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ABSTRACT

The present study entitléPlantation Techniques dPopulus deltoides
Bartr. for Problematic Sites in Temperate RegiorNofth Western Himalayas”
was conducted at Faculty of Forestry, Sher-e-Kashmiversity of Agricultural
Sciences and Technology of Kashmir, Benhama, Ghajelammu and Kashmir.
The land of the experimental site was problemaédgning to three types of
problems namely: degraded underutilized (scrub dated), degraded
pastures/grazing lands, barren rocky/stony waste.

The investigations on planting seasons, intervald maitrogen fertilizer
levels were done to assess the establishment awahgof Populus deltoides
plantations on problematic sites. The treatmenttuded two planting seasons,
three planting intervals and four nitrogen levdlee observations were recorded
after the completion of one growing season i.eeb$ autumn season. Among
the two seasons, autumn planting) (Bas found best over the spring planting) (S
under temperate conditions. Out of three plantmgrvals, Planting Interval |
(Ply) was proven to be best over Planting IntervaPlp)(and Planting Interval Il
(Pl), respectively. The nitrogen dosageg D0 kg N/hectare) in the form of urea
was found better as compared to other three nirdgeels with respect to
establishment and growth of poplar plantations. Thieractional treatment



combinations @IL1N, (autumn planting x planting interval | x 150 Kkg
nitrogen/ha) gave highest survival and growth ovlee rest of treatment
combinations in both the planting seasons.

The study on planting seasons, pit shapes, sizésarsture conservation
measures (mulching) were done to assess the sbtalgint & growth oPopulus
deltoidesplantations on problematic sites. The treatmenttuded two planting
seasons, three pit types, three pit sizes and thrdehing treatments including
control. Autumn planting season;JSvas observed to be the best over the spring
planting season. Among the three pit types; (Shucer Pit) gave highest survival
with better growth parameters. It was also fourat #among three pit sizes, PS
(60x60 cni) observed to give higher survival and growth oénpations as
compared to PS45x60 cm) and P$ (30x45 cmi). Black polythene mulch (M
gave higher survival and growth over the paddywstraulch (My). The treatment
combinations §M,PT,PS (autumn planting x black polythene mulch x piteyp
x pit size Ill) gave better survival and higherualof growth parameters in poplar
plantations. The moisture regime of soil was meagwinder three different
moisture conservation measures. Moisture percentader black polythene was
more as compared to ordinary mulch (paddy grasd)cantrol. Saucer pit gave
highest percentage of moisture which was furthdiovieed by ring pit and
ordinary pit. The highest moisture was found ur@fr60 cni followed by 45x60
cm® and 30x30 crhin both the planting seasons.

The experiment on planting seasons, age of plargiogk and hydrogel
were done to assess the establishment & growioplilus deltoideplantations
done on problematic sites. The treatments inclumem planting seasons, two
types of planting stocks and five hydrogel levélatumn planting was observed
to be best over spring planting. Two years old fh@nstock (A) was better as
compared to one year old planting stock)(At was also recorded that among five
levels of hydrogel K (3.0 g/plant liquid application) was found bettes a
compared to other four hydrogel levels applied. Thieractional treatment
combinations $§A\,H3 (autumn planting x planting stock Il x hydrogeléé @ 3
g/plant) gave highest survival and growthiPiopulus deltoideplantations.

The effect of different treatments on soil was akscorded under poplar
plantations done on problematic sites. The soikmloschemical parameters were
found to vary with different treatments under tenape conditions. The economic
valuation of poplar plantations done on problemsitie in temperate conditions is
beneficial venture as per the outcomes of the tyasons. The B/C ratio was
calculated by taking the 8 years rotation age efpbplar plantation and it was
worked out to be 6.07.

Key words: Plantation, season, growth, site, hydrogel, pitlcmusurvival, moisture,
soil, problematic.
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Chapter-1
INTRODUCTION

Land is one of the most important resource on whaman beings
depend. The rate of soil degradation is continyouskreasing with the
advancement of science & technology, industrialagsgpon, urbanization and
population explosion. The most important causenélldegradation is destruction
of forests and other vegetation from sloping lamilger sides and other areas
sensitive to damage (Pramod and Mohapatra, 20X#hrépogenic activities like
over grazing, wood cutting and burning have intiéediland degradation results
in soil deterioration all over the world (Jin, 2Q00¥%egetation acts as a protective
cover against the forces of wind and water, protgdhe soil from being washed
or blown away and preserving the physical and hy@ohic balance of nature
(Jain and Singh, 1998). Plantations can conserileoso degraded lands by
reducing nutrient loss, increasing soil organic teratind improving the soil
texture (Thapa, 2003). The plantation forestry legically as well as
economically viable option than traditional forgstPlantation technology of fast
growing species mainly Poplar and Eucalyptus haenlaken up by farmers and
institutions to boost wood production in the worflantation forestry has the
potential to augment farmer’s income substantiallyee plantations present an
economically attractive alternative to natural &seand might also be a practical
option for bringing the degraded lands to productiption. Plantation forestry
has been shown to contribute considerably in teaingarbon sequestration,
increased soil organic carbon and conservation iofliersity (Bremer and
Farley, 2010).

In India, a major portion of the land is effectag different types of soil
degradation (soil and water erosion, soil salingikalinity, acidity, etc.). Large
areas in the country have been rendered useleseeaslt of soil deterioration and
problem of low productivity due to soil losses whis much larger as one can
think. The problematic soils cover an area of 24lioni hectare, accounts to be



7.30 percent to the total geographical area ofcthntry. It presents a serious
threat to achieve the target of higher crop praditgt The reclamation of
problematic lands of India is becoming importantéaese of increased demands
for food, fodder, fuel and shelter (Banerjee andzeRal992). The National
Wasteland Development Board (NWDP) was set up wulith objectives of
checking the good lands from further degradatinardasing tree and other green
cover on the problematic lands, promoting fuelwaod fodder trees and to
involve people in afforestation programmes. The timgortant way to reclaim
problematic soils is to plant trees (Tonsdral.,2003). There is growing concern
in India about the degradation in the quality aekis and significant reduction of

the forest tree cover.

Jammu and Kashmir is predominantly a hilly statthorest cover of
20,230 kmi accounting for 19.95 percent of the total geogicgharea of
1,01,387 k. About?™ of the states’ total area is under recorded faaest the
substantial part of this is non-conducive for thewgh, being under permanent
snow, glaciers and cold deserts (Digest of ForeatisEics, 2012). The total
problematic area of the state is about 45.70 pet. déhis area is prone to soil
erosion and other forms of degradation leaving ikltihe denuded and degraded
soils with poor service for mankind. The degradatb forest resources in Jammu
and Kashmir has been accelerating, owing to théd rgpowth of population
which is coupled with the development of agricuidtand urban construction. The
situation is further aggravated by faulty forestn@gement practices in vogue. As
a result of forest degradation, environmental potd including soil erosion and
loss of biodiversity are being experienced and na&tiuiazards are occurring with
increasing frequency. Now the government of Jamntukeashmir is focusing on
conservation of forests and restoration of probl&raeas existing in the state.

To maintain the fertility of degraded soils. It éssential that the lost
nutrients are made equally good by artificial me&estilizers play a vital role in

boosting the initial growth and development of pga(Moscatelliet al., 2008).



However, the optimum requirement for the differéertilizers varies with the
species as well as the prevailing soil fertilitgtas. In the developed countries, the
conventional tool used by foresters for maintainingher productivity is
fertilization. Whereas, the application of chemitatilizers in plantations is not
very common in developing countries like Indiaisltwell documented that too
much or too little N, P and K may result in pootagdishment and growth of the
stands. Optimum fertilization extended the fasingng period of the tree as well
as the survival percentage of the out plantinggdagnd Pender, 2003). Among
the various nutrients, nitrogen is the major eleimequired for the growth of all
plant species which is always available in limitpgantity in the soil. Nitrogen
being a major plant growth nutrient plays a pivatalle in the plant growth
systems. It is an integral part of protein, enzyraed nucleic acids which are
responsible for the development of chlorophyll. $hoitrogen supply to plants is
of utmost importance in all the crops.

Populus deltoide$ocally called asFras’ make a striking and important
contribution to the landscape and economy of JamntuKashmir. Poplars in the
state have gained considerable importance in farch @antation forestry like
other neighbouring states of Uttrakhand, Haryan@ Ranjab. Poplars are fast
growing trees; they recycle nutrients fast duehtrtshedding of a large quantity
of leaves which decompose early. Poplar timbereisd used for making apple
boxes, interior wood work, beams, poles and fuetivd®oplar is one of the few
forest species which is considered ideal for swgfakdnter cultivation with
agricultural crops. Poplars are known for theistfgrowth, easy vegetative
propagation and enriching the soil with litter gmmdvide high production (10-30
m’hal/year) on a short rotation of 8-12 years (Chandr986). Food and
Agriculture organization (FAO) has recommended ittioduction of poplars to
meet the increasing timber requirement of the wofltie poplars have the
potential for narrowing down the gap between demand supply of wood.

Therefore, various attempts have been made in th& por raising this



economically important species on problematic lamdglifferent parts of the

world.

In temperate region particularly in Kashmir vallégrmers possess small
land holding which is mostly under the cultivatiasf agricultural crops.
Therefore, farmers are left with only option torglérees on degraded lands. As
the availability of land for tree plantation is ufscient, people have to grow short
rotation crops. Short rotation species are seeanagption to have better income
and biomass in a short time and in a sustainable(®antsen and Felby, 2012).
Poplars are cultivated not only on arable landsatgt on problematic soils. The
most important exotic species used for this purpos¢he region isPopulus
deltoides It is the most commonly observed species in commuamitiyhousehold
woodlots. In an environment suffering from land @e@tion and deterioration,
fast growing and resilierRopulus deltoideperform better than most indigenous
tree species. Small holders show a clear preferémicehis poplar which is
multiple in use (Jagger and Pender, 2003). Thezefan attempt was made to
utilize degraded lands for poplar plantations talreds the problem of land

degradation with social commitment.

The current emphasis on plantation has reguladnlzonfined to merely
achieving the targets without taking the cognizaméethe success of the
plantations. Greening of degraded and problematimddcapes is the most
important task of all the afforestation activitidésis common sights in hills and
plains to see the same area is being planted ghanted year after year with a
little or negligible success. A big reason behihd fiasco is lack of technical
knowhow. The common practice prevailing for outnpilag results in seedling
moisture stress and competition with weeds fortJighoisture, nutrients and
space. Moisture conservation is the quintessencangfplantation strategy on
problematic sites to have the success. The useppfopriate soil working
techniques and management ensures more infiltraéiod higher moisture

retention in the soil.



Faulty landuse systems and inflated human populdtiave led to land
degradation in the hills and plains. The effortstloé planners, foresters and
scientists have brought heavy chunk of areas uptiertation but success is
heading to low year after year. The reason is bt#iegage old practice and poor
physico-chemical attributes of such soils (problemkands). In order to restore
the productive potential of such lands, soil wogkand use of suitable trees with
other measures like fertilizer application, moisturonservation etc. are the
alternatives for ameliorating these problematiadanAt present the knowledge
about the planting techniques on problematic sgegery limited and moreover
specific to specific areas. Therefore, there isusgent need to undertake such

work on scientific lines to develop techniquestnd with the existing problems.

The present study was undertaken to address tisdeprs of problematic

sites through scientific interventions for gettithg better survival and growth of

* To standardize the out planting techniques witbrirdls in problematic

sites existing in temperate region.

* To determine the best physiological attributes aif planting stock for

better survival and growth.

* To elucidate the effect of nitrogen fertilizer astablishment and growth

of plantations.

e« To suggest suitable moisture conservation measiareproblematic

sites.

* To work out the relative economics of plantations.



Chapter-2
REVIEW OF LITERATURE

Review of literature has been divided into thddi@wing sections based
on the objectives of the investigations:

2.1 Out planting techniques for problematic sites
2.2 Physiological attributes of out planting stock

2.3 Effect of nitrogen fertilizer on establishmeahd growth of
plantations

2.4 Moisture conservation measures for problensitiss
2.5 Economics of plantations
2.1 Out planting techniques for problematic sites

Singh and Tiwari (1996) found that there are ddfe categories of
problematic lands namely degraded and wastelandshwheed immediate
attention for rehabilitation to increase the vetje¢acover in the country. The
only answer to this problem is afforestation of émea with suitable tree species.
The techniques for treating such lands vary with t§pe and area of the land to

be treated.

Balagopalanet al. (1998) studied the effect of various silvicultural
treatments and nutrient combinations on growth apthme of Eucalyptus
grandisand observed that pit size of 40%wnt of 3 tested pit sizes and fertilizer
dosage of 30 g N/plant was found to be most effecamong all the four

treatments.

Viero et al. (2000) conducted an experiment to study the eftdct
different pits and hydrogel applications on the vgio and establishment of
Eucalyptus camaldulensendEucalyptus grandisFive levels of hydrogel (O, 3,

6, 9 and 12 g) were applied to all the planting pat determine the best treatment

]



level. Tree height, collar diameter and leaf am@ex were assessed at regular
intervals for determining the effect of tested tmeants. It was reported that 9-12
g of hydrogel per litre per pit is best for theaddishment and growth of both the

Eucalyptus species.

Pal and Sharma (2001) showed that the productiapaaty of
problematic lands can be improved by planting tréaselve species of trees were
planted in the Aravalli hills (Haryana) and onAcacia nilotica Leucaena
leucocephala and Terminalia arjuna grew well. The soil pH, electrical
conductivity, organic carbon and available phosphsrrecorded significant
improvement at three depths (upto 45 cm) in thdystuea.

Mishra et al. (2003) conducted an experiment to analyze theciefié
different plantation techniques on degraded sodils @t Sultanpur, U.P, India.
Effect of pit shape, spacing and size of pits wadied under 3, 6 and 9 years old
plantations with regard to changes in soil charattes of sodic wastelands. The
results showed an improvement in the physical dsagechemical properties of
sodic soil after plantation. It was further repdrtéat pH, electrical conductivity
(EC) and exchangeable sodium percentage (ESP)svalaee declined whereas,
the values of organic carbon, total N, availablarfd exchangeable €aMg**
and K’ levels of the soils get increased . There wasceedse in bulk density and
an increase in soil porosity and water holding cépaof the soil. The
ameliorative effect of the trees became more distivith the increasing age of
plantation. It was also reported that the produtgtiand fertility of the degraded

sodic soils can be restored by tree plantation.

Kumar et al. (2004) reported the effect of different land masragnt
methods on the growth behavior and establishmeribwf tree speciesAtacia
nilotica, A. auriculiformis, Casuarina junghuhniaad Leucaena leucocephgla
under problematic soil conditions. The experimeonsisted of different land
management methods: {(Mbroadbed and furrow method, fMraised mound

method, (M) saucer method and @Mpit method. The plant height, collar girth



and root length of the tree species were signiflgamfluenced by the land
management practices.shethod of planting registered the highest plamghte

collar girth and root length among the differemdananagement methods.

Goel and Behl (2004) investigated the performanfcéiree leguminous
species Acacia farnesiangAcacia niloticaand Acacia siamepat three planting
distances and under three pit types (auger planting pit planting and saucer
planting) on a highly alkaline soil. The resultvealed thatAcacia nilotica
showed better growth performance under saucerlg@ittipg compared to other

species in problematic soil.

Melo et al. (2004) reported the effect dtucalyptus camaldulensis
plantations on soil carbon and nutrient contentsdifferent pit depths and
fertilizer applications on degraded soils of CeoadBrazil. At the time of
outplanting, fertilizers were applied at the ratet® g of ammonium phosphate,
60 g of triple superphosphate, 20 g of potassiulorcle, 2 g zinc sulphate, 3 g of
borax and 500 g dolomitic lime for plant per plagtipit. It was found that the
increasing pit depth resulted in increase of orgaarbon and potassium contents
in the upper layers of soil. Whereas, the elemaatsely phosphorus, calcium,
magnesium and organic carbon showed an inverse téh the increasing depth

of pits.

Shams-ur-Rehman (2004) recommended that pit @h$ds found to be
best for plantation on saline soils. He furtheresaed thaCasuarina obesand
A. amplicepamay be helpful in improving the fertility level sfline soils while

conducting the experiment in Punjab, Pakistan.

Vlasin and Holonac (2006) conducted a study tahish the best
working technology for reforestation @uercus robus The effect of tillage,
chemical fertilizer (5 and 10 g Ammonium Nitraté)pand mulching (polythene,
carton, straw) was worked out on plant establisimand growth. The

observations recorded after one growing season aleyethat the best



management practices are in order of tilla@® g N fertilizer > control >20 g N

fertilizer+ tillage.

Nasim et al. (2007) worked out the effect of different planbati
techniques adopted for establishment and growtkwfalyptus camaldulensis
under degraded salt affected sites and found hieapit size 60 crhgave higher
values of all the growth parameters of outplartedalyptusspeciesThey further
reported that soil pH, EC and SAR were significaritiwer in the pits where
plants had good growth.

Qianet al. (2007) reported the effect of different pit typms plantation
establishment and growth in sandy desert areagadtobserved that saucer pit,
ordinary pit, ridge ditches and ring pit were foutw be out performed for
outplanting of trees among all the tested pitsandy soils. Planting period was
equally responsible to effect the different soirgmeters. The content of soil
organic carbon, available nitrogen, phosphorus fotdssium were all increased

in their status with the increase of planting pefilo new opened up bad lands.

Subudhi and Behera (2008) conducted a study &rmate the suitable
moisture conservation techniques for forestry @aons under dryland hill slopes
in Kandhmal, Orissa, India and found that the cdtgrowth of teak and mango
under & (Ring pit) was significantly higher as compared hwill the other
treatments. Ring pit is recommended to get highartmgrowth particularly in the

north eastern ghats of Orissa.

Gardiniet al. (2008) conducted an experiment to study the etieopen
and gravel pits on the growth Bfunus aviunplantations in the Soria provenance
of Spain. The plantation was established at a sgaof 650 stems/ha, after the
application of organic amendments during site p&gpen and also during
plantation establishment via fertigation. Prelinmnandication of just 3 years old

plantation showed good growth of the outplantectistolrhe organic carbon

]



content of the soil was increased significantly hwithe advancing age of
plantations whereas, the soil pH was decreased.

Pazhanivelaret al. (2009) conducted a field experiment in alkali sail
Agricultural College and Research Institute, Trichgmil Nadu, India, with three
tree species and three planting techniques andifthatLeuceana leucocephala
survived more than 90% than the rest of tree spedibe highest growth and
collar girth was observed iheuceana leucocephaléollowed by Hardwikia
binataandAnnona squamos#®&mong the planting techniques, auger hole method
recorded higher plant height as compared to pihotedf planting. In pit method,
there was reduction in soil pH and ESP at 0-15Kawever, higher pH and ESP

were observed in 60-90 cm depth.

Penseet al. (2010) reported the effect of different plantati@chniques
on growth and establishment &opulus balsamiferaon semi coke dumping
degraded sites. Three plantation techniques nariglyplanting, ridge ditch
planting and ordinary planting were adopted. It feashd that pit planting along
with application of organic manure found to impravee growth of plantation
under degraded conditions. It was also observed flantation promotes the
under growth of herbaceous vegetation.

2.2 Physiological attributes of out planting stock

Wilson and Jacobs (1996) reported that the assessofeseedling
guality is an important component of reforestatonl afforestation programmes.
Use of low quality seedlings may result in poorwfto rates and plantation
establishment. They also reported that the evalnatf root electrolyte leakage is
promising means for this purpose. Three specidmafwoods like red oak, black
walnut and black cherry were evaluated for elegteoleakage and found that
higher the leakage more is the cell damage andcudiffin establishment of

plantation.

Rose et al. (1997) reported that seedling root volume had tasi



correlation with field survival performance. Seeadb with larger initial root
volumes (> 7 cr) had significantly higher field survival than trowith smaller
root volumes (< 4.5 ci Seedlings in the higher root volume category &lad
greater height growth. It was also reported thatlbegs with larger root volumes
were better able to mitigate the effects of tramspkhock except in the case of

extensive moisture stress.

Mackay (1998) reported that root electrolyte lgpgkadas of immense
significance in seedling quality test. After outmiag, the main cause of seedling
mortality is transplant shock induced by water sstreA newly planted seedling
must be able to extract water from the surroundmiusing its existing roots and
root electrolyte leakage measures the viability thé root system. A low
electrolyte leakage indicates high root viabiligus responsible to allow water

uptake to mitigate transplant shock.

Singh (1998) reported the effect of fibrous romnass on rehabilitation
of problematic sodic soils at Lucknow, India. Thentribution of root fibrosity
was apparently greater in the reclamation of stilcture, pH and water
permeability. The net change in soil nutrient poolafforestation increased the
soil C pool to 13 times and total N twice througk tegular inputs from fine roots
and litter fluxes. It was also reported that highaot fibrosity results in better

plant survival on problematic soils.

McNabb and Takahashi (2000) reported that elegdgoleakage is
directly related to seedling performance. Electedyare contained within the
membranes of plant tissues. These membranes asd@iveerio environmental
stresses such as chilling and freezing conditidms estimation of cell damage
and hardiness can be made by comparing the leaka@nts from injured and
uninjured tissues. It was also found that electeolgakage from both roots and

shoots directly influence seedling establishmentgnowth.

Noland et al. (2001) reported that number of first order laten@bts



(roots > 1 mm) is a measure of seedling qualitwds also reported that there is a
positive correlation between number of first ortdgeral roots and performance of

oak Quercus albatree seedlings on problematic sites.

Bolu and Polle (2004) reported the effect of slgwils on growth and
physiology of poplar species. After exposure tangalkonditions, the relative
growth rate and establishment of seedlings wetellyi stimulated but declined
the growth in control after several days. It wadher showed that leaves display
severe injury indicated by chlorophyll loss andngigant electrolyte leakage as
compared to control after three weeks of exposusaline conditions. Stability of
membranes was also damaged as seedlings were umrdin exposed to saline

conditions.

Jacobset al. (2004) found thaQuercus rubraseedlings with larger root
volumes at the time of transplanting had similatergotential values during
summer as those with lower root volumes. They edported that seedlings with
larger root volumes could initially be at a disadtege following transplant
because of corresponding greater leaf area whisht@éncrease water loss due to

higher transpirational demand.

Davis and Jacobs (2005) reported that seedlinditguessessment is
critical to ensure plantation success. Root systesrphology and physiological
status may provide accurate indication of seedtiaggntial. Large root volume,
high root fibrosity and an increased number ot finsler lateral roots have shown
some correlation to improve field performance ofptanted seedlings. The high
morphological and physiological standards of seedlienable them to rapidly

establish and thrive upon outplanting sites.

Molla et al. (2006) studied the physiological and transplanting
performance ofQuercus ilexseedlings with different winter conditions. It was
found that seedlings grown in cold winter sites éndargher stress resistance,

vigour and transplanting performance than the smgsllgrown in mild winter



conditions. Root growth activity and electrolytakage had the same seasonal
variation pattern at both locations and did notelate with frost hardiness.

Amanullahet al. (2007) reported the response of specific leaf areh
leaf area index to plant density and timing of ogen application. It was found
that specific leaf area and leaf area index in@@agth increase in plant density.
Balanced amount of nitrogen application at propee tfound to decrease nitrogen
losses and increase the growth and establishmeplaotations. It was further
recorded that more leaf area of a plant resulksgher photosynthetic activity and

finally higher growth as outcome.

Immanuel and Ganapathy (2007) reported the efféategraded soils
(saline soils) on growth and physiology@¢iba pentandraThe effect of salinity
on germination, electrolyte leakage, vigor indelxlooophyll stability index and
ionic uptake of seedlings were examined. The segthigation, morphological
and physiological parameters were slightly affecteg 3-9 dsrit salinity
concentration but were markedly reduced on the8L.8lsi'. Raising of salinity
in soil solution increased ionic concentrationhe teaf tissue leading to reduction

in leaf size and leaf area.

Jozefek (2007) reported that electrolyte leakages tbeen used
extensively for testing the cold hardiness, dormgastatus cell membrane
integrity and physiological activity. It effects toonly physiological
characteristics such as cold hardiness, water pategic. but can indirectly affect
indicators of morphology such as plant height aat structure.

Zhao and Liu (2009) reported the effect of physiotal parameters on
growth and establishment Bicea asperataeedlings under elevated temperature
and nitrogen fertilization. Nitrogen fertilizatiogignificantly improved seedling
growth in unwarmed plots by stimulating electroligakage and maximizing net
photosynthetic rate. The beneficial effects of pblpgical parameters oRicea

asperataseedlings could not be magnified by artificial marg.



Coll et al. (2011) reported the effect of nitrogen availapilion
photosynthetic capacity, root shoot ratio, leafaasnd electrolyte leakage of
hybrid poplar plantations. The changes in photdstnt capacity which
accounted for most of the differences in growtiwleein trees with different levels
of nitrogen and other parameters were less inflakfithe study recommends that
physiological rather than morphological traits gmeuhate in determining growth

of fast growing early successional broadleavedispéike poplar.

Sajid et al. (2012) reported the effect of different plantingtes on
survival and physiological parametersRi&tanus orientalisIt was reported that
survival percentage, sprouting percentage, roatnaelper plant, number of roots
per plant, leaf area per plant, root & shoot legkagd root membrane stability
were significantly influenced by planting dates. réd@ood plants showed
maximum sprouting percentage (57.56%), survivalcgatage (44.78%), root
length (47.27 cm), root volume (12.52 Ymeaf area (832 cfhand root leakage
(0.0000872 dsf) than semi hardwood and softwood plants for eptanting
(January).

2.3 Effect of nitrogen fertilizer on establishment and growth of
plantations

Bowersoxet al. (1991) reported the effects of different concerdres of
nitrogenous fertilizers on survival, height and ndeer of Populus hybridin
central Pennsylvania. Treatments namely control,rtiliation and
fertilization/irrigation were given on two sitesrdmuously for two years. Overall
treatment survival was not effected by site butgalwere lower for 1980 planted
trees (83%) than 1981 planted trees (90%). Tredsneith fertilizers had lower
survival (78%) than the treatments without feréhz (86%). The two years old
trees gave 5.3 and 6.8 m average height and 3.4.2rcin diameter for the 1980
and 1981 establishment years, respectively. Fetibn, with or without

irrigation consistently increased annual height diagneter over the control.

Davidsonet al. (1998) reported the effect of nitrogenous fertite on



growth and establishment of fifteen native treecmse planted on volcanic
degraded lands. Fertilizer was applied in differearicentrations (50, 80 and 120
kg/ha). It was reported that survival and growtrs\kégher in early successional

species with moderate concentration of nitrogen. 80 kg/ha.

Schielleet al. (1999) reported the effect of different fertilizesn Balsam
poplar, aspen an8alix specieslt was reported thabalix and aspen responded
significantly to nitrogen fertilization (50 and 1®@ N/ha/year) and no effect of
Ca, Mg and P was observed. The Balsam poplar pravdze most interesting
species as it does not responded to any kind dfiZzation for at least 10-15

years.

Evans (2000) reported that nitrogen, phosphorogspatassium played
an important role in limiting plant growth and ylelNitrogen is primarily
required for increasing plant growth more than ather nutrient. High amount of
nitrogen often results in excessive shoot and deligrowth, reduced root growth

and increased susceptibility to environmental sess

Gilman et al. (2000) reported the influence of different nitraggoses
(20, 40 and 80 g/f) on the growth parameters of Magnolia and Oak. fEselts
showed that 40 g/ffyear resulted in greater height than 20 and 8C/géar in
first year after planting. Nitrogen rates greatert 40 g/m did not result in more
growth. Seedlings received nitrogen soon after splamting responded by

growing faster than those that received no nitrogen

Paulet al. (2000) reported that the application of N and flizers gave
8 times higher values of growth parameters than uhfertilized treatments
(control). It was further added that the higheresabf N application with P

dosages produced the plants with uniform qualiteaves and twigs.

Xu et al. (2002) reported the influence of nitrogen ferg@lizon

establishment and growth Afaucaria cunninghamiplantations. It was observed



that nitrogen fertilizer is required to improve thatritional status and found to
enhance the plantation growth after the initialagen supply.

Marigoudra and Madiwalar (2004) conducted an erpant to study the
effect of planting techniques and fertilizer levetsthe initial growth increment in
teak plantations. The treatment consisted of tvamfophg methods: pit and crow
bar hole methods, FYM and NPK fertilizers. The getwth increment attributes
such as plant height, collar diameter, number dhraem nodes and leaf area per
plant of teak was not effected which might be tu¢he planting methods. The
net increment in all the growth attributes was gigantly higher with application
of NPK @ 30 g/plant over the control.

Mtui et al. (2005) carried out an investigation to determime effect of
fertilization on second rotation &finus patulastands as an option for increasing
growth and yield in hill forest plantations. Fivertilization treatments consisting
of nitrogen (0 and 60 kg/ha) and phosphorus (Carg0 60 kg/ha) were applied to
plantations. Tree height and DBH were measured afteand 22 months after
fertilization, respectively. It was observed thatlbtree heights and DBH of trees
increased significantly at 60 kg nitrogen per hextélowever, the application of
nitrogen decreased tree survival from 96 to 89qudrc

Salvadoret al. (2005) reported the effect of nitrogen fertilizatiin the
plantations done on frost and water stress comditim Mediterranean forest
species. Plants were cultivated under two contrgstitrogen fertilization
regimes. It was reported that nitrogen fertilizatidound to effect the
morphological than the physiological characterghHiertilized plants in all the
species were larger and had greater shoot roat thtn low fertilized and
unfertilized plants. High nitrogen showed highemtuer of new roots than low
nitrogen applied plants. Shoot size was greatehigih nitrogen than in low

nitrogen treated plants.

Oskarssoret al. (2006) reported the effect of fertilization in ptation



with respect to survival, growth and nutrition oée seedlings on problematic
soils. Seedlings provided with slow release femili of easily soluble nitrogen
showed significantly improved survival and growkfigher dosages of nitrogen
increased mortality during the first year. Feréition in afforestation activities
with similar climatic and soil conditions could nekhe difference between

plantation success and failure.

Sarvar et al. (2007) studied the influence of different nitrogas
fertilizers on the growth and survival of three ngeald Camellia sinensiplants.
The nitrogenous fertilizers used were ammonium gt calcium ammonium
nitrate, urea and nitrophos (biofertilizer) alonghacontrol. All the nitrogenous
fertilizers were applied at the rate of 100 kg/aaiang with the constant dosages
of P and K (25 and 15 kg/acre). It was found thateffect of all the fertilizers on
plant height and survival was non-significant. Heee ammonium sulphate
produced the highest plant height with canopy. fdsponse of other fertilizers

was in the order of nitrophos, urea and calcium amom nitrate, respectively.

Moscatelliet al. (2008) reported that nitrogen fertilization is wegd to
maintain the production of short rotation forestmations. Two fertilizer dosages
were applied, i.e. 212 kg N/ha at the time of danpng and 290 kg N/ha after
one growing season. It was showed that fertilizatiad not modify soil capacity
to accumulate organic matter although, a positiagation was observed at the
beginning of the study. At the end of first growiegason fertilization did not
change soil nitrogen content although, significglminges were seen after second

growing season.

Cicek et al. (2010) reported the effect of fertilization indiirgrowing
season on early survival and growth of narrow ldaagh Fraxinus angustifoli
Fertilization treatments per tree were control,g6@f NPK and 54 g of urea per
tree. After the first growing season, 98 per ceeeg were found survived.

Fertilizer had positive effect on diameter and heigrowth as compared to the



control treatment. The results showed that nitroigetiization had the potential

to improve the early field growth of narrow leawesh.

Stofko (2010) reported the effect of nitrogen ifieers on height and
diameter growth of a young plantation of Norwayuggrand European larch after
one year of fertilizer application. The fertilizeras applied at the rate of 50
g/plant. It was observed that the use of nitrogatilizer resulted in significant

effect on height growth of larch trees.

Mohapatra and Panda (2011) reported the influehoérogen fertilizers
on the growth oflatropa curcasplantations. Five years old standing crop was
treated with two levels of nitrogen (50 and 60 gh). It was observed that the
application of nitrogen fertilizer proved to be lénial for Jatropa curcas
plantations on growth and yield attributes. Theagien level (50 g/plant) showed

significant increase in height and collar diaméten (60 g/plant) nitrogen level.

Jaisankaet al. (2013) reported the location specific nutrientuiegment
based on soil test value during the first year ghovand development of
Dalbergia sisooplantations. The results indicated that soil tedtie based on
integrated application of organics along with iremig nitrogen fertilizers
increased the growth as well as dry matter prodoadf Dalbergia sissoaluring

the initial growth stages.

