantity of water from deep portions of soil and transpire 
into air. The water table is thus lowered and salts do not reach soil surface. 
Incorporation of organic matter in the form of foliage, dead roots, etc. from the 
trees also brings favourable changes in physico-chemical properties and 
drainage of the soil. 
 
A strong evidence exists that soil salinity affects seed germination, growth 
and suvivial of agricultural field crops, grasses, pasture range plants and 
trees to varied degree of extent. Unfortunately, as compared to agricultural 
field crops, a limited work on response of trees to salinity, especially at 
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seedling stage is available (1, 11, 14, 15, 21). In present study forest tree 
species like Acacia ampliceps, Acacia nilotica, Eucalyptus camaldulensis and 
Azadirachta indica were tested against different salinity levels for their 
germination and seedling growth. 
 

MATERIALS AND METHODS 
 
These studies were carried out under natural conditions in net house (green) 
located in the experimental area of Department of Forestry, Range 
Management and Wildlife, University of Agriculture, Faisalabad during 2006. 
Healthy and good seeds in all respects of four tree species were collected 
from recommended trees having all desired merits. 

 
Normal soil was collected from nursery area of the Department. It was air 
dried, ground, passed through 2mm sieve and thoroughly mixed. Then it was 
analysed in Salinity Laboratory of the Institute of Soil and Environmental 
Sciences, University of Agriculture, Faisalabad. Salinity level of nursery soil 
was found as 3.61 dS/m ECe. Normal soil was filled in 64 plastic pots. Each 
pot contained 2 kg soil. Each pot was 12.5 cm deep with 25 cm diameter. All 
pots were arranged in four rows and each row consisted of 16 pots. Each row 
was considered as replicate and each pot in each row was considered as 
treatment. On the basis of already determined salinity level, three salinity 
levels (6, 12 and 18 d S/m Ece) were developed by adding salts to non-saline 
soil. Nursery soil having 3.61 dS/m ECe was considered non-saline and taken 
as normal soil. Control treatment for developing desired levels of salinity, 
required extra quantity of salts based on calculation was added to normal soil 
(3.61 dS/m ECe) (12, 13). 
 
All four salinity levels (3.61, 6, 12 and 18 dS/m ECe) were applied to each 
tree species making a total of 16 treatments. Before sowing seeds of trees 
under trial in pots, seeds of Acacia nilotica and Acacia ampliceps (Maslin) 
were soaked in boiling water for just five minutes and then soaked in cold 
water for one hour. No treatment was given to Eucalyptus camaldulensis and 
Azadirachta indica seeds. These seeds (treated and untreated) were planted 
in plastic pots. Tap water (free of salts) was applied to each pot continuously 
whenever required for seven weeks. Seeds started to germinate after two 
days of sowing. Germination percentage was recorded on completion of 
germination, whereas length of root, shoot and their ratio was recorded after 
seven weeks. 
Net house had plastic sheets on its roof. Its sides were open. Green net 
saved the plants from intensive sunlight. There was no restriction for air 
movement, but pots were strictly protected from rainfall water throughout 
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investigation period. Data collected were tabulated and analysed statistically 
(32). 
 

RESULTS AND DISCUSSION 
 
Effect of salinity on seed germination 
 
All salinity levels had a significant effect (P < 0.05) on seed germination of 
forest tree species under trial. Under each level of salinity, all species differed 
with one another significantly (P < 0.05) for this most important parameter 
(Table 1). Seed germination decreased as salinity increased. Response of 
each tree specie was different for each salinity level. Azadirachta indica 
followed by Eucalyptus camaldulensis and Acacia nilotica was highly 
susceptible to increasing salinity. Azadirachta indica, Eucalyptus 
camaldulensis  and Acacia tained obtained only 3, 27 and 28 percent seed 
germination of control treatment, respectively at 18 dS/m salinity level 
(Table). Seed germination of these species declined to 97, 73 and 72 percent  
respectively as salinity level increased. In other words Acacia ampliceps was 
found comparatively more resistant to salinity as it gave 34 percent 
germination as compared to its control treatment against higher salinity level 
(18 dS/m ECe). It was concluded that salinity badly affected seed germination 
of all tree species under trial which decreased as the salinity increased. 
Acacia ampliceps and Azadirachta indica gave maximum (33.50%) and 
minimum (1.50%) seed germination, respectively at 18dS/m salinity level. 
Under non-saline conditions, same species gave 95.75 and 40 percent seed 
germination, respectively. It was also observed that germination delayed with 
increasing salinity levels. 
 
