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CHAPTER-I
INTRODUCTION

Apple (Malus domestica Borkh) is grown all over the world in temperate
regions at an altitude ranging from 1350-2600 nsetideove mean sea level with
an annual rainfall from evenly spread rains up 26-175 cm. It is a native of
South East Asia and Europe and belongs to familsaBeae. In India Jammu and
Kashmir and Himachal Pradesh are the main appleiggostates besides some
hilly areas of Kumon region of Uttranchal. Appleogmn in Kashmir is famous for
its taste, flavour and colour. The state of Jammd Kashmir has an area of
217545 ha under fruit crops with 86651 ha underleegmd has an annual
production 929022 metric tonnes of apple (Anonymd@@00). Among various
land uses cultivation of apple is quite profitabiel represents the fruit industry of
Kashmir sharing 90.99 per cent of total fruit protilon. The apple production is
8.52 metric tonnes although higher in the countryig far below than 40.7 metric
tonnes per hectare-in USA (Nagial. 1998). This low production of fruit in India
is primarily owing to the soil fertility status, @b stock scion vigour besides
following improper orchard management practicee #bonomic ends have given
an impetus to commercial apple production in tlaestesulting in an increase in
area under various fruits which increased from &d&ctares in 1974-75-217545
hectares in 1999-2000 (Anonymous, 2000).

Red delicious, Maharaji and American are the moigc commercial
cultivars of apple in the valley and account forp& cent of apple cultivation.
Plant growth, yield and fruit quality besides thetritional status of tree are
directly influenced by many factors related to eommental conditions and

orchard management. Production of fancy fruits etated to the nutrient



availability in the soil and their absorption byots. Soils having a high nutrient
status give a head start to plants and also redheesxpense of fertilizing the
tree. Soil characteristics to a great extent imfbgethe tree health and quality fruit
production in addition to requirements of differemitrients. Because of the
physiological peculiarities of perennial plants,l sanalysis does not provide
enough information about the nutritional statustlod tree and fertilizer to be
applied in the orchards (Bassb al., 1988). Thus soil and plant analysis are
complimentary to each other because at times oleuwygply the information that
the other may not therefore, it is advisable toswer analysis of both the
components in assessing the nutritional statusunif ¢rops especially those fruit
crops where the plants have deep and ramifiedsysiem. Nutritional imbalance
in the soil causes nutritional disorders and coansetly affects both the quality
and quantity of fruit, in addition the plants be@more susceptible to diseases
and pests. It is therefore, inevitable to have awktadge of nutrient distribution
vertically down the profile and to evaluate the tedrution of subsurface soil to
plant nutrition and potential capacity of soil tgpgly nutrients to the plants.

Apple tree, like other plants need different nurttgein varying quantities to
achieve proper growth and fruiting. As reported (Banwar, 1988) a yield of
7200 kg of apple removes 13.5, 4.6 and 15.9 kg itoden, Phosphorus, and
Potassium, respectively in addition to 4.5, 1.4 ar®l kg of the same by leaves
and wood. This therefore, emphasizes that the eduoke undertaken to establish
and standardize optimum requirement of nutrieninel® for satisfactory yield.
The properties and management of soil may be mibsttiwely studied and
classified accordingly. It provides information feent to nutritional status of soil

and its suitability for different crops. Despiteetimportance of the area under



study for producing quality apple, no systematiedgthas been undertaken with

respect to characterization and nutritional indg»ah apple orchard soil. Keeping

in view the above facts the present investigatiafitted “characterization and

Nutrient Indexing of Apple Orchard Soils of Bangilea of district Baramulla”

was undertaken with the following objectives.

1.
2.

To determine the nutritional status of applénard soils

To study the relationship of available nutrientsthwphysico-chemical
properties and

To study the leaf nutrient status of apple orchards

To study the relationship between available anfina&ient content

To characterize and classify the soil as pdrtawonomy



CHAPTER-II

REVIEW OF LITERATURE

The literature pertinent to the present invesitgats briefly reviewed in
this chapter under the following heads:

2.1 Depth wise distribution of available nutrients

2.2 Physio-chemical properties of soil

2.3 Relationship between available nutrients withygio-chemical

properties

2.4  Leaf nutrient status of apple orchards

2.5 Relationship between available and leaf nutigentent.

2.6 Soil characterization and classification

2.1 Depth wise distribution of available nutrients
2.1.1 Nitrogen

Handoo (1983) found that the available Nitrogentenhin surface soils of
Kashmir valley was medium to high and ranged frd28-304 ppm. Vermat al.
(1985) have reported that soils of Una and Hamidpsirict of Himachal Pradesh
are low in available Nitrogen and those of Kandviandi, Bilaspur, Simla and
Sirmour are medium.

Kaista et al. (1990) observed that the available Nitrogen aania the
north western Himalayan soils varied from 111-5@8npin surface layers and

115-605 ppm in subsurface layers indicating regddeorease with depth.



Makaya and Bishnoi (1990) reported that podzolit kiam soils of
Palampur (H.P) contained 596.0 kg of availableogién per hectare. Mandalal.
(1990) also reported highest nitrogen status irfasar soils and it regularly
decreased with depth in middle hill and upper Hdlest soils of eastern
Himalayas.

Singh and Bhandari (1992) reported that the sdilapple orchards of
Kinnuar district of Himachal were low to medium awvailable Nitrogen. Sharma
and Bhandari (1992) observed that the availableobin ranged from 92.0- 231.0
and 87.0-222.0 ppm with mean value of 158.10 andaIBppm in surface and sub
surface soils of apple orchards of Himachal Pradesipectively.

Mushki (1994) reported that the available Nitrogentent in apple orchard
soils of Kashmir ranged from 56.0 — 140.0 and 22.507.60 ppm in surface and
subsurface layers respectively.

According to Gunjoo (1994) the available Nitrogemtent in mid hill soils
of Jammu region was low to medium ranging from 03445.00 kg per hectare
with a mean value of 230.00 kg per hectare. Wa@94) observed that available
Nitrogen content in surface and subsurface layérsaffron growing soils of
Kashmir varied from 124.54-336.63 and 149.45-37&k&3er hectare with mean
value of 238.62 and 246.61 kg per hectare respdgtiir (1994) reported that
the available Nitrogen content in Almond orcharti&ashmir varied from 64.82-
226.42 ppm with a mean value of 137.90 ppm in serfsoils, where as in sub-
surface soils it varied from 42.44-169.35 ppm wvatimean value of 83.50 ppm.
Peer (1994) observed that soils of Kashmir conthimedium to high content of

available Nitrogen ranging from 278.0 — 511.5 kg Ipectare.



Khanet al. (1997) reported that available Nitrogen in surfaods ranged
from 97- 202 mg per kg where as it ranged from 88-ing kg' in sub-surface
soils in some bench mark soils of Bangladesh.

Walia et al. (1998) reported available Nitrogen ranged fron0989.0 mg
kg soil in surface and 51.0-159.0 mg Nitrogerlepil in sub-surface horizons of
some land forms of Budelkhand region of Utter PshdéAwasthiet al. (1998)
reported that available Nitrogen status of applehards in Shimla district of
Himachal Pradesh ranged from 113.3-173.6 per o&wailable Nitrogen was
negatively correlated with pH and Calcium Chloriddinhas and Bora, 1982;
Agarwal and Tripathi, 1977).

2.1.2 Phosphorus

Gupta (1974) observed that the available Phosphorssils of Jammu and
Kashmir varied from 9.15-30.0 ppm. Singh and Raifi®82) have reported that
the concentration of available Phosphorus rangeadas 28-32 ppm in the soils
of north western Himalayas. The total and avail&iesphorus did not depict any
conspicuous pattern with soil depth.

Handoo (1983) reported that the surface horizonghef soils of J&K
showed medium to high available Phosphorus statdsttee content varied from
7.5-12.5 ppm in Kashmir valley with a decreasingntt with the depth. The
available Phosphorus in peach orchard soils of @&umgaried from 2.0-48.0 and
2.0-56.0 mg kg soil in surface and sub-surface layers, respdgtiArora, et al.
1989). Chibba and Sekhon (1985) did not find angspccuous relationship of
available Phosphorus with depth. Singh and Ahu@9Q) while studying the
distribution of Phosphorus reported low to mediuro$phorus status with

maximum accumulation of available Phosphorus ifeserlayer of Ghagger River



Basin. Mandalet al. (1990) observed a uniform distribution of avaitbl
Phosphorus in some pedons of Eastern Himalayadlatla Phosphorus ranged
from 5-15 mg kg soil (Khanet al. 1997). Chaudhry and Dass (1990) reported that
available Phosphorus ranged from 3-10 ppm in sar§ails and 1-21 ppm in sub-
surface soils in Ravines of Yumana. Thakur and Bhan(1986) have reported
that organic carbon and calcium carbonate conignifieantly effect Phosphorus
content of soils. Jaggit al (1990) found that available Phosphorus in theasarf
soils of Himachal Pradesh was in the range of 9.3-ppm.

Makaya and Bishnoi (1990) reported that availallledphorus in podzolic
silt loam soils of Palampur (H.P) was 10.9 kg'h&anaiet al. (1991) reported
that available Phosphorus in the soils of cherghards of Kashmir valley (J&K)
ranged from 6.60-14.50 ppm. Kanthalya and Bhat 1)9%ve observed non-
significant correlation of available Phosphorushwitrganic carbon which they
attributed to dominance of inorganic Phosphorus.

Singh and Bhandari (1992) reported that apple occisails of Kinnuar
districts (H.P) were high in available Phosphorasging from 14-52 ppm.
Sharma and Bhandari (1992) reported that avail&blesphorus in surface and
subsurface soils of apple orchards of Himachal éstadanged from 10.5-40.5 and
6.5-34.33 ppm with mean value of 25.5 and 17.9 ppspectively.

According to Mir (1994) the available Phosphorusedfrom 5.11- 13.33
and 2.59-15.16 ppm in surface and subsurface layfeadmond orchard soils of
Kashmir, respectively. The available Phosphoruspiple orchard soils of Kashmir
varied from 10.0-26.00 and 09.0-26.0 ppm in surfacel subsurface layers,
respectively (Mushki 1994). According to Gunjhoo99%) the available
Phosphorus in mid hill soils of Jammu region variesin 7.30 —22.50 kg ha



Wani (1994) observed a range of 8.00-14.00 and-84000 ppm of available
Phosphorus with mean values of 10.00 and 9.50 ppsuiface and subsurface
layers of saffron growing soils of Kashmir, respeslly. According to Awasthéet
al. (1998) the available phosphorus content of apptbards in Shimla district of
Himachal Pradesh ranged from 25.7-45.6 per cent.

2.1.3 Potassium

Handoo (1983) reported that available Potassiusoils of Kashmir varied
from 64.0-136.0 ppm in the surface horizons. Veanal. (1985) have observed
that in most of the soils of Himachal Pradesh add Potassium is medium to
high. The available Potassium in peach orchards safilPunjab decreased with
depth and ranged from 57-249 mg'kspil in surface layers and 37-249 mg'kg
subsurface layers, respectively (Aretal. 1989).

Makaya and Bishnoi (1990) found that available Bgitan in podzolic silt
loam soils of Palampur (H.P) was 223.9 kg"hilandalet al. (1990) reported a
range of 47.2-289.3 ppm in some forest soils ofezaddimalayas.

Ganai, et al. (1991) observed that available Potassium in gherchard
soils of Kashmir ranged from 84.0-130.0 ppm. Acaagdto Singh and Bhandari
(1992) the apple orchard soils of Kinnuar distattHimachal Pradesh were high
in available Potassium and ranged from 120.0-1ppm®. Sharma and Bhandari
(1992) observed that available Potassium in appthasd soils of Himachal
Pradesh ranged from 182.0-540.0 ppm with a mearewafl 340.0 ppm in surface
layers and 135.0-415.0 ppm with a mean value of 2p6Bm in sub-surface layers.

Peer (1994) reported that soils of Kashmir vallelyileited a medium range
of available Potassium and it was in the range20®-105.0 ppm. According to

Mir (1994) the available Potassium in almond ordhaoils of Kashmir varied



from 108.44-207.75 and 67.32-151.84 ppm in surfand sub-surface layers,
respectively with maximum amount in surface horgon

Wani (1994) observed that available Potassium statas high in saffron
growing soils of kashmir and ranged from 219.52-803pm with a mean value
of 277.5 ppm in surface layers and 206.80-300.1&% pypth a mean value of
261.80 ppm in sub-surface layers. According to Gon{1994) the available
Potassium in mid hill soils of Jammu region variezim 65.0-334.0 kg Hawith a
mean value of 189.0 kg fiaAccording to Mushki (1994) the available potassiu
in apple orchard soils of Kashmir ranged from 0:-81%78 per cent. The available
Potassium content in the apple orchard soils of ddimal Pradesh ranged from
115-220 mg kg with mean value of 164.3 in surface soils and B85 with a
mean value of 133.6 mg Rdn sub-surface soils (Sharma and Bhandari, 1995).

Dar (1996) reported that available Potassium canteralmond orchard
soils of district Srinagar of Kashmir ranged fro.@205.0 ppm. Dast al.
(1997) reported that available Potassium variednfrd10-220 mg Kg in
watershed areas of Phulbani district of Orissa.rkdtal. (1997) reported that the
available potassium in bench mark soils of Bangthdanged from 51-477 mg kg
! soil. Awasthiet al. (1998) reported that Potassium content in appieard soils

of Himachal Pradesh ranged from 143.0-191.5 witlean value of 161.9 ppm.

2.1.4 Calcium

Bansalet al. (1969) reported that Calcium content ranged fa8rb-20.0
and 11.0-34.25 m.e per 100 gm soil in surface aibdssirface layers of Andhartal
soil series of Madhya Pradesh, respectively ingigasin accumulation of Calcium

in Bhorigon. Handoo (1983) observed that excharlge&alcium varied from



13.5-18.75 m.e per 100 gm soil in the soils of Kastand was the most dominant
cation in soils. The exchangable Calcium in the zotid silt loam soils of
Palampur (H.P) was 4.0 Cmol kgsoil as observed by Makaya and Bishnoi
(1990). Kaisthat al. (1990) found that exchangable Calcium in the safilaorth
western Himalayan soils varied from 3.2-22.6 Cnpt koil. Vermaet al. (1990)
reported that exchangeable calcium in the highudk soils of Kashmir ranged
from 0.75-20.40 Cmol K§ soil with Calcium as dominant cation. Exchangeable
Calcium varied from 5.2 — 17.5 Cmol kgn mid Shiwalik hills of Himachal
Pradesh (Singkt al., 1990). Sannigratet al. (1990) observed 6.2-27.0 Cmol kg
soil Calcium in different horizons of some hill sobf Nilgiri. While studying
some Alfisols in Orissa, Sahu and Patnaik (199@ndb Calcium as dominant
cation in exchange complex and also observed higimunt in sub-surface than
in surface soils.

Singh et al. (1991) while studying the forest soils of Mizoramund
Calcium as a dominant exchangeable cation folloledlagnesium and also no
regular distribution of these cations was obsewih respect to altitude.

Gupta and Tripathi (1992) observed that exchange@blcium in the soils
of north west and central Himalayan region of HieldPradesh ranged from 18-
6.3 Cmol k@' soil. Singh and Bhandari (1992) reported that @mpthard soils of
Kinnuar district of Himachal Pradesh were high waitable Calcium and ranged
between 840-230 ppm. Sharma and Bhandari (1992)rtexp that available
Calcium in apple orchard soils of Himachal Pradesls in the range of 256-1216
ppm with a mean value of 620 ppm in surface layerd 152-1076 ppm with a
mean value of 485.2 ppm in subsurface layers. R&894) observed that

exchangeable Calcium was a dominant cation varyorg 12.96-15.10 C mol kg



! soil in soils of Kashmir. According to Mushki (199the exchangeable Calcium
in apple orchard soils of Kashmir varied from 62080 and 5.60-18.00 Cmol kg
! soil in surface and subsurface layers, respegtivel

Wani (1994) found hat exchangeable Calcium in s@akron growing
soils of Kashmir ranged from 12.5-17.1 and 13.0@18mol kg with mean values
of 14.8 and 15.9 Cmol kgsoil in surface and subsurface layers, respegtivel
Sharma and Bhandari (1995) reported a range ofl680-mg kg soil available
Calcium in apple orchard soils of Himachal Pradd3ar (1996) reported that
available Calcium content in cherry orchard soflglistrict Srinagar ranged from
1880.0-2280.0 ppm. Awastlat al. (1998) while assessing the nutrient status of
apple orchards of Himachal Pradesh reported thailadke Calcium content in
soils ranged from 12.94-16.03 ppm with a mean vafuE389 ppm. Awastlst al.
(1999) reported that Calcium content in peach artisails of Sirmour district of
Himachal Pradesh ranged from 1.28-1.65 ppm witreamvalue of 1.40 ppm and
the status was medium to high.
2.1.5 Magnesium

According to Handoo (1983) exchangeable Magnesianthe soils of
Kashmir valley varied from 2.40-4.40 m.e per 108og with no definite trend in
its distribution along the profile

The exchangeable Magnessium content in the podsdtidcoam soils of
Palampur (H.P) was 2.0 Cmol kgoil (Makaya and Bishnoi, 1990). Kaistétzal.
(1990) found that exchangeable Magnesium ranged €rd-9.5 Cmol kg soil in
the soils of north western Himalayan region Vernal. (1990) reported that the
exchangeable Magnesium in high altitude soils ofh€air was found in the range

of 0.25-6.75 Cmol kg soil by Vermaet al. (199). Sahu and Patnaik (1990) found



poor content of Magnesium in some Alfisols of Caisanging between 0.1-1.8
Cmol kg* soil. Singh and Bhandari (1990) reported thatapple orchard soils of
kinnour district of Himachal Pradesh were high irailable Magnesium and it
ranged between 440-1520 ppm. Gupta and TripathR2)%bserved that
exchangeable Mg in soils north west and central atyan region of Himachal
Pradesh varied from 1.9-14.5 Cmol goil. Sharma and Bhandari (1992)
reported that available Magnesium varied from 138-3 ppm with a mean value
of 225.6 ppm in surface soils of apple orchardslimhachal Pradesh, where as it
varied from 72.0-276.0 ppm with a mean value of.2$m in sub-surface soils.

Singhet al. (1991) found exchangeable Magnesium decreasiogaihe
depth at different altitudes in the soils of MizoraBhoumik and Totey (1990)
reported a range of 2.6-12.0 Cmol “kip some teak forests of Madhya Pradesh
with less recycling of Magnesium to “A” horizon th&alcium. Updhayay and
Awasthi (1993) while studying the leaf nutrient gas of apple trees in Himachal
Pradesh revealed that magnesium content in theaajed from 4.19-13.57 ppm
with a mean value of 12.55 ppm. Wani (1994) rembtieat the exchangeable
Magnesium in saffron growing soils of Kashmir rangeom 1.5-2.8 and 1.2-3.0
Cmol kg' soil with mean value of 2.2 and 2.3 Cmol'kspil in surface and sub-
surface layers, respectively.

