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			Abstract | The experiment was conducted to evaluate the effect of different irrigation sources and growth parameters of forest trees Shisham, Neem, Siri and Sufeda. The effect of different irrigation levels exhibited the highest plant height in Sufeda under flooding which were 135 and 125cm after and before the experiment. However, Neem showed maximum plant height after experiment (103 cm) under drought condition. But, the minimum plant height (57 cm) before experiment was observed in Sufeda under drought exhibiting 50% decline than Sufeda under flooding. Contrary to that Neem exhibited the maximum plant height before experiment (i.e 107 cm) under drought. The highest chlorophyll contents (73.51%) after experiment was observed in Sufeda under flooding and the lowest chlorophyll contents (7.32) after experiment was observed in Neem under flooding. Opposite to that Neem showed maximum chlorophyll contents (55.23%) under drought. Similarly, the maximum root dry weight (25.21 g) at the end of the after experiment in Sufeda under flooding observed. The highest dry shoot weight (27.63 g) was recorded in Sufeda under flooding. Whereas, the lowest dry shoot weight (4.25 g) was recorded in Sufeda under drought. Maximum root fresh weight (42.35 g) was recorded in Sufeda under flooding. Whereas, the minimum root fresh weight (5.52 g) was recorded in Sufeda under drought. In the same way the fresh shoot weight (51.23 g) was found in Sufeda where flooding was applied. While, in Neem the highest fresh shoot weight (42.75 g) was recorded under drought environment.
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			Introduction

			 

			Forests are foundations for human beings well-being. Forest sustain ecological and biological diversity and protection of habitat and water resources. Resilient forests have uniqueness to accommodate gradual changes to climate but have a propensity to return toward its prior condition after shock with management assistance (Spittlehouse and Stewart, 2004). In forest ecosystems resilience can be improved through practices related to those described to resist change, more broadly, and specifically intended to cope with disturbance (Dale et al., 2001; Wheaton 2001). Pakistan is deficient in forest resources covering only 5.2% of its total land area (Anonymous, 2011). Similarly per capita forest area is only 0.03 compared to developing and developed countries average of 0.5 and 1.07 hectares respectively. Deforestation rates are also highest in the reaching 1.1percent (55,000 hectares) per annum (Alam et al., 2006).

			 

			The major function of forest is the production of wood and non-wood products that accounts for 1.2 billons? (FAO, 2010). The forest resources provide job opportunities to rural people in Pakistan (Iqbal, 1991). It is reported that globally significance of trees outside forests, like agriculture land, it cover almost half of the agricultural land has tree of more than 10 percent (Zomer et al., 2009). Increase in food insecurity and deteriorating livelihood situations call for intensive and rigorous actions at national and international levels to harvest benefits of huge potential of agroforestry among other system and for supporting best land use practices (EI- lakany, 2004). 

			 

			Flood as a natural disaster has large scale direct costs on the community/society, mainly for the rural inhabitants of developing countries. It is observed that across the globe numerous major flood events hit various regions such as China, India, Australia; Eastern part of the USA and Central Europe due to climatic change. 

			 

			According an estimate more than 196 million people and 65% of the World’s mass are prone to the flood (Dilley et al., 2005). It is evident that intensity and frequency of flood events has been raised (Hirrabayashi et al., 2013). Pakistan is place in the world where floods event has been increased. The Indus river basin, which crosses through approximately 75% of the country area (Kazi, 2014). Since 1947 the river basin has been affected by thirteen major floods (Azam et al., 2012), major catastrophe in term of human loss (about, 2000 casualties) and assets destruction was flood 2010 (Rafique and Blaschke, 2012).

			 

			Ecological /natural disasters have been occurring more frequently in China, natural disasters in year 2012, approximately affected about 290 million people and colossal loss of 418.55 billion yuan (MCA, 2012). The field crops grown in monoculture systems are particularly, vulnerable to climatic change, biotic stresses and natural disaster (Hirrabayashi et al., 2013). In contrary, agroforestry is a form of diversified farming practice, which is more resilient against natural shocks (Cabell and Oelofse, 2012).