Effect of salinity on seedling growth 
 
Seedling growth was also significantly (P < 0.05) affected by salinity. Shoot 
and root length of seedlings of each tree species was maximum under non- 
saline conditions (3.61 dS/m ECe). Acacia nilotica gave higher shoot length 
(13.00 cm), root length (26.04 cm) and root/shoot ratio (2.21) whereas 
Eucalyptus camaldulensis gave the lowest shoot length (4.74 cm), root length 
(4.26 cm) and root/shoot ratio (0.93) (Table). As salinity increased to 18 dS/m 
ECe, shoot length (2.76 cm) and root length (2.22 cm) of Eucalyptus 
camaldulensis  were  found  as the lowest as compared to other tree species.  
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Root/shoot ratio of Azadirachta indica (0.29) was the lowest as compared to 
other tree species at higher level of salinity. Shoot length of Eucalyptus 
camaldulensis declined maximum (42%) whereas root length (52%) and 
root/shoot ratio (71%) of Azadirachta indica decreased to its maximum. The 
results also revealed that Eucalyptus camaldulensis and Azadirachta indica 
were highly susceptible to increasing salinity with respect to their shoot 
length, root length and root/shoot ratio of seedling, respectively whereas 
Acacia nilotica was found highly resistant to salinity as these parameters of 
this species growth were affected by only 16, 27 and 10 percent, respectively 
at highest level of salinity (18 dS/m ECe) as compared to control. 
 
It is a well known that salinity affects seed germination and growth of plants 
adversely due to disturbance in physiological and metabolic processes 
occurring in plant body as reported earlier (1, 15, 17, 20, 22, 28). They also 
reported decreased seed germination and stunted growth of cereal crops and 
grasses due to increasing salinity. On the other hand trees can tolerate 
salinity to a certain degree of extent as compared to agricultural field crops 
and pasture grasses as observed by previous workers (2, 21, 30) while 
studying ipil ipil tree. Results reported herein are in line with the findings of 
Ansari et al. (3), Aswathappa et al. (7), Craig et al. (9), Marcar et al. (16, 17, 
18), Nabil and Coudret (19), Panchaban  et al. (22), Ramoliya and Pandey 
(27) and Yakoota (33) who concluded that seed germination, growth and 
survival of plants of Acacia species were more sensitive to salinity at their 
seedling stage. Conclusion of the same nature was also drawn by Parsons 
(23) for Eucalyptus tree species. The harmful effects of salt concentration in 
soil are beyond of any doubt because soil nutrients and hormones are not 
available for plant growth and consequently photosynthetic activity of plants is 
reduced or stopped. Fortunately in this desperate situation, it is very 
encouraging that woody vegetation especially tree reduces salinity by taking 
salts from soil. When trees are harvested at maturity, a considerable amount 
of salts can be removed from soil. Tree growth in salt affected area exerts 
ameliorative effect by improving soil physical, chemical and biological 
properties. The trees through their deep and sturdy root system, open up soil 
and improve its water permeability by facilitating leaching of salts into deeper 
layers of soil (31). 
 
It is recommended that seedlings of trees should be grown in non-saline 
conditions before planting in saline areas (8, 10). Based on the results 
achieved in this study, Acacia ampliceps and Acacia nilotica followed by 
Eucalyptus camaldulensis are recommended for planting in saline soils and 
planting of Azadirachta indica should be avoided. 

REFERENCES 



Effect of salinity on forest tree species 

J. Agric. Res., 2009, 47(3) 

277

 
1. Afzal, I., S.M.A. Basra, A. Hameed and M. Farooq. 2006. 

Physiological enhancement for alleviation of salt stress in wheat. Pak. 
J. Bot., 38(5): 1649-1659. 

2. Ali, S., M.A. Chaudhry and F. Aslam. 1987. Growth of Leucaena 
leucocephala at different salinity levels. Leucean Research Report. 8: 
53. 

3. Ansari, R., N.E. Marcar, M.A. Khan, M.U. Sherazi, A.N. Khanzada and 
F.D. Crawford. 1998. Acacias for salt lands in Southern Pakistan. 
Australian Centre for International Agriculture Research (ACIAR), 
Cambera, Australia. 

4. Anon. 1997. Forest, watershed, range land and wildlife policy (Draft). 
Forestry Sector, Ministry of Environment, Local Government and 
Rural Development, , Government of Pakistan, Islamabad. 

5. Anon. 2006. Sustainable Crop Production on Salt Affected Lands 
SAARC Int. Conf. December-4-6. Univ. Agric., Faisalabad. 

6. Ashraf, M. and P.J. Harris. 2004. Potential biochemical indicators of 
salinity tolerance in plant. Plant Sci. 166: 3-6. 

7. Aswathappa, N., N.E. Marcar and L.A.J. Thomson. 1987. Salt 
tolerance of Australian tropical and subtropical Acacias. In: Turnbull, 
J.W. (ed.). Australian Acacias in Developing Countries. ACIAR.  Proc. 
No.16, Australian Centre for International Agricultural Research 
(ACIAR), Cambera. p. 70-73. 

8. Boland, D.J., M.I.H. Brooker, G.M. Chippendale, N. Hull, B.P.M. 
Hyland, R.D. Johnston, D.A. Kleining and J.D. Turner. 1987. Forest 
Trees of Australian. 4th Ed. Nelson & CSIRO, Melbourne, Australia. 