According to Peer (1994) the exchangeable Magnesukashmir soils
ranged from 2.45-3.45 Cmol P kg" soil. Gunjoo (1994) found that the
exchangeable Magnesium in mid hill soils of Jammgion was 2.74 Cmol (P
soil. Sharma and Bhandari (1995) while analyzing thineral nutrient status of
apple orchards of Himachal Pradesh revealed thetMhAgnesium content of

orchard soils ranged between 20-600 ppm with a nwadure of 421.4 ppm and



reported that Magnesium showed an inconsistengnpaitt soil layers. Sannigrahi
et al. (1996) observed a range of 2.5-10.9 Cmot kgchangeable Magnesium in
some dominant soil series of Nilgire.

Daset al. (1997) reported that exchangeable Magnesium cvdram 0.2-
1.7 Cmol kg' in some Alfisols of Meghalya. Awasthit al. (1998) while
analyzing the nutrient status of apple orchardblioiachal Pradesh revealed that
the Magnesium content in orchard soil ranged betwi5-528 ppm with a mean
value of 440 ppm in soils. similarly Awastet al. (1999) while working on
mineral nutrient status of peach orchards in Simabstrict of Himachal Pradesh
observed that Magnesium content in soil ranged &&tw895.0-567.0 ppm with a
mean value of 443.0 ppm in soils.
2.1.6 Sulphur

Westwood (1988) reported that best availabilitySofphur in the soil was
in the pH range of 6.0-10.0 and main source of IBulpn the soil may come from
SO, in irrigation water, residues of pesticides sprayganic matter and Sulphur
containing fertilizers. According to Arora al. (1989) the available Sulphur in
peach orchard soils of Punjab ranged from 5.7-32® 5.7-28.3 mg kysoil in
surface and sub-surface layers respectively. Bglmmar and Satyanarayana
(1990) have observed that water soluble and swphiphur were low in surface
horizons and increased with depth in some soilaarth Karnataka. They have
further indicated that the water soluble sulphutedafrom 1.4-230.6 ppm with an
average of 28.7 ppm while as sulphate Sulphur gdramn 2.8-250.0 ppm with an
average of 29.3 ppm. Tripathi and Singh (1992) nleskthat sulphate sulphur in
the soils of Himachal Pradesh ranged from 5.5-ppr& and showed a decreasing

trend with the depth. Singh and Bhandari (1992preul that apple orchard soils



of kinnour district of Himachal Pradesh were highavailable Sulphur and ranged
from 6.0 — 45.0 ppm.

Sharma and Bhandari (1992) observed that sulphafh& ranged from
7.2-29.4 ppm with a mean value of 14.3 ppm in s@fiayers and from 6.2-30.7
ppm with a mean value of 14.9 ppm in sub surfagertaof apple orchards of
Himachal Pradesh and it showed an inconsistentilision pattern with soil
depth. Sreemannarayan and Raju (1994) observed atraitable Sulphur in
Vertisols and Alfisols were 13.04 and 8.20 mg’kspil, respectively. Gunjoo
(1994) reported that the sulphate Sulphur in thé hil soils of Jammu region
raged from 2.80-7.10 ppm with a mean value of 4pih. Bhogalet al. (1996)
reported that available Sulphur ranged from 1.8.82ng kg' in surface soils in
Calciorthents of north Bihar. Trivedt al. (1998) reported that different forms of
Sulphur in general decreased with depth and showigdificant positive
relationship with organic carbon content. Venkatesid Satyanarayan (1999)
reported that available Sulphur ranged from 3.5 ppm with an average of 11.1
ppm in Vertisols of north Karnataka. The sulphatdpBur ranged from 7.3 -
136.0 mg kg with mean value of 45.9 mg Kgn Inceptisols of Delhi (Gowri -
Sankar and Shukla, 1999). As reported by Dar (1986 pavailable Sulphur was in
the range of 8.62 — 11.25 ppm with an inconsistigstribution pattern, in cherry
orchard soils of Srinagar district of Kashmir.

2.1.7 Zinc

Bansalet al. (1969) reported that Zinc content in Adhartall s@ries in
Madhya Pradesh varied from 0.2-0.8 ppm in surfayers and 0.21-1.3 ppm in
sub-surface layers, respectively. According to Goxd Kamprath (1972) the

critical range for DTPA-extractable Zinc in soil sv@.5-1.0 ppm. The available



Zinc content in the hill soils of Utter Pradesh viasnd in the range of 0.29-6.80
ppm by Rawat and Mathpal (1981). Gastal. (1982) found that available Zinc
in apple orchards of Anantnag (J&K) ranged from011290 ppm in surface soils
and 0.4-1.80 ppm in sub-surface soils. Bhandari Raddhawa (1985) exhibited
that available Zinc varied from 0.2-3.5 ppm withmeean value of 1.6 ppm in
surface soils, while as it varied from traces ilid ppm with a mean value of 0.4
ppm in subsurface soils of apple orchards of HirmhBnadesh. Saket al. (1986)
observed that available Zinc in sub himalayandmiil forest region soils of Bihar
ranged from 0.15-7.80 ppm with a mean value of TPt Jalaliet al. (1989)
reported that DTPA-extractable Zinc in high altgusbils ranged from 0.35-0.65
ppm and was higher than that of karewas and valeyn soils of Kashmir. They
further reported that available Zinc decreased witih depth. Aroraet al. (1989)
observed that available Zinc varied from 0.29-220d 0.11-1.94 mg Kg
soil in surface and sub-surface soils of peach ardsh of Punjab, respectively.
According to Kanthaliya and Saxena (1992) the abéd Zinc in semi arid soils of
Rajasthan varied from 0.36-1.41 ppm with a meanevaf 0.65 ppm. Sharma and
Bhandari (1992) found that available Zinc in applkehard soils of Himachal
Pradesh varied from 0.75-4.60 and 0.47-3.50 witlanmealues of 2.6 and 1.48
ppm in surface and sub-surface layers, respectivdpadhayay and Awasthi
(1993) reported that Zinc content in Himachal Psadsoils ranged from 2.76-4.19
ppm with a mean value of 3.58 ppm. According to Mas(1994) DTPA-
extractable Zinc in apple orchard soils of Kashwaried from 0.47-0.66 ppm.
Tripathi et al. (1994) reported that available Zinc varied frorb-2.8 mg kg soil
with a mean value of 0.5 mg Kgsoil and indicated that it decreased with depth.

Dar (1996) observed that DTPA-extractable Zinchercy orchard soils of district



Srinagar varied from 0.33-1.82 ppm. Khanal. (1997) while analyzing the
production potential of some bench mark soils ohdgadesh revealed that Zinc
content in different soil series varied from 0.166.mg kg'.

Mamgainet al. (1998) reported that the available Zinc contentapple
orchard soils of Himachal Pradesh ranged betweég-266 ppm with a mean
value of 2.99 ppm.

2.1.8 Copper

Bansalet al. (1969) observed that the Copper content in sarfacd
subsurface soils of Adhartal series of Madhya Fsadearied from 0.4-0.8 and
0.1-2.4 ppm, respectively. According to Rawat anadtial (1981) the available
Copper in the hill soils of Utter Pradesh rangednfr0.23-5.4 ppm with an
average value of 2.68 ppm. Saltlal. (1985) reported that available Copper in
calcareous soils was in the range of 0.2-10.7 @mandari and Randhawa (1985)
observed that available Copper in apple orchard$imfichal Pradesh varied from
0.8-7.6 and 0.1-5.3 ppm with mean value of 2.3 Addppm in surface and sub-
surface soils, respectively. According to Kanwad dmipathi (1986) the soils of
north western Himalayan region showed a range 4f4@ ppm of DTPA-
extractable Copper. Sakdl al. (1986) observed that DTPA-extractable Copper
varied from 0.21-5.88 ppm with a mean value of 1pBin in sub Himalayan hill
and forest region soils of Bihar. According to Jadaal. (1989) the available
Copper in soils of Kashmir ranged from 0.07-0.38pproraet al. (1989) found
that available Copper in peach orchards of Punjab v the range of 0.07-2.24
and 0.03-2.24 mg Ky soil in surface and sub-surface soils, respegtivéhe
available Copper in apple orchards of Himachal &shdanged from 1.4-9.7 and

1.1-4.2 ppm with mean value of 4.4 and 2.6 ppmuifiese and sub-surface soils,



respectively (Sharma and Bhandari, 1992). Kanthadiyd Saxena (1992) reported
that available Copper in semi arid soils of Rajastlaried from 0.25-1.44 ppm
with a mean value of 0.69 ppm. In saffron growiralss of Kashmir DTPA-
extractable Copper ranged from 0.15-0.50 and 0.2R-ppm with mean value of
0.35 and 0.18 ppm in surface and sub-surface layespectively. Tripathét al.
(1994) revealed that the content of DTPA-extraeaBlopper decreased with
depth and was in the range of 0.4-4.8 mg kgil with an average value of 1.7 mg
kg™ soil. Mushki (1994) observed that DTPA-extractaBlapper in apple orchard
soils of Kashmir valley varied from 1.52-1.80 ppAccording to Sharma and
Bhandari (1995) the Copper content of Himachal &shdsoils were found in the
range of 1.1-6.5 mg kggand 0.8-5.2 mg Kgof soil with mean value of 3.6 and 2.9
mg kg' of soil in surface and sub-surface layers, respagt Upadhayay and
Awasthi (1993) while working on leaf nutrient rasgef plus apple trees in
Himachal Pradesh found that Copper content in saitged from 2.32-4.44 ppm
with a mean value of 3.30 ppm.

Dar (1996) revealed that the DTPA-extractable Coppantent in the
cherry orchard soils of district Srinagar rangeahfr0.88 to 2.89 ppm. Khaat al.
(1997) observed that the Copper content in benatk swls of Bangladesh varied
from 1.3-1.0 mg kg of soil. Mamgainet al. (1998) while working on the
relationship between fruit yield and nutrient repdr that Copper content in
Himachal Pradesh soil was in the range of 2.86-$@d® with a mean value of
3.38 ppm.

2.1.9 Manganese

Rawat and Mathpal (1981) found that available Maiega in hill soils of

Utterpradesh ranged from 3.6-26.0 ppm with a meatuev of 13.0 ppm.



According to Sakaét al. (1985) the calcareous soils of Bihar contain€d13.1.9
ppm of available Manganese. The available Manganésepple orchards of
Himachal Pradesh varied from 7.3 —188.8 and 1.3-8pm with mean value of
58.5 and 18.7 ppm in surface and subsurface gedpectively (Bhandari and
Randhawa, 1985). According to Sakahkl. (1986) the available Manganese was
found in the range of 1.75-82.50 ppm with a mednesaf 17.85 ppm in soils of
sub-Himalayan hill and forest region of Bihar. Gdjiagadkar and Rathore (1988)
reported that DTPA-extractable Manganese in sdil&walior (M.P) was in the
range of 1.6-23.6 ppm with a mean value of 6.9 pjataliet al. (1989) reported
that available Manganese in soils of Kashmir desgdavith depth.

Arora et al. (1989) observed that available Manganese rafrged 4.7-
18.9 and 0.50-33.3 mg Rgn surface and sub-surface soils in peach orchaifrds
Punjab, respectively. The available Manganese ppleaorchards of Himahcal
Pradesh ranged from 8.0 — 68.00 and 6.0-28.0 pmuriiace and subsurface soils,
respectively (Sharma and Bhandari, 1992). Kanthalgnd Saxena (1992)
observed that available Manganese insemi arid ebigajasthan varied from 4.4-
23.6 ppm with a mean value of 11.61 ppm. Upadhayealy Awasthi (1993) while
working on leaf nutrient ranges of apple trees im&thal Pradesh observed that
the DTPA-extractable Manganese content of appléavct soils of Himachal
Pradesh ranged between 30.1-42.8 ppm with a mele vd 36.4 ppm. The
DTPA-extractable Manganese in apple orchard sdil&ashmir varied from
19.30-28.9 ppm (Mushki, 1994). Tripatkt al (1994) reported that avaialble
Manganese with an average value of 29.0 m§ gjl did not show any specific
distribution trend with depth. Wani (1994) observdtht DTPA-extractable

Manganese in saffron growing soils of Kashmir vérfeom 2.0-78.0 and 0.95-



36.7 ppm with mean value of 17.88 and 9.81 ppnurfase and subsurface layers,
respectively.

Basso and Williams (1988) while working on nutnigd status of apple
orchards of Brazil observed that most of the sadse having normal range of
Manganese content.

Dar (1996) reported that the DTPA-extractable Mawege in cherry
orchard soils of Srinagar district varied from 26X.0 ppm. Kharet al (1997)
observed that Manganese content in bench mark gobBsingladesh ranged from
7.0-79.0 mg kg of soil. Mamgainet al. (1998) observed that the DTPA-
extractable Manganese ranged between 13.5-26.9pibna mean of 22.1 ppm in
soils of Himachal Pradesh.
2.1.10lron

According to Rawat and Mathpal (1981) the availdbda in hill soils of
Utter Pradesh ranged from 0.4-8.40 ppm with a nwedune of 3.20 ppm. A range
of 9.0-84.0 and 2.2-62.5 ppm with mean value oD4&hd 21.3 ppm in surface
and sub-surface soils of apple orchards in Hima&hradesh was observed by
Bhandari and Randhawa (1985). Sa#tahl. (1985) observed a range of 1.4-19.0
ppm of available Iron in calcareous soils of Bibarraet al. (1989) reported that
available Fe varied from 4.5 —17.0 and 4.3-17.2kg soil in surface and sub-
surface soils of peach orchards in Punjab, respaygti Ranaet al. (1984)
observed that only 2.2 per cent orchard soils ima&tihal Pradesh were showing
sufficient index for DTPA-extractable Iron. Jaladi al. (1989) observed that
available Fe generally decreased with depth andhigiger in high altitudes and
valley basin soils than in karewa soils and theyeawas 24-124, 6-116 and 3-21

ppm, respectively. Kulkarni and Vasuki (1991) rdpdrthat DTPA-extractable



Iron ranged from 2.8-6.0 ppm in surface soils ofriiédaka. The DTPA-
extractable Iron content in calcareous soils ofaBiranged from 3.1-36.4 ppm
with a mean value of 8.3 ppm (Prasad and Sakall)13%@nthaliya and Saxena
(1992) reported that available Iron insemi aridssof Rajasthan varied from 2.4-
11.0 ppm. Sharma and Bhandari (1992) reportedatailable Iron varied from
22.6-18.0 and 12.8-84.5 ppm in surface and sub=aidails of apple orchards of
Himahcal Pradesh, respectively. Tripathial. (1994) found that the content of
DTPA-extractable Iron decreased with the soil degptd ranged from 6.2-41.2 mg
kg' soil in Himachal Pradesh soils.Wani (1994) fouhattavailable Iron in
surface soils of saffron growing areas of Kashmaswvin the range of 8.0-72.0
ppm with a mean value of 23.0 ppm, where as inwgtihse soils it varied from
6.0-37.0 ppm with a mean value of 16.0 ppm.Dar §)9&hile working on
nutrient status of cherry orchard soils of disti&tnagar found that the DTPA-
extractable Iron in these orchards ranged from53.9- ppm.Mamgairet al.
(1998) while working on relationship between theitflyield and nutrients found
that the DTPA-extractable Iron in Himachal Pradsslts ranged from 16.8-34.9

ppm with a mean value of 22.3 ppm.

2.2 Physio-chemical properties of soils
2.2.1 Mechanical composition of soils

Mechanical composition is important for assessimg iutrient supplying
power of the soil as well as its potential to syppater and air to the plants (Dar,
1996). The texture determines the magnitude ofaserbn which the reaction can
occur (Foth and Turk, 1973). Mahapadtal. (2000) observed that the sub humid

soils of Kashmir region vary greatly in texturerfrioamy skeltal (mostly on steep



slopes) to silty clay loam and clay loam (in plasrsd karewas). Nayaét al.
(1999) reported that there is increase in the ctaytent in the lower horizons of
the profiles. Rayt al. (1997) observed that in soil profiles of east Gaaari and
Karim-Nagar districts of Andra Pradesh the clayteahwas erratic in its down
ward destribution. Sarkaat al. (1997) reported that the clay content of higher
altitudes of eastern Ghat area of Orissa ranged 84.3- 65.2 per cent and from
12.1-43.1 per cent in lower altitude soils. Elahal. (1996) reported that in soils
of Madhupur in Bangladesh the clay content variemnf 25.9-61.5 per cent.
Bhaskar and Subbaiah (1995) reported that the ebiMillore district are light in
texture and clay content increase in sub surfacedits in all the soils except in
Allimadugu soils which has uniform loamy texturedhghout the depth. Handoo
(1983) reported that the dominant soil texture Kaishsoils ranged from clay
loam to silty clay loam.

The texture of almond orchard soils of Kashmir eghdrom clay loam to
silty clay loam and the clay content was in thegef 25.0-32.0 and 24.5-39.5
per cent with mean value of 28.33 and 32.67 pet tesurface and subsurface
layers respectively with an erratic distributionttwdepth (Mir, 1994). Mushki
(1994) reported that texture of apple orchard safilkashmir valley ranged from
silt loam to clay loam, while peer (1994) obsertexture of soils of Kashmir as
loam to clay loam. Dar (1996) reported that theuexof cherry orchard soils of
Srinagar district ranged between loamy and silay dbam. The texture of apple
orchard soils in Himachal Pradesh was reportédamrange of sandy loam to clay
loam (Sharma and Bhandari; 1992). In apple orckaild of Anantnag district of
Kashmir the clay content was observed in the raid@®-39 percent (Ganat al.

1982).



2.2.2 Soil reaction (pH)

The pH of the soil being an important physio-cheahaharacteristic,
influences the suitability of a soil for crop pradion, availability of nutrients,
microbial activity and soil physical propertiesdilstructure and permeability etc.
Minhas and Singh (1980) reported that soil pH edrirom 5.5-8.5 in Kinnuar
district, 6.3-7.3 in Lahulspiti of Himachal Pradeahd around 8.5 in Ladakh
district of Jammu and Kashmir. The soil pH variedni 6.3-7.5 in some Bench
mark soils of Kashmir. Jalakt al. (1989). A pH range of 7.2-8.5 in Kinnuar
district was observed by Singh and Bhandari (198®)le as in soils of Madhya
Pradesh a pH range of 6.0 -8.0 was reported by Bthar (1989). Vermeet al.
(1990) observed that pH in the surface soils offifas valley was 5.6- 6.0 with a
slight increase in sub-horizons in Duksam and Yagations. Wallia and Roa
(1996) reported tendency of pH to increase withttilep
2.2.3 Calcium carbonate

Calcium carbonate in the soil affects the soil tieacthereby affecting the
availability of plant nutrients. Guptt al. (1980) reported 6.0-8.0 per cent calcium
carbonate in the soils of Jammu and Kashmir. Hadwetsal. (1989) reported that
Calcium carbonate content varied from 2.0-74.0%0€34.5 percent in some soils
of Junagrah and Rajkot respectively. They also mieseregular decrease with
depth in some soil profiles, while in other prafilsuch trend was not observed.
Prakash and Singh (1985) reported that in allustdlls of western Uttar Pradesh
Calcium Carbonate ranged from 7.9-9.3 and 8.0-®R gent in surface and
subsurface soils respectively, while in northernmbliayan soils Calcium
carbonate ranged from 0.08-5.18 per cent. Shatrah (1997) reported that the

Calcium Carbonate content varied from 2.0 -151.Bgg in some Entisols of



Gwalior district of Madhya Pradesh. Singhal. (2000) reported that upland soils
have no free calcium carbonate while it ranged f&8¥8.2 per cent in low land

soils of Soan basin (Bihar).