Khamiset al. (2013) analyzed the effect of nitrogen fertilizer growth
efficiency of Melia azedarachand Populus euphraticaon problematic sites of
Wadi el Natrun, Egypt. The results clearly showeat growth response of both
the species in terms of height, stem diameter,desd and fresh leaf weight was
better in nitrogen treated plots. Nitrogen appiaatenhanced the growth
efficiency of Melia azedarachand Populus euphraticathrough increasing
vegetative growth and biomass.

Kunes et al. (2013) evaluated the potential of nitrogen fezdti to

stimulate the survival, growth and nutrition of M@y spruce planted in an



acidified air polluted mountain site. The nitrogapplication resulted in a
significant growth stimulation of spruce as compai@control.

Vermaet al. (2013) reported that nitrogen is an essential etgnfor
plant growth. Three dosages of N (0kg N'lya!, 60kgN hdyr! and
120 kg N h& yr!) were tested on herbaceous vegetation in a sdisairg
tropical environment of India. Results showed tinatderate levels of rainfall and
N application @ 60 kg N Hayr™ facilitated the establishment and growth of

herbaceous species.

Alle et al. (2014) estimated the effect of mineral fertilibation physico-
chemical properties of soil and vegetative growghdvior ofHevea brasilences
The rate of fines (silt and clay) decreased frorfenitized soils to fertilized soils
with high dosages. Vegetative parameters like pleaight, collar diameter and
number of branches showed significant increase asesalt of nitrogen

fertilization.
2.4 Moisture conservation measures (mulching) fornpeblematic sites

Profit and Scott (1984) observed that poplar sliblnigher growth when
the pits were mulched with black polythene shdws tice straw.

Davis (1988) recommended the use of black polghemlching for
Fraxinus excelsioplantations on degraded sites of New Zealand. Biatithene
was found superior than transparent polythene agidary mulch because of less

weed growth.

Byard et al. (1996) conducted an experiment to determine thectedf
mulching on mixed and mono specific tree plantatiah Jacranda capaian
Costa Rica. It was observed that all mulching memits found to improve
seedling performance while compared with controuldfling gave the most
beneficial effects on initial seedling height graveind nitrogen uptake.

Arthur and Wang (1999) reported that organic megcfordinary grasses)

were more efficient in conserving water than inmigamulches (plastic



materials). Organic mulches can significantly redamount of irrigation needed
for all landscapes in some cases and even cannalienit altogether. In addition
to protecting soil reserves, the coarse organichad found to hold water much
like a sponge and thereby capturing rainfall amigation water for later release
and overall preventing runoff. It was also reportleat mulches can protect soils
and plantations from wind, water and traffic inddioerosion and compaction.

Otherwise all these factors contributed directlydot stress and poor plant health.

Greenet al. (2003) studied the impact of black polythene muictier
different site conditions and cultivation treatneem poplar plantations under
short rotation. It was reported that during essdishent poly mulch enhanced the
reduction of vegetative competition and improveel ¢alaphic environment. After
one growing season, the benefit of mulching wagelgrrestricted to reduction of
vegetative competition. In general, poly mulch nieey beneficial to improve
early growth of short rotation poplar plantationsder a wide range of site

conditions.

Jianget al. (2002) studied the effect of three commonly usedching
materials, namely rice straw (RS), mixture of r&teaw and rice grain hulls (RH)
and leaves of bamboo trees (BL) on bamboo plamstié control plot without
covering was also established. The results showat dhanges of soil organic
matter, total nitrogen and available phosphorusewa&milar from summer to
winter. Over this time, soil organic matter andragen decreased and available
phosphorus had a little increase. It was also fahatl establishment and growth

of bamboo was better under RH as compared to tekxd mulches.

Faberet al. (2003) studied the influence of mulching on wikersea
americanaover a period of two years. Soil moisture, weedpsegsion, tree
canopy, root growth and soil nutrient status waasueed. The pronounced effect
of mulches on soil moisture (reduced evaporatives)loand weed growth
(substantially reduced with mulch) was obtainedwés also reported that an

important effect of mulches on root architectures\aa increase in root length.



Pariset al. (2003) investigated the influence of polythene chirig on
the establishment and growth dfiglans regia.Establishment, annual growth
rates and leaf water potentials of walnut were mnegs Tree growth in mulched
treatment was slightly high but significantly reddcin height as compared to
unmulched trees. The mulched treatment becausts dhree advantages viz.
highest cumulative stem growth, annual fodder petidn and soil erosion
protection appeared to be promising for walnut ication in drought

experiencing areas.

Gilman and Grabosky (2004) reported the impacholching and mulch
depth on tree establishment. The mulch placed oa@r ball intercepted water
causing a drier root ball and resulted in greatee stress and reduced survival
than trees with no mulch over the root ball. Negateffects of deep mulch
occurred for ordinary leaf mulch. This result didt roccur following heavy
application of water. It was finally assumed thatlching material and mulch
depth did not found to effect during first yearess, establishment and growth of

oak seedlings.

Arnold (2005) reported the effect of mulching al properties and tree
establishment. Mulching applied to the surface @lamted root ball and to the
surrounding soil of relatively young trees foundomassociated with reduced tree
survival, slightly enhanced growth rate or no intpddulching also influenced

anchorage by impacting root growth.

Shogren and Rousseau (2005) studied the effecbi@mdegradable
polymerized vegetable oil paper as mulches for@tgpweeds and promoting
growth of cotton wood trees. At the end of firsbying season, the average
height of cotton wood trees grown with paper muicheere not significantly
different from trees growing with black polytheneileh. The results suggested
that black polythene mulch can function as effectiwulches during the first year

of tree growth.



Scott (2007) recommended that mulches providénagst economic and
environmental benefits to degraded landscapes. hgcis especially useful in
the establishment of trees on degraded sites whackive minimal care. In
general, mulches improve soil health, creating thggbopulation of plants and

micro- organisms.

Fanget al. (2008) studied the effect of grass mulch on groatiu
establishment of poplar plantations on degradednapbreas of China. Circular
areas were mulched around each tree at four rat2$,05.0 and 7.5 kg/fresh
grass. It was found that the grass mulch incredkednutrient availability of
degraded soil and results in better establishmedtgaowth of poplar seedlings.
Grass mulch significantly effected the tree heightl collar diameter of poplar
plantations. The results also revealed that mutchiay therefore be an important
tool for better establishment and growth of poplantations on degraded soils.

Cerrillo et al. (2009) reported that weed control is essential dor
successful establishment and growth of tree seagzllon abandoned agriculture
lands. Weed control methods are effective but carcdstly in terms of time,
damage to non-target vegetation and increasedesodion. Living and plastic
mulches can be used to protect vegetation and¥wl soil under mulch can have
better soil pH, EC, organic matter and nitrogen teoh in comparison to
cultivated soil. Photosynthesis and foliar nutrieoncentrations can be improved
by the mulching treatments.

Cregget al. (2009) reported the effect of mulching on heighgmeter
and survival of newly planted Fraser fir and Blyguse. Mulching materials
included black polythene, white polythene, vispongich mats and woodchips. It
was found that black polythene mulch increased ngvosvth as compared to
other mulching treatments. The ranking of magnitatigrowth response effects

were black polythene > white polythene > vispordamumats > woodchips.



Linhareset al. (2009) reported the effect @liricidia sepiummulching
on heavily weeded plantation sites of Vicosa, Bra&oil mulching with
Gliricidia (Gliricidia sepium) branches did not show an allelopathic effect but

found to responsible in decreasing the weed papulat

Percivalet al. (2009) reported the effect of pure mulches ongiwavth
and establishment of two species (European beedhHamvthorn). The results
showed that survival rate increased from 10-70gudrin case of beech. Whereas,
in case of hawthorn, no difference in survival sabetween mulched and non-
mulched (control) were recorded. Pure mulches (pelye mulches) required no
capital investment and offered positive benefits foee establishment on

abandoned lands.

Klimek et al. (2011) studied the influence of organic mulching o
European larch seedlings and found that mulchimgelden the establishment and
growth of seedlings besides, the improvement ihmoiperties. The influence of
mulching on seedling growth parameters was sigantién both the cases of one
and two years old seedlings. Seedling growth inchredl plots were characterized

by better height and diameter as compared to dqpitots.

Tabasiet al. (2012) reported that shrub planting under oil rhak has
frequently been used for stabilizing mobile sandsr dast three decades in South
Africa. The study was designed to investigate tifece of mulching on soil and
vegetation properties. The results of the studyeatsd that oil mulch and
Haloxylon plantation caused a significant reductianthe percentage of total

canopy and density. The living aerial foliage volumas also found to increase.

Jimenezet al. (2014) studied the effect of three mulch treatment
(control, stone and straw) on the growth and estatnlent ofQuercus ilex The
parameters like survival, diameter at breast heaghitleaf nutrient concentrations
were analyzed in one year old Oak seedlings. Sgplmith high initial DBH

showed the highest establishment and growth agrigeof first growing season.



Leaf nutrient concentrations changed significanfly.combination of saplings
with more than 10 mm of DBH and straw mulch is raotended for restoring

silvipastures systems.
2.5 Economics of plantations

Strausset al. (1988) conducted a research to determine the et
method for supplying biomass to an ethanol conwar$cility. The plantations
were Populus hydridNE-388 plantations with spacing of 0.6 m x 0.8 and
managed under four years rotation. Four managensémttegies (control,
fertilization, irrigation and fertilization-irrig&in) were evaluated. It was observed
that the control strategy had the lowest productiosts averaging 532 Mg
(OD). It was also found that 50 percent cost reldte equipments and material

inputs. Whereas, labour and land cost was 30 anmkb&&nt, respectively.

Pohjonen and Pukkala (1988) reported the profitatof establishing
Eucalyptus globuluglantations in Ethiopia. The plantation establishimeost
involved all the inputs (labor, planting materiglanting tools, etc.) needed to
establish a fully stocked stand. The plantatioaldishment cost was estimated to

be 2000 Euros per hectare.

Hazara and Singh (1994) planted the degraded Igmdblematic lands)
of Gaharawa village withAcacia indica, Albizia lebbeckAcacia procera&
Prosopis julifloraand found that runoff reduced from 70 to 30 pantcd@hey

further observed that cost benefit ratio of thentdion was 1:2.89.

Kort (2000) conducted a study to estimate thd taiat of short rotation
planting. Such plantations usually require inteasimanagement similar to
agricultural practices. It was estimated that thst ©f soil preparation, plantation

and vegetation control ranged from 1500-2200 Camadollar per hectare.

Cunninghamet al. (2002) estimated the the total cost and benefit
involved in establishing and maintainiRgunus africanglantations in USAThe

total revenue required to establish one hectagdasftation was 6,57,000 FCF. It



involved the labor cost (30000 FCF), transport @80000 FCF), dying cost
(15000 FCF), material cost (75000 FCF) and mispebiais cost (165000 FCF).
The net profit from the invested capital was estéddo be 270000 FCF hyear.

Tee and Labo (2010) carried out an economic aisatgsdetermine the
socio-economic variables involved in establishingetplantations. Descriptive
statistics were utilized in analyzing the sociofemmic variables whereas, gross
income, net income and rate of return on investment adapted for economic
analysis. The rate of return from these plantativaged from 16.9 to 76.2
percent, the net income varied from Rs 36,250- @D,&nd the highest rate of

return on investment was 76.9 percent.

Pandeet al. (2010) suggested that net investment for plartengboos in
one hectare of degraded lands require Rs. 30,508,880/.

Salek and Sloup (2012) conducted a study to cateuhe total cost of
planting pure and mixed stands. It was reported tloat of planting of pure
stands was comparatively low as compared to mixaads. The internal rate of
return was also highest in case of pure plantatiaonsomparison with mixed
stand. The average profit per hectare per yearalvasst five times higher than

the mixed stands.

Schweier and Becker (2013) conducted a study ltuledge the value of
inputs (labour, implements, fertilizers, transpeitt;.) used for the establishment
of short rotation poplar plantations. The resuftsveed that the cost of plantation
was 70 Euros hh It was also reported that the implementation rig @rigation

to increase the biomass yield turned to be unecanom

Furuyaet al. (2014) estimated the cost of inputs required &atdishing
teak plantations based on survey conducted in Neagt Thailand. Most of the
farmers (59%) were satisfied with their tree pléintes. The expenditure on tree

plantation per hectare was estimated to Rs 35)90an be predicted that after 15



years the net profit from plantation would be R&853)00 h# year'. It included
the profit from thinning as well as main felling.

Rancaneet al. (2014) conducted a study in Canada and foundttal
input required to establish a tree stand vary fpdate to place. It was reported
that plantation establishment under degraded donditrequired more inputs as
compared to agricultural lands. In addition to lahdertilizers and seedlings
degraded lands require soil stabilizers which meglimore money. The amount

required only to stabilize soil was $100%ha

Rasoolet al. (2014) carried out a research to determine theaw input
required for establishing one hectareDaflbergia sissoglantations. It was found
that cost of labor, seedlings and fertilizer castoainted for Rs. 30,000 hiaThe
benefit cost ratio was 0.77. It was also reportedt tthe benefit cost ratio

increased with increase in rotation age of plaoreti



Chapter-3
MATERIAL AND METHODS

The investigation titled “Plantation Techniques Pdpulus deltoides
Bartr for Problematic Sites in Temperate RegiorNofth Western Himalayas”
were conducted in the Faculty of Forestry, Sheragkfnir University of
Agricultural Sciences and Technology of Kashmiringr2013-14. A detailed
account of the methodology adopted and materiadd dsiring the conduct of the
research work is presented below:

3.1 Experimental area description
3.1.1 Location

The plantations ofPopulus deltoideswvhere different plantation and
moisture conservation techniques were uded in proatic (degraded) site of the
Faculty of Forestry, SKUAST-Kashmir, Benhama, Gahdk Jammu and
Kashmir located at an altitude of 5,850 feet arRgl.(1). The plantation site lies
in southern aspect at 326N and 74-46E longitude. The existing land of the
experimental site was pertaining to three typdsimd problems namely: degraded
underutilized (scrub dominated), degraded pasirazhg lands and barren

rocky/stony waste (Plate 1).
3.1.2 Climate and weather conditions

The experimental site falls in a mid to high aldié characterized by
mild summers and severe winters. The average ptatgn is 690 mm and
most of which is received from December to Aprilthe form of snow and
rains. The mean metrological data for the experiateon period (2013-14)
obtained from the meteorological observatory Galpaler The total rainfall
received during the experimentation period was 28§November-December)
and 418.80 mm (January-October) during 2013 and4_20@dspectively. The

minimum temperature ranged from -1 t8G@nd 3.4 to 14°C and maximum



H
= 'G’
Benihama L
t

i 4 -
s rAny ~
LT . g - I o
[ llllr_ o = —
1 L = R e
" by S n 'T-.TH
':.-—u" ax “j-.a"f: = }
- ._,_i' ol I A 1. _L-.\k
s i PR S
\
— Ganderbal -‘-_k
Vi
.I.- L

Fig. 1 : Map showing the plantation site



Plate-1 : A view of plantation site before start obexperiments



temperature varied from 17.7 to 2%4and 21.7 to 32°%& and the average
maximum relative humidity was 74.5 to 95.1 percand 70.4 to 90.8 percent.
The mean minimum relative humidity ranged froml4t®. 78.7 percent and 37.1

to 80.1 percent during the plantation seasons @ig.
3.1.3  Physico-chemical properties of soil

The soil samples were taken from plantation saenfrandomly selected
spots before laying out of the experiment fromeaist four locations in each plot
in autumn and spring seasons, separately. Theselesamere air dried on paper
and after that the samples were grinded separatelsieved through 2 mm mesh.
The samples in each season were composited andcsbjto physical and
chemical analysis. The results of composite saoil@as drawn at the beginning
of the experiment revealed that the soil was saoay in texture; high in organic

carbon with slightly neutral in pH and normal ire@rical conductivity (Table-1).

Table 1: Initial status of physico-chemical propertes of soil of plantation site

Season
S.
Parameters
No.
S S
1. | Texture Sandy loam Sandy loam
2. | Bulk density (g/cc) 1.40 1.35
3. | Water holding capacity (%) 53.70 45.20
4. | pH(1:2.5 soil water suspension) 7.36 7.32
5. | Electrical conductivity dSthat 25C 0.27 0.24
6. | Organic carbon (%) 1.55 1.48
7. | Available nitrogen (kg h9 285 276
8. | Available phosphorus (kg 1 6.04 5.90
9. | Available potassium (kg Ha 336 325
*S;= Autumn season *S Spring season
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3.2 Technical Programme
3.2.1 Plantation details

The plantation ofPopulus deltoidesBartr was done under three
experiments which have been described in detdiet®mn. Each experiment was

laid out in a Randomized Complete Block Design (6iaal).

3.2.2 Experiment1: Effect of planting seasons withintervals and
nitrogen fertilizer on establishment & growth of
Populus deltoides plantations on problematic sites

Populus deltoideswas taken for experimentation because of its
multifarious uses and abundant availability in temperate region especially in

Kashmir province.

Plant species Populus deltoideBartr.

Spacing : 2x2'm

Planting design : line planting
Treatments

(A) Planting seasons: 02 (two)
Two planting seasons were taken for out plantiregstock in the field.
1.  Autumn planting (Nov. to Dec., 2013)
2. Spring planting (Feb. to March, 2014)

The separate & independent experiments were l#ithceach season for

finding out the best planting season with the wdés in the region.
(B) Planting intervals

Three planting intervals comprising of 15 days t(fght) in both the

seasons were tested.



Autumn planting (Season 1)

Spring planting (Seasoil)

P, 15" Nov. to 3¢ Nov., 2013 | Pl
Pl 1% Dec. to 18 Dec., 2013 Pl
Pl3 16" Dec. to 31 Dec., 2013 Pl3

15" Feb. to 28 Feb., 2014
15* March. to 18 March, 2014
16" March to 3% March, 2014

© Fertilizer application (urea): 04 levels

Four levels of nitrogenous fertilizers (urea) weetected to find out the

optimum dose of nitrogen fertilizer for poplar pilaton. However, Phosphorous

and Potassium were applied as the basic dose dtntkeeof out planting. The

details of applied fertilizer is given here as unde

No:  Control

Ni: 100 kg/ha
No: 150 kg/ha
Ns: 200 kg/ha

Number of treatments

application)

= 3 (Planting season, planiimigrvals and fertilizer

Number of treatment combinations x2x4 = 24

Number of replications = 2

Plants per replication= 3

Total planting stock raised: 144

Experimental design: Randomized BIDgsign (factorial)




3.2.2 Experiment 2: Effect of planting seasons, pishapes, sizes and
moisture conservation measures on establishment
and growth of Populus deltoides plantations on
problematic sites

(A) Planting seasons: 02 (two)

Two planting seasons were tested for finding et hest season with

respect to planting of poplar saplings on problécrgtes in temperate region.
1.  Autumn planting (November to December, 2013)
2. Spring planting (February to March, 2014)

(B) Types of pit: 03

Three types of pits with varying sizes were madsttidy the effect of pit
on poplar plantation in problematic sites pertagnio establishment and growth

of the plantations (Plate-2).
1. PT; : Ordinary pit (Auger planting 60 cm deep)
2. PT, : Saucer pit
3. PTs. : Ring pit
(C)  Size of pits (cn): 03
1. PS :30x45
2. PS :45x60
3. PS : 60x60
(D)  Mulching: 03 (Plate-3)
1. M : Control (No mulching)
2. M : Ordinary mulch (paddy straw)

3. M : Black polythene sheet



Saucer Pit

Plate-2 : Types of pits used for plantation oPopulusdeltoideson problematic
site



Plate-3 : Conservation of moisture by using differet types of mulches for
raising Populus deltoides plantations on problematic site



Number of treatments = 4 (planting season, pit dypat sizes and

moisture conservation measures)

Number of treatment combinations = 2x3x3x3 = 54
Number of replications = 2

Plants per replication= 3

Total planting stock raised: 324

Experimental design: Randomized Block Design (faat)

3.2.4 Experiment 3: Effect of planting seasons, agaf planting stock
and hydrogel application on establishment &
growth of Populus deltoides plantations on
problematic sites

(A) Planting seasons: 02 (two)

Two planting seasons were tested to find out th& Iplanting season
corresponding to the age of planting stock inclgdiydrogel application in the
field.

1.  Autumn planting (November to December, 2013)
2.  Spring planting (February to March, 2014)
(B) Type of planting stock: 02

Two types of planting stocks based on age grouge ieken for out
planting in the field (Plate-4).

1. Planting stock (R 1 year old
2. Planting stock (P 2 years old
© Hydrogel application: 05

Five levels of hydrogel including control were tbtfor finding out the
alternatives to conserve the soil moisture aistare deficit sites. Both types of



Two years old seedling

Plate-4 : A view of poplar seedlings based on agd planted stock
planted in the field



hydrogel i.e. solid and liquid application wereettiin the outplanted seedlings of

Populus deltoides
1.
2.
3.
4.,

5.

H
H
H
Hy
Hy

Control

Solid application (3.0 g/plant)
1.5 g/plant (liquid application)
3.0 g/plant (liquid application)

4.5 g/plant (liquid application)

Number of treatments = 5

Number of treatment combinations =2 x 2 x5 =20

Number of replications = 2

Plants per replication= 3

Total planting stock raised: 120

Experimental design: Randomized Block Design (faat)

3.3 Plot size (rf)

Experimentl = 12 x 12°m
Experiment2 = 14 x 24°m
Experiment3 = 10 x 12°m

3.4 Field preparation

The area marked for each experiment was prepagéateb going for

plantation with the help of colored sticks and meisg tape. After demarcation,

it was cleared and the pits were dug out. The figlk laid out as per the

statistical model used in the experiment.

3.5 Transplanting of seedling

One and two years (for experiment 3 only) old 8egd of Populus



deltoideswere taken. The seedlings were outplanted inpiaating design with
2x2 m spacing.

3.6 Nutrient management

A uniform dose of phosphorous and potassium atréte of 60 kg
P,Os/ha* and 40 kg KO ha?, respectively was applied at the time of plantatio
Nitrogen was applied as per treatments to findtbetoptimum dose of nitrogen

fertilizer for poplar plantation grown on problencagite.
3.7 Plant protection measures

No plant protection measure with regard to disiasect pest control

was taken due to non- observance of such problems.
3.8 Details of observations recorded

The following observations were recorded duringe thourse of
investigations.
3.8.1 Physiological and quality parameters of seadbs at the time of out

planting

The seedlings taken for out planting were tested the following
physiological parameters to establish the corhatbetween the survival &
growth attributes of plantations with the status piiysiological traits of the

planting stock.
3.8.1.1 Relative water content (%)

Relative water content was obtained from fresh dsawf poplar

seedlings by using the formulae as given below :

Fresh weight — Dry weight

Saturated weight — Dry weight x 100

RWC (%) =

3.8.1.2 Root electrolyte leakage (REL)

Root electrolyte leakage was determined by using tachnique

developed by Mackay (1992). The roots were meshddkaced in distilled water



for a period till constant reading comes in conoltyt meter. The beaker
containing roots was then heated in an autoclaveh&f an hour and again
reading was taken. The REL is determined by:

EC (before heating)

REL = EC (after heating)

3.8.1.3 Shoot electrolyte leakage (SEL)

Shoot electrolyte leakage was determined by udiegsame technique
developed by Mackay (1992).

EC (before heating)

SEL = EC (after heating)

3.8.1.4 Root fibrosity

Root fibrosity is measured by counting the totamiver of lateral roots

having length greater than 2 cm (Thompson, 1985).
3.8.1.5 Root volume (cr)

Root volume of seedlings was measured by usingvitter displacement
method given by Burdett, 1979. It gives an accumagasurement of quality of
seedlings under field conditions. Seedlings wittyda root volumes are able to
bear transplant shocks better than seedlings witller root volumes.

3.8.1.6 Root length (cm)

Root length was measured by using the measurirgdéipr removal of

soil by proper washing with running tap water.
3.8.1.7 Shoot height (cm)

Shoot height was measured with the help of meaguape from base of

the seedlings to the leading point.
3.8.1.8 Root/shoot ratio

Root/shoot is the ratio of tap root length to th&lt shoot length. This



ratio is a measure of balance between the wateorlsibg area and the
transpirational area of a seedling proposed by yRatal. (1983). Seedlings with

higher root/shoot ratio have better chances ofigalv
3.8.1.9 Sturdiness quotient

The Sturdiness quotient is the height in centinsetdvided by collar
diameter in millimeters. It is good indicator ogthbility of seedlings to withstand

physical damage (Roller, 1977).
3.8.1.10Membrane stability index (MSI)

Membrane Stability Index is a measure of seedliagliness and was
determined by the formulae as given below:

EC (before heating)
EC (after heating)

MSI=1 - x 100

3.8.2 Physiological and quality parameters of seadbs after the
completion of one growing season

3.8.2.1 Survival percentage

Survival percentage was calculated for each treatrof plantation by

using the formulae:

Total No. of seedlings survived after one growiegson
Total No. of seedlings planted

SP = x 100

3.8.2.1 Plant height (cm)

Plant height was recorded with the help of meagut@pe at the time of
plantation and after the completion of one growseason (ending October).
Height was measured from the soil surface to taditg tip of the plant.

3.8.2.3 Collar diameter (mm)

Collar diameter was measured by digital calipahattime of plantation

and after completion of one growing season (en@iotpber).



3.8.2.4 Number of branches

All lateral branches of seedlings were counted ralipto access growth

and development.

3.8.2.5 Leaf area (cnf)

Leaf area gives the total transpirational areaseetiings and is a measure

of seedling quality. Leaf area was measured bygusiaf area meter.

3.8.3

the end of one growing seasiom ending Octobgr

Physico-chemical parameters of soia{ the time of out planting and at

The following physico-chemical parameters were mesas by taking the

soil samples from sub-surface at the start of #peement and at the end of first

growing season.

Observations

Methodology to be used

Soil texture

International Pipette Method (Pid€66)

Bulk density (Mg/cu.m)

It was estimated by drying the sample in
oven for 18 hours as described by Weid
al. (1972)

an

Water holding capacity (%)

It was determined byngsbrass boxe
with holes at bottom as described by Pi
(1966)

[72)

per

pH

1:2.5 soil water suspension with the helf
pH meter (Jackson, 1973)

) of

Electrical conductivity (dS/m)

1:2.5 soil waterspension with the help ¢
conductivity meter

f

Organic carbon (%)

Wet digestion method of Walklegd
Black (1934)

Nitrogen (kg/ha)

Alkaline potassium permanganatthod
of Subbiah and Asija (1956)

Phosphorous (kg/ha)

Olsenal.(1954)

Potassium (kg/ha)

Merwin and Peech (1951)




3.8.3.1 Soil texture

Soil texture is one of the important measures df #owas determined
by International Pipette Method (Piper, 1966).

3.8.3.2 Bulk density (Mg/cn)

Bulk density is an indicator of soil compaction ahedalth. It effects
infiltration, rooting depth, available water caggcisoil porosity, plant nutrient
availability and soil microorganism activity whiafifluence the key processes and
productivity of soil. Bulk density was determiney d¢ylindrical method.

3.8.3.3 Water holding capacity o)

Water holding capacity is the amount of water #ogiven soil can hold
for crop use. It was determined by oven dry method.

3.8.3.4 pH

pH was determined by making a suspension of saiémia the ratio of
1:.2.5 and was read on Blackman’s glass electrodemgter (Jackson, 1973).
3.8.3.5 Organic carbon (%)

The organic carbon was determined by Walkely andckB Rapid
Titration method, Jackson (1973) and calculateaeincent.

3.8.3.6 Electrical conductivity (dS/m)

Electrical conductivity of soil samples were detared by using
Sloubridge conductivity meter (Piper, 1966).

3.8.3.7 Nitrogen (kg/ha)

The available soil nitrogen was determined by usilkgline potassium
permanganate method (Subbiah and Asija, 1956) asccalculated in kg Ha

3.8.3.8 Phosphorous (kg/ha)

The available phosphorus in soil was determingduging the 0.5 N
NaHCGQ; at pH 8.5 (Olseet al, 1954) and recorded in kg ha



3.8.3.9 Potassium (kg/ha)

The potassium was determined with the help of aextwn with 1N
ammonium acetate at pH 7.0 (Jackson, 1973) andegasded in kg ha

3.9 Observations recorded

The soil moisture was recorded at fortnightly méds from each
treatment of experiment after the completion of eonenth from the day of
outplanting till the end of first growing seasomdang of October) with the help
of moisture meter from the sub-surface of soil. $fimie percentage of soil on
plantation site was measured with the help of mogsimeters under different
moisture conservation measures viz. mulching magerpit shapes and sizes. In
autumn planting, a total of 20 intervals were tgk@hereas, in spring planting it

was only 14 intervals.
3.10 Economic valuation

The relative economics of all the inputs were wor&atlby taking all the

attributes under considerations.
3.11 Statistical analysis

The data collected from all the experiments weraly@ed as per the
standard procedures outlined by Cochran and Ca8{(19



Chapter-4

EXPERIMENTAL FINDINGS

The results obtained during the present investigabn “Plantation

Techniques of Populus deltoides Bartr. for Problematic Sites in Temperate

Region of North Western Himalayas”are described under following heads as

per the objectives:

4.1

4.2

Effect of planting seasons with intervals and itrogen fertilizer on
establishment & growth of Populus deltoides plantations on
problematic sites

4.1.1 Effect of planting seasons with intervalsl aitrogen fertilizer on
survival percentage ofPopulus deltoides plantations on
problematic sites

4.1.2 Effect of planting seasons with intervalsl aitrogen fertilizer on
plant height increment (cm) iRopulus deltoideglantations on
problematic sites

4.1.3 Effect of planting seasons with intervalsl aitrogen fertilizer in
collar diameter increment (mm) &opulus deltoideplantations
on problematic sites

4.1.4 Effect of planting seasons with intervalsl aitrogen fertilizer on
number of branches per plantRdpulus deltoideplantations on
problematic sites

4.1.5 Effect of planting seasons with intervalsl aitrogen fertilizer on
leaf area per plant (én of Populus deltoidesplantations on
problematic sites

4.1.6 Correlation between survival percentage gnoavth attributes of
Populus deltoidesplantations with physiological and quality
parameters of seedlings on problematic sites

4.1.7 Effect of Populus deltoidesplantations on physico-chemical
properties of soil with respect to planting seasopknting
intervals and nitrogen fertilizers on individuatfar means

Effect of planting seasons, pit shapes, pit sg and moisture
conservation measures on establishment & growth ofPopulus
deltoides plantations on problematic sites

4.2.1 Effect of planting seasons, pit shapes, spies and moisture
conservation measures on survival percentadg®plilus deltoides
plantations on problematic sites



4.3

4.2.2 Effect of planting seasons, pit shapes, spies and moisture
conservation measures in plant height incremen) @niopulus
deltoidesplantations on problematic sites

4.2.3 Effect of planting seasons, pit shapes, spes and moisture
conservation measures in collar diameter increm@min) of
Populus deltoideplantations on problematic sites

4.2.4 Effect of planting seasons, pit shapes, spies and moisture
conservation measures on number of branches pargflRopulus
deltoidesplantations on problematic sites

4.2.5 Effect of planting seasons, pit shapes, spes and moisture
conservation measures on leaf area per planf)(cfPopulus
deltoidesplantations on problematic sites

4.2.6 Correlation between survival percentage gmavth attributes of
Populus deltoidesplantations with physiological and quality
parameters of seedlings on problematic sites

4.2.7 Effect of Populus deltoidesplantations on physico - chemical
properties of soil with respect to planting seasqiisshapes, pit
sizes and moistures conservation measures (mulchimy
individual factor means

4.2.8 Effect of different moisture conservation asigres on moisture
regimes of soils inPopulus deltoidesplantations done on
problematic sites

Effect of planting seasons, age of planting astkk and hydrogel
application on establishment & growth of Populus deltoides
plantations on problematic sites

4.3.1 Effect of planting seasons, age of plansitagk and application of
hydrogel on survival percentage Bbpulus deltoideplantations
on problematic sites

4.3.2 Effect of planting seasons, age of plansitogk and application of
hydrogel on plant height increment (cm) Ropulus deltoides
plantations on problematic sites

4.3.3 Effect of planting seasons, age of planstogk and application of
hydrogel on collar diameter increment (mm)Ropulus deltoides
plantations on problematic sites

4.3.4 Effect of planting seasons, age of plansitogk and application of
hydrogel on number of branches pegiant of Populus
deltoidesplantations on problematic sites



4.3.5 Effect of planting seasons, age of plansitogk and application of
hydrogel on leaf area per plant @mof Populus deltoides
plantations on problematic sites

4.3.6 Correlation between survival percentage gnmoavth attributes of
Populus deltoides plantations with physiological and quality
parameters of seedlings on problematic sites

4.3.7 Effect of Populus deltoidesplantations on physico-chemical
properties of soil with respect to planting seasage of planting
stock and hydrogel application on individual faatogans

4.4 Relative economics of plantations

4.1 Effect of planting seasons with intervals and itrogen fertilizer on
establishment & growth of Populus deltoides plantations on
problematic sites

The seedlings oPopulus deltoidesvere obtained from the nursery of
Faculty of Forestry, SKUAST-K and were outplanted problematic site in
temperate region of North Western Himalayas (200B42 to evaluate the effect
of planting seasons with intervals and nitrogerilieer levels on growth and
establishment of the plantations. Two planting seasiz. Autumn Planting ¢p
and Spring Planting ¢p three planting intervals viz. Planting Interva(Ply),
Planting Interval 1l (P) and Planting Interval Il (B) of 15 days interval and
four nitrogen levels viz. N(control), N (100 kg/ha), N (150 kg/ha) and N(200
kg/ha) were evaluated with respect to Bapulus deltoideplantations done on
problematic sites.