			 

			Forest-covered slopes in the tropics are relatively stable given the strength of underlying soil and bedrock when they are augmented by the long-term woody vegetation (Restrepo et al., 2009; Sidle, 2010). The diversified agroforestry as it provide us timber, fruit and fuelwood species has served as buffer for sustainable natural resource (Cullen et al., 2005). World agriculture regions are facing new expectations for performance; one is the sustainable livelihoods for farming communities, restoring biodiversity and providing resilience (UNDESA, 2012). Douglas (2009) determined that in South Asia most vulnerable groups in term of food security during floods are poor, women and children. 

			 

			Floods remained the main factor affecting growth of trees especially young trees. Persistent water creates water logged conditions which adversely induce physiological and biochemical changes affecting photosynthetic activity. Kot Addu and Layyah were the worst hit areas in 2010 floods and spill over affect of the water is a common feature almost every year. Present research, was designed for understanding the resilience of some species over others and propagation of such species would yield numerous benefits and extend the role of agroforestry to contribute towards livelihood of flood affected communities of Kot Addu and Layyah.

			 

			The concept of resilience in agroforestry emerged in that how a system when exposed to a disaster has the capacity to withstand, accommodate and recover from the ill effects by restoring or preserving its function (UNISDR, 2009). Flood havoc of the Indus basin initiated in mid-July of 2010 and continued till early September thereby affecting the lives of more than 14 million people in Pakistan. According to (EM-DAT, 2010) Pakistan’s’ floods history divulge that in 1950, 1973,1976,1988,1992, and 1997 floods consequently resulted in enormous number of deaths and severe loss of property (NDMA, 2010a). The recent abnormal July 2010 catastrophic floods have been described as the worst in the last eighty years and led to profound effects on human life, property, and economy in Pakistan. The magnitude of 2010 flood was high both scale and destruction in comparison to the earthquake of 2005, Indian Ocean Tsunami 2004, cyclone Nargis, 2008 and Haiti Earthquake 2010 (NDMA, 2010b) Nearly 20 million people being significantly affected by flood 2010 (UNDESA, 2012). Globally, floods affect the personal and economic fortunes of more than 60 million people each year (FAO, 2010). 

			 

			In areas affected by floods some species keep their submerged leaves for some flooded period, whereas others usually shed within few days of submergence. The floods have an adverse affects on stomatal conductance thereby affecting rate of photosynthesis after approximate one month of flooding (Herrera et al., 2008). When photosynthetic activity is decreased during flooded condition, the output of photosystem II also reduced, suggesting that part of the reduction in photosynthetic rate was due to impairment of photosynthetic capacity, which change leaf anatomy. The manifested changes in photosynthetic capacity may also be result in change in total soluble protein and chlorophyll content (Herrera et al., 2008) that in turn reflect anatomical variables, including number and size of parenchymatous cells. Changes in specific leaf area of flooded trees due to changes in whole-leaf thickness, number of cell layers amount of sclerenchyma could modify mesophyll conductance and hence photosynthetic rate (Niinemets et al., 2009). Flooding may caused changes in Stomatal density (SD) thereby affecting leaf gas exchange.

			 

			Finding of the present study will be helpful in identifying various resilient species that could be helpful in saving premiums to farmers in the wake of floods thereby helping in sustenance of their livelihoods in pertinent flood damages.

			 

			Materials and Methods

			 

			Location

			Seedlings of Shisham (Dalbergia sissoo), Neem (Azadirachta indica), Siri (Albizia lebbeck) and Sufeda (Eucalyptus camaldulensis) were raised in nursery of the Department of Forestry & Range Management, Forestry Faculty of Agricultural Science and Technology, BZU, Multan, Pakistan (Latitude 30.263oN, Longitude 071.506oE) during 2014 to 2015.