2.2.4 Electrical conductivity

Soils generally differ in their salt content whiaffects their ability to grow
crops. excess salts interfere with water and mitngp take. Aroraet al. (1989)
reported that Electrical conductivity of the suddayer ranged from 0.2-0.4 dSm
and that of the sub-surface layers also ranged @r@0.4 dSnt in peach orchard
soils of Punjab. Dar (1996) while working on cheorghards of Kashmir reported
that Electrical conductivity of the surface so#sged from 0.11-0.48 dShwith a
mean value of 0.24 dShand in sub-surface soils it varied from 0.08-0d®a1"
with a mean value of 0.17 dSmhaving an erratic trend with increase in soil
depth. Maji and Bandyopadhyay (1996) reported Elsdtconductivity value of
0.30-0.45 dSm in some profiles of coastal soils of Balasores€ai Tripathét al.
(1997) reported that Electrical conductivity randgesm 0.11-0.53 dSthin some
grapevine orchards of Haryana State. Anantwaral. (2000) reported that
Electrical conductivity ranged from 0.25- 0.43 a&m@0-0.45 in soils of basaltic
plateau of Wardha district Maharashtra.

Mir (1994) reported that the Electrical conducyvif surface soils varied
from 0.14-0.35 with a mean value of 0.21 dSmhere as in subsurface soils it
varied from 0.1 — 0.36 with a mean value of 0.18ndSn almond orchards of
Kashmir. According to Wani (1994) the Electricalndactivity in surface and
subsurface layers of saffron growing soils of Kashmas in the ranged of 0.09 —
0.32 and 0.09-0.32 dShwith a mean value of 0.16 and 0.16 dSraspectively.
Mushki (1994) observed that the Electrical condustiranged from 0.15 —-0.39

and 0.10 — 0.43 in surface and subsurface layeape orchard soils of Kashmir,



respectively. Ganaat al. (1982) reported that the Electrical conductivtyapple
orchard soils of Anantnag district of Kashmir vgligas in the range of 0.10-0.15
m mhos per cm in surface layers and 0.10-0.14 msnges cm in subsurface
layers.

2.2.5 Organic carbon

According to Paul and Clark (1989) the stabilitysoil aggregates, release
of essential nutrients for plant growth, maintereaatsoil microbial dynamics and
biochemcial changes in the soil are attributechtodrganic matter content of the
soil. Brady (2002) also observed that it servearasidex of soil productivity and
accounts for one third of CEC of soil. The variatia soil organic carbon content
Is due to variable organic mater composition ansl variable rates of
decomposition which inturn is influenced by climateegetation, nature and
management of soil, kind of organic residues adaetidrainage conditions (Foth
and Turk, 1973). Guptet al. (1980) reported that percentage of organic carbon
varied from 0.28-4.18 per cent under different elilm conditions of Jammu and
Kashmir state. The organic carbon content was agtidnto vary from 1.80 -2.50
per cent in some soils of Kinnuar district of Hirhat Pradesh (Singh and
Bhandari, 1989). Vadivelu and Bandyopadhyay (1983)orted that organic
carbon content ranged between 6.0-20.1 @ ky soils of Minicoy lIsland,
Lakshadweep. Ganat al. (1999) reported that organic carbon varied frag -0
1.6 per cent in surface soils of almond orchardaghmir valley.

Mushki (1994) reproted that organic carbon conterdpple orchard soils
of Kashmir ranged from 0.90-3.18 and 0.15-2.16 pent in surface and
subsurface layers, respectively. According to Wr894), the organic carbon
content in surface and subsurface layers of saffjmwing soils of Kashmir

ranged from 0.18-0.87 and 0.15-0.54 per cent widamvalue of 0.59 and 0.36



per cent, respectively. Gandial. (1991) observed that organic carbon content in
cherry orchard soils of Kashmir ranged from 0.6B21per cent. Kaista&t al.
(1990) reported that the percentage of organicoranb north western Himalayan
soils was in the range of 0.14-3.47 per cent. Asbra. (1989) observed that the
organic carbon content in surface layer of peachand soils of Punjab was in the
range of 0.90 — 0.60 per cent, while as in subsarfayers it was in the range of
0.10 — 0.90 per cent. Bhandari and Randhawa (16BS¢rved that the organic
carbon content of surface and subsurface soilsppfeaorchards of Simla hills
(H.P) was in the range of 0.6-5.0 and 0.2-3.6 pet cespectively. Handoo (1983)
reported that the organic carbon content varied @of5-4.83 per cent in Kashmir
valley soils with high content in surface horizoAscording to Ganagt al. (1982)
the organic carbon content of the apple orchards safi Anantnag district of
Kashmir was in the range of 0.93-0.98 percent niase layers and 0.48-0.86 per
cent in subsurface layers with regular decreade sail depth. Rawat and Mathpal
(1981) reported that the organic carbon contettilinsoils of Uttar Pradesh was
found in the range of 0.25-2.12 per cent.
2.2.6 Cation exchange capacity

The cation exchange studies are helpful in sogsifecation and to know
the nutrient status of the soil. The value of CE&yvaccording to type and
amount of the soil colloid present, pH and organatter content of the soil (Tan,
1982). The CEC of Kashmir soils vary from 20.0 883Bmeq/100 g soil Gup&t
al. (1980) and Handoo (1983). Slightly lower value7of-9.2 meqg/100 g soil in
some pedons of Kashmir were noticed by Veatra. (1990). They contributed it
to formation of chelated compounds of calcium i@nth organic acids, thereby

reducing the amount of exchangeable ions in the $be CEC of 10.9-35.8 C



moles kg was reported by Singét al. (1991) and Gupta and Tripathi (1992) in
mid altitude soils of Kangra and solan districtHimachal Pradesh, respectively.
Higher value of CEC in surface layers were obsewkith decreased with depth
(More et al., 1988) and Sahat al. (1990) but Vermeet al. (1990) reported no
relation of CEC with depth and observed an increas€EC with increase in

altitude.

2.3 Relationship of available nutrients with physiechemical properties

It has been reported by many workers that orgaaiban bears a significant
influence on various soil properties. Rahul andivil (1978) reported a
negatively significant relationship between Sulphod Organic carbon. Gupga
al. (1987) recorded highly negatively significant retation between organic
carbon and available Nitrogen, Phosphorus and $latasin soils of Rajouri
district of Jammu region.

Singh (1987) and Kumar (1987) observed a negatisgpificant and
positive correlation of organic carbon with phospio and potassium,
respectively.

Khanet al. (1997) obtained a positively non-significant edation between
organic carbon and micronutrients . Jasdalal. (2000) did not found any
significant correlation of organic carbon with Qalo and Magnesium.

Raina (1988) observed negatively and significantetation between pH
and available Potassium, whereas correlation betwpel and available

Phosphorus was of lower order.



A large number of workers have found a positivegngicant relationship
between micronutrient cations viz. Zinc, Copper,gsi@ese and lron with pH
(Jalaliet al., 1989; Gupta and Srivastava, 1990).

Khan et al. (1997) observed a positively significant relasibip between
soil pH and available micronutrient cations. Avhl&a phosphorus was found
significantly and negatively correlated with soiH gYaresheemiet al. 1998).
Jalali et al. (1989) reported that available Zinc, Copper, Mege and lron
exhibited a negative relationship with Calcium carlte content of soil. Mir
(1994) reported a negatively significant correlatioetween Calcium carbonate
and available Nitrogen, Phosphorus and Potassiurankt al. (1997) observed a
positively non-significant relationship between €@ain carbonate and available
micronutrient cations. Available Calcium and Maginen exhibited a positively
significant correlation with calcium carbonate ghst al. 2000).

Sharmaet al. (2000) reported a positively significant relasbip between
soil calcium carbonate and available Sulphur.

Jalaliet al. (1989) observed that clay content had negatikioaship with
available Zinc, Copper, Manganese and Iron in yaltlasin soils, while positive
relationship was observed in Karewa and high alétsoils.

Singh and Ahuja (1990) observed a positive relatigm between clay
content of soil and available Nitrogen, Phosphams Potassium contents.

Misra et al. (1990) found that available Sulphur had positivagnificant
correlation with clay content in mixed red yellowils and negative relationship
with clay content in brown forest soils.

Sharmaet al. (2000) showed a positively non-significant caatign

between clay content and available Sulphur in soil.



2.4 Leaf nutrient status of apple orchards
2.4.1 Nitrogen

Bhandari and Sharma (1981) reportedttieapple orchards of Shimla hills
are adequately supplied with Nitrogen. The Nitrogentent of mid terminal shoot
leaves of Red delicious, starking Delicious andd@nl Delicious cultivars was
reported to vary from 1.6 - 2.76, 18.82 - 2.76 andB - 2.80 with mean value of
241, 2.41 and 2.34 per cent, respectively.Bassd Wfilms (1988) while
establishing the nutrient status of apple orchardSouthern Brazil found leaf
Nitrogen content “above normal” or “excess” atttibg it to annual application of
this nutrient and natural release by soil. Baatsal. (1990) reported that the leaf
Nitrogen content varied from 2.10 - 3.19 per cantapple leaves. Verma and
Singh (1990) while studying the seasonal changesuinient composition of
Golden Delicious apple leaves reported that Nitnogentent was 2.30 per cent in
August at Mashobra, Shimla (H.P).Goh and Malako(i®92) while working
DRIS norms and indices for apple orchards in Cantgr New Zealand found
2.22 per cent as mean value of leaf Nitrogen witfhér concentration in leaf
Nitrogen due to biological Nitrogen fixation by Rbbia legumes present in the
vegetation of grass alleys of orchards.Verma andt5{1993) while studying the
nutrient status of Red Delicious cultivar at Bag@ukulu (H.P) reported that leaf
with petiole showed intermediate Nitrogen conteft2d percent.Singh and
Bhandari (1992) reported leaf Nitrogen content ppla orchards of Himachal
Pradesh ranged from 1.44 - 2.64, 1.44 - 2.40, 12422 with mean value of 2.01,
2.00, 1.79 in Royal Delicious, Red Delicious andldga Delicious. Nitrogen

status of apple leaves ranged from 2.46 - 2.65 wmiban value of 2.56



(Upadhayay and Awasthi, 1993). Sharma and Bhartla85) revealed a range at
Nitrogen content 1.92 - 2.62, 1.73 - 2.52 and 1.B%8 with corresponding mean
value of 2.29, 2.25 and 2.18 in Red Delicious, Rdyalicious and Golden
Delicious apple orchards of Himachal Pradesh.

Awasthiet al. (1998) reported that Nitrogen status of appledsaranged
from 111.3 - 173.6 with mean value of 134.1 ppmniainet al. (1998) reported
that Nitrogen status in apple leaves ranged frob® 2.2.40 percent with mean
value of 2.26 percent in Rajgarh area of Himachat®sh. Jovanoviet al. (1998)
noticed that the leaf Nitrogen content in applehards of Yugoslavia varied
between 2.28-2.53 per cent. Sirdtal. (1998) reported that the optimum standard
value for leaf Nitrogen is 2.70 percent. Dris andisnin (1998) reported that leaf
Nitrogen content in the apple orchard of Finlandged from 14.6 — 23.1 Kg
Veleaiset al. (1998) observed that the sufficiency range of Mirogen related to
yield was 2.00-3.00 per cent.

2.4.2 Phosphorus

The Phosphorus content of mid terminal shoot leafvé&ked Delicious,
starking Delicious and Golden Delicious apple ealts was reported to vary from
0.12 - 0.45, 0.14 - 0.49 and 0.12 - 0.50 per cetiit mean value of 0.21, 0.20 and
0.18 per cent, respectively in some orchards oimg&hidistrict of Himachal
Pradesh. (Sharma and Bhandari, 1995). Shatnah (1982) observed in apple
orchards of Kulu district that the leaf Phosphotostent in three cultivars viz.
Red Delicious, Royal Delicious and Golden Delicioesscept of few orchards
ranged from 0.09 - 0.26 per cent. Rahal. (1984) reported that leaf Phosphorus
content in apple orchards of Himachal Pradesh irfigem 0.07 - 0.38 per cent.

Haynes (1990) while examining the nutrient statuspple orchards in canterbury,



New Zealand found that leaf Phosphorus contenedarom 0.17 - 0.23 per cent
and 0.15 - 0.24 per cent in Cox’s orange and Bnaeloultivars,respectively.
Rawat and Ranvir (1991) while studying the nutristdtus of leaf samples of
different sizes in Nanital, U.P; reported that anpke of minimum thirty leaves
will be appropriate and observed the Phosphoruseobmanged from 0.20 per
cent in Red Delicious apple trees. Goh and malaKa992) while studying the
DRIS norms and indices of apple orchards in Newlad®h observed leaf
Phosphorus in the sufficiency range (0.19%) indicpdequate level for apple
trees. The Phosphorus content of mid terminal shemtes of current seasons
growth was observed to vary from 0.13 — 0.26 pet seapple orchards of Mandi
district of Himachal Pradesh (Sharma and Bhand®9$?2). Bhandari and Sharma
(1995) reported that Phosphorus content of mid iteahieaves of Red Delicious,
Royal Delicious and Golden Delicious apple rangexunf0.2-0.4, 0.16-0.30 and
0.19-0.4 per cent, respectively in soils of Sirmdistrict of Himahcal Pradesh.
Verma and Kulbir Singh (1990) while studying thesenal changes in nutrient
composition of Golden Delicious apple leaves regmthat Phosphorus content in
apple leaves was 0.19 per cent. Dris and Niskah®®8) observed a mean value
of 0.22 per cent of leaf Phosphorus content in egpthard of A land Islands.
Awasthi et al. (1998) while studying mineral nutrient statusapiple orchards in
Shimla district of Himachal Pradesh reported thet Phosphorus content of
leaves ranged from 0.30-0.58 per cent with meamevaf 0.47 percent. Awastéi

al (1999) reported the Phosphorus content in peadtaais of Sirmour district of
Himachal Pradesh ranged from 0.42 - 0.70 per cdht nvean value of 0.55 per
cent.

2.4.3 Potassium



Morgan and Henneaty (1979) while studying the Gol@=licious apple
orchards of Ireland observed leaf Potassium comaed from 1.4 - 1.9 per cent.
Haynes (1990) assessed the leaf Potassium cordeedvfrom 0.09 - 1.90 and
0.60 - 1.80 per cent with mean of 1.30 and 1.20qest in Cox’s orange and
Braeburn apple cultivars, respectively. Verma andbi Singh (1990) while
studying the seasonal changes in nutrient compasdf Golden Delicious apple
leaves, reported that the Potassium content wa® fe2 cent at Mashobrra,
Shimla (U.P). Faillat al. (1990) reported a range of Potassium content frdih-
1.89 per cent in medium vigorous shoot leaves afecii seasons growth in Italy.
Rawat and Ranvir (1991) while studying the nutristdétus of leaf samples of
different sizes in nanital, U.P. reported Potassaamtent of 1.43 per cent in Red
Delicious apple trees.Singh and Bhandari (1992)entiudying the leaf nutrient
status of apple leaves of Kinnuar district reportieat Potassium content ranged
from 0.59 - 1.87, 0.67 - 1.85 and 0.70 - 1.80 iy&delcious, Red Delicious and
Golden Delicious, respectively.Sharma and Bhandd®92) reported that
Potassium content in three cultivars viz. Red, Raad Golden Delicious in
Mandi district of Himachal Pradesh ranged from 14890, 0.95 - 1.85 and 0.98 -
1.80 per cent with mean value of 1.48, 1.38 and! Jo8r cent, respectively.
Upadhayay and Awasthi (1993) reported that in apgdees Potassium content
ranged from 1.36-1.74 per cent with mean value.62 er cent. Muskhi (1994)
reported that Potassium content of Ambri, Mahaeajd Red Delicious apple
cultivars ranged from 1.30 - 2.40, 0.96 -1.80 arBDt 2.50 percent, respectively
with mean value of 1.59, 1.43 and 1.55 per ceiashmir valley. Mamgaiet al.
(1998) reported that Potassium content in appleeleaanged from 1.20 - 1.65 per

cent with mean value of 1.47 per cent in Rajgaraanf Himachal Pradesh.



Awasthiet al. (1998) while studying the mineral nutrient statisapple orchards
in Shimla district of Himachal Pradesh reportedt ttitee potassium content in
apple leaves varied from 1.20 -1.9 with a meanevalul.6 per cent.

2.4.4 Calcium

Sharmeet al. (1982) while studying the nutrient status of &ppichards in
Kulu valley of Himachal Pradesh found Calcium comtef leaves varied from
0.90 -1.62 per cent in all the cultivars viz. Ro{alicious, Red Delicious and
Golden Delicious. Basso and Wilms (1988) while assgy the nutritional status
of apple orchards in southern Brazil reported tleecentage of samples with
insufficient levels of calcium was more than 75 pent. Haynes (1990) found
calcium status of Cox’s orange and Breaburn appliévars in centerbury ranged
from 0.73 -1.5 and 0.92-2.1 per cent with a mednevaf 1.1 and 1.3 per cent,
respectively.

Singh and Bhandari (1992) while studying the ntitral status of apple
orchards of kinnaur district of Himachal Pradestni® Calcium content of leaves
ranged from 1.10 -2.02 per cent , 1.11 - 2.06 aié-2.10 with mean value of
1.04, 1.43 and 1.47 in Royal Delicious, Red Delisicand Golden Delicious
cultivars, respectively. Upadhayay and Awasthi @)98ave reported that leaf
Calcium content in starking Delicious cultivars rear from 1.27-1.42 per cent
with a mean value of 1.35 per cent. Atkinsainal. (1995) while studying the
concentration of Calcium in spur and extension ésawf Cox's orange pippin
reported a range of 1.87-1.98 and 0.82-1.00 pet, cespectively Awasthét al.
(1998) reported the leaf Calcium content in appighards of Himachal Pradesh

ranged from 1.50 - 2.20 with mean value of 1.9 qut. The Calcium content of



1.37 per cent in Royal delicious apple orchardsRafjgarh area of Himachal
Pradesh was reported by Mamgaiml. (1998).
2.4.5 Magnesium

Sharmaet al. (1982) reported that the Magnesium content vafied
0.57-0.75 per cent in the leaves of Red Delicidesyal Delicious and Golden
Delicious cultivars in apple orchards of Kulu valief Himachal Pradesh. Haynes
(1990) reported in cox’s orange and Braebrum calivof apple trees in
canterbury, New Zealand leaf Magnesium varied f@@1 -0.43 and 0.21 -0.48
per cent with mean value of 0.32 and 0.37 per cesgpectively. Rawat and
Ranvir (1991) while studying the nutrient statudestf samples observed that the
Magnesium content ranged from 0.60-0.65 per cenRad Delicious apple
cultivars. Upadhayay and Awasthi (1993) reported @wtimum range of
Magnesium 0.41-0.62 per cent in plus starking Dalis apple tree. Mervin and
Warren (1994) while studying the “Empire” and “Jgold” cultivars on MM-111
root stock reported that Magnesium content of thedgvars ranged from 0.32-
0.38 per cent. Atkinsomrt al. (1995) reported that Magnesium content in Cox’s
orange ranged from 0.16-0.22 per cent. Sharma aaadiari (1995) revealed that
Magnesium content ranged from 0.27-0.45, 0.27-@4d 0.30- 0.45 with mean
value of 0.35, 0.33 and 0.36 per cent in Red Dmlisj Royal Delicious and
Golden Delicious cultivars of apple orchards of ldahal Pradesh, respectively.
Mamgainet al. (1998) while studying the nutrient status of &ppkchards of
Rajgarh area of Himachal Predesh reported a Magmesontent of 0.317 per cent
in Royal Delicious apple cultivars. Awastlet al. (1998) reported that the
Magnesium content in the leaves of apple orchaf@&honla district of Himachal

Predash ranged from 0.34 — 0.44 per cent with axmalae of 0.39 per cent.