4.1.1 Effect of planting seasons with intervals anditrogen fertilizer on

survival percentage ofPopulus deltoides plantations on problematic
sites

The results obtained for survival percentagePopulus deltoidesare
presented in Table 2. A perusal of the data revbalsboth the planting seasons
with intervals and nitrogen fertilizer levels effed the survival percentage
significantly. Planting interval | was recorded hvigreater survival percentage
(83.33%) followed by planting interval 1l (74.99%nd planting interval Il
(70.82%) in autumn planting. The same trend wasmiesl in spring planting

with planting interval | gave highest value @2%) then the planting interval Il



Table-2: Effect of planting seasons with intervalsand nitrogen fertilizer on survival percentage ofPopulus deltoides
plantations on problematic sites

Seasor» Autumn planting Spring planting Factor means
Nitrogen levels i i i
™ 9 No N, N, Na Mean No N, N, N;  Mean Nitrogen _Plantlng Planting
Planting interval levels intervals seasons
(B 66.66 83.33 100 83.33 83.33 66.66 66.66 83.33 666.80.82| N 63.88 | 77.07 $ 76.38
P} 66.66 83.33 83.33 66.66 7499 66.66 66.66 83.33.006066.66| N 7221 } 70.82 S 66.66
I3 66.66 66.66 83.33 66.66 70.82 50.00 66.66 83.33.006062.64| N 86.35 |} 66.73
Mean 66.66 77.77 88.88 7221 76.38 61.10 66.66 83.835555.66.66| N 63.68
C.D. (p<0.05): N=0.48 N = 0 kg/ha Pl= Planting Interval | & Autumn Planting Season
S=2.38 N =100 kg/ha Rl= Planting Interval Il & Spring Planting Season
=1.48 N, = 150 kg/ha Rl= Planting Interval 11l
NxS =1.57 N= 200 kg/ha
Nx|=2.67
SxI=NS
NxSxI=NS




(66.66%) and planting interval Il (62.64%). Sumivpercentage oPopulus
deltoidesincreased with increase in nitrogen dosages frei® Mg/ha) to N (150
kg/ha) and then decreased unde(200 kg/ha) level in both the planting seasons.
Nitrogen level N recorded highest survival percentage (88.88%dvald by N
(77.77%), N (72.21%) and P (66.66%) in autumn planting. In spring planting,
highest survival percentage was recorded with (88.83%) followed by N
(66.66%), N (61.10%) and Bl(55.55%), respectively.

Individual factors were also evaluated to detesnihe best possible
factor forPopulus deltoideplantations pertaining to problematic sites. Maxim
survival percentage was registered in autumn plgn{i76.38%) than spring
planting where it was minimum (66.66). It was refm from the Table 2 that
among three planting intervals, planting intervagalve high survival percentage
(77.07%) and was followed by planting interval 71D(82%) and planting interval
[l (66.73%). It was observed from the table 2 thatong four nitrogen levels
applied to the plantations,,Ngave highest survival percentage (86.35%) and
lowest in N (72.21%) level. The N(63.88%) and Bl (63.68%) levels were
statistically at par with each other.

The data also reveal that interaction betweentipigrseasons, planting
intervals and nitrogen levels were found to effeignificantly to each other.
Overall, the effect of interaction among plantireasons, intervals and nitrogen
levels were found to be non-significant (Table 2I0)vas also observed that cent
percent survival percentage Bbpulus deltoideplantations on problematic site
was found with treatment combination!®l,, (Autumn planting x Planting
interval | x 150 kg N/ha) in autumn planting anchmum value was observed in

S13Np (Spring planting x Planting interval Il x 0 kg Nthin spring planting.



4.1.2 Effect of planting seasons with intervals anditrogen fertilizer on
plant height increment (cm) in Populus deltoides plantations on
problematic sites

The data presented in Table 3 reveal that botlpldnating seasons with
intervals and nitrogen fertilizer levels signifithn effected the plant height
increment of poplar plantations done on the probkgrsites. It was observed that
all the planting intervals significantly effectetet plant height increment of
Populus deltoidesn both the seasons. The plant height incremeist feand to
decrease with the advancing of planting intervatenf l; to I. The maximum
height increment (31.69 cm) was recorded; imierval and minimum (31.49 cm)
was found in 4 in autumn planting. The same trend has been obden/spring
planting with | recorded highest value (31.29 cm) and lowes[{81.02 cm). It
is further observed that all the nitrogen levelgngicantly effected the plant
height increment in both the seasons. Height inergnof Populus deltoides
plantationsincreased with increase in nitrogen dosages frg{chntrol) to N
(150 kg/ha) and then showed a marked decline. Maxirmplant height increment
was recorded with nitrogen levebKB1.79 cm) and minimum withd{31.17 cm)
in autumn planting. In spring planting, maximumdhgiincrement was recorded
with N2 (31.30 cm) and followed by N31.20 cm), N (31.04 cm) and N(31.00

cm), respectively.

Individual factors were also evaluated to detesnihe best possible
factor responsible for fate of plantation programiigher plant height increment
(31.48 cm) was reported in autumn planting tha(8ih13 cm) spring planting. It
was found that planting interval | recorded maximphant height increment
(31.49 cm) followed by planting interval 11 (31.28n) and planting interval IlI
(31.15 cm). Among the four nitrogen levelg gave maximum height increment
(31.54 cm) and minimum was found withy N31.08 cm). However, it was
observed that two nitrogen levels viz; &hd N were statistically significant and

rest of the two Nand Ny were statistically at par with each other.

It was also observed that the effect of extdon between planting



Table-3: Effect of planting seasons with intervaleind nitrogen fertilizer on plant height increment (cm) in Populus
deltoides plantation on problematic site

Seasor» Autumn planting Spring planting Factor means
Nitrogen levels Nitrogen Planting Planting
Planting interva No Ny N N Mean | No Ny N N:  Mean levels intervals seasons
I 31.33 3156 32.10 31.77 31.69 31.10 31.33 31.56.173131.29 N 31.08 | 31.49 $ 3148
P} 31.20 3142 3171 3153 3146 31.01 31.19 31.21.003131.10 N 3130 } 31.28 $ 3113
I3 31.00 31.27 3156 31.33 31.29 30.91 31.09 31.15953031.02 N 3154 § 31.15
Mean 3117 3141 3179 3154 3148 31.00 31.20 31.300431.31.13 N 3129
C.D. (p<0.05): N=0.03 N = 0kg/ ha Pl= Planting Interval | & Autumn Planting Season
S=0.06 N = 100 kg/ha Bl= Planting Interval Il $ Spring Planting Season
I=0.05 N = 150 kg/ha Rl= Planting Interval llI
NxS = 0.07 N = 200 kg/ha
NxI=0.06
Sx|=0.07
NxSx|=0.11




seasons with intervals and nitrogen levels wereifsiggnt with each other. It was
recorded that best possible treatment combinabomplant height increment was
S11:N2 (autumn season x planting interval 1 x 150 kg N/hBEe treatment
combination with least value of plant height incesthwas @3No (autumn season
x planting interval 11l x 0 kg N/ha). Similar treacdhave been observed in spring
planting as far as interaction effects are conakoreplant height increment.

4.1.3 Effect of planting seasons with intervals anahitrogen fertilizer in

collar diameter increment (mm) of Populus deltoides plantations on
problematic sites

A perusal of the data presented in Table 4 revisalisboth the planting
seasons, planting intervals and nitrogen levelsifsigntly effected the collar
diameter increment dPopulus deltoideplantations on problematic site. Highest
collar diameter increment was recorded in firseiaal (5.63 mm) and lowest in
third interval (5.41 mm). However, all the plantingtervals were found
statistically significant with each other. Simikaend has been reported in spring
planting where maximum diameter increment was ofesem first interval (5.33
mm) and minimum in third interval (5.05 mm). Allemitrogen levels were found
to effect collar diameter increment in both thesees. It was progressively
increased with increase in nitrogen dosages frenfchintrol) to N (150 kg/ha)
and then declined. Maximum collar diameter increihvess recorded for nitrogen
level N, (5.79 mm) followed by N (5.56 mm), N (5.41 mm) and minimum
increment was recorded fors§6.30 mm) in autumn planting. In spring planting,
maximum collar diameter increment was recorded\ip(5.35 mm) followed by
N; (5.22 mm), N (5.13 mm) and B(5.07 mm). In both the planting seasons, the

level N3 (200 kg/ha) gave the lowest collar diameter increime

The data on individual factor means presented abld 4 reveal that
autumn planting with interval first i)l and (150 kg N/ha) level of nitrogen
fertilizer gave the more collar diameter incremener the rest of the tested

individual treatments.



Table-4: Effect of planting seasons with intervalseind nitrogen fertilizer in collar diameter increment (mm) of Populus
deltoides plantations on problematic site

Seasor» Autumn planting Spring planting Factor means
Planting i:tictsrr(\)/ien e No N N Na Mean No Ny N N Mean N:g\(l)glesn ::r’lltir:\t/i;g Ps?:;?r?s

I 5.53 5.62 5.98 5.42 5.63 529 536 549 5.20 5|33Ng 5.27 b 5.48 S 5.51

I 5.40 5.56 577 5.28 5.5( 511 527 536 5.05 5[19N; 5.39 b 5.34 S 5.19

I3 5.31 5.50 5.62 5.21 5.41 500 5.05 521 496 5[05N; 5.57 b 5.23

""""" Mean | 541 556 579 530 55] 513 522 535 507 519, N518
C.D. (p<0.05): N=0.07 N = 0 kg/ha Pl= Planting Interval | & Autumn Planting Season

S=0.08 N = 100 kg/ha Bl= Planting Interval Il $ Spring Planting Season
I=0.05 N = 150 kg/ha Rl= Planting Interval 11l
NxS =0.10 N =200 kg/ha
NxI=0.09
Sx[=0.10
NxSx|=0.10




It was also recorded that interaction between tplgnseasons with
intervals and nitrogen levels were statisticallgngicant with each other. It was
also observed from Table 4 that best treatment gmatibn for collar diameter
increment was $;N, (5.98 mm) in autumn planting. Similar combinatiomsre
found to outperform in spring planting. The leastlue of collar diameter
increment was observed in treatment combinatio®;lgN3 (5.21 mm).

4.1.4  Effect of planting seasons with intervals anaitrogen fertilizer on

number of branches per plant of Populus deltoides plantations on
problematic sites

The results pertaining to the effect of plantiegsons with intervals and
nitrogen levels on number of branches per plant @esented in Table 5.
Maximum number of branches per plant were recongeglanting interval |
(3.73) followed by planting interval 1l (3.65) argdanting interval 11l (3.55) in
autumn planting. Similar trend was observed inrgpplanting. Nitrogen levels
behaved statistically significant irrespective bé tplanting seasons. In autumn
planting, maximum number of branches per plant weported with N (3.83)
followed by N (3.69), N (3.54) and N (3.51). It was also observed that the
maximum number of branches per plant were reconidd, (3.53) followed by
N; (3.37), N (3.27) and N (3.26) in spring planting. In both the plantingsens,
it has been observed that the number of brancheplaet increased up to level
N2 (150 kg/ha) and then decreased in(ROO kg/ha) level and this number was
even less than (Nevel where no nitrogen was applied. However, thkie of
number of branches per plant a§ &hd N levels in both the planting seasons

were statistically at par with each other.

Autumn planting season gave higher (3.64) numberanches per plant
than in spring planting (3.36) with respect to éfiect of individual factor means.
It was observed that planting interval | recordeaximmum number of branches
(3.59) while compared with planting interval 1l $2) and planting interval 1lI

(3.39). N gave maximum number of branches per plant (3@&wed by N



Table-5: Effect of planting seasons with intervalseind nitrogen fertilizer on number of branches per pant of Populus
deltoides plantations on problematic sites

Seasor» Autumn planting Spring planting Factor means
Nitrogen levels Nitrogen Planting Planting
Planting interva No N N Ns  Mean| No Ny N2 Ns  Mean levels intervals seasons
I 3.64 3.75 3.89 3.62 3.73] 336 345 362 340 3.46 3.40 | 359 3 3.64
P} 3.56 3.70 3.83 3.51 3.65/ 330 339 354 331 33N, 3.53 } 352 S 3.36
I3 3.41 3.62 3.77 3.40 355/ 311 328 343 310 323, 3.68 4 339
Mean 3.54 3.69 3.83 3.51 3.64, 326 337 353 327 33863 N 3.39
C.D. (p<0.05): N=0.03 N = 0 kg/ha Pi= Planting Interval | & Autumn Planting Season
S=0.06 N = 100 kg/ha Rl= Planting Interval Il & Spring Planting Season
I=0.04 N = 150 kg/ha Rl= Planting Interval IlI
NxS = 0.07 N =200 kg/ha
Nxl=0.05
SxI=0.08
NxSx|=0.10




(3.53), N (3.40) and N (3.39) among the four nitrogen levels applied he t
poplar plantations.

Planting seasons with intervals and nitrogen Eweére found to be
significant with the number of branches per plate best combinations namely
Si1iN2 (3.89) and g3N3 (3.40) gave highest and lowest values of number of
branches per plant in autumn season, respecti@&iyilar trends have been
observed in spring planting season.

415 Effect of planting seasons with intervals anditrogen fertilizer on

leaf area per plant (cnf) of Populus deltoides plantations on
problematic sites

A perusal of the data given in Table 6 reveald #ihthe treatment
combinations behaved statistically significant wach other. Highest value of
leaf area per plant was recorded in planting irtetv(344.09 crfy which was
followed by planting interval Il (343.06 @nand planting interval Ill (342.09
cn?) in autumn season. In spring season, similar agens were recorded as in
order of planting interval | > planting interval # planting interval Ill. Nitrogen
levels applied to th@opulus deltoideplantations effected the leaf area per plant
significantly. In autumn planting, highest leaf anger plant was recorded in, N
(346.22 crf) and minimum with N (341.52 crf). Whereas, the maximum leaf
area per plant was found in, KB41.23 crf) and followed by N (340.50 crf), No
(339.40 crf), N; (339.24 crf), respectively in spring planting, respectively.

Individual factors were also evaluated to deteamihe best possible
factor for leaf area per plant Bbpulus deltoidesn problematic site. Highest leaf
area (343.08 cfj was recorded for autumn planting and minimum (3@@nf)
for spring planting. However, both the planting sees were found to be
statistically significant with each other. Amon@pting intervals, it was observed
that planting interval | recorded highest leaf apea plant (342.45 cfp and
followed by planting interval Il (341.61 énand planting interval 11l (340.70

cn?). All the planting intervals were found to be be&d statistically significant



Table-6: Effect of planting seasons with intervalsind nitrogen fertilizer on leaf area per plant (cnf) of Populus deltoides
plantations on problematic sites

Seasor» Autumn planting Spring planting Factor Means
T~ iogenevs| N, N, N, N, Mean| N Ni N, Ni  Mean| Nirogen  Planing  Planting
Planting interval levels intervals seasons
I 342.61 343.11 347.12 343,50 344.09 340.53 341.11 2584 339.12 340.82 N 340.46 { 34245 % 343.08
I, 34152 342.33 346.27 342.13 343.p6 339.54 340.42 1.0894 339.58 340.14 N 34141 ) 34161 9 340.10
I3 340.42 34150 345.28 341.17 342,09 338.13 339.98 0.1324 339.03 339.31 N 343.73 4 340.70
""""" Mean | 34152 34231 34622 34227 343D 33940 340501234 33924 3401 N 34076
C.D. (p<0.05): N=0.12 No = 0 kg/ha Pl= Planting Interval | & Autumn Planting Season
S=0.13 N; = 100 kg/ha Pl,= Planting Interval Il S,= Spring Planting Season
I=0.11 N = 150 kg/ha Rl= Planting Interval 11l
NxS =0.14 N= 200 kg/ha
Nxl=0.15
SxI=0.13
NxSx|=0.17




with each other. Among the four nitrogen levels lmgbto the plantations, N
recorded highest leaf area per plant (343.73 éofiowed by N (341.41 crf), N3
(340.76 cm) and N (340.46 cm). It is also observed that all the nitrogen levels

were found to be statistically significant with baather.

It is evident from the Table 6 that interactiontvibeen nitrogen levels
with planting seasons, nitrogen levels with plagtintervals, planting seasons
with intervals and over all interactions betweeanting seasons with intervals
and nitrogen levels were significant for leaf apsa plant ofPopulus deltoides
plantations on problematic site. It was also furtbbserved that best treatment
combination with respect to leaf area per plant &g\, which gavethe value
347.12 cm. The minimum value of leaf area per plant was meo with SIsNg
(340.42 crfi) in autumn season. Similar observations were dezbiin spring
season for leaf area per plant.

4.1.6 Correlation of physiological and quality paraneters of seedlings with

survival percentage and growth attributes of Populus deltoides
plantations on problematic sites

The survival percentage and growth attributes{giaight increment, collar
diameter increment, number of branches per plahteat area per plant) were taken
as dependent variables whereas, physiological aalitygparameters (relative water
content, root electrolyte leakage, shoot electoligakage, root fibrosity, root
volume, root length, root shoot ratio, sturdinesstignt and membrane stability

index) were taken as independent variables foelation studies.

A perusal of the data presented in Table 7 revébas out of the nine
independent variables, only 7 variables had dipaditive effect on survival
percentage oPopulus deltoideplantations. Root electrolyte leakage and shoot
electrolyte leakage correlated negatively to th@edéent variables. Relative
water content (0.813) contributed maximum to swalvipercentage oPopulus
deltoidesplantations followed by root fibrosity (0.810) anabt length (0.803).

The lowest positive correlation (0.653) was obsétvetween survival percentage



Table 7: Correlation of physiological and quality parameters of seedlings with survival percentage angrowth attributes of
Populus deltoides plantations on problematic sites

Survival Plant height Collar diameter bNumber of Leaf area per
percentage increment increment ranches per plant
plant
Relative water content 0.813 0.811 0.798 0.821 0.775
Root electrolyte leakage -0.831" -0.765 -0.786 -0.876° -0.643"
Shoot electrolyte leakage -0.776° -0.686 0,712 -0.854" -0.742"
Root fibrosity 0.810" 0.862° 0.784° 0.806" 0.884"
Root volume 0.721 0.740° 0.764 0.821" 0.776
Root length 0.803" 0.756 0.817 0.744 0.765
Root shoot ratio 0.293 0.299 0.154 0.266 0.231
Sturdiness quotient 0.787 0.941 0.846 0.903 0.970°
Membrane stability index 0.653" 0.675 0.714 0.698 0.665

**significant at 1% level



and membrane stability index. Root electrolyte &pk (-0.831) and shoot
electrolyte leakage (-0.776) showed direct cori@tatvith survival percentage but
with negative sign. A critical analysis of dataeals that correlation of root shoot

ratio with survival percentage was statisticallysagnificant.

The Table 7 also indicates that leaf area pert @ad sturdiness quotient
have maximum direct positive correlation (0.970)lolwed by plant height
increment and sturdiness quotient (0.941) and nuroberanches per plant and
sturdiness quotient (0.903), respectively. It isoabbserved from the data that
number of branches per plant gave highest negatoeelation with root
electrolyte leakage (-0.876) and shoot electrdaage (-0.854), respectively.
4.1.7 Effect of Populus detoides plantations on physico-chemical

properties of soil with respect to planting seasonplanting intervals
and nitrogen fertilizers on individual factor means

The values of the soil physico-chemical propertvese given on average
basis and not analyzed statistically. It was olesnduring the course of
investigation that the change of soil physico-cleainparameters was minor or
slight over the initial status. In context of thisthe statistical analysis was done
then the effect of all the treatments would be smmificant. The purpose of
discussing the results on average values to shewnttial trend and it may give

variations in the obtained results over the time.

So, the results presented in Tables 8, 15 and@® snly the indication

but not the final effect of the tested treatments.

The results pertaining to the effect on physiceraltal properties of soil
with respect to planting seasons, planting intenahd nitrogen fertilizers on
individual factor means d?opulus deltoideplantations done on problematic sites
are presented in Table 8. It was observed tha¢ tiwvas no change in the texture at
the time of completion of the experiment (one ydamn the initial status. It was
sandy loam at the time of outplanting and remainlkee same when the

observation was made. The initial value of bulksignwas 1.40 and 1.35 g/cc in



autumn and spring season, respectively (Table Bg Values of bulk density
slightly changed in both the seasons and were foaitheé 1.37 and 1.36 g/cc after
completion of first growing season. It was obserfredh the Table 8 that highest
bulk density was observed in;P1.38 g/cc) and lowest in £[(1.36 g/cc) in
autumn season. In spring season, it was againipdamiterval 1 (P]) which
showed highest value (1.37 g/cc) as compared 0(PB6 g/cc) and RI(1.35
g/cc) Bulk density followed the same trend with respexinitrogen fertilizer
levels in both the planting seasons. The highesievaf bulk density was
observed under Nand lowest under Nnitrogen level in autumn and spring
planting seasons after the completion of first gngnseason. The water holding
capacity was found to increase over the initialustan both the planting seasons.
It was 53.70 percent in autumn season and 45.2&pem spring season at the
time of outplanting (Table 8). It was further obssd that water holding capacity
increased to 57.86 percent in autumn season 4®item in spring season. It
infers from the data presented in Table 8 that mari water holding capacity
was found in RI(60.02%) and minimum in RI54.17%) in autumn season.
Similar observations were observed in spring seadoere P{ gave maximum
(54.17%) value of water holding capacity. It wasoabbserved that water holding
capacity was maximum under; Nertilizer level (58.17%) and (50.86%) and
minimum under N level (57.78%) and (48.25%) in autumn and springsse,
respectively. Soils under plantations gave diffeeeim pH values between the
plantation seasons. The pH gave little bit higheR%) autumn planting than the
spring planting. The highest pH was recorded paRtl lowest in Rlin both the
planting seasons, respectively. The pH value wasrmed higher undergdnd N
nitrogen levels (7.29) in autumn planting seastins.observed that the pH value
was found to decrease as the fertilizer dosagesased from Bto Nslevel in
spring planting. The pH value was observed highetea Ny nitrogen level and
was same for both the planting seasons (7.29)triglaicconductivity was found
to be 0.23 dsthin both the planting seasons and in all the tptasting intervals.

It was also found that the electrical conductistyowed a decrease from initial



values with the application of nitrogen fertiliz&flectrical conductivity was found
same from Nto N, (0.24 dsrl) and then decreased undeg (9.22 dsri)
nitrogen level in autumn season. In spring seawnglectrical conductivity did
not change in land N (0.24 dsn) level and thereafter found to decrease from
N, (0.23 dsr) to N; (0.22 dsnT). The organic carbon was found to increase in
both the planting seasons from their initial statusvas observed that the organic
carbon content was more in autumn season (1.81%) the spring season
(1.78%). The Rlgave highest organic carbon (1.86%) while compavigd the
rest of the intervals. Similar trend was observedpring planting season. It was
found that N nitrogen level outperformed over the rest of trste@ levels in both
the planting seasons. The leve] ([dontrol) came out to be at the bottom in both
the planting seasons. The availability of nitrogphpsphorous and potassium
showed a decreasing trend in both the seasonsifiitial status. The availability
of nitrogen, phosphorous and potassium was obs¢ovbd 261 kg N/ha, 5.05 kg
P,Os/ha and 309 kg ¥O/ha in autumn season and 249 kg N/ha, 5.12,Ki/Ra
and 320 kg KO/ha in spring season, respectively. The highestogen
availability was found in RI(264 kg N/ha) and lowest in £0257 kg N/ha) in
autumn season. In spring season, the nitrogenadi#y was highest in RI(252

kg N/ha) and lowest in P(247 kg N/ha). The available nitrogen was obseteed
be highest under Nnitrogen level in both the planting seasons. Itsvedso
recorded from the Table 8 that available phosphoras highest in B(5.06 kg
P,Os/ha) whereas, Pland P} gave same value (5.04 kg@?/ha) in autumn
season. In spring season, the value was highe®Bd5.15 kg RBOs/ha) and
lowest in P] (5.10 kg ROs/ha). The phosphorous availability was found higher
under N nitrogen level in both the planting seasons aspaved to other levels.
The available potassium was recorded highest4i3RL kg KO/ha) and lowest

in Pl (307 kg KO/ha) in autumn season. In spring season, the wixsealues of
available potassium with respect to planting irekswvere PI(320 kg KO/ha),
Pl3(319 kg KO/ha) and RI(317 kg KO/ha). It was also observed that potassium
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Table 8 Effect of Populus deltoides plantations on physico-chemical properties of soWvith respect to planting seasons,
planting intervals and nitrogen fertilizers on individual factor means
Initial status Autumn planting Spring planting Factor means
[ L 1011 o] £ T e el el et e e
S S S Pl Pl Pl3 No N N2 N3 S Pl Pl, Pl3 No Ny N2 N3 S Pl Pl, Pl3 No N N2 N3
Soil texture Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy
loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam loam
Bulk density (g/cc) 140 135 137 138 137 136 .33 135 137 140| 136 137 136 135 135 135 361 138 | 136 137 136 136 135 135 136 1
Water holding y
capacity (%) 53.70 4520 57.86 60.02 59.40 5417 57.79 57.78 1758. 57.72| 49.71 5417 4885 4610 4825 49.03 50.860.70 | 53.78 57.09 5412 5013 53.02 5340 54.51 2154.
pH 736 732 | 725 731 725 719 729 729 723 17p 721 723 721 720 726 722 720 748 723 727723 719 727 725 721 7.9
Electrical
conductivity (dsr’y | 027 024 | 023 023 023 023 024 024 024 0p2.230 023 023 023 024 024 023 02 023 023 230. 023 024 024 023 022
8/[33“'0 carbon 155 148 | 181 18 18 177 177 180 18 1B2 .781 18 178 175 175 178 18 177 179 183 791. 176 176 179 184 175
ﬁ("ga;\"aﬁfl)”'mge” 285 276 | 261 264 262 257 254 260 270 262 249 247 248252 248 248 250  249| 255 256 255 254 251 254 260 5 2
Available
phosphorus (kg 604 590 | 505 504 504 506 502 505 507 5p5.125 510 515 512 511 513 515 510 508 507 105 509 506 509 511  5.0d
P,0s ha'!)
Available
potassium (kg K,O 336 325 309 309 311 307 305 308 313 3do 316 320 317319 314 318 321 322 314 314 314 313 309 313 317 5 3
ha)

Planting season (S)
Planting interval (PI)

Nitrogen fertilizer (N)

Sautumn and & spring
RE Planting interval |, Bl= Planting interval Il & P§= Planting interval 11|

N = 0 kg/ha, N =100 kg/ha, B= 150 kg/ha & N= 200 kg/ha



availability was highest in Nnitrogen level and lowest inghhitrogen level in

both the planting seasons.

Overall factor means were also evaluated to deéterrtine best possible
individual factor which effect the physico-chemipabperties of soil under poplar
plantations. It was observed that the value of liéksity was decreased from
initial status and was found to be 1.36 g/cc. Tlghdst bulk density was
observed in RI(1.37 g/cc) followed by Rland P4 which gave the same value
(1.36 g/cc). The highest bulk density was recordeder N nitrogen leve(1.39
g/cc) and lowest underogN1.35 g/cc). The Table 8 also infers that the mmaxn
water holding capacity was found in;Rb7.09%) and lowest in £(50.13%).
The maximum value for water holding capacity wasested under N54.51%)
followed by N; (54.21%), N (53.40%) and B (53.02%). The pH value was
observed to be highest in;R7.27) while lowest in RBI(7.19). The pH showed a
declining trend with the increase in nitrogen feadir from Nyto Nsirrespective of
planting seasons. The highest pH was recorded umitlegen level N(7.27) and
lowest under M (7.19). The electrical conductivity was found sameall the
planting intervals whereas, it showed a slight geamnder the influence of
different nitrogen levels. It was also recorded thi@anic carbon was maximum
in Pk (1.83%) followed by RI(1.79%) and RI(1.76%). The maximum organic
carbon was recorded under N..84%) and minimum under 3N1.75%). The
available nitrogen was observed to be highest uR§€R56 kg N/ha) and lowest
in Pk (254 kg N/ha). It was also recorded from the datt highest available
nitrogen was under N\N260 kg N/ha) while it was lowest undeg (251 kg N/ha).
The available phosphorous was recorded to be HigheBhL (5.10 kg BOs/ha)
and lowest in RI(5.07 kg BOs/ha). The phosphorous availability was highest
under N (5.11 kg BOs/ha) while it was lowest undergb.06 kg BOs/ha). It was
also recorded from the Table 8 that the potassivaiability was same for Pl
and P} (314 kg KO/ha) whereas, it showed a slight decrease in(FI3 kg



K,0O/ha). The available potassium was found to be marm under nitrogen level
N (317 kg KO/ha) and minimum undero309 kg KO/ha).
4.2 Effect of planting seasons, pit shapes, pit sg and moisture

conservation measures on establishment & growth ofPopulus
deltoides plantations on problematic sites

The seedlings oPopulus deltoidesvere planted on problematic site in
temperate region of North Western Himalayas todsaetize the planting season,
pit shape, pit size and moisture conservation nreasto make the successful
plantations. For this purpose, two planting seastimee pit shapes and sizes
including mulching measures were taken to findtbetbest treatment as per the
site specification and species requirement.

4.2.1 Effect of planting seasons, pit shapes, p#izes and moisture

conservation measures on survival percentage d&fopulus deltoides
plantations on problematic sites

The results for the survival percentagePalpulus deltoideplantations
done on problematic site are presented in Tablt @as found that both the
planting seasons, pit shapes, pit sizes and meistonservation measures
significantly effected the survival percentagentticates from the data presented
in Table 9 that all the pit types found to effegt\sval percentage significantly in
both the seasons. Highest survival percentage eesrded for P71 (81.47%)
followed by P (75.91%) and P4(72.21%) in autumn planting. Similar trend
has been observed with pit type in spring plantilhighas been observed that
ordinary and ring pit gave same value of survivaticentage (64.80%). It was
found that PSrecorded highest survival percentage (90.73%) hvhias followed
by PS (74.06%) and PS(64.80%), respectively. In spring planting, sP&ain
gave highest survival percentage (79.79%) overdbkeof the two pit sizes. The
black polythene (M found to give higher values of survival perceetagall the
three types of pits and their sizes in both thentplg seasons. Saucer pit gave
better survival in all three pits sizes in both #sasons. All the three mulching

treatments found to effect survival percentaggnificantly. Highest survival



Table-9:

Effect of planting seasons, pit shapes,tmizes and moisture conservation measures on swal percentage ofPopulus
deltoides plantations on problematic sites

Season Autumn planting Spring planting
Factor Means
Pit type PT, PT, PT, PT, PT, PT,
Mean Mean Mean Mean Mean Mean
Pit size § §
PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS Mulching T?:e sFi);e Season
Mulching
Mo 50.00 66.66 83.33 66.66 66.64 66.6p 83.33 72.p1 0050 66.66 83.33 66.66 50.00 50.0f 66.66 55.! 50/0066.66 66.66 61.10 50.00 50.0f 66.6p 55.95 62.99 3670. 61.10 76.53
M, 66.66 66.66 83.33 72.21] 66.64 83.3 10 83.33 50]0066.66 83.33 66.66 50.00] 66.6 83.3 66. 66.66 .3383 83.33 77.77 50.00 66.64 83.3 66.646 72.21 77.8570.36 67.88
M3 83.33 83.33 100 88.88 83.33 83.3! 100 88.38 66/66 3.338 100 83.33 66.66 66.66 83.3: 72.2 66.66 83[33 100 83.33 66.66 66.66 83.33 7221 81.47 68.90 85(26
Mean 66.66 72.21 88.88 75.91] 72.2 77770 94.44 81.47 5565 72.21 88.88 7221 55.55 61.1f 77797 64. 61[1077.77 83.83 74.06 55.55] 61.1f 7777 64.80
C.D. (p<0.05): M=1.38 PS = 30x45 (cr) PT, = Ordinary pit Mo = Control S= Autumn Planting Season
S=3.77 PS= 45x60 (crf) PT, = Saucer pit M= Ordinary Mulch 8= Spring Planting Season
Pr=1.10 P$=60x60 (cr) PT; = Ring pit M= Black Polythene
P=2.48
MxS=3.11
Mx Pr=1.57
Mx Ps=3.48
Prx P, =2.57
Sx R=2.38
PsxS=4.38

M X Prx Psx S =NS




percentage was recorded in §¥87.03%) and minimum in p{68.51%) mulching
treatment in autumn planting. Similarly in sprin;mging, M, recorded highest
survival percentage (75.91%) and followed by ([W4.23%) and M(57.40%).