			 

			Plant material

			After one year of emergence, local stock seedling were used (plant sampling) was obtained from nursery and these were transplanted into containers (30 cm depth, 22 cm width). The pots were filled with clay loam soil obtained from a nearby stream. The soil was collected from the University Nursery area which was clay loam soil obtained. One plant sapling of each species was transplanted into individual pot being considered as one experimental unit. The plants (one plant per pot) were grown in a research area and watered daily. 

			 

			Field capacity measurement

			The soil field capacity and Available Water Content (AWC) measured in the laboratory. The AWC for the species under experiment were supposed to be 70% and 10% for flooding and drought, respectively. Each species was replicated thrice under controlled environment. The soil moisture contents for flooding and drought were maintained by applying calculated quantity of water on daily basis. For accurate measurement of drought the counting of days were performed till the AWC in the soil reached to about 10%.

			 

			Flooding treatment

			Different flooding irrigation were induced by placing the seedlings in (30 cm depth, 22 cm width) plastic buckets, filled with water to 2 cm above the soil level, with one seedlings per bucket. In flood treatments, all growth variables were measured in only one seedling per bucket. At the beginning of the experiment all seedlings had vigorous visual appearance; therefore seedlings were not fertilized during the experiment. In order that the light environment and soil flooding would remain the main variables controlling photosynthesis and growth, control the seedlings were kept well watered. In flooded seedlings, as the water evaporated from bucket and these were replaced to keep the level of water at 2 cm above the soil surface. Pots were modified to allow drainage through tubes attached to the bottom of each container; any leachate was collected in designated traps and returned to the container daily. However, in flood treatments growth variables and all photosynthetic were measured from only one seedling per bucket.

			 

			After the initial 10 days of transplantation, acclimation period, the seedlings plant or sampling. At the conclusion of the study, tissue samples from foliage and roots were collected from the study plants for nutrient determination. Samplings were subjected to three soil water treatments: Drought, normal irrigation and permanently flooded to two cm above the soil surface. The experiment was conducted in completely randomized design (CRD) with three replications. Each pot containing one plant was considered as one replication. Effect of mentioned treatments on plant performance was assessed based on growth parameters like plant height, collar diameter, number of branches, shoot and root fresh and dry weight, and chlorophyll contents. The chlorophyll contents were determined through SPAD (MODEL502 Minolta Japan). Plant leaves from each species were selected to measure chlorophyll contents which were grown under drought-stress, normal and flooded conditions.

			Plant dry weights

			Sampling dry weight and partitioning were determined at the conclusion of the experiment (day 70) by harvesting the plants and separating each sample plant into leaf, branches and root components. Plant components were then dried at 70°C for 48 hours to a constant weight and dry weights were recorded. 

			 

			Data were recorded about the plant height (cm) diameter (cm) chlorophyll contents of leaves (%) numbers of branches and seedling root and shoot biomass (gm).

			 

			[image: 45061.png]Figure 1:  Plant height before experiment.

			 

			Results and Discussion

			 

			Plant height before experiment

			The impacts of different irrigation levels on various tree species is represented in Figure 1. The effect of different irrigation levels indicated the maximum plant height before experiment in Sufeda where flooding was applied (125 cm) which was followed by 115 cm in Sufeda (Eucalyptus camelduluences) under T1 treatment. But, the minimum plant height (57 cm) before experiment was observed in Sufeda (Eucalyptus camelduluences) under drought exhibiting 50% decline in plant height in Sufeda (Eucalyptus camelduluences) where drought was applied than Sufeda under flooding treatment. However, the Neem (i.e Azadirachta indica) exhibited the maximum plant height before experiment (i.e 107 cm) in drought. 

			 

			Plant height at the end of experiment

			The data regarding the effect of irrigation levels on various tree species is presented in Figure 2. The effect of Different irrigation levels exhibited the highest plant height after experiment in Sufeda where flooding was applied (135 cm) followed by 127 cm in the same species Sufeda (Eucalyptus camelduluences) where T1 was applied. Whereas, the lowest plant height (27cm) after experiment was observed. However, Neem (Azadirachta indica) showed maximum plant height after experiment (i.e 103 cm) under drought. 
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			Figure 2:  Plant height after experiment.
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			Figure 4:  Plant diameter after experiment.