2.4.6 Sulphur

Shear and Foust (1980) reported that normal rah&ailphur in the leaves
of cherry was in the range of 0.13-0.84.

Badyal and Kar (1984) reported the Sulphur conieribe laves of plum
cultivar Santa Rosa was in the range of 0.19-0685cpnt. Singh (1987) reported
that leaf Sulphur content of apple orchards of &umdistrict in Red , Royal and
Golden Delicious cultivars varied from 8-45, 6-481d.1-78 ppm, respectively.

Sulphur content of mid terminal shoot leaves of Ra&tdrking and Golden
Delicious cultivars varied from 0.04 - 0.20, 0.@421 and 0.02 -0.20 per cent with
mean value of 0.13, 0.14 and 0.10 per cent, reispéct(Bhandari and Sharma
1981). Singh and Bhandari (1992) reported that pplea orchards of Kinuar
district of Himachal Pradesh the leaf Sulphur contanged from 0.20 -0.68, 0.19
- 0.69 and 0.18 to 0.78 in Royal Delicious, Redifdelis and Golden Delicious
cultivars of apple, respectively. Awasthi (1993paeed that the value of leaf
Sulphur in apple orchards of Himahcal Pradesh dabietween 0.11 - 0.69 per
cent. Sharma and Bhandari (1995) while assessmguilritional status of apple
orchards of Sirmour district of Himachal Pradesporéd that the leaf Sulphur
ranged from 0.13 - 0.26, 0.12 - 0.22 and 0.12 3 &h mean values of 0.26, 0.17
and 0.18 per cent in Red Delicious, Royal Deliciaarsd Golden Delicious
cultivars, respectively. Kumar and Singh (1995)nduhat foliar concentration of
Sulphur in apple orchards of Kumaon hills was optim
2.4.7 Zinc

Haynes (1990) observed a range of 14 - 117 and9%Bppm of Zinc with
mean values of 63 and 58 ppm for Cox’s orange amelitim apple cultivars in

Canterbury, New Zealand. Upadhayay and Awasthi 319®ported that Zinc



content of starking Delicious apple leaves variemnf 28.6 -45.6 ppm. Awasthi
(1993) reported that the values of leaf Sulphumpple orchards of Himachal
Pradesh varied from 28.5 - 45.1 ppm in mid termsgtadot leaves of plus starking
Delicious apple cultivars. Sharma and Bhandari $)9®%hile studying the
nutritional status of Red, Royal and Golden Delisi@pple cultivars reported that
the Zinc content in apple leaves of these cultivargyed from 12-40, 20 -30 and
16 -44 ppm with mean values of 31.4, 26.0 and ppr, respectively. Mamgain
et al. (1998) while studying the nutritional status @pke orchards of Himachal
Pradesh reported that Zinc content in apple leeareged from 20.1- 25.4 ppm.
2.4.8 Copper

Upadhayay and Awasthi (1993) assessed and repiwdédhe leaf Copper
content in starking Delicious varied from 17.5 -ppm with a mean value of
20.5 ppm. Mervin and warren (1994) reported that @opper content in apple
leaves varied from 4.3 — 5.4 ppm. Mushki (1994 )enbsd the leaf Copper content
in Ambri, Maharaji and Red Delicious cultivars raagbetween 7.0 -17.0, 7.0 -
12.0 and 4.0 -11.0 ppm with a mean value of 112 a8d 6.7 ppm, respectively.
Singh and Bhandari (1992) while working with thetrrant status of apple
orchards reported that the foliar content of CopipeRoyal, Red and Golden
Delicious cultivars ranged from 3.9-13.6, 3.9-138d 3.1-10.7 ppm with the
corresponding mean values of 8.4, 8.2 and 7.1 @marma and Bhandari (1995)
reported that the Copper content in apple leavefRed, Royal and Golden
Delicious ranged from 10-22, 10-24 and 12 -21 ppithh vinean values of 14.7,
17.5 and 15.9 ppm, respectively. Mamgainal. (1998) while studying the
relationship between fruit yield and nutrients nepd that the Copper content of

leaves ranged from 7.90 -10.50 ppm with mean vafi8286 ppm.



2.4.9 Manganese

Mervan and Warren (1994) while working with applehards at Ithaca,
New York found that Manganese content in apple dsavaried from 137-179
ppm. Atkinsonet al. (1995) found that in Cox’s orange the spur leaiglanese
content varied from 44 - 229 per cent. Sharma amanBari (1995) reported that
Manganese content of Red, Royal and Golden Debcranged from 42 -88, 36 -
96 and 40-82 ppm, respectively. Kumar and Singl9%)19vhile studying the
nutrient content of apple orchards of Kumaon hilldJtter Pradesh noticed that
most of the orchards were optimum in foliar concaidn of Manganese.
Mamgainet al. (1998) while studying the relationship betweenitfryield and
nutrients found that Manganese content of appleeleaaried from 45.3 to 56.0
ppm with a mean value of 51.0 ppm. Guleryeizal. (1998) indicated that
manganese content in the leaves of starking Debkciovere inadequate while
working with the apple orchards of Erzinean plain.
2.4.10lron

Sharmeet al. (1982) while surveying the nutrient status of lapgrchard in
Kulu district of Himachal Pradesh reported thanlomntent in apple leaves varied
from 114.17-202.50 ppm, 143.95-267.50 ppm in Red @wolden Delicious,
respectively. Upadhayay and Awasthi (1993) whilekig on nutritional status
of apple orchards in Himachal Pradesh revealedltbatcontent of apple leaves
varied from 353-484 ppm in starking Delicious witiean value of 416 ppm.
Sharma and Bhandari (1995) reported that Iron cwnté apple leaves of
Himachal Pradesh apple orchards ranged from 2&B@ppm, 170-460 ppm and
240 - 480 ppm with the mean values of 377.1, 3a4@344.8 ppm in Red, Royal

and Golden Delicious cultivars, respectively. Mamga al. (1998) reported that



in apple orchards of Himachal Pradesh leaf Irortexiranged from 192-253 ppm

with a mean value of 218 ppm.

2.5 Relationship between available and leaf nutrient aaents
2.5.1 Nitrogen

Morgan and Hennerty (1979) reported poor relstigm between leaf
Nitrogen and soil Nitrogen in Golden Delicious apmrchards of Ireland. In a
long term studies in the forest stepple zone ofakan trees growing on cherno-
podzolic sandy soils was directly correlated wiiikable Nitrogen in soil. But no
such correlation was noted in trees growing onléedhernozem soils (Rybiat
al., 1979). Stoilov and Vitanov (1979) observed #ygplication of increasing rates
of Nitrogen alone increased Nitrogen content ovésaof plum. Meland (1982)
reported that for van cultivation of sweet cheepyrelations were found between
soils and fruit content of Nitrogen and PotassilNittogen content of the leaves
of schattenmorelle cultivars of sour cherry inceghsvith increasing Nitrogen
supply (Matzner and Maurer, 1982). Magnahial. (1984) have reported that
Nitrogen content in leaves of peach trees was tiijreorrelated with application
of fertilizer rates. A positively significant cotadion between soil and leaf
Nitrogen was observed in apple orchards of Kinustridt of Himachal Pradesh
by Singh (1987).

Misgar (1992) revealed a positively significant retaition between soil and
leaf Nitrogen in Ambri apple orchards of Pulwamsastdet of Jammu and
Kashmir.

Singh and Bhandari (1992) observed that in caseoghl Delicious nitrogen

from surface layers was significantly and posityvebrrelated with its respective



content in leaves. Mushki (1994) observed thatdg#in content in the leaves of
Ambri, Maharaji and Red Delicious cultivars did nbear any significant
correlation for any of the soil depths.

Narboo (1994) observed positive relationship betwsal and leaf Nitrogen
in apricot orchards of Kargil district of Jammu afashmir.

Mir (1994) studied that a positively significaniatonship existed between
soil and leaf Nitrogen in almond orchards of Kashwvailey.

In a long term studies in Himahcal Pradesh for ieaotr status in apple
orchards, it was found that leaf Nitrogen and Blitogen were directly correlated
with each other (r=0.67) Awastét al. (1998).

Awasthi et al. (1999) observed a positively significant corneliat of
available Nitrogen with leaf Nitrogen in apple ocactts of Sirmour district of
Himachal Pradesh.

Wani, G.N. (2001) while studying the distributio secondary nutrient
elements in apple orchard soils of North Kashmieeded that there was a
positively significant correlation between leaf fdgen content of Red Delicious,
Maharaji and American appirouge cultivars and aNdd Nitrogen.

Bhat (2001) observed that the Nitrogen content ha teaves of three
cultivars of apple viz. Golden Delicious, Starcransand cooper-4, showed a
positively significant correlation with availabldthgen content.

2.5.2 Phosphorus

Singh (1987) revealed a positively significant etation between soil and
leaf Phosphorus for Royal Delicious and Golden @elis cultivars while Red
Delicious cultivar did not reveal any such relasbip in apple orchards of

Kinnuar district of Himachal Pradesh. Walker andskla (1960) have observed a



positively significant correlation between soil dedf Phosphorus. Misgar (1992)
observed non-significant relationship between and leaf Phosphorus content in
Ambri apple orchards of Pulwama district of Jammma &ashmir. Singh and
Bhandari (1992) reported that the available soddpiorus from both surface and
sub-surface soils was significantly and positivetyrelated with the phosphorus
content in the leaves of Golden Delicious appleial. A correlation coefficient
value of (r=0.666) was observed between soil amd Rhosphorus content in
apricot by Narboo (1994). Mir (1994) observed a ifpody significant
relationship between soil and leaf Phosphorus moatd orchards of Kashmir
valley. Leaf Phosphorus of Ambri and Red Delicicufivars of apple in Kashmir
valley exhibited a positively significant correlai coefficient (r=0.81 and r=0.92)
respectively for 0-20 cm soil depth, whereas Majhatdtivar did not reveal any
such significant relationship between leaf P andilable soil Phosphorus
(Mkushki, 1994). Awasthiet al. (1998) revealed a positively significant
relationship of available soil Phosphorus with IBabsphorus in apple orchards of
Shimla district of Hamachal Pradesh. Wani (2001j)evstudying the distribution
of secondary nutrients in apple orchards soilsatimKashmir revealed that the
Phosphorus content in the leaves of three cultiearapple viz. Red Delicious,
Maharaji and American appirouge showed non-sigaificcorrelation for both
surface and surface available Phosphorus contéat. 001) while studying the
nutritional status of high density plantation ofpbg orchard soils of North
Kashmir observed that the leaf Phosphorus contdntGolden Delicious,
Starcrimson and cooper-4, cultivars of apple shovpeditively significant

relationship with surface phosphorus content, wiaite Phosphorus content of



Golden Delicious leaves exhibited a positive sigaiiit correlation with sub-
surface soil Phosphorus.
2.5.3 Potassium

According to Stoilov and Marinov (1979) applicatiai high rates of
Potassium increased the Potassium content in dvedeof apricot.

David et al. (1959) while analyzing the nutritional statusapiple orchards
of North Carolina State observed statistically gigant correlation between leaf
potassium content and available soil Potassiumecont

A significant correlation between exchangeable $oten and leaf
Potassium in peach orchards was observed by Kehwartd Gilligon (1948).

Titus and Boynta (1953) have observed a significamtelation between
soil and leaf Potassium in all horizons.

Walker and Mason (1960) have also reported a statily significant
correlation coefficient between soil and leaf Psita® content in apple.

Morgan and Henneaty (1979) observed a significalationship between
leaf Potassium and available Potassium in GoldditiDes orchards of Ireland.

Singh (1987) observed a positively significant etation between soil and
leaf Potassium in Royal Delicious cultivar whilgysificant relationship did not
exist between soil and leaf Potassium in Red Dmlgiand Golden Delicious
cultivars of apple in Kinnuar district of HimacHatadesh.

A positively significant relationship between saitd leaf Potassium was
observed in Ambri apple orchards of Pulwama distic Jammu and Kashmir
(Misgar, 1992). Singh and Bhandari (1992) reveadlledt in case of Royal
Delicious leaf potassium exhibited a positively ngiggant relationship with

available soil potassium content.



The Potassium content in leaves of Ambri cultivas lshown positively
significant correlation (r=0.81 and r=0.67) witha#lable Potassium in 0-20 cm
and 20-40 cm soil depths respectively, while aifigant relationship could not be
ascertained between available soil Potassium aafl F®tassium in case of
Maharaji and Red Delicious cultivars of apple irsKmir valley (Mushki, 1994).

Mir (1994) observed positively significant relatgimp between leaf
Potassium and available Potassium in surface sbdtmond orchards of Kashmir
valley, while positively non-significant relationphwas observed between leaf
Potassium and available Potassium in subsurfaegeday

Awasthi et al. (1998) observed positively significant correlatibetween
available soil Potassium and leaf Potassium. BR&0Y) revealed that the
Potassium content in the leaves of Star crimsoncager-4 cultivars of apple
showed a positively significant relationship wittetPotassium content in surface
soils, while as Potassium content of Golden Delisiteaves exhibited a positively
significant correlation with subsurface soil Potass Wani (2001) while studying
the distribution of secondary nutrients in the apptchards of north Kashmir
revealed that the leaf Potassium content in Rectidak and Maharaji exhibited a
positively significant correlation with soil availke Potassium for 0-20 cm soil
depth. However, leaf Potassium content in Mahanagi American appirouge also
showed a positively significant correlation withspective available Potassium
content for 80-100 cm soil depth, respectively.

2.5.4 Calcium

A positive correlation was observed between leafrdgen and leaf

Calcium as leaf Calcium increased with increasatgs of N in plum (Stoilov and

Vitanov, 1979).



Neilson and Edwards (1982) observed a poor relghipnbetween soil
Calcium and leaf Calcium content in apple cultiwaRed Delicious and Mcintosh
in Okangan apple orchards. Morgan and Hennerty QL%iAve observed that
available Calcium was poorly correlated with lealcum in Red Delicious apple
cultivars.

A positively significant relationship between saild leaf Calcium has been
observed for Royal Delicious, Red Delicious anddeal Delicious cultivars of
apple orchards in Kinnuar district of Himachal Residl (Singh, 1987).

Haynes (1990) while working with apple orchards danterbury New
Zealand observed no significant correlation betwamhand leaf Calcium.

Singh and Bhandari (1992) observed a positivelyiS@ant correlation
between available and leaf Calcium.

Sharma and Bhandari (1992) reported a positivepiicant relationship
between soil and leaf Calcium in apple orcharddiafachal Pradesh.

Misgar (1992) observed a positively significant retation between soil
and leaf Calcium in Ambri apple orchards of Pulwadistrict of Jammu and
Kashmir.

Narboo (1994) observed a positively significant retation coefficient
(r=0.958) between leaf calcium and available Catciin apricot orchards of
Kargil district of Jammu and Kashmir.

Mir (1994) found positively significant relationghbetween soil Calcium
and leaf Calcium in almond orchards of KashmiremllThe Calcium content in
the leaves of Ambri cultivar exhibited a positivebignificant correlation

coefficient of (r = 0.92), (r= 0.81) and (r=0.7&)0-20, 20-40 and 40-60 cm soil



depths, respectively, however no such relationgldp observed in Maharaji and
Red Delicious cultivars of apple in Kashmir Vali@fushki, 1994).

Awasthi et al. (1998) while working on mineral nutrient statuls apple
orchards in Shimla district of Himachal Pradeshesd®d a positively significantly
positive relationship between available Calcium kad Calcium content.

Awasthi et al. (1999) reported a positively significant correat of
available Calcium with leaf Calciumin peach orclgardVani (2001) while
assessing the distribution of secondary nutrientapple orchards of north
Kashmir, concluded that the Calcium content in ésaof Red Delicious, Maharaji
and American appirouge showed a positively sigarftacorrelation with available
Calcium content up to the depth of 60 cm.

Bhat (2001) while studying the nutrient status iglhhdensity plantation of
apple orchard soils of north Kashmir observed that Calcium content in the
leaves of Golden Delicious, Starcrimsor and co@pbore a positively significant
correlation with that of available Calcium content.

2.5.5 Magnesium

Neilson and Edwards (1982) observed a direct oelahip between leaf
and soil Magnesium content in the apple cultivdrRed Delicious and Mcintosh
in Okangan apple orchards.

According to Singh (1987) a positively significaetationship between leaf
and soil Magnesium was observed for Royal Deliciouisivar of apple in Kinuar
district of Himahcal Pradesh, while Red Deliciomsl &olden Delicious cultivars

did not show any such relationship for Magnesium.



Haynes (1990) have observed a positively significatationship between
leaf Magnesium and available soil Magnesium in Gmrange cultivar while in
Braeburn it was not significant.

Sharma and Bhandari (1992) revealed a positivelyn-significant
relationship between leaf Magnesium and availabéghésium in apple orchards
of Himachal Pradesh.

Misgar (1992) observed a positive and positivelygngicant correlation
between soil and leaf Magnesium content in Ambpl@mrchards of Pulwama
district of Jammu and Kashmir.

A positively significant correlation coefficient0.69) was observed in
Ambri cultivar of apple for 0-20 cm soil depth ire8&hmir valley, while Maharaji
and Red Delicious cultivar did not exhibit any supbsitively significant
relationship for soil Magnesium and leaf Magnestontents (Mushki, 1994).

A positively significant correlation coefficient50.66 and 0.53) between
leaf Magnesium in thin shelled and medium shellettivars of almond and
available Magnesium in surface soils was obseryeldib (1994).

Narboo (1994) studied negatively non-significanatienship between soil
and leaf Magnesium in apricot orchards of Kargdtact (J&K). Awasthiet al.
(1998) found a positively significant relationshipetween foliar content of
Magnesium and available soil Magnesium in appléand soils inshimla district
of Himahcal Pradesh.. Awasttgt al. (1999) reported a significant positive
relationship of soil Mg with leaf Mg in apple oralasoils of sirmour district of

Himachal Pradesh.