The data on factor means (Table 9) reveal thatntagimum survival
percentage (76.53%) was recorded in autumn plantthgreas lowest value
(67.88%) was observed in spring planting. Saucer(Pl;) gave maximum
survival percentage (77.85%) which was followed B, (70.36%) and P
(68.50%). It was also observed from the Table @ #tiathe three pit sizes were
found to effect the survival percentageHopulus deltoideplantations Highest
survival percentage was found for #£@E5.26%) and lowest in R61.10%).
Maximum survival percentage was found with §81.47%) and lowest with
(62.95%) irrespective of planting seasons. Howeakrthe mulching treatments

were found to be significantly different from eaather.

It infers from Table 9 that interaction betweenlching and pit types,
mulching and pit sizes, mulching and planting seasit types and pit sizes,
planting seasons and pit types and planting seasuhgit sizes were found to be
statistically significant with each other. Whereasgerall interaction between
planting seasons, pit types, pit sizes and mulchirge non-significant for
survival percentage parameter Bbpulus deltoidegplantations However, the
treatment combinations namely,NMEPT.PS, SMPT.PS, SIMPT:PS and
SSM,PT,PS gave 100 percent survival of poplar plantationse Tdast value of
survival percentage was observed in treatment awatibns $MoPTPS,
SIMoPT3PS and S;MoPT,PS.

4.2.2 Effect of planting seasons, pit shapes, pitizes and moisture

conservation measures in plant height increment (cjnof Populus
deltoides plantations on problematic sites

A critical analysis of the data presented in Tdlf)ereveals that both the
planting seasons, pit types, pit sizes and moistoreservation measures were

found to effect the plant height increment sigrifidy. Maximum plant height



increment was recorded in £T31.11 cm) and lowest in B{27.24 cm) in
autumn planting. Similar trend has been observell R, in spring planting. It
was found that PSgave maximum plant height increment (29.42 cm)ciiwas
followed by P$ (29.19 cm) and RS(28.99 cm) in autumn planting. In spring
planting, P$ again gave highest plant height increment (27183 aver the rest
of the two pits. Maximum plant height increment wasorded in M (29.87 cm)
and minimum in M (28.51 cm) in autumn planting. Similarly in spriptanting,
M, recorded maximum height increment (28.17 cm) whiets followed by M
(27.72 cm) and M(27.52 cm), respectively.

Individual factors were also evaluated to deteamine best individual
factor forPopulus deltoideplantations pertaining to problematic sites. Maxim
plant height increment (29.20 cm) was observeduittiran planting and lowest
(27.81 cm) in spring planting. PGave maximum plant height increment (29.91
cm) which was followed by RT(28.34 cm) and RsT(27.26 cm). It was also
observed from the Table 10 that all the three igiesswere found to effect plant
height increment irPopulus deltoideplantations significantlyMaximum plant
height increment was reported ingA88.71 cm) and lowest in P$28.33 cm).
Maximum height increment was observed in (49.02 cm) which was followed
by M; (28.47 cm) and M(28.02 cm).

It is evident from the Table 10 that interacticgtviieen mulching and pit
types, mulching and pit sizes, mulching and planseasons, pit types and pit sizes,
planting seasons and pit types, planting seasahgiasizes and overall interaction
between planting seasons, pit types, pit sizes raotthing were found to be
statistically significant with each other. The treant combinations namely
SIM,PT,PS (32.01 cm), §M.PTLPS (31.66 cm) and M,PT-PS (31.50 cm) were
recorded with maximum plant height incrementRopulus deltoidesn problematic
sites. The minimum values were observed iMETPS (28.53 cm), MPT.PS
(26.21 cm) and MPTPS (30.23 cm) in autumn planting. Similar trend hasrbe

observed in spring planting with respect to thd saatment combinations.



Table-10:

Effect of planting seasons, pit shapesitgizes and moisture conservation measures in plaheight increment (cm) of
Populus deltoides plantations on problematic sites

Season Autumn planting Spring planting
Factor Means
Pit type PT, PT, PT, PT, PT, PTs
Mean Mean Mean Mean Mean Mean
Pit size § §
PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS Mulching T;j/l;:e sFi’Iz‘e Season
Mulching

Mo 28.53 28.66 28.83 28.67| 30.2: 30.4] 30.78 30.48 2126 26.39 26.60 26.40 27.19 27.1 27.25 27.16 28/2328.35 28.44 28.34 27.00] 27.0: 27.1 27.97 28.03 3428, 28.33 29.20

M, 29.10 29.33 29.46 29.30] 30.9 31.1 31.36 31[3 0727} 27.23 27.41 27.24 27.28 27.3! 27.40 27.34 2814528.59 28.66 28.57 27.20] 27.24 27.3] 27.26 28.41 9129, 28.48 27.81

M3 29.61 29.78 30.09 29.83] 31.5 31.6f 32.01 312 7727} 28.10 28.32 28.06 27.59 27.7 27.94 27.16 28/7928.85 30.06 29.23 27.43] 27.4 27.6f 27.943 29.03 2627, 28.71

Mean 29.08 29.26 29.46 29.27| 30.8: 31.0] 31.38 3111 027 27.24 27.44 27.24 27.31 27.4 27.5|2 27.42 28}4928.60 29.05 28.71 27.21] 27.2 27.3] 27.28
C.D (p<0.05): M=0.21 P$ = 30x45 (cr) PT, = Ordinary pit Mo = Control S= Autumn Planting Season

S=0.16 P§= 45x60 (crf) PT, = Saucer pit M= Ordinary Mulch 8= Spring Planting Season
Pr=0.71 P$=60x60 (crm) PT; = Ring pit M= Black Polythene
P=0.20
MxS=0.19
Mx Pr=0.21
Mx Ps=0.30
PrxP,=0.21
Sx R=0.20
PsxS=0.21

M xPrxP;xS=0.21




4.2.3 Effect of planting seasons, pit shapes, pitizes and moisture
conservation measures in collar diameter incrementmm) of Populus
deltoides plantations on problematic sites

A perusal of the data presented in Table 11 revibalt planting seasons,
pit types, pit sizes and moisture conservation mreasfound to effect the collar
diameter increment ofPopulus deltoidessignificantly on problematic sites.
Highest diameter increment was observed with, P9.64 mm) which was
followed by PT (4.91 mm) and P3{4.50 mm) in the plantations done in autumn
season. Similar trend has been observed in spfargipg. It was found that the
treatment P$Sgave the highest diameter increment (5.11 mm)lawest under
PS (4.92 mm) in autumn season. In spring plantings B&ve the highest
diameter increment as compared to the other twaipés. It was observed that
black polythene (M used as mulching material found to outperformrdkie rest
of the tested mulch i.e. ordinary mulch (paddywsjrand no mulch (control).
Highest diameter increment was recorded in("30 mm) and lowest in 4.73
mm) in autumn planting. Similarly in spring plarginM, recorded highest
diameter increment (4.77 mm) which was followed My (4.52 mm) and M

(4.25 mm), respectively.

Factor means were evaluated to determine the puesstible factor for
collar diameter increment dfopulus deltoideplantations on problematic sites.
Autumn planting gave higher diameter increment @alas compared to spring
planting. It is further observed from the Table ttat the highest diameter
increment (5.01 mm) was found in autumn plantinglevit was lowest in spring
planting (4.51 mm). It was found that saucer pitRjave highest collar diameter
increment (5.20 mm) while the lowest value of coliteameter was observed in
PT; (4.42 mm). It was also seen that the bigger sie(PS: 60 cnf) gave more
increment of collar diameter as compared to thelsemsized pit i.e. P&nd P$.
Highest diameter increment was recorded in PIS86 mm) and lowest in RS
(4.67 mm). The highest diameter increment was dsmbunder M (5.04 mm)
which was followed by M(4.76 mm) and M (4.49 mm), respectively.



Table-11:

Populus deltoides plantations on problematic sites

Effect of planting seasons, pit shapesitsizes and moisture conservation measures in catldiameter increment (mm) of

Season Autumn planting Spring planting
Factor Means
Pit type PT, PT, PT, PT, PT, PTs
Mean Mean Mean Mean Mean Mean
Pit size §
PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS Mulching T?:e Pit size Season
Mulching
Mo 447 | 453| 4.66/ 455 52 536 548 586 423 428364 4.29| 4.10( 4.17 4.2§ 417 436 4.48 457 447004. 412 | 4.20| 4.11 4.49 4.67 4.6y 5.01
M. 478 | 4.84| 498 487 557 56p 579 567 4/42 445534 447 | 433 448 4.5] 446 4.9 475 484 476274 435| 4.43| 4.35 4.76 5.20 4.76 4.9
Ma 5.13 | 5.33| 5.45| 530 5.8 587 594 588 4168 472804 4.73| 4.63| 4.68 4.75 46p 488 509 5PR0 506484. 456 | 4.66| 4.57 5.04 4.42 4.86
Mean 479 | 490| 5.03| 491 554 568 574 564 4l44 448564 450| 435 444 452 444 4@4 AJ7 487  A76254. 434 4.43| 4.34
C.D (p<0.05): M =0.10 P$ = 30x45 (cr) PT, = Ordinary pit Mo = Control S= Autumn Planting Season
S=0.12 P§= 45x60 (crf) PT, = Saucer pit M= Ordinary Mulch 8= Spring Planting Season
Pr=0.11 P$=60x60 (crm) PT; = Ring pit M= Black Polythene
P=0.14
MxS=0.13
Mx Pr=0.17
Mx Ps=0.15
PrxP,=0.16
Sx R=0.32
PsxS=N.S

M X Prx Psx S =NS




It is reported from the Table 11 that interactimtween mulching and pit
types, mulching and pit sizes, mulching and planseasons, pit types and pit
sizes, planting seasons and pit types, plantingosesaand pit sizes and interaction
among all the treatments were found to be stadi$ficsignificant. The best
treatment combination for collar diameter incremeas SMPT,PS (5.94 mm).
The other equally good treatment combinations &k&PT,PS (5.87 mm) and
SIM,PTLPS (5.83 mm) in autumn planting. Whereas, the lowesluer was
observed in MPT:PS (4.23 mm). Similar observations were reported fittwan
plantations done in spring season on problemasc si
4.2.4 Effect of planting seasons, pit shapes, p#izes and moisture

conservation measures on number of branches per piaof Populus
deltoides plantations on problematic sites

The results pertaining to the effect of plantingssns, pit types, pit sizes
and moisture conservation measures on number aiclhes per plant are
presented in Table 12. It was recorded that allpiaypes were significantly
effect the number of branches per plant in bothptla@ting seasons. Maximum
number of branches were recorded in F8.48) followed by PT(7.91) and P73
(7.60) in autumn planting. The trends with respgecpit types were similar in
spring planting which gave maximum number of brascin P% (7.88) and
minimum under P3(7.31). Pit sizes behaved statistically significargspective
of the planting seasons. The effect of pit sizesnomber of branches per plant
was determined by averaging the values in all kineet sizes of pits separately.
PSS (8.08) gave maximum number of branches per plalidvwed by P$ (7.99)
and P% (7.91) in autumn planting. Similar trend was olgedrin spring planting
where P% performed better as compared to the other testesizes. The plants
covered with black polythene mulch were found teegmaximum value. The
lowest number of branches was obtained in treasnethiere no mulching was
used in both the planting seasons. Maximum numbéramches per plant were

recorded in M (8.28) and lowest in M7.73) in autumn planting. Similarly in



Table-12:

Effect of planting seasons, pit shapesitgizes and moisture conservation measures on numbof branches per plant of

Populus deltoides plantations on problematic sites

Season Autumn planting Spring planting
Factor Means
Pit type PT, PT, PT, PT, PT, PTs
Mean Mean Mean Mean Mean Mean
Pit size . "
PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS Mulching T?:e sFi);e Season
Mulching
Mo 750 | 7.61| 7.69| 7.60 813 82 830 822 7h1 39.467 7.39| 7.19| 726 731 7.2 750 7.8 7.6 58 037 7.10 | 7.16| 7.10 7.52 768 7.4 8.0
M, 777 | 7.84| 798| 7.86 839 846 855 847 750 58.697 7.59 | 7.38| 7.44 753 7.4 779 7.85 7.9 88 217 7.28 | 7.38| 7.29 7.76 8.1 7.7 7.5
M. 8.15 | 828| 836| 826 867 87 8.88 8716 7Ji7 83.867 7.82| 756| 766 771 7.6 810 819 8p6 18 477 7.55| 7.62| 755 8.04 744 7.8
Mean 781 | 7.91| 801| 791 839 84 858 848 753 60.677 7.60| 7.38| 7.45 751 7.4 780 787 7.7 88 247 7.31| 7.39| 7.31
C.D .(p<0.05): M=0.11 P$ = 30x45 (cr) PT, = Ordinary pit Mo = Control S= Autumn Planting Season
S=0.81 P§= 45x60 (crf) PT, = Saucer pit M= Ordinary Mulch 8= Spring Planting Season
Pr=0.17 P$=60x60 (crm) PT; = Ring pit M= Black Polythene
P=0.15
MxS=0.13
Mx Pr=0.14
Mx Ps=0.16
PrxP,=0.15
Sx R=0.12
PsxS= 16

M x Prx P;xS=0.12




spring planting, M gave maximum number of branches (7.79) followedVvay
(7.54) and M(7.31), respectively.

The data on individual factor means presentedahld 12 reveal that
number of branches per plant were little bit mare@autumn planting (8.00) than
the spring planting (7.55). The value of numbeb@nches per plant in both the
planting seasons was found to be statisticallyiSagmt with each other. Saucer
pit (PT,) gave maximum number of branches (8.18) which fodlswed by PE
(7.68) and PT (7.46), respectively. Maximum number of branchesant were
recorded in P$(7.85) and lowest in RY7.69). Number of branches per plant
were recorded maximum in4\8.04) and minimum in M(7.52).

It is evident from the Table 12 that interactiatvieeen mulching and pit
types, mulching and pit sizes, mulching and planseasons, pit types and pit
sizes, planting seasons and pit types, plantingossaand pit sizes and interaction
among planting seasons, pit types, pit sizes andmmg individually or jointly
were found to be statistically significant. It walso observed that the number of
branches per plant dPopulus deltoidegplantations on problematic sites was
found highest with treatment combinationsM@PT,PS (8.88). The other
treatments like $M.PT.PS (8.73) and §M.PT.PS (8.67) gave equally good
values while compared with the best treatment coatlwns. Whereas, lowest
value was reported iniBoPT;PS (7.31) in autumn season. Similar observations
were observed for number of branches per plarpring season.

4.2.5 Effect of planting seasons, pit shapes, p#izes and moisture

conservation measures on leaf area per plant (¢ of Populus
deltoides plantations on problematic sites

A perusal of the data given in Table 13 reveadd the planting seasons,
pit types, pit sizes and moisture conservation oregssignificantly effected leaf
area per plant oPopulus deltoideplantations on problematic sites. Highest leaf
area was recorded in P928.83 crf) and lowest in P3(905.22 crf) in autumn

planting. In spring planting, similar observatowere recorded which were in



Table-13:

Effect of planting seasons, pit shapesit[sizes and moisture conservation measures on leafea per plant (cnf) of Populus
deltoides plantations on problematic sites

Season Autumn planting Spring planting
Factor Means
Pit type PT, PT, PT, PT, PT, PT,
Mean Mean Mean Mean Mean Mean
Pit size § §
PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS PS Mulching nge sFi);e Season
Mulching

Mo 906.53 906.88 907.12 906.84 923.3 925. 92715 5.192 903.10 903.19 904.42 903.5] 900. 900.654 980( 900.51 910.13 912.43 916.3 912.96 899. 900]09900.53 899.91 908.16 908.3: 910.5p 915.81]

M, 910.42 911.09 917.58 913.0 927.8[L 929. 93001 9.192 904.98 905.13 905.77| 905.2f 902.4 903.10 790 903.06 917.33 917.98 918.1: 917.81 901. 902|58902.98 902.23 911.76 922.7 911.5 907.40

M3 918.40 920.13 922.22 920.29 931.1f 932. 93298 2.183 906.51 906.82 907.03] 906.7 905.4 906.112 5807, 906.29 918.81 919.30 920.1¢ 919.4 903. 904/48905.53 904.39 914.88 903.7¢ 912.79

Mean 911.78 912.70 915.64/ 913.37 927.41 929 93005 8.832 904.86 905.05 905.74 905.2; 902.4 903.p5 0904, 903.29 915.42 916.57| 918.1 916.72 901. 902|38903.01 902.18
C.D (p<0.05): M=211 P$ = 30x45 (cr) PT, = Ordinary pit Mo = Control S= Autumn Planting Season

S=5.10 P§= 45x60 (crf) PT, = Saucer pit M= Ordinary Mulch 8= Spring Planting Season
Pr=4.23 P$=60x60 (crm) PT; = Ring pit M= Black Polythene
P=0.48
MxS=1.48
Mx Pr=2.50
Mx Ps=2.19
Prx P, =276
Sx R=1.77
PsxS=2.34

M x Prx P;xS=1.79




order of P (916.72 crfi), PT; (903.29 crf) and P (902.18 cr). It was found
that PS (917.14 crf) gave highest leaf area which was followed by @85.59
cn?) and P$ (914.68 crf) in autumn season. Similar type of trend was aleskr

in spring planting where B®utperformed over the other two pit sizes. Highest
leaf area was recorded in,N919.74 crf) and minimum in N (911.86 crf) in
autumn planting. Similarly in spring planting,.Mave highest leaf area (910.02
cn?) which was followed by M(907.70 crfi) and M, (904.46 crf), respectively.

Factor means were evaluated to determine theithdisidual factor for
leaf area per plant dPopulus deltoideplantations. Autumn season plantations
gave higher value of leaf area (915.81%cas compared to spring planting which
gave only 907.40 cfieaf area per plant. Leaf area per plant was recbhighest
in PT, (922.78 crf) and lowest in PF(903.70 crf). It is observed from the Table
13 that highest leaf area per plant was record€®5in(912.79 crf) and lowest in
PS (910.52 crf). Highest leaf area was recorded in (814.88 crf) which was
followed by M, (911.76 crfi) and M, (908.16 cr), respectively.

A cursory glance of Table 13 reveals that effecinteraction between
mulching and pit types, mulching and pit sizes,chudg and planting seasons, pit
types and pit sizes, planting seasons and pit fymasting seasons and pit sizes
and interaction among all the treatments were fdorke statistically significant.
The treatment combinations namelyMsPT.PS (932.98 cni) followed by
SIM,PT,PS (932.43 crl) and SM,PTLPS, (931.13 cm) gave better leaf area per
plant while compared with other treatment comboragi in Populus deltoides
plantations. The lowest values were observed:MoBT:PS (903.10 cni) and
SIMoPTLPS (903.19 cr). The similar trend was reported in spring seasih
respect to leaf area per plant.

4.2.6 Correlation of physiological and quality paameters of seedlings with

survival percentage and growth attributes of Populus deltoides
plantations on problematic sites

The survival percentage and growth attribupésnt height increment,



Table 14: Correlation of physiological and qualityparameters of seedlings with survival percentage ahgrowth attributes of
Populus deltoides plantations on problematic sites

Survival Plant height Collar diameter bNumber of Leaf area per
percentage increment increment ranches per plant
plant
Relative water content 0.825 0.786 0.754" 0.8172" 0.785
Root electrolyte leakage -0.827" -0.775 -0.743" -0.851" -0.757"
Shoot electrolyte leakage -0.764" -0.657" -0.723 -0.832" -0.734
Root fibrosity 0.822 0.801" 0.802° 0.814" 0.712"
Root volume 0.712 0.753 0.734 0.804 0.737
Root length 0.811 0.744 0.835 0.858" 0.831
Root shoot ratio 0.682" 0.310 0.751 0.760 0.612°
Sturdiness quotient 0.657" 0.360 0.905° 0.963" 0.819"
Membrane stability index 0.632" 0.654" 0.721 0.687" 0.665

*significant at 5% level  **significant at 1% level



collar diameter increment, number of branches [antand leaf area per plant)
were taken as dependent variables whereas, phgsialdrelative water content,

root electrolyte leakage and shoot electrolyte dgalf and quality parameters
(root fibrosity, root volume, root length, root shoatio, sturdiness quotient and
membrane stability index) were taken as independantbles for correlation

studies.

A perusal of the data from Table 14 reveals that of the nine
independent variables, only 7 variables gave dipaditive effect on survival
percentage ofPopulus deltoidesplantations done on problematic sites. Root
electrolyte leakage and shoot electrolyte leakageelated negatively to the
dependent variables. Relative water content (0.82%)d to contribute maximum
towards survival percentage Bbpulus deltoideplantations and followed by root
fibrosity (0.822) and root length (0.811). The I®vgositive correlation was
observed between survival percentage and membtaloiétg index (0.632). Root
electrolyte leakage (-0.822) and shoot electrolgakage (-0.764) found to

negatively correlated with survival percentage.

It was further observed that the number of brascher plant and
sturdiness quotient gave direct positive corretatwith the value (0.963) and
followed by collar diameter increment and sturdgggotient (0.905) and number
of branches per plant and root length (0.858), aettgely. The number of
branches per plant correlated negatively with sdettrolyte leakage (-0.851) and
shoot electrolyte leakage (-0.832).

4.2.7 Effect of Populus deltoides plantations on physico-chemical
properties of soil with respect to planting seasongit shapes, pit sizes

and moistures conservation measuregmulching) on individual
factor means

The results pertaining to the effect Bbpulus deltoideplantations on
physico-chemical properties of soil with respectptanting seasons, pit shapes,
pit sizes and moisture conservation measures (amgjchon individual factor
means are presented in Table 15. The data frontabke 15 illustrate that there



was no change in the status of soil texture franmitial status. It was sandy loam
at the time of outplanting and remained sandy ledmn the observations were
made after the completion of one growing seasog.ifitial value of bulk density
was 1.40 and 1.35 g/cc in autumn and spring seasesyectively. The values of
bulk density showed a slight change in both the@emand were found to be 1.35
and 1.36 g/cc after first growing season. It waseobed from the Table 15 that
highest bulk density (1.37 g/cc) was recorded in &1 lowest (1.34 g/cc) in BT
in autumn season. In spring season; Bid P} gave same value (1.36 g/cc)
while the PE showed a slight decrease and gave the minimum &l@& g/cc)
Bulk density was observed to follow the same treuith respect to pit sizes in
both the planting seasons. The value of bulk dengés found to decrease with
the increase in pit size. The highest value of kigksity was observed in PS
(1.37 and 1.38 g/cc) and lowest ins#$.33 and 1.34 g/cc) in both the seasons,
respectively. It was also observed that the vafusutk density was reported to be
higher in spring season as compared to autumn rse@dbe highest bulk density
was found in M (1.37 g/cc) where no mulching was applied and kiweder M
(1.33 g/cc) mulching with black polythene in autus@ason. Similar observations
were found in spring season with the bulk dens#éisameter. The initial value of
water holding capacity was 53.70 and 45.20 peredrdgre autumn and spring
planting was done, respectively. There was incre@asige value of water holding
capacity over the initial status in both the plagtseasons. Water holding capacity
was 57.17 percent under autumn planting and 56e4@pt under spring planting
after the completion of one growing season. Thderab infers that maximum
water holding capacity was found in f{60.61%) and minimum in BT53.16%)

in autumn season. Similarly, P{ring pit) outperformed as compared to,PT
(saucer pit) and RTordinary pit) in spring season. It was also obsdrthat the
water holding capacity was maximum in sP&0.61%) and minimum in RS
(53.66%) under the plantations done in autumn seas® spring season,
maximum value of water holding capacity was recdride PS (59.62%) and
minimum value in PS(53.98%). Black polythene mulch outperformed otrex



other mulching treatments with respect to watedingl capacity. The highest
value of water holding capacity was observed urider(60.29%) and lowest
under M (54.09%) mulching treatments in autumn season. |&irbservations
were made with mulching treatment under spring tplgn The pH value was
recorded slightly more in autumn season (7.23) ampared to spring season
(7.22). Ordinary pit (P1) showed higher value of pH while compared with sauce
(PTy) and ring (P¥) pit in both the planting seasons. It was alsmmed that
highest pH value was observed in;K%.26) and lowest in B$720) in autumn
season. In spring season, again it was Wiich gave higher pH value as
compared to other tested pit sizes. The effectdthing on pH was same in both
the planting seasons where; iderformed better as compared to other tested
mulching materials. The electrical conductivity sleal a slight decrease from
initial value and was found to be same for bothplamting seasons (0.21 d$n
Electrical conductivity was found highest in £(D.22 dsrit) and lowest in PT
(0.19 dsrt) in autumn planting season. Similar results weeorded in spring
planting season. The Table 15 also reveals thdt mitrease in pit sizes the
electrical conductivity found to decrease in bdté planting seasons. The highest
value of electrical conductivity was observed in 822 dsrit) and lowest in
PS (0.19 dsri) in autumn season. In spring season, the valuelastrical
conductivity was again found higher in £8.22 dsri) as compared to R$0.21
dsm') and P$ (0.20 dsrit). The mulching was found to decrease the value of
electrical conductivity. In autumn season, eleatriconductivity was highest
under M (0.22 dsrit) and lowest under M(0.19 dsrit). Similarly in spring
season, electrical conductivity was higher under(®22 dsni) as compared to
other tested mulches including control. It was Hartobserved that the organic
carbon was found to increase in both the planteagsns from their initial status.
The percentage of organic carbon was high in autseason (1.81%) and low in
spring season (1.78%). The fA€corded higher value of organic carbon (1.96%)
whereas, PT(1.72%) gave the lowest value. Same trend was wbdeunder
spring planting where BBave high value (1.93%) and low in RT.69%). It was



found that the Ps$Sgave better results pertaining to organic carbomath the
planting seasons. The organic carbon was found mami in P$ (1.83%) and
minimum in P$ (1.73%) in autumn planting. Similar observatiorsrgvmade in
spring planting. It was also observed that the ésglpercentage of organic carbon
was found with black polythene mulch £§and lowest where no mulch was used
(Mo) in both the planting seasons. The availability mfogen, phosphorous and
potassium showed a decreasing trend in both thetipia seasons from their
initial status. The availability of nitrogen, phdgpous and potassium was
observed to be 226 kg N/ha, 4.61 kgOPha and 295 kg ¥O/ha in autumn
season and 215 kg N/ha, 4.51 kg&ha and 294 kg ¥O/ha in spring season,
respectively. The highest nitrogen availability viesnd in PTE (236 kg N/ha) and
lowest in PT (213 kg N/ha) in autumn season. In spring seadwom,nttrogen
availability was highest in RT(232 kg N/ha) and lowest in RT196 kg N/ha).
The available nitrogen was observed to be higmeBS followed by PSand P

in both the planting seasons. Mulching did not slaowy on effect the availablility
of available nitrogen in the plantations. The highavailable nitrogen was found
under M (229 kg N/ha) and lowest under,NP23 kg N/ha) in autumn season.
Similarly, in spring season, the value was highavly (218 kg N/ha) as compared
to other applied mulching materials. It was alscorded from the Table 15 that
available phosphorous was highest im RI69 kg BOs/ha) which was followed
by PT, (4.64 kg BOs/ha)and P (4.52 kg BOs/ha) in autumn season. In spring
season, the value was highest in RII67 kg BOs/ha) and lowest in P{4.33 kg
P,Os/ha). The phosphorous availability was found higierPS in both the
planting seasons as compared to other tested leVéls highest value of
availability of phosphorous was observed undgr(#64 kg ROs/ha) and lowest
under M (4.59 kg BOs/ha) in autumn season. In spring season, againahe
was highest under M4.55 kg BOs/ha) and lowest under M4.48 kg ROs/ha).
The available potassium was recorded highest (308 kg KO/ha) and lowest
in PT;3 (284 kg KO/ha) in autumn season. In spring season, thededoralues
were PT (303 kg KO/ha) followed by PA(297 kg KO/ha) and P3(282 kg



Table 15:

Effect of Populus deltoides plantations on physico-chemical properties of soWvith respect to planting seasons,

pit type, pit size and moisture conservation meases (mulching) on individual factor means

Initial ] ] )
Autumn planting Spring planting Factor means
values
Parameters
S S S PT, PT, PT; PS PS, PS Mo M M, S PT, PT, PT; PS PS, PS Mg M, M, S PT, PT, PT; PS PS PS Mo M, M,
Soil texture Sandy  Sandy | Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy | Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy | Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy  Sandy
loam loam loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom loom
Bulk density (g/cc) 1.40 135 135 137 135 134 32 135 133 137 135 133 136 1.36 1.36 135 381 136 1.34 138 136 134 136 136 136 134 713 136 134 137 136 134
\é\é:{:cr.‘hyo(‘::,?g 5370 4520 | 57.17 5674 5316 6061 5366 5723  6160. 54.09 5681 6029 5642 5597 5267 6061  53.98 5656 5062 5334 5624  59.66| 5679 5635 5292 1161, 5382 5690 6012 5371 5653 598
pH 7.36 7.32 7.23 7.27 7.8 7.24 7.26 7.23 720 572 723 7.20 7.22 7.25 747 7.22 7.24 7.22 719 724 722 719 7.22 7.26 747 7.23 7.25 7.23 7.20 725 722 7.20
Electrical " 0.27 0.24 021 022 019 021 022 021 019 022 210 019 021 022 019 021 022 021 020 022 200 020 021 0.22 019 021 022 021 019 022 102 019
conductivity (dsmi’)
Organic carbon (%) 1.55 1.48 1.81 1.72 1.74 1.96 73. 1.78 1.83 1.74 1.81 1.87 1.78 1.69 1.73 1.93 117 1.77 1.82 1.73 1.78 1.84 1.79 171 1.73 1.94 172 178 1.83 1.80 1.84 1.85
%“;Laﬁf;)"'"“ge" 285 276 226 213 236 229 229 226 223 229 226 22) 215 232 218 196 218 215 212 218 215 212) 220 234 224 421 224 221 217 224 221 217
Available
phosphorus (kg ROs 6.04 5.90 461 469 4.64 452 464 461 459 464 614 459 451 467 453 433 455 452 448 455 524, 448 456 4.68 459 443 459 456 453 450 645 453
ha)
fk‘;atgehg?)'ass'“m 336 325 295 303 299 284 299 295 292 299 295 20p 204 303 297 282 297 294 290 207 294 290 295 303 208 328 208 205 201 208 205 201

Planting season (S)  ;SAutumn & S=spring
Pit type (PT)
Pit size (PS)
Mulching (M)

PT= Ordinary pit, PJ= Saucer pit & PT= Ring pit
PS= 30x45 cm, PS= 45x60 cm& PS; = 60x60 cm3

Mo = Control, M = Ordinary (paddy straw) & M= Black Polythene



K,0O/ha). It was also observed that potassium avéthalwas highest in PSand
lowest in P$ in both the planting seasons. The highest availabtassium was
recorded under W (299 kg KO/ha) and lowest under M292 kg KO/ha) in
autumn season. Similarly in spring season, thedsighialue was recorded under
Mo (297 kg KO/ha) and lowest in M(290 kg KO/ha).