9. Craig, G.F., D.T. Bell and C.A. Atkins. 1990. Response to salt and 
water logging stress of ten taxta of Acacia selected from naturally 
saline areas of Western Australia. Aust. J. Bot. 38: 619-630. 

10. Greenwood, E.A.N. 1992. Hydraulic and salinity changes associated 
with tree plantation in saline agricultural catchments in S.W. Australia. 
Australia Agricultural Water Management. 22(3): 307-323. 

11. Gupta, G.N., K.G. Parsad and P. Manivachakam. 1988. Effect of 
alkalinity on survival and growth of tree seedlings. J. Indian Soc. Soil 
Sci., 36: 537-542. 

12. Hussain, T. and A. Jabbar. 1985. Soil, water and fertilizer analysis. 
Univ. Agric., Faisalabad. 

13. Jackson, M.L. 1967. Soil chemical analysis. Prentice Hall, New Delhi, 
India. 

14. Khan, Z.H., A. Majeed, A.H. Shah, M. Safeer, S. Yaqoob and R.A. 
Khan. 2007. Establishment and growth studies of Acacia ampliceps 



G. S. Khan et al.  

J. Agric. Res., 2009, 47(3) 

278 

under the combined effect of salinity and water levels. Pak. J. Sci., 
59(3-4): 103-109. 

15. Kozlowski, T.T. 1997. Responses of woody plants to flooding and 
salinity. Tree Physiology Monograph No.1. Heron Publishing, Victoria, 
Canada. p. 1-28. 

16. Marcar, N. 1997. Tree Growing on Salt Affected Lands in Pakistan, 
Thailand and Australia. ACIAR Project (9316) Report, CSIRO, 
Canbera, Australia. 

17. Marcar, N.E., D.I. Leppert, P. Javaovic, T. Flyod and R. Farrow. 2000. 
Trees for salt land. A guide to selecting species for Australia, CSIRO 
Press, Melbourne, Australia. 

18. Marcar, N.E., P. Dart and C. Sweeney. 1991. Effect of root zone 
salinity on growth and chemical composition of Acacia ampliceps 
Maslin at two nitrogen levels. New Physiol. 119: 567-573. 

19. Nabil, M. and A. Coudret. 1995. Effects of sodium chloride on growth, 
tissue elasticity and solute adjustment in two Acacia subspecies. Pl. 
Physiol. 93: 217-224. 

20. Neves, P.B.G. and N. Bernsetin. 2005. Salinity induced changes in 
the nutritional status expanding cells may impact leaf growth inhibition 
in maize. Functional Plant Biol. 32: 141-152. 

21. Niazi, M.L.K., M.I. Haq and K.A. Malik. 1985. Salt tolerance studies on 
ipil ipil (Leucaena leucocephala). Pak. J. Bot. 17: 43-47. 

22. Panchaban, S., R. Katawatin and P. Srisataporn. 1989. Effect of 
salinity on growth of fast growing trees. Agri. J. 17(2): 91-99. 

23. Parsons, R.F. 2004. Effects of water logging and salinity on growth 
and distribution of three Mallee species of Eucalyptus. Aust. J. Bot. 
16(1): 101-108. 

24. Pasternak, D. 1987. Salt tolerance and crop production. A 
comprehensive approach. Ann. Rev. Phytopathol. 25: 271-291. 

25. Qureshi, M.A.A. 2003. Basics of Forestry and Allied Sciences (Vol. I). 
A One Publishers, Lahore, Pakistan. 

26. Quraishi, M.A.A., M.A. Zia and M.S. Quraishi. 2006. Pakistan 
Agriculture Management and Development. A One Publishers, 
Lahore, Pakistan. Pp. 852. 

27. Ramoliya, P.J.A. and N. Pandey. 2002. Effect of salinization of soil on 
emergence, growth and survival of seedlings of Acacia nilotica. 
Botanica. 26: 105-119. 

28. Rashid, A., K.F. Hoque and M.S. Iftikhar. 2004. Salt tolerance of some 
multipurpose tree species as determined by germination. J. Biol. Sci. 
4: 288-292. 



Effect of salinity on forest tree species 

J. Agric. Res., 2009, 47(3) 

279

29. Sheikh, M.I. and M. Hafeez. 1993. Importance of forests and forest 
types of Pakistan. Fundamentals of Forestry. (Vol. I). Punjab Forest 
Research Institute, Faisalabad, Pakistan. 

30. Sial, R.A. 1982. Salt Tolerance Studies on ipil ipil (Leucaena 
leucocephala). M.Sc. Thesis, Univ. Agric. Faisalabad. 

31. Siddiqui, K.M. 1997. Forestry and environment. Pakistan Forest 
Institute, Peshawar, Pakistan. Pp.187. 

32. Steel, R.G.D., J.H. Torrie and D.A. Dickie. 1997. Principles and 
Procedures of Statistics. 2nd Ed. McGraw Hill Book Co., New York, 
USA. 

33. Yakoota, S. 2003. Relationship between salt tolerance and praline 
accumulation in Australian Acacia species. J. For. Res. 8(2): 89-93. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