Wani (2001) observed positively significant cortela between leaf
Magnesium of Red Delicious, Maharaji and Americppisouge cultivars of apple
and available soil Magnesium content for surfagke(8e20 cm).

Bhat (2001) observed that the Magnesium conteneaves of Golden
Delicious, starerimson and cooper-4 bore a posytisignificant relationship with
the available Magnesium content up to 0-30 cm depth
2.5.6 Sulphur

Singh (1987) observed a positively significant tielaship between soil and
leaf Sulphur for Royal Delicious cultivar of appteKinnuar district of Himachal
Pradesh, while Red Delicious and Golden Delicioul$ivars did not reveal such
significant relationship.

Ludders (1990) found that high Potassium sulphatpply increased
sulphate content of leaves of schattenmorelle salestry on prunus Mahalib root
stock.

Sharma and Bhandari (1992) revealed a positivggifscant relationship
between leaf Sulphur and available Sulphur in serfsoils of apple orchards of
Himachal Pradesh, while non-significant correlatvoas shown between leaf and
sub-surface soil Sulphur.

A positively significant relationship was found Wween available Sulphur
and leaf Sulphur in Royal Delicious apple cultigd@mgh and Bhandari, 1992).

Dar (1996) observed a positively significant cateln between available
Sulphur and leaf Sulphur content in cherry orchafdsashmir.

Wani (2001) observed that Sulphur content in Relicioeis, Maharaji and
American appirouge bore a positively significantrretation with available

Sulphur content up to a soil depth of 60 cm.



Bhat (2001) revealed that Sulphur content in thavde of Golden
Delicious, Starcrimson and cooper-4 bore a positigsgnificant correlation with
the available Sulphur content of surface soils.

2.5.7 Zinc

Morgan and Hennerty (1979) reported a non-signitiazlation between
foliar Zinc and Phosphorus levels indicating abseraf Zinc-Phosphorus
relationship in Golden Delicious apple orchard$relland.

A positively significant relationship between DTRitractable Zinc in soil
and leaf Zinc was observed in apple orchards onfrey district (J&K) by Ganai
et al. (1982). Sharma and Bhandari (1992) reportedhmat showed no consistent
relationship between its soil and leaf analysisigal Misgar (1992) reported no
significant relationship between Zinc content ades and soils in Ambri apple
orchards of Pulwama district of Jammu and Kashmir.

Mir (1994) revealed a positively significant coabn between soil Zinc
and leaf Zinc in almond orchards of Kashmir valley.

Mushki (1994) reported that Ambri, Maharaji and Reelicious cultivars
of apple did not show any significant relationslup available Zinc with leaf
content.

Bhat (2001) observed that the Zinc content in lsafeGolden Delious Star
crimson and cooper-4 cultivars of apple did notrlaay significant relationship
with available Zinc content.

2.5.8 Copper
Singh (1987) observed a positively significant tielaship between soil and

leaf Copper for Royal Delicious cultivar but nomgpsificant relationship for Red



Delicious and Golden Delicious cultivars of appiekinnuar district of Himahcal
Pradesh.

According to Sharma and Bhandari (1992) a poskivsignificant
correlation was observed between available Coppspil and Copper content in
leaves of apple in Himachal Pradesh.

Misgar (1992) studied a non significant relatiopshetween leaf and soll
Copper at various depths in Ambri apple orchardBudvama district (J&K).

Mir (1994) showed a positively significant relatstmp between available
Copper in soil and leaf Copper in almond orchafdsashmir valley.

A positively significant correlation coefficients ¢r=0.87 and r= 0.69)
were observed between soil and leaf Copper coferat soil depth of 0-20 cm in
Ambri and Red Delicious cultivars, respectively l@hAmbri cultivar showed a
negatively significant relationship (r=0.68) for-800 cm soil depth and Maharaji
did not have any such significant relationship@apper content in apple orchards
of Kashmir valley (Mushki, 1994).

Bhat (2001) observed that Copper content in le@feSolden Delicious,
Starcrimson and cooper-4 bore a positively sigaiftcrelationship with available
content in surface soils.

2.5.9 Manganese

Singh (1987) recorded non-significant relationshgiween soil and leaf
Manganese in apple orchards of Kinnuar distridimhachal Pradesh.

Li et al (1988) reported a positively significant corredatibetween soil
available Manganese and leaf Manganese in apphaxts of China.

Neilsonet al. (1990) observed a positively significant relasibip between

Manganese content in leaf and available Manganese.



Haynese (1990) did not reveal any such relationshgiween leaf
Manganese content and available Manganese conterfox’s orange and
Brachurn cultivars of apple.

Misgar (1992) observed non-significant relationsliptween available
Manganese and leaf Manganese in Ambri apple orshafdPulwama district
(J&K).

Sharma and Bhandari (1992) found positively sigaifit correlation
coefficient (r=0.55) between leaf Manganese andlawa Manganese in surface
soil of apple orchards in Himachal Pradesh whilesach significant relationship
was observed between leaf Manganese and availableggédhese in subsurface
soils.

Mir (1994) revealed positively significant corretat coefficient (r=0.52
and r= 0.54) between leaf and soil Manganes®-&0tm and 20-40 cm depths,
respectively for thin shelled cultivars, while nach significant relationship was
observed between leaf Manganese and available Masgafor medium shelled
cultivars of almond at 0-20 cm soil depth. The llde Manganese content in soil
and leaf did not exhibit any significant relatioisin Ambri, Maharaji and Red
Delicious cultivars under study (Mushki, 1994).

Bhat (2001) observed a positively significant relaship between surface
available Manganese content and leaf Manganesertoot three apple cultivars
viz, Golden Delicious, Starcrimson and cooper-4.
2.5.10Iron

Singh (1987) reported a non-significant relatiopsbetween soil and leaf

Iron in apple orchards of Kinnuar district of Hincah Pradesh.



Li et al. (1988) reported a positively significant corraat between
available soil and leaf Iron content.

Sharma and Bhandari (1992) observed positivelyifscgmt correlation
between leaf Iron content and available Iron in sbapple orchards of Himachal
Pradesh.

Misgar (1992) observed a non-significant relatiopdietween leaf and soil
Iron in Ambri apple orchards of Pulwama districtdaimmu and Kashmir.

Mir (1994) reported a positively significant retaiship between leaf Iron
content and available Iron content at 0-20 cm &hd@cm depths for thin shelled
and medium shelled cultivars of almonds in Kashraitley, while no such
significant relationship was observed at lower Hept

Iron content in the soil and in the leaf did noveal any significant
relationship in Maharaji, and Red Delicious cultsjawhile as Ambri cultivar
showed a positively significant relationship (r=0.@etween soil and leaf Iron
contents for soil depth of 0-20 cm (Mushki, 1994).

Bhat (2001) observed positively significant relasbip between available
Iron content of surface soils and Iron contenteiavies of three cultivars of apple

such as Golden Delicious, star crimson and cooper-4

2.6 Soil characterization and classification

The information required for qualifying parametés characterization and
classification is briefly reviewed as under:
2.6.1 Morphological characteristics

Shindeet al. (1984) studied the soils of saffron growing aredslammu

and Kashmir and reported that the colour of théssmder saffron cultivation as



light yellowish brown (10 YR 6/4 D) where as thagleich were not under saffron
as darker yellowish brown (10 YR 5/4 D), with clégam to silty clay loam
texture. The structure is moderately developed kangw sub angular blocky.
According to Pal and Deshpande (1987) the two peda@amely Gogji Pather and
Wathora of Kashmir valley were dark brown, yellolwisrown and dark grayish
brown, the texture of the soils was generally sitigm to silty clay loam with
moderately developed granular, angular to sub-amndubcky structure. Guptat
al. (1988) while reporting about some alluvial smlsJammu district, revealed
that the colour of some soil profiles varied froellgwish brown (10 YR 5/4) to
pale brown (7.5 YR 4/3) in the surface and fromepadown (10 YR 6/3) to dark
brown (7.5 YR 4/2). The texture of soils rangedrirolay loam, loam to silty clay
loam and sandy clay loam with fine granular strretu

Sharma and Qaher (1989) reported that the colowppkr horizons of
outer Himalayan sols was darkish yellowish browwvéoy dark grey. The texture
of upper horizons varied from loam to silty clayato and were weakly to
moderately developed with granular to sub-angulaeky soil structure. Vermet
al. (1990) studied the soils under forests of Kashralley and observed that the
surface soils (26-46 cm) have dark brown to verkdgey colour 10 YR hue
chroma 1-3 and 3. The soil structure is weak to enateg granular in the surface
and moderate to strong sub-angular blocky in thle-ssuface horizons. The
texture of the soil is silty loam and soil consigte is loose, soft and friable in dry
and moist conditions. Kaishta and Gupta (1994)istldome soils of the North-
western Himalayan region and revealed that thes soil four pedons were

yellowish brown to dark yellowish brown. The texduof the profiles was silty



loam to sandy clay loam. The structure was weakntalerate, granular in the
surface and moderate to sub-angular blocky indbessirface horizons.

According to Sharmaet al. (1994), the colour of the surface and sub-
surface soils of soan river valley of Himachal Rsld varied from brown to dark
yellowish brown. The texture of the soils variedni sand to sandy loam. The
presence of Calcium carbonate was evidenced bggsti violent effervescence.
The consistency in surface soils is friable, naokgtand non-plastic which is an
indication of poor water retention of these soils.

While studying the characterization and classiforatof Entisols in
different soils moisture regimes of Punjab, Siéhal. (1994), reported that all the
Entisols exhibit A-C profiles indicating weak pe@mic development. The soils
have colour 10 YR hues but 7.5 YR hues are alsaimdd in the sub-surface
horizons of some soils, value and chroma vary fBathand 2-6 respectively. The
texture varied from sand to clay. They have wealdyeloped sub-angular blocky
structure. The consistence varied from firm todiea

Mishra and Ghosh (1995) while studying the charagon of soils
derived from mica-rich parent material in two topequences, revealed that the
colour of the first topo sequence changed to dat& down the slope while the
reverse trend was reverse in the second topo sequé&he soil texture varied
from loam and silty loam in the first sequence, le/lciay loam sand in the second
topo sequence. These soils were gravelly and drbdilidlocky structure with
varying grades.

Sidhu et al. (1999) while characterizing and classifying sodwminant

soils of Jammu region for land use planning regbtiat soils of Great Himalayas



were brown to yellowish brown (10 YR 4/4 to 4/6) aolour, very shallow to
moderately deep and loamy in texture.

Sharmaet al. (2001) reported that soil colour in Katiwar regisails of
Guijrat varied from red to grey with hues of 5 YRS ¥R, 10 YR values of 3 - 4
and chromas of 2- 4.

Sahuet al. (2001) while reporting about characterization afassification
of some vertisols of western zone in Orissa intéthat the colour of the soils was
10 YR, value ranged from 2-5 and chroma 1-2. Thecsire ranged from
medium, moderate, sub-angular blocky to coarsengtreub-angular blocky
through depth.

Nayaket al. (2001) reported that the colour of three outieé fpedons of
central Research Station Bhubaneswar ranged frght lellowish brown to
yellowish red on the surface to red in sub-surfacgzon. Soil structure varied
from sub-angular blocky on the surface to angulacky in the surface horizon.
The colour of other two pedons varied from pinkighy to gray and light gray to
light brownish gray from surface and sub-surfadésso
2.6.2 Soll classification

Shindeet al. (1984) studied the soils of saffron growing aredslammu
and Kashmir and classified them as Vertic Hapldalhd Typic Eutrochrepts,
where as the adjoining non-saffron growing soils Tagic Hapludalfs and
Fluventic Eutrochrepts. Sehgetlal. (1985) have characterized mountain soil on
slopes formed on chloritic schist and valley sdilsm gneisses under Typic
Hapludolls and Mollic Hapludalfs respectively imteal Himalayas.

Gupta et al. (1986) classified the soils of Jammu and Kashnsr a

Ustorthents, Eutrochrepts /Haplumbrepts and Haplapth Undorthents. Biswas



(1985) classified some typical soils from Dadra &ladjar Haveli under Vertisols,
Alfisols, and Entisols.

Sambyal and Sharma (1986) conducted a study on kmwez Himalayan
eroded forest soils and reported that soils betango the order Alfisols were
stable, the Mollisols and Inceptisols moderatelyddsle and the Enentisols most
susceptible to erosion.

Gangopadhyayt al. (1986) identified three pedons with in an altitd
range of 1970 m and 2425 m in Sikkim Forest Diwnsibhese were classified as
Typical Hapludulf, Mollic Ochraqualfs and Humic Hagalf based on soil profile
morphology and analytical data. Pal and Deshpah@&7() studied the two bench
mark soils of Kashmir valley and classified them Msllic Hapludalf (Gogji
pather) and Mollic Haplaquepts (Wathora). Nair &chmuah (1988) conducted a
study on some pine forest soils of Meghalaya amdsified them as Tropeptic
Haplorthox, Haplohumox, Lithic Undorthent, Typic iddamment and Tropeptic
Halorthox. The soils belong to the orders Entisaisl Oxisols. The soils udner
different forest vegetation sequences in the falbtrégion of Darjeeling district
were classified as Typic Haplumbrept, udic Hapliistbypic Hapludoll, Typic
Humitropept, Fluventic Umbric Dystrochrept and Hanhkiapludalt, these soils
belongto the order inceptisols, Mollisols and Ullss as revealed by
Gangopadhayayt al. (1989). The soils under forests of Kashmir vallegre
classified as Typic Hapludoll, Lithic Hapludoll add/pic Argiudolls as reported
by Vermaet al. (1990). Walia and Chammah (1990) classified the pedons in
foot hill soils of Arunachal Pradesh as Inceptismt&l Ultisols. These soils were
deep, moderately fine textured, rich in organicboat acidic in reaction and

exhibited the development of cambic and argillicizuns. Boumik and Totey



(1990) studied the soils of Teak forests in MadRyadesh and classified these as
Mollisols. Sahuet al. (1986) have classified soils along the sea cofste Bay of
Bangal in Orissa in to Vertic and Typic Haplaquefannigrahet al. (1990) have
classified dominant hill soils of Nilgri in to Litb Drystric and Typic Eutrochrepts
on the basis of morphological and physio-chemicaperties. Singtet al. (1991)
while conducting a detailed survey of mid altitudeils of outer Himalayas
observed that these soils were developed on similaup of rocks overlain by
infrakarol and karol series of the carboniferousvtdo Mesozoic period under
monsoon climate as conditioned by undulating togplgy and peculiar natural
drainage system. These soils have been classifietha orders of Alfisols,
Inceptisols and Entisols. Kastha and Gupta (19%9sdied representative two
pedons from cultivated and two from uncultivatecaar as Inceptisols and
Entisols. The soils were classified as Typic Undents, Typic Entrochrepts
(uncultivated) and Typic Undifluvents (cultivateddahuet al. (1990) while
studying pedons formed on the highly weather malteand iron ore series in
northern plateau of Orissa classified Shamakhunth the Saukti pedons with
argellic horizons under Alfisol and Joshipur pe@dsnOxisol. Jalalet al. (1989)
have classified the soils developed on various iplgyaphic zones of Kashmir
valley viz. high altitude, karewa and valley baam Agriudolls, Hapludalfs and
Ochraqualf respectively.

Strain Evains (1994) studied four sites that haenbmined for sand and
gravel near the town of Green land and classifient as Typic Udipsamments,
Typic Udorthents, Typic, Udifluvents and Aquic Udients.

Sharmaet al. (1997) while studying the Inceptisols of North-wésdia,

reported that the soils were classified as Dystgtrochrepts and Typic



Eutrochrepts. The soils developed weak horizon nterdunal areas and are
classified as Ustrochrepts. The soils developedooh slopes are non calcareous
and those on top slopes are calcareous.

Sindhiet al. (1999) while studying the characteristics andsifecation of
some dominant soils of Jammu region for land usarmphg placed these soils in
Entisols and Inceptisols soil orders.

Sharmeet al. (2001) while reporting about characteristics alagsification
of soils of Kathiawar region of Gujrat as influeddey topography, revealed that
the soils of Devpur series, Gondal series, Meglgrries, Shivrajgadh series,
Semla series, Bhola series, Haripur series and iyaseries have been classified
as Lithic Ustorthents, Lithic Haplustepts, Typic gHastepts, Vertic Haplustepts,
Calcivsterts, Calcic Haplustepts, Typic Haplusteatd Udic Haplustepts at sub-
group level, respectively.

Sahuet al. (2001) further classified some vertisols of wasteone in
Orissa as Chromic Haplusterts on the basis of nwbogical, physical and
chemical characteristics.

Nayaket al. (2000) while studying the characterization arassification of
soils of central Research Station Bhubaneshwarrtegahat three pedons out of
five were grouped under order Alfisols becauseresence of argillic horizon and
percentage base saturation of more than 35 pemhite as the other two pedons

were placed under order Inceptisols and Entisols.



CHAPTER-III

MATERIALS AND METHODS

3.1 General description of the area

The state of Jammu and Kashmir comprising of extrevastern sector of
the Himalayas occupies almost a central positioAdia. It is northern most state
of India located between 307 and 37 16 latitude 78 26 and 80 30longitude
and 82 each Greenwich. The state of Jammu and Kashmitribates 48% of
total temperate fruit production of the country.

The valley of Kashmir is enclosed by great Himatayanorth and lesser
Himalayas in South. The climate of Kashmir valleginyg temperate, is quite
suitable for the cultivation of temperate fruitpesially apple and nuts. District
Baramulla is the fruit bowl of the valley.

The Bangil area in Baramulla district is spreadrdifey square kilometres
starting from Pattan and ends at Putkah. The areamprised of karewas and foot
hills. Karewas locally known as “Wudrs” are lacustr pleistocene and post
pleistocene deposits and occupy most of the stuely. &he whole area is located
within an altitude of 1650-1800 metres above thamsea level (Mushki, 1994).

Table 1 Soil and Plant samples collection sites

Orchard No. Location
1. Kalantra
2. Kreeri

3. Tappar

4. Kralweth
5. Batapora



6. Lalpore

7. Tilgam

8. Mamoosa
9. Kanloo

10. Moghama
11. Nihalpora
12. Sheerpora
13. Khore

14. Shrakwara

3.2 Collection of soil samples

Soil profiles were exposed from the apple orchavideh are of uniform age and
maintained by the similar management practices |€Td). On spot morphological
observations were recorded as per USDA soil SutMeanual. Soil samples were
collected at an interval of 20 cm upto a depth@tBh.

3.3 Leaf samples
Leaf samples from pest and disease free trees @fdBkcious cultivar were
selected from the same orchards from where thesaailples were collected. The

leaf samples were collected as per the proceduleed by Kenworthy (1964).

3.4 Preparation of samples
3.4.1 Soil samples

The soil samples were air dried in shamleshed with wooden pestle and
mortar and sieved through 2 mm sieve. The sievedbks were labelled and
stored in polythene bags for subsequent chemicdysis.