			 

			Plant diameter before and after experiment

			Figure 4 is showing the effect of irrigation levels on various tree species. The results highlighted that the effect of different irrigation levels on the plant diameter after experiment which were statistically significant. The highest plant diameter after experiment which was observed in Sufeda where flooding was applied (8 cm) followed by 7cm in the same specie Sufeda (Eucalyptus camelduluences) where T1 was applied. Whereas, the lowest plant diameter (2cm) after experiment was observed in Neem and Sufeda (Eucalyptus camelduluences) under drought in Neem and Sufeda, respectively. However, Neem (Azadirachta indica) showed maximum plant diameter (i.e 7 cm) under drought condition. 

			 

			The data regarding irrigation levels impact on various tree species is given in Figure 3. The effect of different irrigation levels exhibited the highest plant diameter before experiment in Sufeda (Eucalyptus camelduluences) where flooding was applied (6.31 cm) followed by 4.63cm in Neem (Azadirachta indica) where drought was applied. Whereas, the lowest plant diameter (2.52cm) before experiment was observed in S1 under drought.

			 

			[image: 45089.png] 

			Figure 3:  Plant diameter before experiment.
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			Figure 5:  Chlorophyll contents as influenced by irrigation levels.

			 

			Chlorophyll contents 

			Figure 5 is showing the effect of irrigation levels on chlorophyll contents of various tree species. The results highlighted that the effect of different irrigation levels on chlorophyll contents of pant after experiment were statistically significant. The highest chlorophyll contents (73.51) after experiment was observed in Sufeda where flooding was applied followed by 61.23 in the same specie Sufeda (Eucalyptus camelduluences) where T1 was applied. Whereas, the lowest chlorophyll contents (7.32) after experiment was observed in Neem (Azadirachta indica) under flooding. However, Neem showed maximum chlorophyll contents (i.e 55.23%) under drought.	

			 

			Root dry weight 

			The data regarding irrigation levels impact on root dry weight of various tree species is given in Figure 6. The effect of different irrigation levels exhibited the highest root dry weight (25.21 g) after experiment in Sufeda where flooding was applied followed by 24.84 g in Sufeda where drought was applied. Whereas, the lowest root dry weight (3.51 g) was recorded in Neem (Azadirachta indica) under flooding. The highest dry weight in sufeda (Eucalyptus camelduluences) under flood irrigation was the result of high water needs of sufeda (Eucalyptus camelduluences) which showed accelerated growth under plenty of available water. 
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			Figure 6:  Root dry weight.
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			Figure 7:  Dry shoot weight.

			 

			Dry shoot weight 

			The data regarding impact of irrigation levels on dry shoot weight of various tree species is given in Figure 7. The effect of different irrigation levels exhibited the highest dry shoot weight (27.63 g) in Sufeda (Eucalyptus camelduluences) where flooding was applied followed by 25.25 g in Neem where drought was applied. Whereas, the lowest dry shoot weight (4.25 g) was recorded in Sufeda (Eucalyptus camelduluences) under drought. This much high dry shoot weight of Sufeda (Eucalyptus camelduluences) under flood irrigation was due to optimal supply of salts and water under optimum supply of water with concomitant increase in dry shoot weight.

			 

			Root fresh weight

			The data regarding impact of irrigation levels on root fresh weight of various tree species are given in Figure 8. The effect of different irrigation levels exhibited the highest root fresh weight (42.35 g) in Sufeda where flooding was applied followed by 38.40 g in Neem (Azadirachta indica) where drought was applied. Whereas, the lowest root fresh weight (5.52 g) was recorded in Sufeda (Eucalyptus camelduluences) under drought. 
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			Figure 8:  Root fresh weight.
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			Figure 9:  Plant branches.