Overall factor means were evaluated to determime liest possible
factors which effect the physico-chemical propertief soils under poplar
plantations done on problematic sites. It was okeskthat bulk density decreased
from initial value and was found to be 1.36 g/cteathe completion of one
growing season. The highest bulk density was olsem PT (1.36 g/cc) and
lowest in PE (1.34 g/cc). The highest bulk density was recoroe®S (1.37
g/cc) and lowest in BRY1.34 g/cc). It was also observed that highest dehsity
was observed underg\1.37 g/cc) and lowest under,NIL.34 g/cc). The Table 15
also infers that the maximum water holding capaaifg found in P3(61.11%)
and lowest in PT(56.35%). The maximum value for water holding cafyawas
observed in P§60.12%) followed by PS (56.90%) and PS(53.82%). It was
also observed from the data that maximum waterihgldapacity was recorded
under M (59.98%) and lowest underd\53.71%). The pH value was observed to
be higher in PT(7.26) while lowest in PA(7.17). The highest pH was recorded in
PS (7.25) and lowest in B$%7.20). The Table 15 reveals that out of threeetest
mulches including control, pH was recorded highedar M, (7.25) and lowest
under M (7.20). The electrical conductivity was found teghin PT (22 dsn)
and lowest in PT (19 dsm'). It was also observed that highest electrical
conductivity was found in R0.22 dsni) and lowest in P$(0.19 dsrit). The
highest electrical conductivity was recorded unblier(0.22 dsrit) followed by
M, (0.21 dsrit) and M (0.19 dsrit). It was recorded from the data that organic
carbon was maximum in BT1.94%) followed by P7(1.73%) and PT(1.71%).
The maximum organic carbon was recorded ig @83%) and minimum in RS

(1.72%). A critical analysis of the Table 15 rewe#tat the maximum organic



carbon was found under\IL.85%) and lowest under \1.80%). The available
nitrogen was observed to be highest in B4 kg N/ha) and lowest in B[214
kg N/ha). It was also recorded that highest nitrogas available in R$224 kg
N/ha) while, it was lowest in B$217 kg N/ha). The highest available nitrogen
was observed under 0224 kg N/ha) and lowest under,NR17 kg N/ha). The
available phosphorous was recorded to be higheBflin4.68 kg BOs/ha) and
lowest in PE (4.43 kg BOs/ha). The phosphorous availability was higher in PS
(4.59 kg BOs/ha) which was decreased from,R8.56 kg ROs/ha) to P$(4.53
kg P.Os/ha). The highest availability of phosphorous whsesved in M (4.59 kg
P,Os/ha) and lowest in M(4.53 kg BOs/ha). It was further observed that the
potassium availability was highest in PA(B03 kg KO/ha) and lowest in 1283
kg K>O/ha). The highest available potassium was repanteder P$ (298 kg
K,O/ha) and lowest in R$%291 kg KO/ha).The available potassium was more
under M (298 kg KO/ha) and lowest with M291 kg KO/ha).
4.2.8 Effect of different moisture conservation mesures on moisture

regimes of soils in poplar plantations done on prdematic sites

The mulching materials (control, ordinary mulchdanlack polythene)
were found responsible for varying the moistureceetage under the poplar
plantations done during autumn planting at problesrste. Moisture percentage
under black polythene was found highest as comp@areddinary mulch (paddy
straw) and control in both the planting seasons. dbservation on moisture
percentage were made on fortnight interval badier ahe completion of one
month from the day of out-planting in both the piag seasons. Therefore, 20
intervals in autumn planting®{lJanuary-3% October) and 14 intervals®{(April-
31 October) in spring planting were made to assesseffect of moisture
conservation measures on moisture percentage peraomeleiPopulus deltoides
plantation done on moisture deficit site. The greghrepresentation show that
moisture percentage remained static in interva{1¥15" January) and P2 (16
31% January) then increased sharply the peak in P2&l6ebruary) and than

follow the declining trend upto P15 ScI5" August) and again increased



invariably in P16 and finally remained static in8P20 interval (Fig. 3). The
highest percentage of moisture was found in P42&'6February) and lowest in
P15 (f15" August) in autumn planting. In spring planting,e thighest
percentage of moisture was reported in P2 (16-/86ril) and lowest in P9 (Fig.
4). Black polythene mulch (M gave higher moisture percentage while compared
with other tested mulching materials throughout é&xperimentation period in

both the planting seasons.

The pits of different types were found to respblgsiin varying the
availability of moisture percentage under the m@#ohs in both the planting
seasons. The graphical representation show thatguhe three pit types saucer
pit gave highest percentage of moisture which wathér followed by ring and
ordinary pit (Fig. 5). The moisture percentage ¥eamd to increase from P1°(}
15" January) to P2 (16-8Danuary) and thereafter, showed a declining tréhe.
highest percentage of moisture was observed il®3F" January) and lowest in
P20 (16-31 October) in all the tested pit types during bdth planting seaons.
However, in spring planting the moisture percentdgend to follow the
decreasing trend (Fig. 6). The highest moistureqregnge was found in interval
P1 (£-15" April) and lowest in P14 (16-810October). Saucer pit found to
maintain the superiority over the ordinary and ripigs with respect to the

moisture percentage in both the planting seasons.

It was found that among three pit sizes the highasisture was
conserved under 60x60 Erfollowed by 45x60 crhand 30x45 crhin both the
planting seasons. The percentage of moisture wasated after every 15 days
interval and was found that highest percentage atserved during P1 (215"
January) and lowest in P20 (15%3Dctober) (Fig. 7). In general moisture
percentage showed a declining trend from P1-Pl&utomn planting (Fig. 7). It
was observed from Fig. 8 that in spring plantinghkst moisture percentage was
recorded in P1 (15" January) under 60x60 énpit size and in P3 {t15"
February) under 45x60 érand 30x45 crhpit sizes and lowest in P14 (15'31



control

ordinary mulch black polythene
80
70 T
S
o SN\
VB

N/ SR\
% 0 \\ ~_= T~ =
=] ...---"""\ / -
=

30 --..._____: \#—#/ ——-—-..,"'f

20 \:-“::

10

0

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20

Fortnight intervals (Ist January - 31% October)

Fig. 3: Effect of different mulching materials on noisture regimes of soils in poplar plantations donen problematic sites in
autumn season



ordinary pit Ring pit

Saucer pit
70

50
£ 10 /N /T~ ;\-\\
VAR \
E 30 \\\ x /—-—-—-\\
Sl T e - aa
. kéf/x>¢<\
10
0
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20
Fortnight intervals (Ist January - 31% October)
Fig. 4

Effect of different pit shapes on moisture regimesf soils in poplar plantations done on problematisites in autumn
season




30x45 cm 45x60 cm 60x60 cm
90
80
70 AN
—| \\
S \
¥
2
E 40 \ ——— ;
/—‘
30 \
i — S
T—t \
10
0
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20
Fortnight intervals (Ist January - 31% October)
Fig. 5

Effect of different pit sizes on moisture regimes fosoils in poplar plantations done on problematic ises in autumn
season




control ordinary mulch black polythene

50

45 /\

40 e — R—_ - e

" \

~ 30 . e
g = \_7/
5]

15

10

5

0

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14
Fortnight intervals (ist April-315t October)

Fig. 6.  Effect of different mulching materials onmoisture regimes of soils in poplar plantations doa on problematic sites
in spring season



ordinary pit Ring pit Saucer pit

50

45

\
/

N\

8]
i

A\

W
o

//i;:::::: [

\\—:.:""'.-—"'\————-——"
~

v/

Moisture (%)
]
w

]
o

— .
ST

[EEY
wu

=
o

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14
Fortnight intervals (ist April - 315t October)

Fig. 7. Effect of different pit shapes on moisture regimesf soils in poplar plantations done on problematisites in spring
season




45

40

35

30

25

20

Moisture (%)

15

10

Fig. 8

30x45 cm

45x60 cm

60x60 cm

-
N

S

y/
:

I SN \\/
ENNZ4

P1

P2 P3

P4

P5

P6 P7 P8 P9
Fortnight intervals (15tApril-315t October)

P10 P11 P12 P13 P14

Effect of different pit sizes on moisture regimesfosoils in poplar plantations done on problematic ises in spring

season




July). The large sized pits (60x60 Ynperformed better with respect to the
moisture percentage over the rest of the two tegiesizes viz. 45x60 ciand
30x45 cniin both the planting seasons.

4.3 Effect of planting seasons, age of planting s and hydrogel

application on establishment & growth of Populus deltoides
plantations on problematic sites

Two planting seasons viz. autumn planting andhgpplanting, seedlings
of two ages viz. one year old {Aand two years old (A and five levels of
hydrogel viz. H (control), H (solid application 3 g/plant), Hliquid application
1.5 g/plant), H(liquid application 3 g/plant) IH{4.5 g/plant) were evaluated with
respect to establishment and growth of plantatadm3opulus deltoidesaised on
problematic soils in temperate region.

4.3.1 Effect of planting seasons, age of plantingosk and application of

hydrogel on survival percentage ofPopulus deltoides plantations on
problematic sites

The data on survival percentage Bbpulus deltoideglantations with
respect to the planting seasons, age of plantiogksand hydrogel application
done on problematic site are presented in TableAlgerusal of the data reveals
that both the planting seasons, age of outplargiogk and hydrogel application
found to effect survival percentage significanflyo years old planting stock
gave the better survival (83.33%) percentage tharohe year old planting stock
(76.66%) in autumn planting. Similar trend was régad in spring planting where
two years old planting stock gave higher value §8%) over the one year old
planting stock (63.33%). It is observed from théadaresented in Table 16 that
the survival percentage Bpulus deltoideplantations found to increase with the
increase in hydrogel concentration upte(8i g/plant liquid application) and then
decreased undersH4.5 g/plant liquid application). Hydrogel levek lfecorded
highest survival percentage (100%) followed by (88.33%), H (83.33%), H
(74.99%) and Kl (58.33%) in autumn planting. Similarly, the suwmdivof the

plantation was maximum in3{91.66%) and minimum in ({50.00%) where no



Table-16: Effect of planting seasons, age of planty stock and application of hydrogel on survival peentage ofPopulus
deltoides plantations on problematic sites

Age Autumn planting Spring planting Factor means
“““““““““““““““ Mean | Mean [ G panting o
Hydrogel levels A A, A A, Hydrogel levels stock Planting seasons
Ho 50.00 66.66 58.33] 50.00 50.00 50.00 o H 54.16 A 69.99 3 79.99
H; 66.66 83.33 74.99 50.00 66.66 5883 ; H 66.66 A 79.99 S 69.99
H, 83.33 83.33 83.33] 66.66 83.33 7499 , H 79.16
Hs 100 100 100 83.33 100 916 s;H 95.83
H, 83.33 83.33 83.33] 66.66 83.33 7499 4, H 79.16
""""" Mean | 7666 8333 7999 6333 7666 6989 |
C.D.(p<0.05): |H=1.48 H = Control A = 1 year old & Autumn Planting Season
S =2.43 H= Solid Application (3.0g/plant) A= 2 years old S Spring Planting Season
A=3.54 H = 1.5 g/plant (liquid application
HxS =2.58 H = 3.0 g/plant (liquid application)
HxA= 3.68 H, = 4.5 g/plant (liquid application)
SxA=3.11
HxAxS=NS




hydrogel was applied in spring planting, respedyivié was also observed that the
plantations done in autumn season gave bettervaliias compared to the spring

season.

Factor means were evaluated to determine the gmesstible factor for
Populus deltoideplantations done on problematic sites. The suhpeacentage
(79.99%) was more in autumn planting than in spmpfanting (69.99%). The
higher survival percentage was observed in twosyekl planting stock (79.99%)
than one year old planting stock (69.99%). It waseoved from the table thagH
gave highest survival percentage (95.83%) whilepamed with the five levels of
hydrogel applied to the plantations.

The data reveal that interaction between hydrdgetls and planting
seasons, hydrogel levels and age of planting stolekting seasons and age of
planting stock were found to effect each other ificantly. The interaction
between hydrogel levels, planting seasons and aigkiating stock was found to
be non-significant (Table 16). However, the surkpercentage was found higher
with treatment combination;B3A, (autumn season x hydrogel level 3 g/plant
liquid application x two years old planting stockhe lowest value was reported
in treatment combination;HpA; (autumn season x hydrogel level 0 g/plant x one
year old planting stockpimilar trends have been observed in spring plgrés
far as interactional effects pertaining to survipaicentage were concerned.

4.3.2 Effect of planting seasons, age of plantingosk and application of

hydrogel on plant height increment (cm) in Populus deltoides
plantations on problematic sites

The results pertaining to plant height incremdrifapulus deltoidewith
respect to planting seasons, age of planting stackapplication of hydrogel are
presented in Table 17. It was found that both thentpg seasons, age of
outplanting stock and hydrogel application effecthd plant height increment
significantly. Maximum plant height increment (2.6m) was recorded in two

years old outplanted stock and minimum (26.92 iocnone year old outplanted



Table-17: Effect of planting seasons, age of planty stock and application of hydrogel on plant heighincrement (cm) in
Populus deltoides plantations on problematic sites

Age Autumn Planting Spring Planting Factor means
“““““““““““““““ Mean [ Mean [ G panting
Hydrogel levels A A, A A, Hydrogel levels stock Planting seasons
Ho 26.11 26.20 26.16/ 26.00 26.05 26.03 o H 26.09 A 26.59 3 26.99
H; 26.33 26.54 26.44) 26.16 26.25 26.21 ; H 26.32 A 26.71 S 26.31
H, 26.88 27.00 26.94) 26.31 26.39 2635 , H 26.65
Hs 28.27 28.39 28.33] 26.66 26.92 26./9 3 H 27.56
H, 27.01 27.13 27.07) 26.12 26.26 26.19 4, H 26.63
""""" Mean | 2692  27.05 2699 2625 2637 2681 |
C.D.(p<0.05): H=0.08 H = Control A = 1 year old & Autumn Planting Season
S=0.11 H= Solid Application (3.0g/plant) A= 2 year old & Spring Planting Season
A=0.13 H = 1.5 g/plant (liquid application
HxS =0.12 H = 3.0 g/plant (liquid application)
HxA=0.11 H, = 4.5 g/plant (liquid application)
SxA=0.12
HxAxS=0.13




stock irrespective of hydrogel application in autuseason. Similar observations
were made in spring planting. It is further obsdrfeom the Table 17 that
hydrogel application gave significant effect onmlaeight increment in both the
seasons. Maximum plant height increment was obddrvél (28.33 cm) which
was followed by H (27.07 cm), H(26.94 cm), H (26.44 cm) and K(26.16 cm),
respectively. In spring planting, maximum plantdi¢iincrement was recorded in
Hs (26.79 cm) and minimum in H(26.09 cm). It was also observed that the

hydrogel application invariably responded sameath iplanting seasons.

Individual factor means of the tested treatmentrewevaluated to
determine the best factor fBopulus deltoideplantations done on problematic
sites. Maximum plant height increment (26.99 cm} \icund in autumn planting
and minimum (26.31 cm) in spring planting. Both gia@nting seasons were found
to be statistically significant with each othérindicates from the Table 17 that
maximum plant height increment was recorded in ywars old planting stock
(26.71 cm) and minimum in one year old plantingckt(®6.59 cm). Among the
five levels of hydrogel, kl gave maximum plant height increment (27.56 cm)
which was followed by K (26.65 cm), H (26.63 cm), H (26.32 cm) and &l
(26.09 cm), respectively. It was further observbdttall the applications of
hydrogel were found to be statistically significaxcept H and H, which were

statistically at par with each other.

It was also recorded that interaction effect aldogel levels and planting
seasons, hydrogel levels and age of planting stolekting seasons and age of
planting stock and interaction among hydrogel Ieyvplanting seasons and age of
planting stock were statistically significant wiglach other. It was observed that
best treatment combination for plant height increingas $H3A, (28.39 cm)
followed by SH3A; (28.27 cm) and $4A, (27.13 cm). The lowest values were
recorded with treatment combinationgi3A; (26.11 cm), $HoA2(26.20 cm) and
SiH1A:1 (26.33 cm), respectively. Similar trends have bebserved in spring



planting as far as interactional effects pertainiagplant height increment are
concerned.
4.3.3  Effect of planting seasons, age of plantingosk and application of

hydrogel on collar diameter increment (mm) in Populus deltoides
plantations on problematic sites

A perusal of the data presented in Table 18 revibalt both the planting
seasons, age of planting stock and hydrogel levele found to effect the collar
diameter increment significantly Populus deltoideplantations on problematic sites.
Highest collar diameter increment (5.38 mm) wasnasd in two years old planting
stock and lowest in one year old planting stocR1l(%nm) in autumn planting. Similar
trend has been observed in spring planting wheteekt collar diameter increment was
reported in two years old planting stock (5.37 namg lowest in one year old planting
stock (5.26 mm). Highest collar diameter increnvess observed in :H{5.52 mm) and
minimum in K (5.14 mm) in autumn planting. In spring plantitighest collar
diameter increment was recorded in (.89 mm) which was followed by,H5.36
mm), H (5.21 mm), H (5.09 mm) and K (5.04 mm), respectively. It was further
reported that the hydrogel gave the similar trenggring planting as was found in

autumn planting with respect to collar diameteraneent.

Factor means reveal that the highest collar diametcrement was
recorded in autumn planting (5.34 mm) and lowestgring planting (5.32 mm).
It was found that highest collar diameter incremeas observed in two years old
planting stock (5.34 mm) and lowest in one year mkhting stock (5.31 mm).
Among the five levels of hydrogel,sHecorded highest collar diameter increment
(5.70 mm) which was followed by H5.38 mm), H (5.27 mm), H (5.20 mm)
and H (5.09 mm), respectively. However, all the applmas of hydrogel were
found to be statistically significant except &hd H, which were at par with each

other.

It was also recorded that interaction between ¢yelrlevels and planting

seasons, hydrogel levels and age of planting sfmakting seasons and age of



Table-18: Effect of planting seasons, age of plantj stock and application of hydrogel on collar diareter increment (mm)
in Populus deltoides plantations on problematic sites

Age Autumn Planting Spring Planting Factor means
“““““““““““““““ Mean [ Mean [ G panting
Hydrogel levels A A, A A, Hydrogel levels stock Planting seasons
Ho 5.08 5.21 5.14 5.00 5.07 504 ,H 5.09 A 5.31 S 5.34
H; 5.30 5.38 5.34 5.18 5.24 521 ;H 527 A 5.34 S 5.32
H, 5.40 5.42 5.41 5.32 5.40 536 ,H 5.38
Hs 5.50 5.55 5.52 5.77 6.00 580 ;H 570
H, 5.28 5.37 5.32 5.05 5.13 509 4+H 520
""""" Mean | 531 538  534| 526 537 53 |
C.D.(p<0.05): H=0.09 H = Control A = 1 year old § Autumn Planting Season
S=0.10 H= Solid Application (3.0g/plant) A= 2 year old & Spring Planting Season
A=0.12 H = 1.5 g/plant (liquid application
HxS =0.11 H = 3.0 g/plant (liquid application)
HxA=0.10 H, = 4.5 g/plant (liquid application)
SxA=0.12
HxAxS=0.13




planting stock and interactions between hydrogetlie planting seasons and age
of planting stock were found to be statisticallgrsficant with each other. It was
observed from Table 18 that the best treatment cwatibn for collar diameter
increment was $13A; (5.55 mm) in autumn planting which was statisticait
par with SH3A; (5.50 mm) and $A; (5.42 mm). In spring planting, the
treatment combinations,i83A, gave highest (6.00 mm) value of collar diameter
increment over all the other treatment combinatidnaas also observed that the
minimum (5.00 mm) value of collar diameter increme&ras found under the
S;HoA ;1 treatment combination.

4.3.4 Effect of planting seasons, age of plantigjock and application of

hydrogel on number of branches per plant of Populus
deltoides plantations on problematic sites

The results pertaining to the effect of plantimgasons, age of planting
stock and hydrogel application on number of braagher plant are presented in
Table 19. It was recorded that age of planting ksteignificantly effected the
number of branches per plantRdpulus deltoidesn both the seasons. Maximum
(9.51) number of branches were recorded in two syedd planting stock and
minimum (9.40) in one year old planting stock irttemn planting. Similar trend
was observed in spring planting where the saméntexets gave higher values of
number of branches per plant as per the patteautimn season. It also infers
from the Table 19 that maximum number of branchexsptant were recorded in
Hs (10) and minimum in bl (9.18) in autumn planting. Similar hydrogel levels
were found to give maximum as well as minimum valugth respect to number
of branches in spring planting. It was further né@o that the planting season
showed no effect with respect to number of brangbes plant to hydrogel

application.

The data on individual factor means presentedahld 19 reveal that
number of branches per plant were recorded maximuautumn planting (9.46)
and minimum in spring planting (9.36). It was olveer that two years old

planting stock gave maximum number of bhascper plant (9.47) while



Table-19: Effect of planting seasons, age of planity stock and application of hydrogel on numberof branches per
plant of Populus deltoides plantations on problematic sites

Age Autumn Planting Spring Planting Factor means
“““““““““““““““ Mean [ Mean [ G panting
Hydrogel levels A A, A A, Hydrogel levels stock Planting seasons
Ho 9.16 9.21 9.18 9.10 9.14 912 ,H 9.5 A 9.36 S 9.46
H; 9.30 9.39 9.34 9.23 9.27 926 ;H 9.29 A 9.47 S 9.36
H, 9.45 9.53 9.49 9.31 9.38 934 ,H 941
Hs 9.88 10.13 10.00, 9.77 9.98 987 sH 994
H, 9.25 9.33 9.29 9.13 9.33 928 4H 9.26
""""" Mean | 940 951  946| 930 942 93 |
C.D.(p<0.05): H=0.02 H = Control A = 1 year old § Autumn Planting Season
S =0.01 H= Solid Application (3.0g/plant) A= 2 year old & Spring Planting Season
A=0.05 H = 1.5 g/plant (liquid application
HxS =0.05 H = 3.0 g/plant (liquid application)
HxA= 0.07 H, = 4.5 g/plant (liquid application)
SxA=0.04
HxAxS=0.08




compared with one year old planting stock (9.36ydtdgel application @
3g/plant (H) gave maximum number of branches per plant (9v@dich was
followed by H (9.41), H (9.29), H, (9.26) and H (9.15), respectively. All the
hydrogel levels were found to be statistically gigant with each other with

respect to the number of branches per plant.

It is evident from the Table 19 that interactiogtween hydrogel levels
and planting seasons, hydrogel levels and ageanitiph stock, planting seasons
and age of planting stock and the interaction betweydrogel levels, planting
seasons and age of outplanting stock were foubeé &iatistically significant with
the number of branches per plant. The highest nuwibleranches per plant was
obtained in $HzA, (10.13) and minimum inBlpA; (9.16) in autumn planting. It
was also observed that the treatment combinatidees $HoA1 and SHoA:
behaved statistically at par with each other inuaut planting. The treatment
combinations 8H13A, gave highest (9.98) number of branches per plastreds,
minimum value was observed withHpA1 (9.10) in spring planting. It was also
observed from the Table 19 that the age of planstack with hydrogel
application levels namelydiH; and B gave statistically at par values of number
of branches per plant in spring planting.

4.3.5 Effect of planting seasons, age of plantingosk and application of

hydrogel on leaf area per plant (crfi) of Populus deltoides plantations
on problematic sites

A perusal of the data given in Table 20 reveakt #ill the treatment
combinations behaved statistically significant axle other with respect to leaf
area per plant dPopulus deltoideplantations. Two years old planting stock gave
the value (889.21 cfhof leaf area per plant which was statisticallypat with
one year old planting stock (888.60 ®nn autumn planting. Similar trend has
been observed in spring planting where both thentiplg stocks behaved
statistically at par with respect to leaf area plant. The hydrogel application @
3g/plant (H) and 4.5 g/plant () gave the statistically at par values of leaf area
per plant in autumn planting. The hydrogel app@® g/plant (H) gave highest



Table-20: Effect of planting seasons, age of plantj stock and application of hydrogel on leaf areagr plant (cm?) of
Populus deltoides plantations on problematic sites

Age Autumn Planting Spring Planting Factor means
“““““““““““““““ Mean |7 Mean [ e ot panting ]
Hydrogel levels A Az A A; Hydrogel levels stock Planting seasons
Ho 886.60 887.10 886.85 885.13 885.98 88556 , H886.20 A 887.71 ) 888.91
H; 888.33 888.98 888.66 886.09 886.42 886,26 ; H887.46 A 888.31 S 887.11
H, 889.42 889.67 889.55 887.33 887.91 88762 , H888.58
Hs 890.54 891.80 891.17 888.10 888.94 88852 ; H889.85
Hy 888.10 888.52 888.31 887.42 887.78 887,60 , H887.96
""""" Mean | 888.60 88921 8889l 88681 88741 88711
C.D.(p<0.05): H=1.01 H = Control A =1 year old $ Autumn Planting Season
S =0.28 H= Solid Application (3.0g/plant) A= 2 year old & Spring Planting Season
A=1.00 H = 1.5 g/plant (liquid application
HxS =1.23 H = 3.0 g/plant (liquid application)
HxA=1.38 H, = 4.5 g/plant (liquid application)
SxA=1.21
HxAxS=1.42




leaf area per plant (891.17 ®mwhich was followed by bl (889.55 cm), H,
(888.66 crf), Hs (888.31 cm) and H (886.85 cm), respectively in autumn
planting. Similar results were obtained in springnting where the highest leaf
area per plant was observed ig (888.52 crf) and minimum in Iy (885.56 crf).

It was also observed that the, M3 and H, levels of hydrogel application behaved
statistically at par with each other. Although, tiglevel gave the higher leaf area
per plant as compared to the rest of the testegldesf hydrogel. The hydrogel
application @ 3 g/plant () was statistically at par with the control in the

plantations done in spring season.

Individual factors were evaluated to determinelibst possible factor for
leaf area per plant dPopulus deltoide®n problematic sites. Both the planting
seasons were found to be statistically significeitit each other. Highest leaf area
per plant was recorded in autumn planting (888193 @nd minimum in spring
planting (887.11 cA). It is observed from the Table 20 that two yesddsplanting
stock gave higher value of leaf area per plant BB&nf) than the one year old
planted planting stock (887.71 &nThe hydrogel application @ 3 g/plantsjH
recorded highest leaf area per plant (889.88) @nd lowest in ki (886.20 crf)
irrespective of the planting seasons and age aoitipa stock. It is also seen from
the data presented in Table 20 that the hydrogeldenamely H and H, behaved

statistically at par with each other.

It is observed from the Table 20 that two factor®raction between
hydrogel levels and planting seasons, hydrogelldeard age of planting stock,
planting seasons and age of planting stock ance tfaetors interaction among
hydrogel levels, planting seasons and age of plgnstock were found to be
statistically significant with each other pertaigito leaf area per plant &opulus
deltoidesplantations. The treatment combination which wasibto be best for
leaf area per plant wastA, (891.80 crf) in autumn planting. The minimum
leaf area per plant was observed with treatmentbamation SHpA; (886.60

cn?). The data presented in Table 20 reveal tha treatment combination



S;H3A, gave the highest leaf area per plant but it wasdadio be statistically at
par with the $H3A1 S;HA and SH4Ain spring planting.
4.3.6 Correlation of physiological and quality paameters of seedlings with

survival percentage and growth attributes of Populus deltoides
plantations on problematic sites

The data presented in Table 21 indicate the airoal studies among the
survival and growth attributes of plantations (pldreight increment, collar
diameter increment, number of branches per pladtleaf area per plant) with
physiological and quality parameters (relative watentent, root electrolyte
leakage, shoot electrolyte leakage, root fibrosibgt volume, root length, root
shoot ratio, sturdiness quotient and membranelsyainidex) of seedlings at the
time of outplanting. The correlation was drawn bBking the survival percentage
and growth attributes as dependent variables viinidendependent variables were

physiological and quality parameters.

A perusal of the data presented in Table 21 revat only 7 variables
of physiological and quality parameters showedtpascorrelation with survival
percentage oPopulus deltoideplantations. The variables namely root electrolyte
leakage and shoot electrolyte leakage found to dreelated negatively to the
dependent variables. The root length variable dmuted 0.877 to survival
percentage oPopulus deltoideplantations whereas, root fibrosity (0.841) and
sturdiness quotient (0.821). The minimum positiv@relation was observed
between survival percentage and membrane stalmtigx (0.612). It was further
observed that the rest of the contribution in themy correlation values was due
to the factors not considered in the investigatidReot electrolyte leakage (-
0.765) and shoot electrolyte leakage (-0.554) skioimgerse relationship with
survival and growth parameters of the plantatioaeedon problematic site. A
critical analysis of the data presented in Tabler@leals that the value of
correlation between collar diameter and root shatib was found to be non-

significant.



Table 21: Correlation of physiological and quality parameters of seedlings with survival percentage ah growth
attributes of Populus deltoides plantations on problematic sites

Survival Plant height Collar diameter bNumber of Leaf area per
percentage increment increment ranches per plant
plant
Relative water content 0.812" 0.766 0.764" 0.745 0.776"
Root electrolyte leakage -0.762" -0.654" -0.732" -0.765 -0.764"
Shoot electrolyte leakage -0.554" -0.798" -0.712" -0.786 -0.732"
Root fibrosity 0.841 0.826 0.257 0.806 0.852"
Root volume 0.701 0.744" 0.745 0.814" 0.734
Root length 0.877 0.879 0.306 0.804 0.857
Root shoot ratio 0.657" 0.625 0.027 0.548 0.720°
Sturdiness quotient 0.821 0.836 0.480 0.954" 0.828"
Membrane stability index 0.612" 0.675 0.714 0.685 0.651"

*significant at 5% level **significant at 1% level



The number of branches per plant and sturdinesBeni gave maximum
value of correlation (0.954) and followed by gldeight increment and root
length (0.879) and plant height increment and #tess quotient (0.836),
respectively. It was also observed that the plagight increment and shoot
electrolyte leakage (-0.798) followed by numbetbadnches per plant and shoot
electrolyte leakage (-0.786) correlated negativetir each other.