3.4.2 Leaf samples



The fresh leaf samples were first washed in runniag water to
decontaminate from dust and other foreign matéoisdwed by dipping in dilute
hydrochloric acid (0.1 N Hcl). Further washing wapeated with single and
double distilled water. The samples were then aegddon filter papers and oven
dried at 6&5°C for 24 hours. The samples were then homogenizedstainless
steel blender to pass through 2 mm mesh and simgEdtight polythene bags for

chemical analysis.

3.5 Soil analysis
The soil samples were analyzed for various physkwmical properties like

organic carbon, pH, Electrical Conductivity, CalniuCarbonate, mechanical
separates (sand, silt and clay), CEC. Availableag&n, Phosphorus, Potassium,
Sulphur, Calcium, Magnesium and DTPA extractablecZiCopper, Manganese
and Iron were also determined in these soil samples procedures adopted for
the analysis are as follows:
3.5.1 pH

The pH of soil samples was determined in 1:2.5water suspension using
a glass electrode pH meter as described by Ja¢kS@R).
3.5.2 Electrical conductivity

The electrical conductivity of soil water extracasvdetermined with the
help of solubridge Jackson (1973).
3.5.3 Calcium carbonate

Determination of Calcium Carbonate was done by adgpapid titration
method as described by Piper (1966).

3.5.4 Organic carbon



Organic carbon was determined by Walkley and B(d&34) method.
3.5.5 Mechanical analysis

The mechanical composition of soil was determinad libternational
Pipette method as described by Piper (1966).

3.5.6 Cation exchange capacity (CEC)

Scholenbergers method of leaching the soil withtnaémormal ammonium
acetate and determination of ammonical nitrogeok&lan, 1973) was followed to
determine CEC of soil.

3.5.7 Available Nitrogen

Nitrogen in soils was determined by alkaline pergaarate method as
described by Subbiah and Asija (1956).

3.5.8 Available Phosphorus

Phosphorus in soil was estimated by 0.5 M Sodiucarbonate (pH 8.5)
method as outlined by Olsehal. (1954).

3.5.9 Available Potassium

Potassium was extracted with neutral normal ammmoragetate (Merwin
and Peech, 1950) and Potassium in extract wasndietst by Flame Photometer.
3.5.10Available Calcium and Magnesium

These were estimated by versenate titration me@ladk (1965).

3.5.11Available Sulphur
Available Sulphur in soils was determined turbidinoally (Chesnin and
Yien, 1951).

3.5.12DTPA-extractable micronutrient cations



The method of Lindsay and Norvel (1978) was usedHe estimation of
micronutrient cations. Ten g soil was shaken fdwoRrs with 20 ml of extracting
solution consisting of 0.005 M DTPA (Diethyleneatnine penta acetic acid), 0.01
M Cach and 0.1M TEA (Triethanol amine) buffered at 7.3haHcl and filtered,
the filterate was stored for analysis.

The Zinc, Copper, Manganese and Iron in the fiteex@ere determined on
an atomic absorption spectrophotometer after stdimdag the instrument with

proper standards.



Steo—ceriticat-timi : — :

Nutrient Reference
Soitfertitity class
Element
Low Medium Higl
0.5 0.5-1.0 1.0> Walkley and Black
OC %
(1934)
N (ppm) 125 125-250 250> Subiah and Asija (1956)
P (ppm) 4 4-11 11> Olseat al. (1954)
K (ppm) 44 44-125 125> Hanway and Heidal
(1952)
S (ppm) 10.0 - - Kanwar and Mohan
(1964)
Zn (ppm) 0.6 0.6-1.2 1.2> Takkar and Mann (1975)
Cu (ppm) 0.2 0.2-2.0 2.0> Follet and Lindsay
(1970)
Mn (ppm) 1.0 - - -do-
Fe (ppm) 4.5 - - Lindsay and Norvell
(1978)

3.6 Leaf analysis
3.6.1 Nitrogen

The leaf samples were digested in concentratedhstitpacid in presence
of digestion mixture comprised of potassium sulphatopper sulphate iron
sulphate and selenium powder in the ratio of 10i5dnd Nitrogen in leaf was

estimated by microkjaldhal’s distillation method described by Jackson (1973).



For the determination of Phosphorus, Potassiungi@al Magnesium, Sulphur,
Zinc, Copper, Manganese and Iron and diacid digestnixture in the ratio of
(HNOs; : HCIO, = 9:4) was prepared and leaf samples digestedhgdohand
Ulrich, 1959).
3.6.2 Phosphorus

It was estimated by Vanadomolybdo phosphoric yelloslour method
(Jackson, 1973).
3.6.3 Potassium

It was estimated by Flame photometric procedurelescribed by Piper
(1966).
3.6.4 Sulphur

Sulphur was determined by turbidity method givenQGhesnin and Yien
(1951).
3.6.5 Calcium and Magnesium

These were determined by versenate method (Jack3d8)
3.6.6 Zinc, Copper, Manganese and Iron

Zn, Cu, Mn and Fe content of the leaf samples vestanated by feeding
the diacid extract to the atomic absorption sp@ttobometer at 213.9, 324.5,

279.8 and 248.1 nm respectively.

3.7 Statistical analysis

All the data pertaining to these investigations eveubjected to statistical
analysis by the method as described by Panse dddhtaune (1967).

Simple correlation coefficients were computed benvearious physico-

chemical properties of soil (pH, Organic Carbon]ctan Carbonate, Electrical



Conductivity, Cation Exchange Capacity) and average nutrients (Nitrogen,
Phosphorus, Potassium, Sulphur, Calcium, Magnesfiime, Copper, Manganese
and Iron).

Also simple correlation coefficients ‘r were contpd between available

nutrients and leaf nutrient content.

Table 3: Tentative working nutrient standards for apple leaf*

Element Deficient Low Optimum High (>)

N (%) 1.50 1.5-1.8 19-24 2.50
P (%) 0.14 0.14-0.18 0.19-0.28 0.30
K (%) 1.00 1.0-1.2 1.3-1.8 1.90
Ca (%) 1.00 1.0-1.2 1.3-1.7 1.80
Mg (%) 0.20 0.20-0.24 0.24-0.36 0.37
S (%) - - 0.13-0.84 -

Micronutrient ranges (ppm dry weight)

Zn 15 15.0-20.0 20.0-50.0 50.0
Cu 5 5.0-10.0 10.0-20.0 20.0
Mn 25 25-30 31-150 150.0
Fe 30 30-35 35-150 150.0

* Values adopted from plant Analysis Laboratory, 8ter Ohio U.S.A



CHAPTER-IV

EXPERIMENTAL RESULTS

The experimental results pertaining to the studreSCharacterization and
Nutrient indexing of apple orchard soils of Barayikéa of district Baramulla are presented

in this chapter under the following heads:

4.1 Depth-wise distribution of available nutriemtghe soils
4.2 Physico-chemical properties of soils
4.3 Relationship between available nutrients and/sigl-chemical
properties
4.4 Leaf nutrient status of apple orchards
4.5 Relationship between available and leaf nuticentent
4.6  Characterization and classification of thessa per (USDA) soil
taxonomy

4.1 Depth-wise distribution of available nutrient éements in the soil

4.1.1 Nitrogen
Perusal of data in table 6 revealed that availhlti®gen content in surface

soils varied from 98-122 ppm with a mean value aD-85 ppm while in
subsurface soils it varied from 90-114 ppm with@amvalue of 100.42 ppm. The
Nitrogen content in soils showed a decreasing treitid an increase in soil depth.
The soils were medium in available Nitrogen. Highasgailable Nitrogen was
observed from Shrakwara while lowest from kalantra.
4.1.2 Phosphorus

Examination of data (Table 6) revealed that Phosgh@ontent ranged

from 10-19 and 9-17.12 ppm in surface and subseréads with mean values of



14.79 ppm and 13.39 ppm, respectively. The Phosighexhibited a decreasing
trend with depth in most of the soils under studye highest available
Phosphorus was recorded from Shrakwara and thestofsem Kalantra. The
available Phosphorus status of soils was mediurbl€T2).
4.1.3 Potassium

The available Potassium content in surface soiteedarom 157.7-206.6
ppm with a mean value of 186.95 ppm while in sutzsér soils it ranged from
100.3 —167.15 ppm with a mean value of 125.92 ppable 6). The soils were
high in available Potassium (Table 2). Highest Bsitan was observed from
shrakwara and lowest from kalantra.
4.1.4 Calcium

Perusal of data in table 6 showed that in surfawk subsurface soils of
apple orchards the available Calcium ranged frod228652 ppm and 2838-3982
ppm with mean value of 3320.21 and 3360.21 ppnpeds/ely. The available
Calcium status was high due to the calcareous eatiithese soils. The orchard
soils in kalantra contained highest Calcium andgé¢hof Shrakwara were lowest in
their Calcium content (Table 6).
4.1.5 Magnesium

Examination of data (Table 6) indicated that avddaMagnesium in
surface soils varied from 140.2-178.4 ppm with amealue of 158.2 ppm, where
as in subsurface soils it varied from 126-188.6 ppith a mean value of 153.88
ppm. Highest available Magnesium content was repldirom kalantra and lowest
from shrakwara. The soils were high in availableghtesium.

4.1.6 Sulphur



The available Sulphur in surface soils ranged fi@713.5 ppm with a
mean value of 11.34 ppm where as in subsurface gaibnged from 6.71-9.68
ppm with a mean value of 7.94 ppm (Table 4). This seere medium in available
Sulphur. Highest Sulphur was observed in shrakwaadalowest in kalantra.

4.1.7 Zinc

An examination of data (Table 5) revealed thatzime content in surface
soils ranged from 0.80-0.89 ppm with a mean valu@ &b ppm and in subsurface
soils it varied from 0.60-0.89 ppm with a mean eatif 0.75 ppm. Zinc showed a
decreasing trend with the depth. The orchard soihrakwara contained highest
zinc content whereas lowest zinc content was olksenv kalantra. The available
zinc status of soils was medium.

4.1.8 Copper

The available Copper in surface soils varied fro@26aL.27 ppm with a
mean value of 1.04 ppm where as in subsurface isoigied from 0.52-1.23 ppm
with a mean value of 0.82 ppm. Copper contentedesad with the increase in
depth. Soils were medium in available copper. Higjlevailable copper content
was observed in shrakwara and lowest in kalantadl€rs)

4.1.9 Manganese

The available manganese content in apple orchalsiranged from 32.02-
58.02 with a mean value of 44.40 ppm in surfacks sehereas in subsurface soils
it varied from 26-45.14 ppm with a mean value of.883 ppm. Available
manganese showed a decreasing trend along the wigpth mean value of 33.86
ppm. The orchard soils in shrakwarra recorded Hgtavailable manganese
content and lowest was observed from kalantra. sidils were high in available
manganese (Table-5).
4.1.10lron



Perusal of the data in table 6 revealed that tlalable Iron varied from
42.8-58.33 ppm with a mean value of 47.79 ppm irfase soils, whereas in
subsurface soils it varied from 29-49.50 with a mealue of 38.04 ppm. Like
other micro-nutrient cations iron content also dased with an increase in soil
depth. Highest available iron content was repoftedh shrakwara and lowest

from kalantra. The soil were high in available iron

4.2 Physico-chemical properties of soils
4.2.1 Mechanical composition

The perusal of data (Table 4) revealed that saldnsl clay content varied
from 14.40-26.16, 42.87-56.85 and 26.23-32.29 mert avith mean values of
20.53, 48.16 and 29.26 per cent, respectively irfasa soils where as in
subsurface soils these ranged from 14.74-28.334428.01 and 24.17-34.77 per
cent with mean values of 20.89, 48.72 and 29.31cpet respectively. Locations
like Lalpore, Nihalpora and Shrakwara were medi@xtured (silt loam). The
soils in general were fine textured with silty cliopam to clay loam as the
dominant textural class.
4.2.2 Soil reaction

Perusal of table 5 revealed that pH of the sur&ls varied from 6.5-7.4
with a mean values of 7.05, while as in subsurfsmts it varied from 6.58-7.55
with a mean value of 7.12. The soil pH increasetth &@n increase in depth and in
general soils were slightly acidic to slightly dika.

4.2.3 Electrical conductivity (EC)



The data in table-7 revealed that Electrical cotidiig of surface soils
ranged from 0.25 — 0.47 dSrand in subsurface soils it varied from 0.32-0.54
dSni' with a mean value of 0.45 and 0.34 dSmespectively. The EC of the soils
was normal.

4.2.4 Calcium carbonate

Examination of data in table 7 showed that Ca@as in the range of 3.30-
4.33 and 3.32 — 4.67 per cent with mean values.b8 4nd 4.38 per cent in
surface and subsurface soils, respectively. TheogaGntent increased with
increase in depth.

4.2.5 Organic carbon

The organic carbon content in surface and subsugaids ranged between
1.32 - 1.60 and 0.56 — 1.61 per cent with an aeecagtent of 1.47 and 0.82 per
cent, respectively (Table 7). The soils under stady be rated medium to high
with respect to their organic carbon status. Thgawic carbon content decreased
with an increase in depth.

4.2.6 Cation exchange capacity (CEC)

The CEC varied from 16.6-20.8 and 18.98-20.52 Chkwpt with mean
values of 19.77 and 20.04 Cmolkin surface and subsurface layers, respectively.
The soils of Kanloo showed the highest cation ergkacapacity (20.80 C mol kg
) whereas Moghama had lowest cation exchange dgpélc60 C mol kg)
Table-7.

4.3 Relationship between available nutrients and pfsico- chemical

properties



It is well known that various soil characteristie®z. pH, organic carbon,
calcium carbonate, texture etc. play major rolecamtrolling the availability of
various nutrients. Hence an attempt was made tesasthe influence of these
properties on different soil nutrient contents. Fibis purpose correlation
coefficient values of different physico-chemicabperties with available nutrient
elements was worked out for surface and sub-sudaie of apple orchards and
are presented in table 8 and 9.

4.3.1 Surface soils

Examination of correlation coefficients (r-valuegjesented in table 8
indicated that pH of soils had a negatively sigrifit correlation with N (r=-
0.535) Zn (r= -0.843), Cu (r= -0.726), Mn (r = -8 and Fe (r = -0.977) and
positively significant correlation with Ca (r=0.954nd Mg (r=0.912). Organic
carbon content revealed a positively significantr&ation with N (r=0.523), Zn
(r=0.540), Cu (r=0.239), Mn (r=0.374) and Fe (r4¥whereas other nutrient
contents viz. Phosphorus, Potassium and Sulphundalicexhibit any significant
relationship with it. Calcium carbonate exhibitedignificant negative correlation
with N (r=-0.268), Zn (r=0.296), Cu (r = -0.235Jn (r=-0.278) and Fe (r= -
0.238) whereas it had a positively significant etation with Ca (r=0.358) and
Mg (r = 0.258).

A positively significant correlation was observestween clay content and
available Ca (r=0.432), Mg (r=0.384) and Fe (r=@)36however, rest of the
nutrient elements did not show any significant tieteship with clay content

(Table 8).

4.3.2 Sub-surface soils
Perusal of the data in table 9 indicated that ib-swrface soils pH had

negatively significant correlation with Zn (r= -6%), Cu (r= -0.431), Mn (r=



-0.467) and Fe (r = -0.521) positively significaarrelation with Ca (r=
0.496) and Mg (r= 0.554). The calcium carbonate hadegatively significant
correlation with Zn (r = -0.703), Cu(r=-0.873), Mirx - 0.784) and Fe (r = 0.791)
but positively significant with Ca (r = 0.664) amndg (r = 0.789). The organic
carbon of sub-surface soils exhibited a positiv@bnificant relationship with S
(r=0.413) and Cu (r = 0.746) (Table 9). Claytemt in sub-surface soils was
not found to have a significant relationship withyaof the nutrient elements

(Table 9).

4.4 Leaf nutrient status of apple orchards

Examination of data presented in table 7 showed tiina leaf nitrogen
content ranged from 1.72-2.40 per cent with a meslne of 2.09 per cent at
different locations. Highest nitrogen content waserved at shrakwara whereas
lowest nitrogen content was found at kalantra. Ph@sphorus content ranged
from 0.19-0.28 per cent with a mean value of 0.82 gent. Highest phosphorus
was observed in shrakwara and lowest in kalantne. [€af phosphorus status of
orchards was optimum.

The Potassium content of leaves in red delicioltsven varied from 1.56 —
1.85 per cent with an average of 1.70 per centhéByg Potassium content was
present in the orchards in shrakwara while kalan&@ lowest Potassium content.
The leaves showed optimum Potassium content (Tgble

Calcium content in red delicious cultivar variedrfr 1.70 — 2.08 per cent
with a mean value of 1.82 per cent. Highest Calcontent was observed in
kalantra and lowest from shrakwara. Leaf Calciumteot of the orchards was

high (Table 7).



The leaf Magnesium content varied from 0.23 — @dB8tent with a mean
value of 0.29 per cent. Highest Magnesium contead wabserved in kalantra and
lowest in shrakwara. The leaf Magnesium statugchards was high (Table 7).

The leaf Sulphur content of ranged from 0.42-0.88 gent with a mean
value of 0.50 per cent. The orchards were ratennojon in leaf Sulphur content.
Highest Sulphur was reported from Shrakwera andestwwvas reported from
kalantra (Table 7).

The leaf Zinc content varied from 21-26 ppm witlmaan value of 23.92
ppm. Orchards in shrakwara had highest Zinc coméretreas lower values were
observed from the orchard in kalantra. The orchavdse rated optimum with
respect to their leaf Zinc content (Table 7).

The data presented in table 7 revealed that thepé&amntent in the leaves
of varied from 5-12 ppm with an average of 8.14 pptighest Copper content
was observed in shrakwara and lowest was recordkdlatra. The orchards were
high in leaf Copper status.

The Manganese content ranged from 51-101 ppm withean value of
72.35 ppm. Highest leaf Manganese content was dedofrom shrakwara and
lowest from kalantra. The orchards were optimunleiaf Manganese contents
(Table 7).

Examination of data in table 10 manifested that l&ef Iron content of
apple orchard ranged from 89-130 ppm with a medumevaf 108.64 ppm. Highest
Iron content was observed in shrakwara and lowekaiantra. The orchards were

optimum in leaf Iron contents.

4.5 Relationship between available and leaf nutrientontent



4.5.1 Surface soils

Examination of data presented in the table 11 dedethat a positively
significant relationship was observed between tralable Nitrogen content and
the leaf Nitrogen content (r=0.970).

The Phosphorus content in the leaves exhibited satipely significant
correlation with the available Phosphorus contert@.554) Table-11.

A positively significant correlation coefficient & 0.923) was observed
between the leaf Potassium content and availaliEssBiam content (Table 11).

Data presented in the table 11 showed that the @Ga€ium content
possessed a positively significant relationship (0.875) with available Calcium
content. Perusal of the data in table 11 revealed & positively significant
relationship (r = 0.689) existed between leaf Magyna content and available
Magnesium content.

A positively significant relationship (r=0.724) wabserved between leaf
Sulphur content and available Sulphur.