			 

			Plant branches

			The data regarding impact of irrigation levels on plant branches of various tree species are given in Figure 9. The effect of different irrigation levels exhibited the highest plant branches (23) in Sufeda where flooding was applied followed by 21 in Neem (Azadirachta indica) where drought was applied. Whereas, the lowest plant branches (7) were recorded in Neem under flooding. As Sufeda (Eucalyptus camaldulensis) is a water loving plant with high water demand therefore it showed highest number of branches under flooding (i.e flooding).

			 

			Fresh shoot weight

			The data regarding impact of irrigation levels on fresh shoot weight of various tree species is given in Figure 10. The effect of different irrigation levels exhibited the fresh shoot weight (51.23 g) in Sufeda (Eucalyptus camaldulensis) where flooding was applied followed by 47.76 g in Neem where T1 was applied. Whereas, in Neem (Azadirachta indica) the highest fresh shoot weight (42.75 g) was recorded in Neem under drought. The highest fresh shoot weight due to flooding in Sufeda might be attributed towards high water requirements of sufeda (Eucalyptus camaldulensis).

			 

			[image: 45146.png] 

			Figure 10:  Fresh shoot weight.

			 

			Previous findings of Stape et al. (2010) also highlighted 30 % increase the growth parameters of sufeda (Eucalyptus camaldulensis). Different investigations (Campion et al., 2006; Stape et al., 2008) revealed strong positive correlation between water supply and vigorous growth of sufeda (Eucalyptus camaldulensis) especially obvious increase in stem growth up to about 15-35%. Almeida et al. (2004) also emphasized more on water availability to eucalyptus for best growth. However dissimilar finding were observed in case of Neem (Azadirachta indica) which showed best performance under drought conditions. However, our results are in line with the results of Hunter et al. (2002).

			 

			Stape et al. (2010) reported an enhancement of about 30% in the sufeda (Eucalyptus camaldulensis) growth due to optimum supply of water. Previous findings (Campion et al., 2006) also depicted highly positive correlation between optimum water use and best growth of sufeda (Eucalyptus camaldulensis) with an enormous boost up in eucalyptus growth (15-35%). Almeida et al. (2004) also focused seriously on optimum water availability to eucalyptus for best growth. However, different results were found in case of Neem (Azadirachta indica) showing best performance under water stress conditions. Nonetheless, our results are parallel to the results of Hunter et al. (2002).

			 

			Cui et al. (2009) reported an increase in plant height of jujube tree due to heavy irrigation (i.e flooding). This increase in plant height might be attributed towards optimum supply of water which is essential for the growth and development of plants. In the same way water scarcity (i.e drought) exerted stress on the growth of sufeda because of alteration in distribution ratio of the product of photosynthesis among the plant canopy and root. Li et al. (1989) also observed inhibition in plant height of jujube plant due to water deficit (drought) they reported that this inhibition in plant height was due to detrimental effect of drought on vegetative growth of plants. Han et al. (2005) noted similar reduction in vegetative growth of Pear-jujube tree due to drought because of slow growth of plant under water deficit. 

			 

			Contrary to our results Omar and Kursar (1999) reported 10-30% reduction in photosynthesis and chlorophyll contents due to flooding. They also highlighted significant drop in root shoot ratio due to flooding. However, Iniesta et al. (2009) reported strong reduction in vegetative growth which was associated with chlorophyll deficiency due to reduced irrigation. However they reported more chlorophyll content in full irrigation because of turgidity of plants due to plenty of available water. Numerous authors (Fernández et al., 1991; Dichio et al., 2002) reported enhanced water use efficiency of Sufeda (Eucalyptus camelduluences) and shesham (Dalbargia sisso) under drought stress environment.

			 

			Kang et al. (2007) noted reduced photosynthetic activity with concomitant drop in chlorophyill contents of Pear-jujuba tree under drought environment. 

			 

			Our results are parallel to the finding of Girona et al. (2003) they reported rapid growth and high root dry weight of pear-jujube tree under flood irrigation because of strong positive correlation between water availability and root growth and development. 