4.3.7 Effect of Populus detoides plantations on physico-chemical

properties of soil with respect to planting seasonsage of planting
stock and hydrogel application on individual factormeans

The results on effect oPopulus deltoidesplantations on physico-
chemical properties of soil with respect to plagtseasons, age of planting stock
and hydrogel application on individual factor means presented in Table 22. A
critical analysis of the data reveals that soiltdex of the plantation did not
change from its initial status. It was sandy loantha time of outplanting. The
initial value of bulk density was 1.40 and 1.35cgift autumn and spring seasons,
respectively. The values of bulk density showedighs decrease in both the
planting seasons and were found to be 1.35 and d/& after first growing
season. It is observed from the Table 22 that tahsity did not show any change
with respect to age of planting stock in autummpiey season. In spring season,
it was one year old planting stock which showedhargvalue (1.35 g/cc) as
compared to two years old planting stock (1.34 )g/Mee highest value of bulk
density was observed ingH1.38 g/cc) and lowest in3H{1.33 g/cc) in autumn
season. Whereas, in spring season, the hydrogdicapms H, H; and H
showed same value of bulk density (1.35 g/cc) afidvied by H (1.34 g/cc) and
Hs3 (1.33 g/cc), respectively. The water holding cajyagias higher in the autumn
planting season as compared to spring plantingoeedswas 53.70 percent in
autumn season and 45.20 percent in spring seastre d@tme of outplanting.
Water holding capacity was 60.15 percent in autame 55.33 percent in spring
planting season after the completion of one grovéegson. The Table 22 infers
that water holding capacity was high in(80.57%) and low in A(58.74%) while



compared with each other in autumn planting seaSonilar observations were
reported in spring planting season. It was alsceolesl that water holding
capacity was maximum ing-hydrogel level (62.91%) and minimum in lével
(52.50%) in autumn planting season. In spring seas@ximum value of water
holding capacity was recorded in; £65.49%) and minimum in ¢{56.35%). The
pH value was recorded high in autumn season 7.80samewhat lesser 7.15 in
spring planting season. The pH value was obseraetk dor both the planting
stocks in autumn season and it was 7.20. Wherdghein A (7.16) as
compared to A(7.14) in spring planting season. It is also rdedrfrom the Table
22 that the highest pH value was observed §n(#20) and lowest in H(7.15).
The electrical conductivity showed a slight deceeitem initial values and was
found to be 0.20 dsmin both the planting seasons. The value of eleatri
conductivity was found higher in140.21 dsrit) and lower in A (0.19 dsnt) in
autumn planting season. In spring season, theriel|ctonductivity remained
same for Aand Avi.e. 0.20 dsnl. The data from the Table 22 reveal that highest
electrical conductivity was recorded in ¥D.23 dsrit) and lowest in ki (0.18
dsmi) in autumn planting season. Similar results weeported under the
plantations done in spring season. The organicocavias found to increase in
both the planting seasons from their initial valuesas observed that the organic
carbon was higher in autumn planting season (1.8#%)lower in spring season
(1.84%). The planting stodk; gave high value of organic carbon (1.95%) while
compared with Awhich gave only (1.80%) in autumn planting seassame
trend was observed under spring planting seasamadtfound that the hydrogel
level H; gave maximum organic carbon (2.03%) and minimurkigr{1.70%) in
autumn planting season. In spring season, the stigldue was observed ingH
(2.00%) and lowest in §(1.67%). The availability of nitrogen, phosphorausl
potassium showed a decreasing trend in both thetipia seasons from their
initial status. The availability of nitrogen, phdgpous and potassium was
observed to be 219 kg N/ha, 4.70 kgOFha and 304 kg ¥O/ha in autumn
planting season and 210 kg N/ha, 4.70 ¥gsfa and 302 kg ¥O/ha in spring



Table 22: Effect of Populus deltoides plantations on physico-chemical properties of soWvith respect to planting seasons,

age of planting stock and hydrogel application onndividual factor means

Initial status Autumn planting Spring planting Factor means

L e T T R R e e Ee
S S S A1 Az Ho Hy Ha Hs Ha S A1 Az Ho Hi H2 Hs Ha S A Az Ho Hi Ha Hs Ha

Soil texture Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy Sandy

loam loam loom loam loom loom loam loom loom Loom loom loom loam loom loom loam loom loom loam loom loom loam loom loom loam loom
Bulk density 1.40 1.35 1.35 1.35 1.35 1.38 1.36 1.35 1.33 1.35 341 1.35 1.34 1.35 1.35 1.34 1.33 1.3§ 1.35 1.35 341 1.36 1.35 1.34 1.33 1.35
(glco) . . § . . . . . . . . . . . . . . . . . . § . . . .
Water holding 53.70 45.20 60.15 61.57 58.74 52.50 52.70 57.50 9162 60.83 55.33 60.84 49.81 56.35 59.30 62.44 65.49 60.06 57.74 61.21 59.67 54.52 58.40 61.64 66.17 4861
capacny (%) . ) . ) . ) . : . . ) B : ) ) . . . . - . ) ) . i 1
pH 7.36 7.32 7.20 7.20 7.20 7.26 7.23 7.20 7.18 571 7.15 7.16 7.14 7.21 7.18 7.15 712 7.1 7.18 718 7.17 7.23 7.21 717 7.15 7.12
Electrical
conductivity 0.27 0.24 0.20 0.21 0.19 0.23 0.21 0.19 0.19 018 .200 0.20 0.20 0.23 0.21 0.20 0.19 0.19 0..20 020 .190 0.23 0.21 0.20 0.19 0.18
(dsm’)
(Cg/gam carbon 155 148 1.87 1.80 1.95 170 1.78 1.90 2.03 197 841 178 191 167 1.76 1.90 2.00 1.99 186 179 931 168 177 1.90 201 1.93
Available
nitrjogen (kg N 285 276 219 220 219 229 224 218 211 21§ 210 212 209 221 215 209 203 206 215 215 214 225 219 213 207 0 2
ha™)
Available
phosphorus (kg 6.04 5.90 4.70 4.81 4.72 4.88 4.81 4.75 4.68 473 704 4.72 4.67 4.78 4.73 4.67 4.63 4.68 4.70 4.77 70 4. 4.83 4.77 4.71 4.65 4.71
P20s ha')
Available
potassium (kg 336 325 304 306 302 312 307 303 298 304 302 303 300 309 305 301 296 299 303 305 301 311 306 302 297 0 3f
K0 ha')

Planting season (S)
Age of planting stock (A)
Hydrogel (H)

FAutumn & S=spring

A= 1 year old & A = 2 years old

H = Control, H = Solid application (3.0 g/plant),t 1.5 g/plant (liquid application),
Hs = 3.0 g/plant (liquid application) & H= 4.5 g/plant (liquid application)




planting season, respectively. The highest nitrogeailability was found in A
(220 kg N/ha) and lowest in,A219 kg N/ha) in autumn season. In spring season,
the nitrogen availability was highest in £12 kg N/ha) and lowest in,A209 kg
N/ha). The available nitrogen was observed to bdst in H hydrogel level in
both the planting seasons. It was also recordead ftee Table 22 that available
phosphorous was highest in @.81 kg BOs/ha) and lowest in (4.72 kg.®s/ha)

in autumn planting season. In spring season, theewasas higher in A(4.72 kg
P,Os/ha) and lowest in A(4.67 kg BOs/ha). The Table 22 also illustrates that the
highest available phosphorous was observedi@H8 kg BOs/ha) and lowest in
Hs (4.68 kg BOs/ha) in autumn planting season. Similar trend waeshsn spring
planting season wheregH4.78 kg BOs/ha) gave higher value as compared to
other tested hydrogel levels. The available potassias recorded highest in A
(306 kg KO/ha) and lowest in A302 kg KO/ha) in autumn planting season. In
spring season the one year old planting stocR @ave little bit high level of
available potassium as compared to two years offifanting stock. It was also
observed that potassium availability was highesHin(312 kg KO/ha) and
lowest in K (298 kg KO/ha) hydrogel level in autumn planting season.il&m

observations were reported in spring planting seaso

Overall factor means were evaluated to determiree liest possible
factors which effected the physico-chemical prapsrtof soil under poplar
plantations after the completion of one growingssea The bulk density was
observed to be more in;A1.35 g/cc) than in A(1.34 g/cc). The highest bulk
density was recorded ingkil.36 g/cc) and lowest inH{1.33 g/cc). The Table 22
infers that the water holding capacity was littieHagh in Ay (61.21%) than in A
(59.67%). The maximum value for water holding célyawas observed in H
(66.17%) followed by K(61.64%), H (61.48%), H (58.40%) and bl(54.52%).
The pH value was observed to be high in(A18) and low in A(7.17). The
application of hydrogel found to effect the pH \alof the soil as observed after

the completion of one growing season of the poplantations. The highest pH



value was recorded in ¢H(7.23) and lowest in H(7.12). The electrical
conductivity was found high in A(0.20 dsrif) and low in A (0.19 dsrif). It is
also observed from the Table 22 that the electram@iductivity showed a
decreasing trend with increase in hydrogel conegotr. It was H (0 g/plant)
which recorded highest electrical conductivity asnpared to other tested levels
of hydrogel. The value of organic carbon was sonawigh in A (1.93%) while
compared with Awhere, it was (1.79%). The maximum organic carbas w
recorded in H(2.01%) and minimum in §{1.68%). The available nitrogen was
observed to be high in1A215 kg N/ha) and low in A214 kg N/ha). It was also
recorded from the data that high value of availali®gen was reported undeg H
(225 kg N/ha) and low in ${207 kg N/ha). The available phosphorous was 4.77
kg P.Os/ha in A, and in A it was 4.70 kg FOs/ha. The phosphorous availability
was highest in bl(4.83 kg/ha) while it was lowest ingk4.65 kg/ha). It is further
recorded from the Table 22 that the potassium ab#itly was more in A(305 kg
K.O/ha) than in A(301 kg KO/ha). The available potassium was higher yn H
(317 kg KO/ha) and lower in {297 kg KO/ha).

4.4 Relative economics of plantations

The present work on economic analysis?opulus deltoideplantations
done on problematic sites in temperate region afttiN@/estern Himalayas was
carried out in Faculty of Forestry, Sher-e-Kashtdmiversity of Agricultural
Sciences and Technology of Kashmir, Jammu and Kiashire data pertaining to
relative economics of plantation operations andatéere expected outcome are
presented in Tables 23 and 24. The actual dateofirand benefit were obtained
for one growing season and expected data was atdduby adopting the proper
methodology after consulting economists and timbaders to obtain total
benefits for eight years rotation cycle. Profitapilanalysis of plantation was
carried out to calculate the economicsPopulus deltoidesn problematic sites.
The total plantation area was 0.25 hectare (5 kxn@he average input cost of

plantation was found to be Rs. 1,10,361.00 for &gyeavhile gross return would



be of Rs. 9,32,300.00. The total variable cost veasd to be Rs. 97,086.00
which included labours, fertilizers, planting ma&é&r mulching materials and
transport cost. Maximum expenditure of Rs. 30,000:80.90%) was incurred
upon planting material. Planting operations andgpart cost ws to be claimed of
Rs. 20,000.00 (20.60%), labor cost and lopping rahbh wood and timber Rs.
38,000.00 (39.14%), fertilizers and mulching matesriRs. 5000.00 (5.15%).
Minimum amount was incurred on purchase and maames of miscellaneous
expenditures Rs. 4086.00 (4.20%). The total fixedtavas Rs. 13,275.00 in
which land rent and depreciation cost of implemems included. The amount
claimed to be land rent would be Rs. 11,500.0068%) and depreciation cost of
implements was Rs. 17275.00 (13.38%). Net returR-{®&) of the plantation
was calculated and found to be Rs. 8,21,939.00.irax income i.e. Rs.
7,90,000.00 (96.11%) was generated by timber in e@rg rotation cycle.
Fuelwood and branch wood contributions would be &5939.00 (3.89%).
Return over variable cost (GR-TVC) and return ofweed cost (GR-TFC) were
also calculated which would be found to be of R$35214.00 and Rs.
9,19,025.00, respectively. Net Present Value (N&f\tptal cost (@ 10%) and Net
Present Value (NPV) of return (@ 10%) was estimated found to be of Rs
72,071.54 and Rs 4,37,488.88. Net Present worthplahtation was Rs
3,65,417.30. The estimated benefit cost ratioPopulus deltoidegplantations

done on problematic site would be of Rs 6.07.
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Table-23: Estimated cost and expected return ofPopulus deltoides
plantations on problematic sites

Years of Production
Particulars (in Rupees)  I* A L g"
Total variable cost 34936 450 700 0 7500 5000 8000 40500
Total fixed cost 2090 1580 1605 1500 1500 1690 1500 1810
Total cost 37026 2030 2305 1500 9000 6690 9500 42310
Production (qt.) 0 0 25 0 50 65 95 4544t
Gross return 0 0 2500 0 5000 6500 9500 908800

Table-24: Profitability analyses

S. No. Particulars Amount (in Rupees)
1 Total variable cost 97086
2 Total fixed cost 13275
3 Total cost 110361
4 Gross return 932300
5 Net return (GR-TC) 821939
6 Return over variable cost (GR-TVC) 835214
7 Return over fixed cost (GR-TFC) 919025
8 Net present value of total cost (@ 10 %) 72071.54
9 Net present value of return (@ 10 %) 437488.88
10 Benefit of return (B/C) 6.07
11 Net present worth 365417.3
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Chapter — 5
DISCUSSION

Diverse edapho-climatic conditions prevalent imidn support a vast
diversity of flora and fauna especially of foreststs. However, the diversity of
forest trees in our country is under threat dueat@ous reasons such as change in
climate, rise in population, increase in area uradgrculture, rapid urbanization,
natural calamity, etc. Besides this, the recenusthron reverting to natural
products has led to various pressures on the mhaesaurces especially timber
and other products. This has led to over exploitaind unsystematic extraction
of various commercially demanding tree productse Timplanned, unscientific
and over-exploitation of such resources have ledhto situation where in, a
number of these trees have figured in the endadfbkreatened/extinction list of

species.

Wood scarcity associated with continued declingforest cover is a
serious matter of concern. Forest cover in Indi@idess than the national target
of 33 percent as envisaged in Indian Forest Poli®g8. Loss of tree cover leads
to desertification, loss of biodiversity and ecatad imbalance including socio-
economic crises. Trees are undoubtedly a viableceaf energy and construction
option for the country. Therefore, there is an atgeeed to expand afforestation
programme particularly on lands which are devoidtrees because of their
wasteland nature. These lands can not be put ljifectplantation programme as
per the traditional planting techniques becausmludspitable conditions for the

plants.

Extensive work has been done for plantation oédren sub-standard
sites for improving their productivity through dgultural and tree improvement
interventions which found to ameliorate fertilittagis of the soil. However, in
recent years the concept of plantation technolo@s lgained immense

significance in order to combine and utilize thedalabour and water resources
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for meeting immediate requirements of communite@gifnber, wood fuel, fodder
and other minor products efficiently. The studyaafells in the temperate and
hilly zone where the tree diversity is very lesscasnpared to the other agro
climatic zones of the country. The land holdinglad inhabitants is also very low
due to physiographic limitations of the area. Thailable lands are put to use for
agriculture, horticulture and other purposes butfaoptree plantations. The lands
available for tree plantations are challenging anblarsh. Therefore, there is need
to device the plantation technology in consonanite such lands for making the
successful plantation programme. Willows and papéae the two social forestry
trees on which the economy of local inhabitant&ashmir is based. Willows can
be grown in the areas where water is abundant dypiap can be grown on the
sites which are moisture deficit. Keeping in vietlve land and social factor,
poplar trees were purposively selected to stangaitiie plantation technology for
problematic site of the region to feed the inflagegbulation in climate changing
scenarioPopulus deltoidess abundant in availability and multifarious purpss
in the region are also the strong evidence fosetsction in the study. The present
investigations have been undertaken with the obgxtto standardize the out
planting techniques, to determine the best phygiosb attributes of out planting
stock, to elucidate the effect of nitrogen ferglion establishment and growth of
plantations, to suggest suitable moisture conservaheasures for problematic
sites and to work out the relative economics ohfaions. The results obtained
during the present investigations on “Plantatiochieques ofPopulus deltoides
Bartr. for Problematic Sites in Temperate RegiorNofth Western Himalayas”
have been discussed here by establishing a cadseffant relationship wherever
necessary or feasible in the light of availableleaces under the following heads:
51 Effect of planting seasons with intervals and itrogen fertilizer on

establishment & growth of Populus deltoides plantations on
problematic site

One of the most important approach for the sucaésstablishment and

growth of Populus deltoideplantations lies under the selection of best pignt
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season with intervals and nitrogen application. Pbpulus deltoide®lantations
done on problematic sites will help in rehabilbatiof unserviceable lands which
results in increasing the tree cover. This is aatahelpful in reducing the

pressure on natural forests to meet the bonafiddsef local populace.

In this context, two planting seasons, three watsr and four nitrogen
levels were tested to find out the suitable bedsimbe factor responsible for
establishment and growth of poplar plantations mwblematic sites in temperate

region of North-Western Himalayas.
5.1.1 Establishment of plantations

Exposition of Table 2 reveals that both the plamtiseasons with
intervals effected survival percentage significantThe planting interval |
recorded highest survival percentage followed lanphg interval Il and planting
interval 1ll in both the planting seasons. The legthsurvival percentage of
plantation under planting interval | in both theamting seasons is attributed to
favorable climatic conditions and availability ofone time duration as compared
to other two planting intervals. Similar resultsrevéound by Cecekt al. (2010)
for Fraxinus angustifoliain Adapazari, Turkey. Survival percentageRdpulus
deltoidesincreased with increase in nitrogen dosages frerftdntrol) to N (150
kg N/hectare) and then decreased in both the seas®imilar findings were
recorded by Gilmaet al. (2000) forMagnoliaandOakin sandy landscape where
they reported that the increase in nitrogen comagah in soil resulted in increase

in survival percentage upto certain limit and tfeund to decrease.

Factor means revealed that autumn planting gawghehi survival
percentage (76.38%) than spring planting (66.66%)e higher survival in
autumn planting was because of the reason thapldrgation area falls in the
temperate region which get precipitation in thenfoof snow right from
November to February every year. This may resuthéavailability of sufficient
moisture in the soil. Tomaet al. (2003) have also reported the similar

104



observations inAcacia auriculiformisand Acacia nilotica plantations done on
calcareous soils in Bir reserved forest Hisar. tgninterval | with survival
percentage of 77.07 percent was best for poplatatian than other two planting
intervals. It is due to the reason that plantinterval | got more time for
establishment of seedlings as compared to plantitgyval 11 and Planting
interval Ill. These results are in conformity withie earlier findings of Pal and
Sharma (2001). Nitrogen level of,N150 kg N/ha) gave highest survival
percentage (86.35%), while compared with (M2.21%), N (63.88%) and B
(63.68%). The decrease in survival percentageaftptions from MNto Nz is due
to toxicity of soil. High fertilizer concentrations the soil from high fertilizer
rates can damage the root system of seedlings whallits in the low rate of
survival. Same trend was recorded by Es¢nal (2012) for Prunus avium
seedlings in Duzcel'he overall interaction between three factors veas@ non-
significant. Survival percentage Bopulus deltoideplantations on problematic
site was found highest with treatment combinatighNg, 100 percent (Autumn
planting x Planting interval | x 150 kg N/ha).

5.1.2  Growth of plantations

Planting interval | gave better expression of growattributes plant
height increment, collar diameter increment, numiiiebranches per plant and
leaf area per plant of plantations as comparedaotipg interval 1l and planting
interval Il in both the planting seasons. The leiglygrowth of plantations in
planting interval | was due to the early establishinand availability of enough
time for growth of plantations than other two pilagtintervals. These findings
are in conformity with the results of Bowersek al (1991) and Goel and Behl
(2004) where they reported that the seedlings @thimt planting interval | (R)
got maximum time for establishment as compared theroplanting intervals
which resulted in higher growth rates. Maximum gilowof seedlings was
recorded under nitrogen leveb KL50 kg N/ha) and minimum undeg [¢ontrol)

in autumn planting. Same trend was observed imggelanting with maximum
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growth under N and minimum under N The maximum growth of plantations
under N (150 kg/ha) application may be due to the easylaiéity of nitrogen in
the soil. The nitrogen is considered as an essaitiment for the growth of trees
especially in problematic sites. These findings areconformity with the
outcomes of the investigations carried on larchdisegs by applying urea
fertilizer by Okarssoret al. (2006). The most recognized role of nitrogen ia th
plants is its presence in the structure of proteadecules as purines, pyrimidines,
porphyrins and enzymes. The porphyrin is founduchsmetabolically important
compound such as chlorophyll pigments and the bytioes essential in
photosynthesis and respiration. These moleculesfter related with the process
of plant growth. Nitrogen application beyond 150@heagtare showed a decrease in
growth of plantations which may be due to nitrogericity in roots. Similar
findings were recorded by Khames al. (2013) forMelia azedaractandPopulus
euphraticain Wadi el Natrun, Egypt.

Evaluation of factor means reveal that autumn tpigncame out to be
the best season for plantation growth (plant heightement, collar diameter
increment, number of branches per plant and lezd per plant) on problematic
site as compared to spring planting. This is duegh® reason that seedlings
planted in autumn had enough time to get estaldistved then growth of
outplanted seedlings as compared to spring planfimgilar results were recorded
by Barnettet al (1988) forEucalyptus camaldulensis Zomba, Malawi. Planting
interval | (PL) recorded highest growth of plantations followey jplanting
interval 1l (Pk) and planting interval 11l (R). Similar findings were recorded by
Ballard (1978) in New Zealand foEucalyptusplantation and reported that
planting interval | showed higher growth as comgat@ other intervals due to
early establishment of plantations. Individual dgesaofnitrogen fertilizer have
significantly increased the plant growth over cohtrpto N> (150 kg N/hectare)
and then decreased. Similar observations werededdyy Xuet al. (2000) where

they reported that the best growth increments ftioenapplication of N fertilizer
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up to 150 kg/ha to increase N addition which regbih maintaining the growth
improvements. The high concentration of nitrogennfib to increase leaf cell
number and cell size with an overall increase imber of branches and leaf
production (Mortan and Watson, 1948) and contrarythis, the low nitrogen
availability cause a decrease in protein synthesigh subsequently show an
inverse effect on plant growth (Njoku, 1957). Th#&e& of interactional
combination of the treatments namely planting sessmtervals and fertilizer
application on plant growth reveal that the treathembination 831N, (autumn
season x planting interval | x 150 kg/ha) out pernfed over rest of the tested
combinations. This might be due to the reason chiaatic conditions in autumn
season under temperate conditions with appropriateogen dosages are
favorable for growth of poplar plantations on peghhtic sites.

5.1.3 Correlation of physiological and quality paraneters of seedlings with

survival percentage and growth attributes of Populus deltoides
plantations on problematic sites

Simple correlation does not provide the true assions of traits with
each other as these attributes are interrelatechgutih@mselves and considerably
influence each other. Due to mutual relationshiprgndifferent traits which may
be positive or negative, these correlations arétjpered into direct and indirect
effects. The survival and growth in a plant is etiéel by several physiological &
guality variables and environment. In the preséuntlys the survival percentage
and growth attributes (plant height increment, alotliameter increment, number
of branches per plant and leaf area per plant) waken as dependent variables
whereas, physiological and quality parameters wileen as independent
variables for correlation studies. Table 7 reveladd out of the nine independent
variables, only 7 variables had direct positiveeefffon survival percentage of
Populus deltoidesplantations. Root electrolyte leakage and shoettedlyte
leakage correlated negatively to the dependenabias. Relative water content
(0.813) exhibited the maximum contribution on suavipercentage olPopulus
deltoidesplantations followed by root fibrosity (0.810) anabt length (0.803).
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The lowest positive correlation was observed betwsarvival percentage and
membrane stability index (0.653). Root electroligakage (-0.831) and shoot
electrolyte leakage (-0.776) had direct correlatwmith survival percentage but
with negative sign. The reason might be that greglectrolyte leakage leads to
desiccation of plant parts finally resulted in lakances of survival of the
plantations. Similar results were reported by Mck&998) in spruce and larch.
The correlation of root shoot ratio with survivarpentage was statistically non-
significant. These findings are in consonance ththrecommendations of Davis
and Jacobs (2005) for northern red oak.

The leaf area per plant and sturdiness quotiemé maximum direct
positive correlation (0.970) which was further émlled by plant height increment
and sturdiness quotient (0.941) and number of w@er plant and sturdiness
guotient (0.903), respectively. This might be doghte reason that seedlings with
greater leaf area have greater photosynthetic aate hence higher growth of
different parts. Similar results were observed wg<Snickle and Folk (1993) for
larch plantations that there was strong correlabetween leaf area plant and
sturdiness quotient. The number of branches peant gave highest negative
correlation with root electrolyte leakage (068 and shoot electrolyte leakage
(-0.854). The reason for this negative correlatimight be more the electrolyte
leakage less will the performance of seedlings mblpmatic site. The findings
reported in the investigation proved to be in corswe with the conceptual base
of the mechanism.

5.1.4 Effect of Populus deltoides plantations on physico-chemical

properties of soil with respect to planting seasonglanting intervals
and nitrogen fertilizers on individual factor means

The soil texture of the plantation site did nobwhany change due to
short span of time of the study. Similar findingsere reported by Khamist al.
(2013) that physical soil parameters cannot beeltenuch after one or two years
of plantations. The values of bulk density showeslight change under both the

planting seasons from their initial values. It walso observed that planting
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intervals and nitrogen fertilizers found to effelotilk density under poplar
plantations. Similar results were observed by Ade al (2014) in Hevea
brasilienceghat under different planting intervals and nigadevels bulk density
varies. Water holding capacity of the plantation site shdwncrease after first
growing season. Maximum water holding capacity Wwasd in P{ (60.02%) and
N fertilizer level (58.17%) in both the seasons. figher water holding capacity
under said treatments may be attributed to greatention of water by the roots
of plantations in the soil. The pH of soil showedlight decrease over the initial
value after first growing season. The pH value wearded higher in autumn
season (7.25) as compared to spring season (T2fipth the planting seasons,
the highest pH was reported imBhd N, nitrogen level (7.29). Similar findings
were observed by Bolu and Polle (2004) that pH elzserved higher in autumn
season under treatments that were without fentibgglication in poplar species.
Electrical conductivity showed a minor decreasenfiaitial value and was found
to be 0.23 dsfh in both the planting seasons and in all the threglanting
intervals. It was also found that the electricatahactivity showed a decline from
its initial value with the application of nitrogdartilizers. Similar findings were
observed by Cicekt al. (2010) that application of urea found to decreddeapd
electrical conductivity on degraded plantation.sitee organic carbon was found
to increase in both the planting seasons from timgilal values. The organic
carbon was higher in autumn season (1.81%) andri®pring season (1.78%). It
was found that pnitrogen level gave better results pertaining tgaarc carbon in
both the planting seasons. The increase in orgeanibon is due to metabolic
activities of microorganisms inside the soil. Thrgling is in agreement with the
results of Mileset al. (1999) that greater the activity of organismsdesihe soil
more will be the organic carbon. The highest niérogvailability was found in
Pl; and N nitrogen level in both the planting seasons. Theésy be due to the
reason that addition of nitrogen found to increageogen content of soil and
hence reflected in the growth of poplar plantatiofise available phosphorous

was highest in RBI(5.06 kg BOs/ha) in both the planting seasons. Plants absorb
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more nutrients in planting intervals;RInd P} as compared to Pdlue to the more
time duration. The available potassium was fourgthdst in PJ (311 kg KO/ha)
and lowest in RI(307 kg KO/ha. The higher value of available potassium in
planting interval Il (PJ) in autumn season may be due to the cessatiorouttly

in winter which ultimately decrease the absorptdnutrients.

The factor means were also evaluated to deterthi@ebest individual
factor which effect the physico-chemical propertieé soil under poplar
plantations. It was observed that bulk density eél@eed from initial value and was
found to be 1.36 g/cc at the time of completionficdt growing season. The
reason may be attributed to increase in organicemathich loosens the soil in
plantations and decrease density. These findirgsaagreement with the results
of Kumar (2008) that addition of organic matter ases bulk density of soils.
The highest bulk density was recorded undemitogen level(1.39 g/cc) and
lowest under B (1.35 g/cc). The addition of chemical fertilizeuhd to increase
the compactness of soils under limited moisturedtans and hence increase the
value of bulk density. This is true to the findingfsthe present investigation. The
maximum water holding capacity was found under(®7.09%) and lowest under
Pl; (50.13%). The maximum value of water holding cé@yasas observed under
N2 (54.51%) dosage of nitrogen fertilizer. Due to pastablishment of seedlings
in Pl growth parameters showed early response and adasarganic carbon to
the soil as compared to plants planted in othentplg intervals thereby,
increasing the water holding capacity. It was atdserved from the present
investigation that growth parameters showed higfadwes under N(150 kg N/
ha) nitrogen level, because of release of morenicgaatter and thereby enhance
the value of water holding capacity of the soilm#ar finding was reported by
Melo et al. (2004) that inEucalyptus camaldulensislantations higher rates of
nitrogen dosages increased the growth of plantsveatér holding capacity of
soils. The pH value was observed to be highestlirf7227) while lowest in Rl

(7.19). The early establishment and growth inifdreased the microbial activity
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in soils and thus increase the pH value. It was edported that organic carbon
was maximum in RI(1.83%) and under N(1.84%) nitrogen level. The reason
may be increase in growth of plantations whichm#iiely increase the organic
carbon in the soils. These findings are in agre¢mh the results of Moscatelli
et al. (2008) that increase in organic carbon was dueddition of nitrogen
fertilizer in the soll. It was also recorded thajhest nitrogen was available under
N2 (150 kg N/ha) while it was lowest undep {0 kg/ha). The reason may be
addition of fertilizer in soils resulted in increags availability after absorbing by
the plants.

5.2 Effect of planting seasons, pit shapes, pit sg and moisture

conservation measures on establishment & growth ofPopulus
deltoides plantations on problematic site

The main aim of establishingPopulus deltoidesplantations on
problematic sites by using different pit shapegesiand moisture conservation
measures was to standardize the out planting tggbsiwith planting seasons in
problematic sites existing in temperate regions. thts purpose, two planting
seasons, three pit shapes and sizes including mglaeasures (paddy straw and
polythene mulch) were taken to find out the besatinent as per the site

specification and species requirement.
5.2.1  Establishment of plantations

It was observed that BTsaucer pit) gave higher survival percentage
which was followed by PiT(ordinary pit) and PJ (ring pit) in both the planting
seasons. The reason might be that on sloppy piamtsites saucer pits conserve
more moisture as compared to other tested pit typlbe configuration of the
saucer pit that does not allow the precipitatiogdoas runoff was reported to be
responsible for giving more moisture over the mafsthe two tested pits. The
findings are in conformity with the observations deaby Mehta (1989) for
Acaciaplantations on alkali soils in Haryana state. Bftdifferent sizes found to
effect the survival percentage Bbpulus deltoideplantations donén both the
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planting seasons. It was found that; R60x60 cm) recorded highest survival
percentage followed by P#5x60 cni) and P$(30x45 cni). The reason being
pits of larger sizes store enough water duringsram compared to pits of smaller
sizes which is thought to be essential for the bdistament of plantations.
Therefore, the results pertaining to survival petage has equally proven the
statement beyond any doubt. These results are reemgnt with Singlet al
(1992) that large sized pits store more water spaldishment of tree plantations
done on highly alkaline soils. Highest survival qgertage was recorded for,M
(black polythene) and lowest ing\lcontrol) in both the planting seasons. Black
polythene mulches were found to evaporate lesstareisrom pits compared to
ordinary mulch (paddy straw) and control where nolam was used. Similar
results were recorded by Porfit and Scott (1984} timder black polythene mulch

survival of poplar seedlings was higher as comptredher tested bio mulches.

Factor means were evaluated to determine thepossible input factor
responsible for enhancing the survival percentagepaplar plantations on
problematic sites. The seedlings planted in autwaason found to establish
better in terms of number while compared with gpihanting season. The 76.53
percent survival percentage was observed in autamdn67.88 percent in spring
planting. This may be due to the reason that segsliplanted in autumn season
got enough time period as compared to seedlinggquan spring season for their
roots to establish. Moreover, the seedlings pthinteautumn season lies dormant
and this would be the reason that the seedlingg®uitly bear the transplanting
shock before initiation of the growth that is ewitden the spring season especially
in temperate regions. On the other hand, the tieréogh between two planting
seasons is almost three months which may be caesides sufficient time for
establishment of roots. Similar results were obeerigy Lahiri and Mazumdar
(1993) inEucalyptus hybricand Eucalyptus tereticorniplantations in wasteland
of Burdwan District, West Bengal. Highest surviyercentage was recorded in
M, (81.47%) and lowest in 62.95%). Applying black polythene mulch around
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the base of tree has been associated with incregsmgth and survival as
compared to ordinary mulch (paddy straw) and cénfrm mulch). This
observation is in concurrence with finding of Wait4@988) who reported higher
survival of Populus deltoidesplantations wasunder black polythene muich.
Saucer pit (PJ) recorded highest survival percentage (77.85%viedd by PT
(70.36%) and PJ(68.50%). Similar results were recorded by Meenal (1995)
that saucer pit is the main water conserving methader degraded sloppy sites
for better survival of plantations. Highest suntiyercentage was recorded for
PS (85.26%) which was followed by RP$70.36%) and PS61.10%). The reason
being greater the pit size more is the rain wati@age. Similar results have also
been reported by Dagget al. (1993) forProsopisspecies in salt effected soils.
The interactional treatment combinations namelMPT.PS, SMiPTPS,
SIM,PTsPS and SMoPT,PS gave 100 percent survival of poplar plantations.
The pit type, pit size and mulching in each of thé®atment combinations is
playing their role in conserving water for highaungval of plantations on
problematic sites.

5.2.2  Growth of plantations

The maximum plantation growth (plant height incesr) collar diameter
increment, number of branches per plant and lesd per plant) was recorded for
PT, (saucer pit) followed by RT(ordinary pit) and PF(ring pit) in both the
seasons. Similar observations were reported byhagniet al. (1989) that under
barren and sloppy sites saucer pits store rainrwgtech is essential for nutrient
mobilization and growth ofEucalyptus hybridplantations. P$ (60x60 cmi)
recorded maximum plant growth and minimum in, P®x45 cnl) in both the
planting seasons. This might be due to the reasam toots of seedlings
proliferate more rapidly in large sized pits as panmed to smaller sized pits. The
growth of roots is directly related to plant growifhe results are in agreement
with the finding of Barnetet al. (1988) where they reported the maximum plant

growth in larger sized pits under problematic sitd4aximum growth of
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plantations was recorded undep Kblack polythene) which was followed by;:M
(paddy straw) and i(control). The primary benefit of black poly muletas
reduction in vegetative competition and benefiatad to the improvement of
edaphic environments. Such conditions are undotietiyful in enhancing growth
of plantations done on moisture stressed sitesil&imesults were reported by
Davis (1988) that weed growth was found to be lexter black polythene mulch
as compared to other mulching materials.