The Zinc content in the leaves bore a positivelynsicant correlation
coefficient (r=0.727) with available Zinc conteiiaple 11).

The available Copper content exhibited a positivagnificant correlation
(r = 0.682) with the leaf copper content (Table. Byamination of data in table
10 revealed that the leaf Manganese content egkilat positively significant
correlation coefficient (r = 0.926) with availalManganese content.

Leaf Iron content exhibited a positively signifitacorrelation (r= 0.893)
with the available Iron content (Table 11).

4.5.2 Sub-surface soils



Perusal of data presented in table 11 revealedhbdeaf Nitrogen content
exhibited a positively significant correlation cbeient (r = 0.487) with the
available Nitrogen content in sub-surface soils.

A positively significant relationship (r = 0.548)aw found between leaf
phosphorus content and available Phosphorus (Tdble

Examination of data presented in Table 11 indicaited the leaf Calcium
content bore a positively significant relationstiip= 0.963) with the available
Calcium content.

Among the micro-nutrient cations, only leaf Mangssmeontent exhibited a
positively significant correlation (r = 0.720) withivailable Manganese content
whereas the leaf Zinc, Copper and Iron contentraitl exhibit any significant

correlation with their respective available consantsub-surface soils (Table 11).

4.6 Characterization and classification of the soils asper soll
taxonomy
4.6.1 Morphological characteristics
Representative soil profiles were selected fromBheagil area of district
Baramulla for taxonomic purpose and the field stadire given in table-11.
Profile-1
The data presented in table 11 revealed that colaine layers varied from
(10 YR 3/ 4) dark yellowish brown to dark brown YI® 3/3). The texture was

clay loam and structure sub-angular blocky.

The data (Table 11) revealed that the soil layesse slightly hard to hard

when dry and friable when it was moistened. Thdsezere many and coarse in



upper layers and few and fine down below. The effecence was slight in upper

layers and strong in lower layers.

Profile-2

The data presented in table 11 showed that treaicof layers ranged from
dark brown (10YR 3/3) to dark yellowish brown (10RY4/4). The structure of
profile was sub-angular blocky and the texture wiay loam. The upper layers
were slightly hard when dry and friable when maisi The lower layers were
hard when dry and friable when moistened. The dbstribution ranged from
common, many, few and very fine. The reaction witlhute Hcl was slight in

upper layers and strong down below.

Profile-3

Perusal of data presented in table 11 revealedctblaur of the profile
ranged from very dark brown (10 YR 2/2) to yellowizrown (10 YR 5/4).

The structure was sub-angular blocky and the texulay loam. The
consistency ranged between slightly hard to har@nwvtry and friable when
moist. The root distribution was between common ynanfew and very fine
along the depth of profile. The effervescence rdrggtween slight to strong.
4.6.2 Particle size distribution

Soil samples collected from all the horizons/layeese analyzed for sand,

silt and clay fractions and their results are pné=g in table 12.

Profile-1
The data presented in table 12 revealed thatdhese sand content ranged

between 1.27-2.76 per cent and fine sand contdatelea 19.74-20.55 per cent.



Silt content ranged between 41.30-48.57 per cerdreds clay content varied
between 29.58-36.48 per cent.

Profile-2

Examination of data in table 12 revealed that #®aand content ranged
from 0.96-2.86 per cent and the fine sand contemh f19.30-22.52 per cent. The
silt content ranged from 41.10-48.27 per cent. Tlagy fraction varied between

28.84-38.01 per cent.

Profile 3
Perusal of table 12 showed that the coarse santtriovaried between

0.84-1.76 per cent, the fine sand content rangeddaesn 21.64-25.84 per cent. The
silt fraction varied from 40.20-44.06 per cent. Tdlay content ranged between
30.14-36.43 per cent.
4.6.3 Chemical properties of soil profiles
Profile-1

Examination of data presented in table 13 revetiatl pH of the profile
ranged from 7.20-7.30. The electrical conductivigs between 0.47-0.52 dSm
Its organic carbon content and Calcium carbon curri@nged between 1.03-1.44
per cent and 4.22-4.53 per cent, respectively. TEC of this profile varied
between 19.40-19.57 C molkg

Profile-2

The data presented in table 13 revealed that thlersaction ranged
between 7.4-7.58 and its electrical conductivitywsen 0.30-0.51 dSt The

Organic carbon content percentage ranged betweg8-1036, whereas, the



Calcium carbonate varied between 4.31-4.68 per. cBm CEC ranged from

19.93-20.00 Cmol kg

Profile-3

The perusal of the data in table 13 revealed phhivas between 7.20 to
7.40 whereas Electrical conductivity ranged from600.52 dSii. The Organic
carbon content ranged between 0.70-1.43 per calcium carbonate varied from
4.21-4.56 per cent. The cation exchange capaaityec between 20.10-22.20
Cmol kg*.
4.6.4 Soil taxonomy

The soils of the surveyed area fall in the orddisals suborder Udalf and

great group Hapludalf (Table 14).



CHAPTER-V

DISCUSSION

The experimental results pertaining to the studiescharacterization and
nutrient indexing of apple orchard soils of Barayiéa of district Baramulla have
been discussed under the following heads:

5.1 Depth wise distribution of available nutriefgraents in the soils

5.2  Physico-chemical properties of soils

5.3 Relationship between available nutrients andsisl-chemical

properties.

5.4  Leaf nutrient status of apple orchards

5.5 Relationship between available and leaf nuteentent

5.6 Characterization and classification of thessa$ per (USDA) soil

taxonomy

5.1 Depth wise distribution of available nutrient elemets in the soils
5.1.1 Available Nitrogen

The available Nitrogen content in soils under stwdyied from 98-122
ppm with a mean value of 110.85 ppm in surfacesseihere as in sub-surface
soils it varied from 90-114 ppm with a mean valfi@@0.42 ppm (Table 6). These
results are in agreement with those of Mir (19%t)Kashmir soils. A perusal of
table 6 revealed that all orchard soils have medstmtus of available Nitrogen
content, similar results have been reported by Glhosl Hasan (1980) and Misgar
(1992). Sahu (2002) reported similar results whoked on pear orchards in U.P.

Maximum content of available Nitrogen was foundha surface (0-20 cm) layers



of the soils and decreased with an increase inhddjptis can be attributed to the
low organic matter content and low rate of mineation in the lower layers of
soil. Similar results were reported by Kaisdtal. (1990), Singh (1987) and Bhat
(2001).
5.1.2 Available phosphorus

The available Phosphorus varied from 10-19 ppm witmean value of
14.79 ppm in surface soils, where as it varied f@fv.12 ppm with a mean value
of 13.39 ppm in sub-surface soils (Table 6). Theslees are in agreement with
those of Talib (1984) and Misgar (1994). The a\ddaPhosphorus status of the
soils under study was found to be medium. Thisnigecordance with those of
Ganaiet al. (1991) and Peer (1994). The available Phosphorubhese soils
showed a decreasing trend along the depth of thi@gs. The highest content of
Phosphorus in surface soils may be attributed gbdri amount of organic matter
and neutral soil reaction, besides being less radbilthe lower layers. Similar
results about the soil of Jammu and Kashmir wipeet to available Phosphorus
were given by Handoo (1983), Talib (1984), BhatO®0and Sahu (2002).
5.1.3 Available potassium

The Potassium content varied from 157.7-206.6 pptn &mean value of
186.95 ppm in surface soils and from 100.3-167.f6 ith a mean value of
125.92 ppm in sub-surface soils (Table 6). Theselt®are in accordance with the
findings of Bhat (2001). The available Potassiuns \wagh (Table 6) which may
be due to presence of illite type of clay mineialshese soils. This is supported
by the findings of Handoo (1983) and Talib (198#vailable Potassium
decreased with increase in depth the higher comkpbtassium were reported

from the surface layers as that of sub-surfaceratf@s can be attributed to the



fact that the clay complex of orchard soils of Kaghvalley is a mixture of illite,
muscovite, kaolinite etc and high rate of weathgermsurface layers due to more
exposure of potassium bearing minerals to the veeisily agencies (Katoo, 2001).
5.1.4 Available Calcium

Data presented in the table 6 revealed that thdwaggeable Calcium
ranged from 2842 — 3616 ppm with a mean value @D3RL ppm in surface soils
and from 2838-3982 ppm with a mean value of 33601 in sub-surface soils.
These results are in agreement with those of Mig294). The available Calcium
content was high which may be due to the calcaremisre of the soils. The
calcareous nature of Kashmir soils has been regphosteHandoo (1983) and Katoo
(2001). The Calcium content increases with increase depth. Similar
observations were reported by Sharstaal (2001), Xiubinet al. (2002) and
Bhargava (2002).
5.1.5 Available Magnesium

A perusal of data (Table 6) indicated that avadadidagnesium varied from
140.2-178.4 ppm with a mean value of 158.2 pprunfiase soils and 126-188.6
ppm with a mean value of 153.88 ppm in sub-surfasks. Magnesium showed an
inconsistent trend with soil depth. These resutts ia line with those of Peer
(1994). The inconsistent trend in its distributican be due to stratification of
these soils. This is in conformity with the findsagf Mir (1994), Talib (1984) and
Bhat (2001).
5.1.6 Available Sulphur

The available Sulphur in surface soils ranged fi@m13.5 ppm with a
mean value of 11.34 ppm whereas in sub-surface #silcontent ranged from

6.71-9.68 ppm with a mean value of 7.94 ppm (T&)leThe soils under study



have medium status of available Sulphur. The abi@leSulphur showed an
inconsistent distribution pattern with the soil thkepThe results are in agreement
with those of Aroraet al. (1989), Sharma and Bhandari (1992) and Singh7jL98
who also indicated an erratic trend in the distitou of available. Sulphur with
the soil depth. Similar inconsistent distributiomatgern of Sulphur was also
reported by Balanagoudar and Satyanarayana (199t wvorking with
Karnataka soils.
5.1.7 Available Zinc

DTPA extractable Zinc content varied from 0.80-0@@&m with a mean
value of 0.85 ppm in surface soils and 0.60-0.88 pyth a mean value of 0.75
ppm in sub-surface soils (Table 6). The soils weredium in available Zinc
content. These results are supported by the fisdiglalaliet al. (1989) and Mir
(1994). The available Zinc content of soils undedyg decreased with increase in
soil depth. The maximum amount of Zinc in surfacslss can be due to
accumulation of organic matter in surface soil$milar results were reported by
Bhandari and Randhawa (1985) and Jaizdi. (1989).
5.1.8 Available Copper

The available Copper in surface soils varied fra826aL.27 ppm with the
mean value of 1.04 ppm whereas in sub-surface #gorEnged from 0.52-1.23
ppm with a mean value of 0.82 ppm (Table 6). Theselts are in accordance
with the findings of Mir (1994) and Mushki (1994The available Copper
generally decreased with an increase in soil degth maximum amount in
surface layers which may be due to high organicemiat surface layers. These

observations are supported by the findings of Jal@l. (1989) and Tripathet al.



(1994). The soils were high in available Copperb{&s5). This can be attributed
to the application of Copper containing fungicides.
5.1.9 Available Manganese

Perusal of data (Table 6) revealed that availaldedanese content varied
between 32.02-58.02 ppm with a mean value of 44@® in the surface soils
whereas it ranged from 26-45.14 ppm with a meanevalf 33.86 ppm in sub-
surface soils. These results are in accordancethate of Jalalet al. (1989) who
has worked with Kashmir soils. The soils under gttall in higher category for
available Manganese (Table 2). This is in line witlose of Mir (1994). The
concentration of Manganese decreased with incrieaseil depth. These findings
are also confirmed by Jaladt al. (1989); Chibba and Sekhan (1985) and Bhat
(2001).
5.1.10Available Iron

The DTPA extractable Iron in soils under study eded a range of 42.8-
58.33 ppm with a mean value of 47.79 ppm in surfsmiés and 29-49.50 ppm
with an average value of 38.04 ppm in sub-surfadks §Table 6). The available
Iron showed a decreasing trend with an increassoihdepth, with maximum
amount in surface soils, which may be due to seifiic natural vegetation and
favourable pH of surface soils. This is supportedhe findings of Tripathi (1994)
and Bhandari and Randhawa (1985) who also obsé¢hatdavailable Iron in soils
is largely influenced by the organic carbon content
5.2 Physico-chemical properties of soils
5.2.1 Mechanical composition

A perusal of table 4 indicated that sand contenged from 14.4-26.16 per

cent in surface soils and 14.74-28.35 per centiinssuurface soils with mean value



of 20.53 and 20.89 percent respectively with aromsestent distribution with
depth. Similar observation has been reported iroatirorchard soils of Kashmir
by Mir (1994). The silt fraction in surface soilaned from 42.87-58.85 and in
sub-surface soils ranged between 42.34-58.01 pe#rvagh mean value of 48.16
and 48.72 per cent respectively (Table 4). Thers araerratic distribution of silt
content with an increase in soil depth. Similarevlsation were reported by Talib
(1984) while working with soils of Kashmir. The glaontent ranged from 26.23-
32.29 and 24.17-34.77 per cent with mean value9a2@ and 29.31 per cent in
surface and sub-surface soils, respectively witkematic distribution with depth.
This is in accordance with results of Bhat (200Howstudies the high density
apple orchard soils. These results are in agreemgintthe findings of Micheal
and Amber (2002) who worked on two alfisols in eesttral Missouri. Similar
observations were reported by Bhargava (2002) wbiked on characterization
of soil moisture storage and release in soils.
5.2.2 Soil reaction (pH)

The pH in apple orchard soils varied between 645with a mean value of
7.05 in surface soils and between 6.58-7.55 witlhesan value of 7.12 in sub-
surface soils (Table 5). The soils were slightlydecto slightly alkaline in
reaction. These observations are in agreement tiwithe of Ganaet al. (1991)
and Handoo (1983). It was observed that pH inceasth depth which is due to
the presence of higher amounts of exchangeableshassub-surface soils as
compared to surface layers. Bhandari and Randha9&b] and Mir (1994) have
also observed similar trend while working with saf Shimla (H.P) and Kashmir

valley (J&K), respectively. Xiubinet al. (2002) also reported the similar



observations who worked on paleopedological ingasibn of three agricultural
loess soils on the loess plateau.
5.2.3 Electrical conductivity (EC)

The electrical conductivity of surface soils varigdm 0.25-0.47 dSth
with a mean value of 0.34 dSmvhereas in sub-surface soils it varied from 0.32-
0.54 dSrit with a mean value of 0.45 dSnfTable 5). The electrical conductivity
of all the profiles was normal. The electrical coativity showed an increasing
trend with an increase in soil depth. This can tigbated to the leaching of
soluble salts and exchangeable bases. This iscor@dance with the findings of
Balanagoudar and Satyanarayana (1990) and Jealakl. (1989). Similar
observations were reproted by Bhargava (2002) wbked on characterization
of soil moisture storage and release in soils. i8ha&t al. (2001) reported similar
trend of electrical conductivity along the depth ih working with
characterization of soils of Kathiawar region of j@u as influenced by
topography.
5.2.4 Calcium carbonate

The studies revealed that apple orchard soils aigh area of district
Baramulla are by and large calcareous in nature.Jdicium carbonate content in
both surfaces and sub-surfaces soils ranged fr@80 3.33 per cent and 3.32 to
4.67 per cent with mean values of 4.18 and 4.3%pst, respectively (Table-5).
The distribution of Calcium carbonate in variousfpes under study revealed an
increasing trend down the profile. This can beilaited to the leaching of free
Calcium carbonate. The results are in agreemerit thié findings of Handoo

(1983) and Mir (1994). Xiubiret al. (2002) reported similar results who worked



on paleopedological investigation of three agriomat loess soils on the loess
plateau of China.
5.2.5 Organic carbon

The organic carbon content ranged from 1.32-1.60cpet with a mean
value of 1.47 per cent in surface soils and 0.%3-per cent with a mean value of
0.82 per cent in sub-surface soils (Table 5). Tadase oils showed higher
content of organic carbon, which decreased withnanease in soil depth. The
high content of organic carbon in these soils ie thunatural vegetation, besides
the frequent addition of farm yard manure to theshards. Similar observations
were also reported by Talib (1984) and Gastal (1991) for soils of Kashmir and
Singh (1987) for soils of Kinnour district of Himaal Pradesh. These
observations are in confirmity with those of Xiulghal. (2002) and Bhargava

(2002).

5.3 Relationship between available nutrients and phys@chemical
properties of soll

5.3.1 Solil reaction

The surface soil pH showed significant but negatie&ationship with
exchangeable Nitrogen, Zinc, Copper, Manganesdrand(Table 8), whereas in
sub-surface soils it showed significant but negatwerrelation with Zinc, Copper,
Manganese and Iron (Table 9). Since the soils al@eous, the increase in soil
reaction with increase in depth may be due to liegcbf Calcium and Magnesium
carbonates. A negatively significant and negatekationship between pH and
available Nitrogen is confirmed by the findings id&rboo (1994). The inverse

relationship between pH and Zinc is well recognibgdHaby and Sims (1979)



Lins and Cox, (1988); Katyal and Sharma (1991)erislent from the coefficient
of correlation, pH seemed to dominantly influenbe Manganese availability in
soils. These findings are supported by the workinfisay and Cox (1985) who
also identified pH as a key factor influencing tlanganese availability in soils.
The negatively significant relationship betweemliend pH might be due to the
precipitation of soluble Iron and Ferric hydroxide higher pH which is in
confirmity with Prasad and Sakal (1991) and Singid &huja (1990). A
negatively significant correlation between pH antiFiA Copper is supported by
the findings of Arora and Sekhan (1981); Mir (198handari and Randhawa
(1985). The availability of Phosphorus also deadawith an increase in pH
because of its conversion in to insoluble tricaltiphosphates. A negative
relationship between pH and available Phosphoradsis confirmed by Singh in
orchard Soils of Kinnuar district of Himachal PradeThe negative relationship
between pH and available Potassium was observeSingh (1987) and Ahuja
(1990), Mushki (1994) and Narboo (1994).
5.3.2 Organic carbon

Organic carbon content showed a positively sigaificrelationship with
available Nitrogen, Zinc, Copper, Manganese and imasurface soils (Table-
8), while as it bore a positively significant cdaton only with available Sulphur
and Copper in the subsurface soils (Table 9). Ticeease in the availability of
Nitrogen, Sulphur, Zinc, Copper, Manganese and Wwidh an increase in organic
carbon content may be attributed to the releasthede elements from organic
complexes as well as from weathering of mineralstaining them due to
acidulating action of organic matter. The positisignificant relationship of

organic carbon with available Nitrogen was alsmregd by Mushki (1994), Singh



and Ahuja (1990) and Dar (1996). The positivelyngigant correlation of organic
matter with available Nitrogen may be attributedtite association of Nitrogen
with organic matter and adsorption of NN by humus complex in the soil.

5.3.3 Calcium carbonate

Calcium carbonate showed a negatively significantratation with
Nitrogen, Zinc, Copper, Manganese and Iron besw@egositively significant
correlation with Calcium and Magnesium in surfaaelss (Table 8) whereas
Calcium carbonate had a negatively significantti@ship with, available Zinc,
Copper, Manganese and Iron in subsurface soils |[€T@h. The negatively
significant relationship between Calcium carbonaibel available Nitrogen has
been also observed by Mir (1994).