			 

			Kang et al. (2000) highlighted similar enhancement in dry shoot weight of maize which was cultivated under regulated system of irrigation. Our results are in line with their results as they reported that regulated irrigation showed obvious growth of plant which in turn resulted more dry shoot weight of Sufeda (Eucalyptus camelduluences).

			 

			Different studies Greven et al. (2009) showed increased number of branches in olive trees under high irrigation (flooding). Hence, our results are at par with their findings. Sufeda (Eucalyptus camaldulensis) also showed more branches under tap water irrigation. But the Neem (Azadirachta indica) (Neem) performed best under drought conditions indicating highest number of branches. This is because of the fact that Neem (Azadirachta indica) is drought tolerant plant and can show better growth under water stress environment. 

			 

			Alarcon et al. (2003) also reported likewise findings when apricot was grown under flooding condition because apricot also needs more water for its growth. The highest fresh shoot weight of neem (Azadirachta indica) under drought condition might be due to low water requirements of this plant as it is drought tolerant. Different studies (Abrisqueta et al., 2008; Domingues et al., 2006; Zhang and Fu, 2005) reported parallel results indicating less negative impacts of water stress on fruit trees during earlier stages. Xu and Chang (2003) reported same results highlighting that water deficit exert very less negative effect during early growth stages in fruit trees. 
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Resilience of Tree Species to Floods and Rehabilitation Strategy for
the Flood Affected Indus Basin

Muhammad Imran Mahmood* and Muhammad Zubair
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Abstract | The experiment was conducted to evaluate the effect of different irrigation sources and growth pa-
rameters of forest trees Shisham, Neem, Siri and Sufeda. The effect of different irrigation levels exhibited the
highest plant height in Sufeda under flooding which were 135 and 125cm after and before the experiment.
However, Neem showed maximum plant height after experiment (103 cm) under drought condition. But, the
minimum plant height (57 cm) before experiment was observed in Sufeda under drought exhibiting 50% de-
cline than Sufeda under flooding. Contrary to that Neem exhibited the maximum plant height before exper-
iment (i.e 107 cm) under drought. The highest chlorophyll contents (73.51%) after experiment was observed
in Sufeda under flooding and the lowest chlorophyll contents (7.32) after experiment was observed in Neem
under flooding. Opposite to that Neem showed maximum chlorophyll contents (55.23%) under drought.
Similarly, the maximum root dry weight (25.21 g) at the end of the after experiment in Sufeda under flooding
observed. The highest dry shoot weight (27.63 g) was recorded in Sufeda under flooding. Whereas, the lowest
dry shoot weight (4.25 g) was recorded in Sufeda under drought. Maximum root fresh weight (42.35 g) was
recorded in Sufeda under flooding. Whereas, the minimum root fresh weight (5.52 g) was recorded in Sufeda
under drought. In the same way the fresh shoot weight (51.23 g) was found in Sufeda where flooding was
applied. While, in Neem the highest fresh shoot weight (42.75 g) was recorded under drought environment.
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Introduction resist change, more broadly, and specifically intended

to cope with disturbance (Dale et al., 2001; Wheaton

Forests are foundations for human beings well-be-
ing. Forest sustain ecological and biological di-
versity and protection of habitat and water resources.
Resilient forests have uniqueness to accommodate
gradual changes to climate but have a propensity to
return toward its prior condition after shock with
management assistance (Spittlehouse and Stewart,
2004). In forest ecosystems resilience can be im-
proved through practices related to those described to

2001). Pakistan is deficient in forest resources cov-
ering only 5.2% of its total land area (Anonymous,
2011). Similarly per capita forest area is only 0.03
compared to developing and developed countries av-
erage of 0.5 and 1.07 hectares respectively. Deforest-
ation rates are also highest in the reaching 1.1percent
(55,000 hectares) per annum (Alam et al., 2006).

The major function of forest is the production of
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