Individual factors were also evaluated to detesmine best individual
factor for plantation growth on problematic sit8saximum growth of plantations
was recorded in autumn planting and minimum inrgpmplanting. The higher
survival in autumn planting might be due to thesmrathat seedlings planted
develop earlier and better root system as comparsededlings planted in spring
season. Root growth is directly related to plarawgh. These results are in
agreement with Singkt al (1989) who reported the earlier growth in autumn
planting as compared to spring planting in Mesqaitehighly problematic soils.
PT, recorded highest plantation growth (plant heigitrement, collar diameter
increment, number of branches per plant and lesd per plant) followed by RT
and PE. This might be due to the reason that PJaucer pit) conserves more
moisture on sloppy lands compared to ordinary amgl pit. These results are in
agreement with findings of Pandalai and Chacko 1) 9here they observed that
saucer pits are efficient moisture conservation suess on sloppy sites.
Maximum growth of plantations was observed irg R8d minimum in PS The
reason for this might be efficient root growth atel/elopment in large sized pits
resulted in higher plantation growth. Similar fings were reported by Singh
al. (1992) inGliricidia sepium The maximum growth of plantations was recorded
under M (black polythene) followed by M(paddy straw) and M(control).
Polythene mulch act as barriers to water and avements escaping from plant
basin encourage the root and plantation growths@timdings are in agreement
with Appletonet al. (1990) where they reported that black poly mulohanced
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tree growth by reducing evaporation and temperafilie interactional treatment
combination namely M,PT,PS produced the highest growth of poplar
plantations on problematic site. The seedlingstpthrin saucer and large sized
pits under black polythene mulch conserves enouglstare and reduce weed
growth which resulted in highest growth of popldamations on problematic

sites.

5.2.3  Correlation of physiological and quality paraneters of seedlings with

survival percentage and growth attributes of Populus deltoides
plantations on problematic sites

Significant correlation may or may not be proofwvary direct causal
relationship. Again when more variables are considléen the correlation study,
the association becomes more complex, less obaindsometimes confusing. At
this point, it appears appropriate to employ a metbf analysis which will take
into account the knowledge that we have with regardhe causal relation

between the characters of correlation.

A perusal of the data from Table 14 reveals that of the nine
independent variables, only 7 variables had dipditive effect on survival
percentage oPopulus deltoideplantations. Root electrolyte leakage and shoot
electrolyte leakage correlated negatively to th@edéent variables. Relative
water content (0.825) exhibited the maximum contidn on survival percentage
of Populus deltoideplantations followed by root fibrosity (0.822) arabt length
(0.811). The lowest positive correlation was obsdrvbetween survival
percentage and membrane stability index (0.632)pt Rdectrolyte leakage (-
0.822) and shoot electrolyte leakage (-0.764) heettdcorrelation with survival
percentage but with negative sign. The reason nighimore the electrolyte
leakage from roots and shoots poor is the growttiopeance of seedlings.
Similar finding were reported by Mckay and Whit®9¥) in fir seedlings under
temperate conditions.
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The number of branches per plant and sturdinesSemi have maximum
direct positive correlation (0.963) followed by lewl diameter increment and
sturdiness quotient (0.905) and number of brangle¥splant and root length
(0.858), respectively. The findings of the studydombtly are in line with the
earlier outcomes of Long and Hallgren al. (1993) where they reported strong
correlation between number of branches and collameter with sturdiness
guotient. It is also observed from the data thahiper of branches per plant gave
highest negative correlation with root electrolyeakage (-0.851) and shoot
electrolyte leakage (-0.832). These findings ar@dgneement with the study of
Dunsworth (1997) who reported the strong positiseralation between number
of branches per plant and other growth attribupéen{ height, diameter increment
and number of branches per plant) in case of casladlings.

5.2.4 Effect of Populus deltoides plantations on physico-chemical
properties of soil with respect to planting seasonit shapes, pit

sizes and moistures conservation measurésulching) on individual
factor means

The initial soil texture of the plantation was dgrioam and was not
affected byPopulus deltoideplantation after one growing season. Similar rasult
were reported by Gilmaet al. (2000) that soil structure and texture is noteéd
by one year of plantation. The values of bulk dgnshowed a slight change in
both the planting seasons and were found to be ar®61.36 g/cc after first
growing season. The highest value of bulk densdég ¥ound in P&han P$and
PS in both the planting seasons. The reason mighéegsegrowth and microbial
activity in pit size | (P9 which increases the density of soil in plantati@ss
compared to PSand P%. Water holding capacity was found to be maximum in
autumn planting (57.17%) as compared to spring osed56.42%) after first
growing season. The higher growth in autumn planédds more organic matter
to the soil and increases water holding capacitglaftation site. Similar finding
were recorded by Hodge (1995) that organic mattereases water holding

capacity under plantations. It was also observetl water holding capacity was
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maximum in P$(60.61%) and under mulching materia} §60.29%) in both the
planting seasons. In both the situations growtlplahtations enhanced due to
release of organic matter and resulted in increasdde of water holding
capacity. Similar results were reported by Klinetkal. (2011) that higher water
holding capacity was seen under black polythenechas. The pH value was
higher in autumn season (7.23) as compared togsgeason (7.22). The higher
growth of autumn season plantations may be duleet@arly establishment which
found to enhance the microbial activity and resulte increase in pH value of
soil. Similar findings were reported by Arthur athng (1999) that pH value of
soil under Christmas tree plantations showed are@&se due to microbial activity
in soil. The effect of mulching on pH was similar both the planting seasons
with M, performed better as compared to other tested mgamaterials. Black
polythene mulch enhance the temperature and detgoo under tree
plantations and found to increase pH value of tiés.sThese findings are in
agreement with the results of Byagtial. (1996) that increase in pH value under
black polythene mulch was due to elevated temperathich enhance microbial
activity of the soil. The electrical conductivith@ved a minor decrease from its
initial value and was found to be same for bothplamting seasons (0.21 d$n
Electrical conductivity was found highest in PT12(® dsnt) and lowest in P
(0.19 dsrif) in both the planting seasons. The electrical ootidity showed a
minor decrease from initial values and was founddegsame for both the planting
seasons (0.21 dsth The highest electrical conductivity was obsdruader M
(0.22 dsn) in both the planting seasons. The organic canwas higher in
autumn season (1.81%) and lower in spring seas@8%d). It was found that the
PS gave better results pertaining to organic carbohath the planting seasons.
The highest organic carbon was found underald lowest under pin both the
planting seasons. The reason may be increase irolmac activity under black
polythene mulch in poplar plantations which releasere organic carbon
compared to ordinary mulch (paddy straw) and céngn@ mulch). Similar
findings were reported by Jiargg al. (2002) that under black polythene mulch
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organic carbon showed an increase in bamboo piansafs compared to other
tested mulches. The availability of nitrogen, phHuspus and potassium observed
to be 226 kg N/ha, 4.61 kg®s/ha and 295 kg §O/ha in autumn season and 215
kg N/ha, 4.51 kg s/ha and 294 kg ¥O/ha in spring planting season,
respectively. Similar decreasing trend of nutriemith respect to planting seasons
was reported by Mishrat al. (2003) inEucalyptus tereticornisThe available
nitrogen, phosphorous and potassium was observeel highest in pit size | (RS
and under Mwhere no mulching was done (control). The reasoghtribe poor
growth and establishment under these treatmentts leapoor absorption from
soil and enhance their level at plantation siteesenfindings are in agreement
with the results of Meenat al. (1995) that availability of nutrients is more on

places where absorption by plantation is less.

The factor means were evaluated to determine ds¢ fpossible factor
which could be responsible to effect the physicersital properties of soils
under poplar plantations done on problematic ditevas observed that bulk
density decreased from initial value and was fotmtbe 1.36 g/cc. The highest
bulk density was observed in P{L.36 g/cc) and minimum in BTL.34) The pit
size P$(1.37 g/cc) gave higher bulk density as compareather tested pit sizes.
The mulching treatment §(1.37 g/cc) was observed with higher bulk density
than other mulching materials. The poor growth ekdiings under these
treatments may lead to decrease in addition ofnmicganatter and increase the
density of the soils. The maximum water holding amfy was found in PS
(61.11%) and with M(59.98%) mulching treatment. The reason may besas®
in microbial activity which enhance the organiclzar and water holding capacity
of soil on plantation site. The similar findings eobserved by Pazhanivelah
al. (2009) who reported the influence of planting teghes and performance of
tree species in rainfed alkali soils. The availabteogen was observed highest in
PT1 (234 kg N/ha), PS(224 kg N/ha) and under (M224 kg N/ha) treatments.

Similar trend was also recorded with phosphorouspatassium. The reason may
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be poor performance of seedlings under these tesdtmlead to increasing
availability of nutrients on plantation site. Thefsadings are in agreement with
the results of Sardar (1992) who reported the eftdcpit type, pit size and
mulching on fodder trees.
5.2.5 Effect of different moisture conservation mesures on moisture
regimes of soils in poplar plantations done on prdematic sites
The establishment and growth of seedlings on pl@mntaite was mainly
associated with moisture present in the soil. Tléstare percentage of soil under

different moisture conservation measures was meddyr using moisture meters.

The mulching materials (control, ordinary mulchddnslack polythene)
were found to vary in moisture percentage undergroplantations. Moisture
percentage under black polythene was more as cechparordinary mulch and
control in both the planting seasons. The reas@hiniie low weed growth under
black polythene mulch which resulted in increasemistare in the site. Similar
results were recorded by Creggal. (2009) in Fraser fir and blue spruce. The
highest percentage of moisture was found in P42@8%February) and lowest in
P15 (£-15" august) in autumn season. The reason behind ridwsicl variation is
that precipitation in the form of snowfall in wimtéound to increase moisture
availability in soils. On contrary to this, the ocence of high temperature in
summer found to decrease the same (P15). In sppiagting, the highest
percentage of moisture was reported in P2 intgfi®d30" April) and lowest in
P9 interval. The highest moisture percentage inwR2 due to rainfall that
occurred in the month of March and April in thermgktion site which falls under
the temperate conditions of North West Himalayasorédver, the area
experiences rainy season immediately after theewsgason because of monsoon
shadow effect in Kashmir valley.

The pits of different shapes were found to varymaisture percentage
under the poplar plantations site. The graphicgregentation of fortnight

intervals with moisture percentage showed that antba three pit types, saucer
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pit gave highest percentage of moisture which wathér followed by ring pit
and ordinary pit. This might be due to the reaswt saucer pits on sloppy sites
did not allow to drain out single rain drop becaasdts shape. The highest
percentage of moisture was recorded in P2 (f5&huary) and lowest in P20
(15-3%" October) in autumn planting. The highest moispeecentage was found
in interval P1 (115" April) and lowest in P14 (16-810ctober) in spring
planting. The reason might be high rainfall and kamperature in the month of
April and low rainfall in October.

Highest moisture was found under large sized@fits60 cniwhich was
followed by 45x60 crhand 30x30 crhin both the planting seasons. The reason
being, more the pit size more is the moisture preséhe percentage of moisture
was also recorded after every 15 days and it wasdidhat highest percentage
was observed in P1 15" January) and lowest in P20 (15%30ctober) in
autumn planting. In general moisture percentagevetioa declining trend from
P1-P20. The reason might be snowfall in intervé?1) and dry weather in spring
and extended to summer seasons. Similar trend lsasregported during spring
planting. The results are in agreement with thelifigs of Kotze and Joubert
(1992) that moisture conservation takes place nmorevinter as compared to
summer season.

5.3 Effect of planting seasons, age of planting s and hydrogel

application on establishment & growth of Populus detoides
plantations on problematic sites

5.3.1 Establishment of plantations

The main purpose of evaluating treatments/inputsmaty planting
seasons, age of out planting stock and hydrogetideto find out the best
treatments and their interactions which found ftuence the establishment and
growth of Populus deltoideplantations. The survival of two years old plagtin
stock (A) was more than the one year old planting stogh. (Fhe higher survival
of two years old planting stock may be becauseneflarge root volume which
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found to absorb moisture and nutrients more iefiity than the one year old
planting stock on problematic plantation sites. Sehéndings are in agreement
with Snellgrove and Mayhead (1995) thhtglans regiaseedlings with higher
root volume survive better as compared to one fgaless root volume. Higher
survival percentage was obtained in Hiquid application @ 3 g/plant) and
minimum in H (control) in both the planting seasons. The ligajpblication of
hydrogel at the rate of 3 g/plant forms a film arduoots and absorb sufficient
moisture in rainy season as compared to solid egipdin. This absorbed moisture
is then released by the roots during water degdieitod for plant growth functions.
Similar findings were reported by Viert al (2000) that liquid hydrogel absorbs
moisture in rainy season and release the same gduiiought conditions in
Eucalyptus grandis camaldulensi€lones in Zululand.

Factor means analysis revealed that autumn ptagtne better survival
percentage (70.99%) than spring planting (69.99%imilar findings were
reported by Sardar (1992) fdreucaena leucocephalplantations done on
degraded sites in Peshawar, Pakistan that autuamtinyy season is better for
survival of seedlings with respect to the moistpresent in soil. Two years old
planting stock (79.99%) gave survival percentagelwivas better than one year
old planting stock (69.99%). This might be duehe teason that two years old
planting stock had greater root length and volum@wercome the water stress
compared to one year old planting stock(lijuid application @ 3 g/plant) gave
highest survival percentage (95.83%) which wasofedld by H (79.16%), H
(79.16%), H (66.66%) and bl (54.16%). These results are in conformity with
Parrottaet al (1997) that maximum water storage was seen sgfieucalyptus
plantations done on degraded sites where liquiddgeal applied @ 3 g/plant. It
was also observed that survival percentag@abulus deltoideplantations on
problematic site was found 100 percent with inteoaal treatment combination
of S H3A, 100 percent (autumn season X hydrogel level 3agtpliquid

application x two years old planting stock). Thasen might be that in winter
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season appropriate level of hydrogel and bettarttipla stock can absorb enough

moisture for its survival during moisture strespedod.
5.3.2  Growth of plantations

The present investigation reveals that plantagoowth (plant height
increment, collar diameter increment, number ohbhes per plant and leaf area
per plant) found to influenced by planting seasagg of out planting stock and
five levels of hydrogel application significantiylaximum growth of plantations
was recorded in two years old planting stock aspaoed to one year old planting
stock in both the seasons. The reason may be higloésture and nutrient
absorption by two years old planting stock whosetsare more developed as
compared to one year old planting stock. Sim#esults were reported by Cicek
(2010) that increased plantation growth is relat@ectly to the use of high
quality and larger-size planting stock. Maximum wilo of plantations was
observed under H(liquid application @ 3 g/plant), followed by ,Hliquid
application @ 1.5 g/plant), H(liquid application @ 4.5 g/plant), ;H(solid
application @ 3 g/plant) andgHcontrol). These results are in conformity with
findings of Aide et al (1995) where they reported that liquid applicatiof
hydrogel at the rate of 3 g/plant gave higher ghoimtrements including number

of branches per plant and leaf area per plant epaced to solid applications.

Individual factor means revealed that plantatiosowgh was better in
autumn planting than in spring planting. The reasoght be the availability of
abundant moisture in autumn planting which is resfae for early seedling
establishment as compared to spring plantingrrigation requirement in autumn
planting is far less than spring planting. Maximgmowth of plantations was
recorded in two years old planting stock and minimim one year old planting
stock. The reason might be better establishmentguodth of two years old
planting stock whose long tap root found to absodisture and nutrients more
efficiently from deeper soil layers as comparedie year old planting stock.

More the absorption more is the height incremehe 1 hydrogel level (liquid
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application @ 3.0 g/plant) gave maximum growth lainpations than other tested
hydrogel levels. These findings are in agreemeil Wiero et al. (2000) that
better plantation growth was observed Eucalyptus speciesat different
concentrations of liquid hydrogel application asnpared to solid application and
control It was observed that best interactional treatngentbination for growth
of plantations on problematic sites wagH8\,. The two years old seedlings
plantedin autumn season under hydrogel level 3.0 g/plamegnaximum growth
pertaining to higher absorption of moisture andieuts.

5.3.3  Correlation of physiological and quality paraneters of seedlings with

survival percentage and growth attributes of Populus deltoides
plantations on problematic sites

The survival and growth of plantations is throughtoube the cumulative
effect of several survival and growth related congus and environment. In the
present study, the survival percentage and growthbuates (plant height
increment, collar diameter increment, number ohbnes per plant and leaf area
per plant) were taken as dependent variables wgflgsiological and quality
parameters were taken as independent variablesfalation studies.

Out of the nine independent variables, only 7 aldds had direct
positive effect on survival percentage Bbpulus deltoidegplantations. Root
electrolyte leakage and shoot electrolyte leakagecarrelated negatively to the
dependent variables. Root length (0.877) exhibitedmaximum contribution on
survival percentage dPopulus deltoidegplantations followed by root fibrosity
(0.841) and sturdiness quotient (0.821). The lowmssitive correlation was
observed between survival percentage and membtaipiétg index (0.612). Root
electrolyte leakage (-0.765) and shoot electrolgimkage (-0.554) had direct
correlation with survival percentage but with négatsign. The value of
correlation between collar diameter and root/shatib was found to be non-
significant. Similar results were observed by Dasisd Jacobs (2005) while
guantifying root system quality of seedlings tomainting performance. Root and

shoot electrolyte leakage exhibits negative cotictawith survival percentage.

123



The reason for negative correlation might be poenfggmance of outplanting

stock under high electrolyte leakages.

The number of branches per plant and sturdinessegti have maximum
direct positive correlation (0.954) followed by midneight increment and root length
(0.879) and plant height increment and sturdinessient (0.836), respectively. The
highest negative correlation was seen between plaigiht increment and shoot
electrolyte leakage (-0.798) followed by numberboinches per plant and shoot
electrolyte leakage (-0.786). The reason mightdbtvity of roots is directly related
to growth performance of above grounds plant patis. greater root length helps in
absorption of nutrients from deep soil layers iobtematic sites and results in more
height increment of seedlings. These results airormity with the findings of
Mattson (1997) that plant height increment, roagte and number of branches per
plant and sturdiness quotient have strong coroelati
5.3.4 Effect of Populus deltoides plantations on physico-chemical

properties of soil with respect to planting seasonsage of planting
stock and hydrogel application on individual factormeans

There was no change in soil texture undepulus deltoideplantations
after first growing season. It is well proven tlsail properties such as texture
cannot be altered by one year of plantations. &mfihdings were reported by
Kumar (2008) that texture of soils cannot be attdvg short rotation plantations.
The value of bulk density showed a slight changeaith the planting seasons and
found to be 1.35 and 1.34 g/cc after first growsegson. Water holding capacity
was maximum in autumn season (60.15%) and minimansgring season
(55.33%) after first growing season. The maximuniew&olding capacity was
found in A (60.57%) and Kl hydrogel level (62.91%). The reason may be the
better expression of the growth parameters of planter these treatments found
to enhance water holding capacity. The microbialodgposition may also found
to be responsible in increasing pH of the soil denfation site. The value of
electrical conductivity was found higher in £0.21 dsrit) and lower in A (0.19

dsmi') in autumn season. In spring season, the electrmadluctivity remained
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same for Aand A (0.20 dsnt). Similar findings were reported by Naskh al.
(2007) underEucalyptus camaldulensiplantations. The organic carbon was
found to increase in both the planting seasons fthewr initial values. The
organic carbon was higher in autumn season (1.&#b)lower in spring season
(1.84%). The two years old planting sto8k (1.95%) and hydrogel level sH
(2.03%) recorded higher value of organic carbore higher growth of plants
under these treatments may lead to increase imomalractivity under soil and
hence increase the organic carbon of soil. Simédaults were reported by Gah
al. (2004). The availability of nitrogen, phosphorousd gpotassium showed a
decreasing trend in both the planting seasons fram initial value. The reason
may be absorption of nutrients by plantations. €hesults are in agreement with
the findings of Brown and Driessche (2005) thatrelase in soil nutrients after
first growing season under degraded sites was duwbgorption by plantations.
The available nitrogen, phosphorous and potassias @bserved to be more
under one year old planting stock;jAand hydrogel level (5} in both the planting
seasons. The reason might be that one year oldimqgastock required less
nutrients as compared to two years old plantingkstohich resulted in their
abundant availability in soil. These results aragneement with the findings of
Paul et al. (2000) that one year old planting stock absorb lessients as
compared to two years old planting stock HEucalyptus camaldulensis
plantations. The hydrogel levebHO g/plant) may not hold as much water in the
soil and decreased nutrient absorption in turnevbdmpared with other hydrogel

levels.

The factor means analysis revealed that the highelk density was
observed in planting stock (Aand hydrogel level (k). The microbial activity is
low under these treatments which thought to ressulpoor decomposition and
results in increase in density of soils. Similasuies were reported by Vieet al.
(2000) in Eucalyptus grandisx camaldulensisclones. The maximum water
holding capacity was found in planting stock 1.21%) and hydrogel levelsH

125



(66.17%). The reason for this may be the increas@rganic carbon which
enhances the water holding capacity of soils und@ntations. Similar results
were reported by Quirk and Schofield (1995) that dige of planting stock and
hydrogel concentrations effected the soil wateogligon. The values of available
nitrogen, phosphorous and potassium were highe#t; fone year old planting
stock) and under §{0 g/plant). The reason may be low absorptionutfients in

one year old planting stock as compared to two syedld planting stock.
Similarly, absorption of moisture and nutrients wasgligible in H when

compared with other tested hydrogel levels.
5.4 Relative economics of plantations

Economic evaluation is one of the most important parts ofe$o
planning for considering which pattern of afforé¢ista will be usedResults from
calculation of outplanting operations, tending, ken production and other
miscellaneous costs show that the plantation ofgpogn problematic sites is a
profitable venture when managed on scientific lineShe data pertaining to
relative economics of plantation operations aresgmeed in Tables 23 and 24. The
actual data for cost and benefit were obtained dioe growing season and
expected data was calculated after consulting en@te and timber traders to
obtain total benefits for eight years rotation eycProfitability analysis of
plantation was carried out to calculate economitsPopulus deltoideson
problematic sites. The total plantation area w&b (hectare. Average cost of
plantation was found to be Rs. 1,10,361.00 for&geThis includes total variable
cost (labor, transport, mulching, hydrogel, fexgh, etc) and total fixed cost (land
rent and depreciation of implements). Maximum exjieme of Rs. 30,000.00
(30.90%) was incurred upon planting material. Rt@nbperations and transport
cost claimed Rs. 20,000.00 (20.60%), labor costfelithg of branch wood and
timber Rs. 38,000.00 (39.14%), fertilizers and rhilg materials Rs. 5000.00
(5.15%). Minimum amount was incurred on purchasel amaintenance of

miscellaneous expenditures and were Rs. 4086.@0%).Similar results were
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reported by Anjumet al (2013) for raising the Kamalia irrigated plantagpn
Pakistan. The gross return after a rotation ofteyglars was Rs. 9,32,300.00. This
was estimated by taking thinning, lopping and clasting of trees at the end of
rotation age. Maximum income i.e. Rs. 7,90,0009011%) would be generated
by timber in 8 years rotation cycle. Fuelwood amdnish wood contributed Rs.
31,939.00 (3.89%). Maximum income obtained frombimis due to the reason
that the plantation was basically managed for timgyeduction of high quality.
These results agree to the findings of Satkisal. (2007) where they found that
maximum income in coffee based Agroforestry systeam contributed by timber.
Net return (GR-TC) of the plantation was calculatadd found to be Rs
8,21,939.00. Return over variable cost (GR-TVC) eetdrn over fixed cost (GR-
TFC) were also calculated which would be found &f 835,214.00 and Rs
9,19,025.00 respectively. Net Present Value ofltotst (@ 10%) and Net
Present Value of return (@ 10%) was estimated andd to be Rs 72,071.54 and
Rs 4,37,488.88. The amount was calculated by predithe value of rupee after
eight years. Net Present Worth of plantation was3f®$,417.3. The estimated
benefit cost ratio oPopulus deltoideplantations done on problematic site might
be Rs 6.07. Similar results were recorded by Satek Sloup (2012) where they
reported that benefit cost ratio of pure standsemees with increase in rotation

age.
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Chapter — 6
SUMMARY AND CONCLUSION

The present investigation entitled “Plantation Areques ofPopulus
deltoidesBartr. for Problematic Sites in Temperate RegionNairth Western
Himalayas” was conducted at Faculty of forestryerséKashmir University of
Agricultural Sciences and Technology of KashmirplBama, Watlar, Ganderbal,
Jammu and Kashmir. The basic purpose of this stualyto standardize the out
planting techniques with intervals including Pip&yand size in problematic sites
existing in temperate region particularly in Kashmprovince. ldentification of
best physiological attributes of out planting stdok getting better establishment
and growth. In addition to this, the present inigegion was also focused to
elucidate the effect of nitrogen fertilizer alongttwthe exploring of suitable
moisture conservation measures for problematis.sEperiments were laid out
in Randomized Block Design (factorial) with two lieptions. The salient
features of the investigation are summarized hetgetow:

* The experiment on effect of planting season, ierand nitrogen
fertilizer levels on establishment & growth Bbpulus deltoidescluded
two planting seasons: autumn planting) @hd spring planting g3 three
planting intervals, planting interval | (i planting interval 1(Pl) and
planting interval Il (P4) and four nitrogen levels, control (N 100
kg/hectare (M), 150 kg/hectare (Nland 200 kg/hectar@s). Among the
two seasons, autumn planting)®/as found as best compared to spring
planting (). Out of three planting intervals, planting intakV (PL) was
observed better followed by planting interval lllIfPand planting
interval 1l (Pk), respectively. It was also recorded that growtid a
survival of seedlings increased with increasingogien levels upto
certain limit and then decreases. The nitrogenl IBgg150 kg/hectare)

was found better compared to other three nitrogerl$. The treatment
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combination PN, (autumn [planting x planting interval | x 150 kg
nitrogen/hectare) recorded highest survival andvtircover the rest of

treatment combinations.

The experiment on effect of planting season, papsh size and moisture
conservation measures on establishment & growtRaopiulus deltoides
included two planting seasons: autumn planting é8d spring planting
(S2), three pit types, ordinary pit ()T saucer pit (PJ and ring pit
(PTs), three pit sizes, 30x45 énfPS), 45x60 cm (PS) and 60x60 crh
(PS) and three mulching treatments, controlpgfMordinary mulch (M)
and black polythene (M. Autumn planting season {)Svas observed to
be best. Among the three pit types,,R$aucer pit) recorded highest
survival and growth. It was also found that amomgée pit sizes, RS
(60x60 cni) recorded higher survival and growth of seedliogsipared
to PS (30x45 cm) and P$ (45x60 cmi). Black Polythene Mulch ()
gave higher survival and growth over the rest oé tmoisture
conservation treatments. The treatment combinat®MPT.PS
(autumn planting x black polythene mulch x pit typpex pit size IlI)
recorded highest survival and growth. The moistegime of soil was
measured under different moisture conservation ureas Moisture
percentage under black polythene was more as ceschgar ordinary
mulch (paddy grass) and control. Saucer pit gagédst percentage of
moisture which was further followed by ring pit anddinary pit. The
highest moisture was found under 60x60°cfollowed by 45x60 crh
and 30x30 crhin both the planting seasons.

The experiment on effect of planting season, agplafting stock and
hydrogel on establishment & growth Bbpulus deltoidesncluded two
planting seasons, autumn planting)(@nd spring planting ¢§ two

planting stocks, 1 year old (PSand 2 year old (R and five hydrogel
levels, control (kj), solid application 3.0 g/plant ¢H 1.5 g/plant Liquid
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application (H), 3.0 g/plant liquid application @and 4.5 g/plant liquid
application (H). Autumn planting was observed to be best. Amdmgy t
two planting stocks studied, P& year old) was found better compared
to PS (1 year old). It was also recorded that among fieels of
hydrogel, H (3.0 g/plant liquid application) was found bettempared
to other four hydrogel levels applied. The intei@tl treatment
combination $PSH; (autumn planting x planting stock Il x hydrogel
level 3 g/plant) recorded highest survival and dglown Populus

deltoides

The effect of different treatments on soil was akstorded under poplar
plantations on problematic sites. The soil physihemical parameters
were found to vary with different treatments untianperate conditions.
The economic valuation of poplar plantations dongblematic site in
temperate conditions is of beneficial venture astpe outcomes of the
investigations. The B/C ratio was calculated byirtgkthe 8 years

rotation age of the poplar plantation and it wasked out to be 6.07.

CONCLUSIONS

>

Autumn Planting is found to be best over springipiey with respect to
plantation survival and growth &fopulus deltoide®n problematic site

in temperate region.

The planting interval (1%30" Nov.) in autumn planting and ({&8"
Feb.) in spring planting is found to be best inhbibie seasons. This is the

first interval in both the planting seasons.

Nitrogen fertilizer in the form of urea applied fur levels and M
outperformed over the rest of the levels includiogtrol with respect to
the poplar plantations.

PT, (Saucer Pit) plantation is ideal for establishmantd growth of

poplar as compared to other types pits on problersaeé.
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PS (60x60 cml) gave better survival and growth of poplar on

problematic sites as compared to the other testesizps.

Black Polythene mulch (M performed better than ordinary mulch
(paddy straw) for survival and growth including store regimes under

poplar plantations.

Moisture percentage under black polythene was fohighest as

compared to ordinary mulch and control in bothglanting seasons.

Among the three pit types saucer pit was recordeth wighest
percentage of moisture which was further followegd ring pit and

ordinary pit in both the planting.

The highest moisture was observed under 60x60fatiowed by 45x60
cm® and 30x30 crhin both the planting seasons.

Age of planting stock significantly effected thengual and growth of
poplar plantations on problematic site. The studyoaates that two
years old planting stock was found better overfitts¢ year old planting
stock with respect to the success of the plantgrogram.

Hydrogel application @ 3.0 g/plant in liquid fornawge better survival
and growth of out-planted seedlings than the othedrogel

concentrations like 3.0 g/plant (solid form), 1/plgnt (liquid form) and
4.5 g/plant (liquid form).

The initial trend of physico-chemical propertiessofl did not vary much

but the availability of the nutrients showed somatudreclining trend.

The study advocates that the plantation on proltiersée is profitable
venture as shown by the B/C ratio calculated byntakhe 8 years
rotation age of the poplar plantation on problematie and it is worked
out to be 6.07.

131



LITERATURE CITED

Agnihotri, Y., Mishra, P.R., Sadhu, S. and Singh1$39. Economics of reducing
rotation in Eucalyptus hybridndian Journal of Forestryt2(2): 153-154.

Aide, M. T., Zimmerman, J. K., Herrara, L. and RosaM. 1995. Forest
recovery in abandoned tropical pastures in Purrico.RJournal of

Ecology and Management7: 77-86.

Alle, J.Y., Dick, E.A.,, Soumahin, E.F., GablR.O., Keli, J.Z. and
Obouayeba, S. 2014. Effect of mineral fertiliaati on the
physiochemical properties of soils in the regiorG® and the vegetative
behavior of immature trees of clone PB-235Hxveabrasiliencesin
south western Cote de Ivormternational Journal of Agronomy and
Agricultural Researcl®(2): 124-133.

Amanullah, Hassan, M. J., Nawab, K. and Ali, A. 20Besponse of specific leaf
area, leaf area index and leaf area ratio to mlansity, rate and timing
of nitrogen fertilizationWorld Applied Science Journ(3): 235-243.

Anjum, K., Qadir, I., Azhar, M.F. and Hafeez, S130 Economic evaluation of
irrigated plantation in Kamalia, Punjab, Pakistdournal of Agricultural
Researclb1(2) : 189-203.

Appleton, B.L., Derr, G.F. and Ross, B.B. 1990. Hfiect of various landscape
weed control measures on soil moisture and temyeraand tree root
growth.Journal of Arboriculturel6. 264-268.

Arthur, M.A. and Wang, Y. 1999. Soil nutrients amécrobial biomass following
weed control treatments in a Christmas tree pleamatlournal of
Environmental Horticultur@5(4): 239-249.

o



Arnold, M. A. 2005. Planting depth and mulch thieks affect establishment of
Green ashRraxinus pennsylvanigaand Bougainvillea golden raintree
(Koelreuteria bipinnata Journal of Arboriculture31: 163-170.

Balagopalan, M., Rugmini, P. and Basha, S.C. 1B88ancement of productivity
in Eucalyptus grandighrough fertiliser inputs and other cost effective
treatmentsKFRI Research Repoib3: 50.

Ballard, R. 1978. Use of fertilizers at establisihitnef exotic forest plantations in
New ZealandNew Zealand Journal of Forest Scierd&z&0-104.

Banerjee, B. and Raza, M. 1992. Strategies fdorason of wastelands in India

Development and ecology essays. Rawat Publicatiamgyr, India.

Barnett, D.W., Masamba, C.R. and Ngulubi, M. 198%re research on the
establishment of eucalypts: small tubes, smallIsegs] any-size pit or

ploughing.Newslette65: 19-21.

Bentsen, N.S. and Felby, C. 2012. Biomass for gngrghe European Union, a
review of Bioenergy resource assessmemtechnology Biofuel§(1):
25.

Bolu, W.H. and Polle, A. 2004. Growth and stresctiens in roots and shoots of
a salt sensitive popular speci®opulus canescepslournal of Tropical
Ecology45(1): 161-171.

Bowersox, T.W., Stover, L.R., Strauss, C.H. anddiL.d.E. 1991. Height and
diameter growth of dend@opulusplantations in response to fertilization

and irrigation Biomass and Bioenerdy2): 111-117.

Bremer, L. and Farley, K. 2010. Does plantatiore$tny restore biodiversity or
create green deserts? A synthesis of the effedandfise transitions on

plant species richnesBiodiversity Conservatioh9: 3893-3915.

]



Brown, K.R. and Driessche, R.V.D. 2005. Effect @rogen and phosphorous
fertilization on the growth and nutrition of hybnmbplars on Vancouver
Island.New Forest29: 89-104.

Burdett, A.N. 1979. A non-destructive method forasring the volume of intact

plant partsCanadian Journal of Forestr§. 120-122.

Byard, R., Lewis, K.C. and Montagnini, F. 1996. L &tder decomposition and
mulch performance from mixed and mono-specific f@aans of native
tree species in Costa Rigggriculture, Ecosystems and Environmdi&
145-155.

Cerrilo, R. M. N., Ariza, D., Gonzalez, L., Campd, Arjona, M. and Ceacero,
C. 2009. Legume living mulch for afforestation igrigultural land in
southern Spairoil and Tillage Researcth02 38-44.

Chandra, J.P. 1986. Poplars a cash crop for nodian farmersindian Forester
1128): 698-710.

Cicek, E., Yilmaz, F. and Yilmaz, M. 2010. Effedtrotrogen and NPK fertilizers
on early field performance of narrow leaved dstaxinus angustifolia.
Journal of Environmental Biolog31: 109-114.

Cochran, W. G. and Cox, G. B. 1968. Experimentaligie New York, John
Wiley and Sons, Inc. pp-173.

Coll, L., Schneider, R., Berninger, F., DomenicaBo,and Messier, C. 2011.
Quantifying the effect of nitrogen induced physgital and structural
changes on poplar using a carbon balance madet Physiolog0: 1-
10.



Cregg, B.M., Nzokou, P. and Goldy, R. 2009. Growaiiu physiology of newly
planted Fraser fir and Blue spruce Christmas tieessponse to mulch
and irrigation Horticulture Sciencd4 (3): 660-665.

Cunningham, A. B., Ayuk, E., Franzel, S., DugumaaBd Asanga, C. 2002. An
economic evaluation of medicinal tree cultivatidgteople and Plants.
Division of Ecological Sciences UNESCO, Working Bgp.0.

Dagar, J. C., Singh, G. and Singh, G. 1993. Affiateen and Agroforestry for salt
affected soilsindian Review of Life Sciencg8: 215-240.

Davis, R.J. 1988. Sheet mulching as an aid to bteaded tree establishment.
The effectiveness of various synthetic sheets coedp&orestry 61(2):
89-104.

Davis, A.S. and Jacobs, D.F. 2005. Quantifying reydtem quality of nursery
seedlings and relationship to outplanting perforoeahlew Forests30:
295-311.

Davidson, R., Gagnon, D., Mauffette, Y. and HerreemdH. 1998. Early survival,
growth and foliar nutrients in Equadorian treesnp#d on degraded

volcanic soil.Forest Ecology and Managemet@i5: 1-9.
Digest of Forest Statistics, 2012. Jammu and Kas@overnment, pp. 29.

Dunsworth, G.B. 1997. Plant quality assessmentindustrial perspectiveNew
Forest13:431-440.

Esen, D., Edis, S., Esen, U. and Yildiz, O. 201arl\Eeffects of a controlled
release fertilizer on the survival and growthPotinus aviunseedlings in

Duzce.Bartin Orman Fakultesi Dergedi: 77-83.



Evans, E. 2000. A gardeners guide to fertilizingesr and shrubs. NC State

University.

Faber, B.A., Downer, A.G. and Menge, J.E. 2003e&# of mulches on Avocado
and Citrus. Proceedings V World Avocado CongresSCH, County
Square, USA. pp 719-724.

Fang, F., Xie, B. and Liu, J. 2008. Soil nutriemtitability, poplar growth and
biomass production on degraded agricultural soislen fresh grass
mulch.Forest Ecology and Manageme?85. 1802-18009.

Folk, R.S. and Grossnicle, S.C. 1997. Determinietd fperformance potential
with the use of limiting environmental conditiodéew Forestl3: 121-
138.

Furuya, N., Pusudsavang, A., Noda, |., Himmapan,awd Yokota, Y. 2014.
Current situation of Teak farm forestry after eamio tree plantation
promotion project in North East ThailanlRCAS Working Repoit4:
69-75.

Gan, G, Yiu, T. and Tong,Y. 2004. Experience irpiaving land degredation
through hydrogel in the Ningxia reclamation ar€inese Journal of
Arid Land Research (2): 124-129.

Gardini, A., Huerga, E. and Melucci, E. 2008. Effetreforestation witiPrunus
aviumon carbon sequestration as much for biomass bhyGaadernos-
de-la-Sociedad-Espanola-de-Ciencias-Forest2les333-337.

Goel, S. and Behl, H. M. 2004. Fuelwood productibthreeLeguminousspecies
on an alkali soil siteBiomass and Bioenerd@(1): 17-20.



Gilman, E.F., Yeager, E.F. and Kent, D. 2000. keeti rate and type impacts
Magnolia and Oak growth in sandy landscape sdburnal of
Arboriculture26(3): 177-182.

Gilman, E. F. and Grabosky, J. 2004. Mulch and tpigndepth affect live oak
(Quercus virginiangestablishmentlournal of Arboriculture30(5): 311-
318.

Green, S. D., Stanosz, G. R. and Krugar E. L. 2@3f&cts of black polythene
mulch in a short rotation, poplar plantations vavigh weed control
strategies, site quality and clondournal of Forest Ecology and
Managemen127. 251-260.

Hazra, C.R. and Singh, D.P. 1994. Soil and wateser/ation and silvipasture
for wasteland improvement at Gaharawa watershdthnge-
Management-and-Agroforestiys(1) : 35-42.

Hodge, S.J. 1995. The effect of seven organic aments on planting pit soil
and tree performanc@rboricultural Journall19(3): 245-266.

Immanuel, R.R. and Ganapathy, M. 2007. Growth dngsiplogical attributes of
Ceiba pentandraseeds and seedlings under salt strdsagirnal of

Agricultural and Biological Sciencexs 12-16.

Jackson, M.L. 1973. Soil chemical Analysis Prenhia# of India Private Limited,
New Delhi, p. 498.

Jacobs, D.F., Salifu, K.F. and Davis, A.S. 2004ouyht susceptibility and
recovery of transplante@Quercus rubraseedlings in relation to root
system morphologyln : 9" Workshop on Seedling Physiology and
Growth Problems in Oak PlantingdNorth Central Research Station,
USA.



Jagger, P. and Pender, J. 2003. The role of treesustainable management of
less favored lands: the case of eucalyptus in Riaié-orest Policy and
Economics$: 83-95.

Jain, R.K. and Singh, B. 1998. Biomass productiah $oil amelioration in a high
density Terminalia arjuna plantation on sodic soilsBiomass and
Bioenergyl5(2): 187-192.

Jaisankar, I., Revathi, R., Parthiban, K.T., Baakathy, M.R., Sudhagar, R.J.
and Sivakumar, A.2013. Response dlbergia sisoo Roxlzlones to
integrated nutrient management practicésdian Journal of Hill
Farming26(2): 42-48.

Jin, Z.Z. 2002. Floristic features of dry hot amy evarm valleys, Yunnan and
Sichuan, Yunnan Science and Technology Press, Kagyr@ihina.

Jiang, P., Ye, Z. and Xu, Q. 2002. Effect of muhghon soil chemical properties
and enzyme activities in bamboo plantationR#fyllostachy praecox
33(15-18): 3135-3145.

Jimenez, M.N., Pinto, J.R., Ripoll, M.A., Mirand&,S. and Navarro, F.B. 2014.
Restoring silvipastures with Oak saplings: Effemtsnulch and diameter
class on survival, growth and annual leaf nutrigsiterns Agroforestry
System§8. 935-946.

Jozefek, H.J. 2007. The effects of varying levelsPotassium on the frost

resistance of Birch seedlindgSilva Fennica23; 21-31.

Khamis, M.H., Atia, M.G. and Ali, H.M. 2013. Impaabf nitrogen and
phosphorus sources on  growth efficiency Mé¢lia azedarachand
Populus euphraticain Wadi el Natrun, EgyptJournal of Forest
Products and Industrie®(5) : 13-19.

Vii



Klimek, A., Rolbiecki, S., Rolbiecki, R., Hilszczska, D. and Malczyk, P. 2011.
Effects of organic fertilization and mulching undsericro sprinkler
irrigation on growth and mycorrhizal collonisati@mi European larch
seedlings and occurrence of soil mit€l. J. Environ. Stud20(5):
1211-1219.

Kort, J. 2000. Hybrid poplar plantation as an aléive crop. Agriculture and
Agrifood Canada. PFRA, Shelterbelt Center, PrdNet97000127.

Kotze, W. and Joubert, M. 1992. Compost and organitches in deciduous tree
plantationsDeciduous Fruit Growed2(3) : 93-96.

Kumar, G. S., Ganapathy, M., Thavaprakash, N. aaolBC. 2004. Influence of
land management methods and soil amendments oritgobaracters of
different tree species under saline soil condit®ange Management and
Agroforestry25(1): 76-79.

Kumar, G. S. 2008. Impact of land management arldaseendments on soil
properties and growth characters of various treecisp. Journal of
Ecotoxicology and Environmental Monitorid§(3): 251-257.

Kunes, I., Balas, M., Balcar, V., Kacalek, D., Mibva, K., Jancova, A.,
Novacova., O. and Konasova, T. 2013. Effects dflifeation on growth
and nutrition of Norway spruce on a harsh mountta. Journal of
Forest Scienc&9(8): 306-318.

Lahiri, A.K. and Mazumdar, P.K. 1993. A note on &alan species trial in
wasteland of Burdwan District, West Benghaddian Forester11912):
1023-1025.



Linhares, E.L.R., Silva, P.S.L., Torres, S.B. 20Bfanting density ofsliricidia
when intercropped with plantations for weed contRianta Daninha
27. 967-975.

Long, S.P. and Hallgren, J.E. 1993. Measuremen@GQ# assimilation by plants
in the field and the laboratory, pp 129-16#. : Photosynthesis and
production in a changing environme(tEds. D.O. Hall, S.P. Scurlock,
N.H.R., Bolhar and S.P. Long)., Chapman and Halhdon, England,.

Mackay, H.M. 1992. Root electrolyte leakage fromefroots of conifer seedlings:
a rapid index of plant vitality following cold stage.Canadian Journal
of Forest Research2:1371-1377.

Mackay, H.M. 1998. Root electrolyte leakage andtrgmowth potential as
indicators of Spruce and Larch establishm8iitja Fennica32 241-252.

Mackay, H.M. and White, I.M.S. 1997. Fine root ¢telyte leakage and moisture
content: indices of Sitka spruce and Douglas feddag performance
after desiccatiorNew Forestl3: 139-162.

Marigoudra, R.M. and Madiwalar, S.L. 2004. Effedt manting methods and
fertilizer levels on initial growth and foliar nignt contents of teak.

Karnataka Journal of Agricultural Sciencé3(1): 72-75.

McNabb, K. and Takahashi, E. 2000. Freeze damaggblolly Pine seedlings as
indicated by conductivity measurements and outpigntsurvival.
Auburn University Southern Forest Nursery Managen@ooperative.
Research Report, 0-4.

Mattson, A.1997. Predicting Field performance usiagdling quality assessment.
New Forestl3: 227-252.



Medhurst, J. and Beadle, C.L. 2001. Crown struchimet leaf area development in
thinned and un-thinne&ucalyptus nitenglantations.Tree Physiology
21: 989-999.

Mehta, K. K. 1989. Grow trees on waste alkali sditglian Farming39(4): 27-
28.

Meena, J.N., Gupta G.N. and Ram, T. 1995. Influesfcsil working techniques
on early growth of trees in arid regicdnnals of Forestryy(2): 120-128.

Melo, J.D.E., Resck, D.V.S. and Gomes, A.S. 200ecE of provenances of
Eucalyptus camaldulens@an soil contents of some nutrients and organic
carbon on soil of CerradoBoletim de Pesquisa-e-Desenvolvimento
Embrapa Cerrado442 17.

Merwin, H. D. and Peech, M. 1951. Exchangeabilftgal potassium in the sand,
silt and clay fractions as influenced by the natoir¢he complementary
exchangeable cationSoil Science Society of America Proceedih§s
125-128.

Mishra, A., Sharma, S.D. and Khan, G.H. 2003. Inaprmoent in physical and
chemical properties of sodic soil by 3, 6 and 9rgeald plantation of
Eucalyptus tereticorniBBio rejuvenation of sodic soiForest Ecology
and Managemerit84(1): 115-124.

Miles, N.W., Guarnaccia, R. and Slingerland, K. 99%igh density peach
production in OntariocCompact Fruit Tre&2(4): 98-104.

Moscatelli, M.C., Lagomarsino, A.P.D. and Grego,2808. Short and medium
term contrasting effects of nitrogen fertilization C and N cycling in a
poplar plantationForest Ecology and Managemet§s 447-454.



Mohapatra, S. and Panda, P. K. 2011. Effects dififer application on growth
and yield ofJatropa curcasin an aeric tropaquept of eastern India.
Journal of Natural Science Biolog{1): 95-100.

Molla, S., Salvador, P., Fayos, P. G. and Rubera, B. 2006. Physiological and
transplanting performance Qiuercus ilexHelm Oak) seedlings grown
in nurseries with different winter conditionszorest Ecology and
Managemen237. 218-226.

Mtui, E.B., Maliondo, S.M.S., Chamshama, S.A.O.plmo, B.R. and Msanya,
B.M. 2005. Early response of second rotatRimus patulastands to
nitrogen and phosphate fertilizers at Sao hill $oq@antation, Tanzania.
Journal of Tropical Forest Sciendd(1): 76-86.

Nasim, M., Qurashi, R.H., Saqib, M., Aziz, T., Naw&., Akhtar, A. and Anwar,
M. 2007. Properties of salt effected soil unBeicalyptus camaldulensis
plantation in field conditionPak. Journal of Agri. Sciencé4(3): 401-
414.

Njoku, E. 1957. The effect of mineral nutrition atemmperature on leaf shape in

Ipomea caeruleaNew Phytal56 : 154.

Noland, T., Mohammad, G.H. and Wagner, R.G. 200lorp¥iological
characteristics associated with tolerance to comnmetfrom herbaceous
vegetation for seedlings of jack pine, black sprand white pineNew
Forest21: 199-201.

Olsen, S.R., Cole, C.V., Watanabe, F.S. and Deaf, 1954. Estimation of
available phosphorus by extraction with sodium tbooaate. US

Deparment of Agriculture, Circular 939.



Oskarsson, H., Sigurgeirsson, A. and Rasmussen, 20B6. Survival, growth
and nutrition of tree seedlings fertilized at piagton andisol soils in

Iceland: six year resultsorest Ecology and Environme229 88-97.

Pal, R.C. and Sharma, A. 2001. Afforestation farlaining degraded village

common lands: a case stu@yomass and Bioenergi(21): 35-42.

Pandalai, R.C. and Chacko, K.C. 1987. Early groavtth survival oEucalyptus
tereticornis seedlings and stumplingMalaysian Forester50(4): 385-
390.

Pande, V.C., Kurothe, R.S., Rao, B.K., Kumare,Rarandiyal, A.K., Singh, A.K.
and Kumar, A. 2010. Economic analysis of bambomtpkion in three
major ravine systems of IndiAgricultural Economics Research Review
25(1): 49-59.

Paris, P., Pissanili, A., Todaro, L., Olimpieri, énrd Cannata, F. 2003. Growth
and water relations of walnut treekiglans regia on a mesic in central
Italy: Effects of under storey herbs and polythemdching.Agroforetry
System&1(5): 230-242.

Parrotta, J.A., Turnbull, JW. and Jones, N. 19@atalyzing native forest
regeneration on degraded forest larfesrest Ecology and Management
99: 1-7.

Paul. S. P., Hossain, A.T.M.E. and Dey, H.B. 20@rowth response of
Eucalyptus camaldulensts different fertilizers in one and two years old
plantation.Bangladesh Journal of Forest Scier®&#2): 128-132.

Pazhanivelan, S., Amanullah, M. M., Vaiyapuri, KhdaLakshmanakumar, P.

2009. Influence of planting techniques and perfaroesof tree species in

Xii



rainfed alkali soils. International Journal-of Plant Sciences
Muzaffarnagad(1): 191-192.

Pensa. V.R., Sepp, M., Ludd, A., Karu, H. and EtyiF. 2010. Assessment of
vegetation performance on semi coke dumps of Kobdlae oil shale
industry, EstoniaEstonian Journal of Ecology9(1): 3-18.

Percival, G, C., Gklavakis, E. and Noviss, K. 20B8luence of pure mulches on
survival, growth and vitality of containerized afidld planted trees.
Journal of Environmental Horticulturg7(4): 200-206.

Philip, J. and Suresh, P.R. 2005. Water managemerdconut.Indian Coconut
Journal 36(7): 20-24.

Ping, L.Y., Sung, C.T.B., Joo, G.K. and Moradi, 2012. Effects of soil and
water conservation methods on soil aggregate #tabiMalaysian
Journal of Soil Science6: 43-56.

Piper, C.S. 196650il and Plant AnalysidHans Publishers, Bombay.

Pohjonen, V. and Pukkala, T. 1988. Profitability establishingEucalyptus
globulusplantations in the central highlands of Ethioggva Fennica
22(4): 307-321.

Porfit, R.I. and Scott, R.G. 1984. Effect of mulcbvers and herbicides on the
establishment, growth and nutrition of poplar andlow seedlings.
Aspects of Applied Biolody 303-313.

Pramod, J. and Mohapatra, K. P. 2012. Developingpiad quality index for
ravenous ustifluvents of the semi-arid region odiidgn Journal of the
Indian Society of Soil Scien66(2): 116-124.



Qian, L. Yaning, C. and Weihong, L. 2007. Reseaoch soil physical and
chemical effectheical properties of newly reclaimedsteland in arid
desert areaXinjiang Agricultural Scienced4(3): 318- 321.

Quirk, J.P. and Schofield, R.K. 1995. The effetiage of planting stock and
hydrogel concentrations on soil water absorptimurnal of Soil Science
6: 163-178.

Racey, G.D., Glerum, C. and Hutchinson, R.E.198% practicality of top-root
ratio in nursery stock characterizati¢imrest Chronicleés9: 240-243.

Rancane, S., Makovskis, K., Lazdina, D., Daugavéle, Gutmane, I. and
Berzins, P. 2014. Analysis of economical, sociatl @&nvironmental
aspects of Agroforestry systems of trees and pakharbaceous plants.
Agronomy Researcti?(2): 589-602.

Rasool, F., Anjum, K., Qadir, A., Nouman, Y., Afz8. and Azhar, M.A. 2014.
Economic analysis of different Shishamaf{bergia sissop rotations at
Chichawatni irrigated plantation, PakistamVorld Applied Science
Journal29(9): 1099-1106.

Roller, K.J. 1977. Suggested minimum standardscéotainerized seedlings in

Nova ScotiaCanada Forest Service Department. Inf. RdpX: 69.

Rose, H., Kroiher, F. and Sabin, T. 1997. Root nwuand growth of Panderosa
pine and Douglus fir seedlings: a summer of eigltwgng seasons.
Western Journal of Applied Foresttg: 69-73.

Sajid, M., Parvaiz, M., Haq, I., Wahid, F., Shahif.Sand Ali, I. 2012. Response
of plane tree Flatanus orientalis to cuttings and planting dateShe
Journal of Animal and Plant Scienc2®2): 420-424.

Xiv



Salek, L. and Sloup, R. 2012. Economic evaluatibproposed pure and mixed
stands in central Vietham highlandsurnal of Agriculture and Rural
Development in the Tropics and Sub-trodi8§(1): 21-29.

Salvador, P.V., Puertolas, J., Penuelas, J.L. dadefes, R. 2005. Effect of
Nitrogen fertilization in the nursery on the drougind resistance of
Mediterranean forest specidavest Agrar: Sist Recur Fofdl4(3): 408-
418.

Sardar, M.R. 1992. Effect of different planting hemues on survival and

performance of fodder treeBakistan Journal of Forest§2(2): 81-86.

Sarvar, S., Ahmads, F., Hamid, F. S., Khan, B. Ml Khurseed, F. 2007. Effect
of different nitrogenous fertilizers on the growahd yield of three year
old tea Camellia sinensisplants.Sarhad Journal of Agricultur@3(4):
907-010.

Sathish, H.C., Balachandra, K.V. and Reddy, V. 2@3onomic evaluation of
tree species in coffee based agroforestry systarmataka Journal of
Agricultural Science2((2) : 440-441.

Schielle, C.H., Jug, A., Makeschin, F. and Rehfu&sk. 1999. Short rotation
plantations of Balsam poplars, Aspen and willowdamer arable land
in the Federal Republic of Germany- Site growtlatitehships.Forest
Ecology and Managemeh®1 41-55.

Schweier, J. and Becker, G. 2013. Economics of jaomhort rotation coppice
plantations on marginal lands of GermaByomass and Bioenerdyo:
494-502.

Scott, L. C. 2007. Impact of mulches on landscdpatp and the environment: a

review.Journal of Environmental Horticultur25(4): 239-249.



Shams, U.R.R. 2004. Afforestation of Saline SailsSouth Asia a case study.
RAP-Publicatiod: 113-120.

Shogren, R.L. and Rousseau, R.J. 2005. Field testin paper/polymerized
vegetable oil mulches for enhancing growth of eastettonwood trees

for pulp.Forest Ecology and Environme2®8 155-122.

Singh, B. 1998. Contribution of forest fine roatsreclamation of semi-arid sodic
soils.Soil Research and Rehabilitatid2(3): 207-222.

Singh, G., lbrol, I.P., Cheema, S. and Singh. (B91%ffect of management
practices on mesquiteP(osopis chilensjsin a highly alkaline soil.

Indian Journal of Agricultural Sciencé&$®(1): 1-7.

Singh, M.P. and Tiwari. D.N. 1996. Agroforestry amdastelands. Anmol
Publications Pvt. Ltd. Ansari Road, Daryaganj, Ne&hi, pp 146-147.

Singh, R.K., Panwar, S.K. and Pandey, A.K. 1992ldgjical reclamation of fly
ash.Journal of Tropical Forestr(1): 38-43.

Snellgrove, M.J. and Mayhead, G.J. 1995. The etieglant type and age on the
stumping of common walnutlgglans regial.). Quarterly Journal of
Forestry89(1): 46-51.

Strauss, C.H., Grado, S.C. and Bowersox, T.W. 1888®nomic evaluations of
multiple rotation SRIC biomass plantatior®olar Energy41(2): 207-
214.

Stofko, P. 2010. Effects of slow release fertilizef silvamix and silvagen line on
growth of a young spruce and larch forest plantatiree years after
fertilization. Folia Forestelia Polonic&?2(1): 54-60.

XVi



Subbiah, B.V. and Asija, G.L. 1956. A rapid procedldior the estimation of
available nitrogen in soil€urrent Scienc@5: 259-260.

Subudhi, C.R. and Behera, B. 2008. Moisture cordien techniques for forestry
plantations under dryland hill slopedndian Journal of Dryland
Agricultural Research and Developm@¥?2): 89-91.

Tabasi, J.G., Jafary, M., Azarnivand, H. and SagtaM. 2012. Vegetation and
soil properties of a sandy desert affected by sliraboxylon aphyllum
plantation and oil mulchingThe International Journal Environmental
Resources Resear@(B): 1-10.

Tee, N.T. and Labo, I. 2010. Inventory and econawauation of seedling species
in ornamental/forest nursery enterprises in Makuktgtropolis.Journal
of Research in Forestry, Wildlife and Environm2(2): 192-201.

Tomar, O.S., Minhas, P.S., Sharma, V.K., Singh,.YaRd Gupta, R.K. 2003.
Performance of 31 tree species and soil conditimnsa plantation
established with saline irrigatiofRorest Ecology and Managemehi7:
333-346.

Thapa, R. 2003. Agroforestry can reverse land daigi@an in Nepal Appropriate
Technologys0: 40-41.

Thompson, J.E. 1985. Seedling morphological evalnatVhat you can tell by
looking. In: Evaluating Seedling Quality: Principles, Procedurasd
Predictive Ability of Major Test{Ed. M.L. Duryea). Oregon State
University, Corvallis, pp 59-71.

Vlasin, H. and Holonac, L. 2006. The increase a&fsde oak plants fixing and

maintenance percentage in Lechinta Forestry Distridletinul-



Universitatii-de-Stiinte-Agricole-si-Medicina-Veteara-Cluj-Napoca-
Seria-Horticultura63: 106-110.

Verma, P., Verma, V. and Sagar, R. 2013. Effechigiogenous fertilizers on
establishment and growth of herbaceous vegetatian seasonally dry
tropical environment of Indidzorest Ecology and Managemetfi7: 15-
26.

Viero, P.W.M., Little, K.M. and Oscroft, D.G. 200H8stablishment oEucalyptus
grandisX camaldulensiglones in Zululand: the effect of a soil-amended
hydrogel ICFR-Bulletin-Serie§’: 12.

Walky, A. and Black, I. A. 1934. An estimation ofgthareff method for
determining soil organic matter and a proposed fiwadion of the

chronic acid titration metho&oil Scienc&87: 29-37.

Watson, D. 1988. Effect of black polythene mulch tme growth and
development oPopulus deltoides. Journal of Forestry Resedsd(6) :
106-109.

Wild, A. 1972. Nitrate leaching under bare fallotvaasite in northern Nigeria.
Journal of Soil Scienc23: 315-323.

Wilson, B.C. and Jacobs, D.F. 1996. Electrolytkdgg from stem tissue as an
indicator of hardwood seedling: physiological ssatuind hardinesSree
Physiologyl4: 1313-1325.

Xu, Z.H., Bubb, K.A. and Simpson, J.A. 2000. Eftecif nitrogen fertilization
and weed control on nutrition and growth of a fgear oldAraucaria
cunninghamiiplantationin subtropical AustraliaJournal of Tropical
Forest Sciencé4(2): 213-222.



Zhao, C. and Liu, Q. 2009. Growth and physiologreabonses d®icea asperata
seedlings to elevated temperature and to nitrogetiliZzation. Acta
Physiol. Plant31: 163-173.

XiX



Average weather conditions of the plantation sitedr the year 2013-2014

Appendix-1

Weather Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct.
parameters (2013) | (2013) | (2014) | (2014) | (2014) | (2014) | (2014) | (2014) | (2014) | (2014) | (2014) | (2014)
Temperature®C) 19.5 11.6 -1 8.8 16.8 18.5 25.4 27. 32 315 8.62| 214
Rainfall (mm) 217.5 281.8 460.5 481. 462(8 367.9 85.@ 230.7 230.5 210.5 205 198.
Relative humidity (%) 37.1 39.7 67.8 67 65.: 388 3.4 | 345 36.9 39.8 45.8 42.5




Appendix-II

Effect of different mulching materials on moistureregimes of soils in poplar plantations done on prdematic sites in autumn
season

Fortnightly intervals (1% January to 3% October)
Pit types
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20
g{dlnal’y 44.71333 44.71333 57.0766y 63.43333 60.93333 4538 37.4 38.66667 35.56 36.05 29.54 28.536p7 27.658331.78867 20.53667| 30.02 29.16 31.44 33.41333 314466
Ring pit 47.84667 47.84667| 62.54 63.08647 65.34 47.71667 81867 41.3 36.18333 39.49 32.86333 31.34667 29.88 3.15867 21.81 29.96667 33.23647 35.36 38.83333 1333
Saucer pit 48.69 48.69 64.41333 71.8166[7 65.876p7 51.0¢4 48836 44.71667 41.73333 39.8066[7 37.176p7 31.98667 29887 26.05 27.50333 39.38 34.98333 40.75 39.40B33 38.7




Appendix-Ili

Effect of different pit shapes on moisture regimesf soils in poplar plantations done on problematisites in autumn season

Fortnightly intervals (1 January to 3% October)

Pit types
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 Plp P16 P17 P18 P19 P20
g)i:dinaw 31.96333| 44.34667| 35.18333 43.33] 41.23667 44.4 638D | 43.09667| 38.7466 25.73 25.73 24.10333 2531233 21.47 18.98333| 24.6366f  22.623: 24.8 21.47 0665
Ring pit 41.76333 | 58.31333 53.46 51.88333  43.03333  46.983381.26333 | 45.32333 39.46 28.56333  26.66667 2741 37333 | 24.16667| 19.8133 26.66647 27.4 23.37833 16887 | 19.34667
;?ucer 45.18333 62.44 49.8366 51.99 45.74 49.42867 47.3446.02667 | 42.96667| 29.79338  29.79333  29.39333 267246 27.45333| 23.50667  28.95333 28.5 26.28667 273533 21.59




Appendix-IV

Effect of different pit sizes on moisture regimesfosoils in poplar plantations done on problematici¢es in autumn season

Fortnightly intervals (1% January to 3% October)

Pit sizes
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P1p P16 P17 P18 P19 P20
30%45 cni 67.06 60.07667| 58.0666 55.55 54.6 35.97667 36.99 1.423 34.14 36.60667| 25.73 24.10333  25.12333 21.47 8.98B33 | 24.63667| 22.6233 24.81] 21.41 15.60
45x60 cni 72.33 61.52 58.98333 60.3666[7  61.473B3 35.76 462016 33.11667 36.91 38.26338  26.66667 27.41 23.37B324.16667 | 19.81333  26.6666} 27.41 23.37333  24.16p6T9.34667
60%60 cri 80.04 61.35 65.19 61.9133: 66.83 39.96383 40.98 05333 | 40.75333| 39.2033 29.79333  29.39333  26.286677.45333 | 23.50667| 28.95338 28.5 26.28667  27.45833 1.592




Appendix-V

Effect of different mulching materials on moistureregimes of soils in poplar plantations done on prdematic sites in spring

season
Fortnightly intervals (1% April to 31% October)
Mulching
materials
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14

Control 39.43 38.66667 35.56 36.05 29.54 29.67 27.65333 78B67 20.53667 30.02 29.16 31.44 33.41333 31.44667
Ordinary mulch | 40.81667 41.3 38.76 39.49 32.86333  31.34667 28.08 3.15867 24.45 29.96667  33.23667 35.26 35.47 3431183
Black polythene 42.45 44.71667 41.73333 40.12 37.17667 31.98667 29887 26.05 27.50333 40.32 34.98333 40.7% 39.40833 36.95




Appendix-VI

Effect of different pit shapes on moisture regimesf soils in poplar plantations done on problematisites in spring season

Fortnightly intervals (1% April to 31" October)

Pit types
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14
Ordinary pit 38.58 43.09667 38.74661 25.73 25.73 26.55 25.12B3321.47 18.98333 24.63667 22.62333 24.81 21.47 16560
Ring pit 41.26333 45.32333 40.55 28.5633 26.66667 27.41 37333 24.16667 19.8133 26.66667 27.41 23.37333 16887 19.34667
Saucer pit 45.46 45.35 42.96667 29.79333 29.793B3 29.39833 28867 26.98 23.50667 28.95333 28.5 26.28667 273533 20.85




Appendix-VII

Effect of different pit sizes on moisture regimesfosoils in poplar plantations done on problematic ises in spring season

Fortnightly intervals (1% April to 31 October)
Pit sizes
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14
30%45 cni 38.75 31.42 34.14 36.60667 25.73 24.103B3 25.12833 21.47 18.98333 24.636671 22.62333 24.81 21.4y7 16560
45%60 cni 40.01667 33.11667 36.91 38.26333 26.66667 27.41 37333 24.16667 19.81333 26.66647 27.4] 23.37333 16887 19.34667
60x60 cri 40.58 39.05333 40.75333 39.20333 29.79333 30.85 28867 27.45333 23.50667 28.95333 28.5 26.28667 5333 18.55
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