The negative correlation of available Phosphoru$ Widalcium carbonate
may be due to adsorption and rapid precipitatibfiPlmosphorus with Calcium
carbonate (Tisdalet al., 1995).

The negatively significant relationship between diah carbonate and
available micro-nutrient cations may be attributied the effect of Calcium
carbonate on soil pH which increases with an irsgem Calcium carbonate
thereby decreasing the availability of micro-nuttiecations. The negatively
significant correlation between Calcium carbonatd BTPA extractable cations
has been confirmed by the findings of Sa&ahkl. (1985), Rawat and Mathpal
(1981), Jalalet al. (1989) and Mir (1994).

5.3.4 Clay

The clay content showed a positively significantreation with available

Calcium, Magnesium and lron in surface soils (TaBe The significant

correlation between clay and Calcium is in agredmetn Singh (1987) whereas



Iron showing positively significant correlation Witclay is in agreement with
Tiwari and Mishra (1993) and Jalali (1989).

The significant correlation between clay and CaitgilMagnesium and Iron
is attributed to the increase in retention of Galti Magnesium and Iron by the

finer fraction of soil.

5.4 Leaf nutrient status of apple orchards
5.4.1 Nitrogen

The Nitrogen content in the leaves varied from 12240 per cent with a
mean value of 2.09 per cent (Table 7). These foglere in agreement with those
of Sharmaet al. (1982) and Mushki (1994) Table 7 revealed thaitlad leaf
samples were medium in their nitrogen content. &mesults are in accordance
with those of Basso and Wilms (1988) Gosh and Malak(1992) who attributed
it to annual application of this nutrient, decompos of plant biomass and
natural release by soil together with the biolobfoaation of rhizobia of legumes
present in the vegetation of grass alleys of othar
5.4.2 Phosphorus

The Phosphorus content varied from 0.19 - 0.2&pat with a mean value
of 0.22 per cent (Table 7). These results are stggpdy the findings of Singh
and Bhandari (1992), Sharma and Bhandari (1995 .Aosphorus content in the
leaves was optimum. This can be attributed to theual application of the
nutrient, besides the high quantities of organictemaThese findings are
confirmed by the observations of Awastti al. (1999), Singh and Bhandari
(1992) while examining the nutrient status of apmichards in Kinnuar district of

Himachal Pradesh.



5.4.3 Potassium

The Potassium content in the leaves varied froré 1135 per cent with a
mean value of 1.70 per cent (Table 7). These esut supported by Bhandari
and Sharma (1981) and Mushki (1994). Prevalen@ptimum potassium content
in the leaves is in agreement with the finding®\afasthiet al. (1999), Bhandari
and sharma (1981). This may be attributed to tHigcgnt amount of available
Potassium in the orchards, these results are si@gpby the findings of Awstlet
al. (1999).
5.4.4 Calcium

The Calcium content of apple leaves was found ty fram 1.71-2.08 per
cent with a mean value of 1.82 per cent (TableTAgse results are in agreement
with Bhandari and Sharma (1992); Mushki (1994) daynes (1990). A perusal
of data indicated that apple orchards in Kashmileyaare adequately supplied
with Calcium. These results are in conformity wilie findings of Bhandari and
Sharma (1981) and Bhat (2001)
5.4.5 Magnesium

The magnesium content in varied between 0.23-0OstXent with a mean
value of 0.29 per cent (Table 7). The data indatdltat the leaves are adequately
supplied with magnesium at all the locations. Adexyu of Magnesium was
reported by Awasthiet al. (1998) and Singh (1987). Prevalence of high
Magnesium content in valley orchards (Table 7) lsarascribed to their optimum
pH that enhances Magnesium availability Shaenal. (1982), Awasthiet al.
(1979) and Sharma and Bhandari (1992).
5.4.6 Sulphur



The leaf Sulphur content varied from 0.42-0.63 gt with a mean value
of 0.50 per cent (Table 7). Similar results haverbalso reported by Badyal and
Kar (1984) while studying the sulphur content im&aRosa cultivar of plum in
Himachal Pradesh. Optimum Sulphur contents werergbd in these orchards.
These can be attributed to the application of Swiptontaining fungicides.
Similar results were reported by Awasghal. (1999).

5.4.7 Zinc

The content of Zinc in leaves varied from 21-26 ppith a mean value of
23.92 ppm (Table 7). These findings are in agre¢mwéh those of Singh (1987)
and Mushki (1994). Almost all the orchards studsde medium in the content of
Zinc. The results are in agreement with the findired Bhandari and Sharma
(1992) who reported that 90 per cent of samplegwerdium in Zinc in Himachal
Pradesh. Bhat (2001) observed similar results.

5.4.8 Copper

The content of Copper varied from 5-12 ppm with @am value of 8.14
ppm (Table 7). The results are in agreement with fthdings of Sharma and
Bhandari (1995); Mushki (1994). The data presemedble 7 revealed that most
of the samples were adequate in Copper contens. ifhn accordance with the
findings of Ganaiket al. (1991). Awasthet al. (1999) and Bhat (2001) observed
similar results from Himachal Pradesh and Kashralley respectively.

5.4.9 Manganese

The content of Manganese varied from 51-101 pprh @it average value
of 72.35 ppm (Table 7). The results are in agre¢math those of Singh (1987);
Mushki (1994) and Ranet al. (1984). The orchards are adequately supplied with
Manganese as evident from table 7. Bhandari andifiRama (1978) and Mushki



(1994) have also reported adequacy of this nutgentent in Himachal Pradesh
and Kashmir soils, respectively.
5.4.10Iron

The Iron content ranged between 89-130 ppm witleamvalue of 108.64
ppm (Table 7). These results are in agreement thidke of Mushki (1994) and
Sharma and Bhandari (1995). The optimum contertoof in the leaves may be
due to favourable soils reaction and adequate gigsnbf organic matter that
form soluble complexes, subsequently available lemtp. Similar results have

been reported by Ramaal. (1984); Sharmat al (1982) and Bhat (2001).

5.5 Relationship between available and leaf nutrreé content

The information on the nutrient status of fruiteseand the soils is
Important to serve as a guide for the fertilizerommendations for economic fruit
production and therefore to assess the performamfciuit trees. Thus it is
important to correlate the results of soil and planalysis data to study the
relationship existing between them. The data orstligect presented in Table 10
is discussed as under:

The available Nitrogen content in surface and sdase layers exhibited
positively significant relationship with its leabwetent (Table 10). Similar results
have also been reported by Awasthal. (1998) and Singh and Bhandari (1992)
while working with apple orchard soils of Himacliadesh. This is supported by
the work of Anderson and Alberigo (1977) who repdrithat macro-nutrient
elements in leaves have more significant correlatith the surface soils as

compared to subsurface soils.



The Phosphorus content of leaves exhibited po$tiveignificant
correlation with available Phosphorus from bothfate and subsurface soils
(Table 10). These results are supported by MusidiMir (1994) and are further
confirmed by Mamgairet al. (1998).

The Potassium content in the leaves indicated ipebit significant
relationship with available Potassium from surfaods only. These results are in
confirmity with the findings of Mushki (1994) andiM1994).

A positively significant relationship existed bewwve leaf Calcium and
surface as well as subsurface available Calciuntecor{Table 10). These results
are supported by the findings of Mushki (1994); ghin(1987) and Basso and
Wilms (1988) in Golden delicious and Fuiji cultivars

The Magnesium content in the surface soils onlyiletdd Positively
significant correlation with its leaf content (Tabll0). These results are in
confirmity with the findings of Morgan and Hanner{$979). These results are
further supported by the work of Anderson and Ailtp@(1977) who reported that
leaf Magnesium exhibited more positively signifitanorrelation with the
available Magnesium content in the surface soilg.on

The leaf micro-nutrient Zinc, Copper and Iron barpositively significant
correlation with their respective available consefitom the surface soils whereas
Manganese showed a positively significant correfatith its respective contents
from both surface as well as subsurface layers|€Tab). These results are in
agreement with those of Mushki (1994); Singh (198 He variation in the degree
of relationship of the depth wise available nutrisapply with the plant content
may be due to the differences in the tree root fieation or the competition

between the tree roots and roots of cover cropstlaadutrient ion interactions



(Beattie and Ellenwood, 1950). The vaariable catr@hs may be also due to the
influence of weather and size of the crop as welb@hard management practices

(Walter, 1961).

5.6 Characterization and classification of the soils aper soil taxonomy
5.6.1 Morphological characteristics

Perusal of data shown in table 11 revealed thahalprofiles qualify for 10
YR hue. Generally the surface horizons were datlowesh brown (10 YR 3/4)
dark brown (10 YR 3/3) and very dark brown (10 YR)2when moist. The B
horizons were either dark brown (10 YR 4/3) or dggkowish brown (10 YR 4/4)
which is indicative of more or less well drainechddions in the area which is in
line with the observations reported by Gupta andn&e(1992). The dark colour
may be due to the organic matter and the dark brosour may be due to the
calcareous nature of the soil which is in agreemetit the findings of Guptat
al. (1988). These results are also supported by Netyalk (2001) who worked on
characterization and classification of the soils a#@ntral Research Station
Bhubaneswar. Similar results were also reporteMiacpheal and Amber (2002).

The structure in all the profiles is by and largederately developed, i.e.
sub-angular blocky. The texture of the soil is gahg clay loam, which is in
agreement with the observations reported by Shatrah (1997); Kharchest al.
(2000); Nayaket al. (2001) and Micheal and Amber (2002). The datavidexd in
table 11 revealed that the soil in the surfacerkyeere in general slightly hard
when dry and friable when moist. The consistencyheke soils appear to have
direct correlation with their texture i.e. heavibe soil, more sticky and plastic

which is indicative of good water retention chaegistic of these soils. The clay



content ranged from 29.58-38.01 per cent (Table TRese findings are in
agreement with those of Katoo (2001).

Plenty of roots were found upto a depth of 9-80 &hme sub soil showed
presence of many and fine roots. Increase in thg cbntent showed an adverse
effect on root penetration (Table 12).

The soils of Bangil area are calcareous in natarfeee calcium carbonate
present showed effervescence with dilute Hcl vayynom slight to strong in the
surface and subsurface layers. These results direeiwith the findings of Katoo
(2001).

5.6.2 Physical characteristics
5.6.2.1 Particle size distribution

The study of mechanical composition is of immemspartance in knowing
the nutrient status, aeration and water retentagacity of soil. The perusal of the
data (Table 12) revealed that fine sand varied fid8-25.84 per cent whereas
coarse sand varied from 0.84-2.86 per cent. Mag cbntent was present in B-
horizon. The silt ranged from 40.2-48.57 percerter€ is an evidence of down
ward movement of clay with maximum enrichment int Bdrizon. The clay
content varied from 29.58-38.01 percent. Theseltesue in confirmity with
those of Mishra and Ghosh (1995), Sharehal. (1997), Micheal and Amber
(2002).

5.6.3 Chemical characteristics
5.6.3.1 Soil reaction (pH)

The soils under study were almost neutral. Theltepuesented in table 13
revealed that pH values ranged from 7.20 - 7.58 sarwh findings were in line

with those of Shinde and Talib (1984) especiallykarewas wherein there was an



increasing trend in the pH with the increase in tepth since the soils are
calcareous in nature, due to the presence of fraleiutn carbonate, the soill
reaction enhances with the depth. These findingee vie line with those of
Tripathi and Sharma (1993) Minhetsal. (1995), Kharchet al. (2000), Sharmat
al. (2001), Micheal and Amber (2002) and Xiuletral. (2002).
5.6.3.2 Electrical conductivity

The data on electrical conductivity presented Iniedl3 revealed that the
electrical conductivity of the soils under studysazetween 0.30 and 0.52 d$m
and was normal thereby indicating low amount otibtd salts. Marazi (1988) and
Jalali et al. (1989) have also reported a normal range of mbattconductivity
while studying the soils of Kashmir. Similar obs&iens were reported by
Sharmeet al. (2001) and Bhargave (2002).
5.6.3.30rganic carbon

The data (Table 13) revealed that organic carboecd varied from 0.58 -
1.43 per cent. The organic carbon was highest atsilrface epipedon and
decreased gradually, with the increase in depthe Gtreater accumulation of
organic matter in the epipedon is due to additibleaf litter organic manures an
turn over of previous crop residues. This wasne lith the observations of Dhar
et al. (1988), Gupta and Tripathi (1993). Similar obs¢ions were reported by
Kaistha and Gupta (1994) and Shamhal. (1999).
5.6.3.4Calcium carbonate

Data presented in table 13 revealed that the Galcarbonate content in
the profiles varied from 4.21-4.68 per cent. Caitiicarbonate showed an

increasing trend along the depth of profile. Thas e attributed to the leaching



of calcium from the upper horizons. These results ia agreement with the
findings of Handoo (1983), Mir (1994), Sharmtaal. (2001), Xiubinet al. (2002)
and Bhargava (2002).

5.6.3.5Cation exchange capacity (CEC)

CEC is an important parameter. Its study helps nowk the nutrient
supplying capacity of soil. The data presentedainleg 13 suggested that cation
exchange capacity of the soils under study rangem f19.40-20.22 C mol kg
This cation exchange capacity showed an erratndtvath the depth, which could
be attributed to the variation in clay content awdanic matter content. Such
observations have also been reported by Madadall. (1990), Gangopadhyast
al. (1990), Sharmat al. (2001), Kharchet al. (2000), Bhargava (2002), Nayek
al. (2001), Xiuibinet al. (2002) and Micheal and Amber (2002).

5.6.4 Taxonomic classification

On the basis of morphological, physical and chehubaracteristics these
soils have been classified (Table 14). The perofsable revealed that the soils of
Bangil area of district Baramulla fall in the ord&lfisols, since their epipedon is
medium in organic matter, hence the epipedon god&3chric diagnostic surface
horizon. Moist value is between 3 and 4 and thesdgihg horizon in which clay
has accumulated (Table 12) which qualifies for lacgihorizon hence the
subsurface diagnostic horizon being argillic. Sitioe karewas of Bangil area are
formed on lacustrine post pleistocene depositsthnd the soils qualify for the
order Alfisols (Micheal and Amber, 2002).

These soils do not remain dry for 90 cumulative sdaye to the well

distributed rainfall of the area, hence the udidstuve regime and the suborder



will be Udalf and Hapludalf the great group. Similabservations have been

reported by Shindet al. (1984). Katoor (2001), Micheal and Amber (2002).



CHAPTER-VI

SUMMARY AND CONCLUSION

The nutrient status and soil characterizationppi@ orchards of Bangil
area of district Baramulla was assessed by studsorigand leaf samples of
representative orchards. The soil profiles werdistufor their morphological and
physico-chemical characteristics. Soil samples wetiected from four 0-20, 20-
40, 40-60 and 60-80 cm, depths for each orcharchaatyzed for the available
macro and micro-nutrients in addition to the phgssbemical characteristics.
Leaf samples were also collected from red delicmusvars of apple under neath
which the soil samples were collected. These laalpdes were digested and
analyzed for estimation of macro and micro-nutge®elationships between the
available nutrients and the physico-chemical prigeand the leaf nutrient

contents were also determined. The results thusras are summarized as under.

6.1 Depth-wise distribution of available nutrient elements in the soil
The available Nitrogen content in the surface arxbarface soil varied
from 98-122 and 90-114 ppm with mean values of83.@nd 100.42 ppm,
respectively. It showed a decreasing trend withdspth and the soils were
medium in available Nitrogen. The available Phospb@ontent ranged from 10-
19 ppm with a mean value of 14.79 in surface s0il$ 9-17.12 ppm with a mean
value of 13.39 ppm in subsurface soils. All thdssonder study were medium to

high in available Phosphorus status.

The soils were generally high in available Potasstontent and ranged

from 157.7-206.6 ppm with a mean value of 186.9% jop surface soils whereas



it ranged from 100.3 —167.15 ppm with a mean valuE25.92 ppm in subsurface

soils.

The available content of Calcium in surface aungssirface soils varied
from 2842-3616 ppm and 2838-3982 ppm with meanesbaf 3320.21 ppm and
336.21 ppm, respectively. The available Magnesiantent varied from 140.2 —
178.40 ppm with a mean value of 158.2 ppm in serfoils where as it ranged
between 126-188.6 ppm with a mean value of 1538 im subsurface soils. The
available Sulphur content in the soils under stuzahged from 9.7-13.50 ppm with
a mean value of 11.34 ppm in surface layers wheteasied from 6.71-9.68 ppm
with a mean value of 7.94 ppm in subsurface soh& soils were medium in

available Sulphur content.

The DTPA extractable Zinc, Copper, Manganese smdvaried from 0.80
—0.89, 0.82 -1.27, 32.02 — 58.02 and 42.8 — 58083 with a mean values of
0.85, 1.04, 44.40 and 47.79 ppm in surface sosigaetively, whereas in
subsurface soils these ranged from 0.60-0.89, 0.32; 26.0-45.14 and 29-49.50
ppm with mean values of 0.75, 0.82, 33.86 and 3p@¥, respectively. The soils

had a medium to high status of available microiants.

6.2 Physico-chemical properties of soils

The Sand silt and clay content varied from 14.41@642.87 -56.85 and
26.23-32.29 per cent with mean values of 20.53,&l8nd 29.26 per cent,
respectively. The texture of soils studied is bg &Erge silty clay loam to clay

loam in surface soils whereas in subsurface dudlse ranged from 14.74- 28.35,



42.34-58.01 and 24.17-34.77 per cent with meanegahf 20.89, 48.72 and 29.31

per cent with mean values of 20.89, 48.72 and 289e8Xent respectively.

The soils were slightly acidic to slightly alkalimereaction with pH
ranging from 6.5-7.4 and 6.58-7.55 with mean vahies.05-7.12 in surface and
subsurface layers, respectively and a gradualaseren pH was observed with

soil depth.

The electrical conductivity was normal and variseahi 0.25-0.47 and 0.32-
0.54 dSrit with mean values of 0.34 dShand 0.45 dSfhin surface and

subsurface soils, respectively.

The Calcium carbonate content in surface layergedifirom 3.30-4.33 per
cent with a mean values of 4.18 per cent whereagbsurface soils its content
ranged between 4.13-4.67 percent with an averdge wh4.38 per cent. It

showed an increasing trend with soil depth.

Organic carbon ranged from 1.32-1.60 per cent withean value of 1.47
per cent in surface soils whereas it ranged frds6-0.61 per cent with a mean
value of 0.82 per cent in subsurface soils. Orgaarbon showed decreasing trend
with increase in depth. Cation exchange capacity @bserved in the range of
16.60-20.80 C mol kKjwith a mean value of 19.77 C molkin surface soils and
18.98-20.52 C mol kKwith an average of 20.04 C mol kin subsurface soils.

All the soils were low in cation exchange capacity.

6.3 Relationship between available nutrients and physachemical
properties
The soil pH exhibited a negatively significant &ation with available

Nitrogen, Zinc, Copper, Manganese and Iron in s@rfsoils whereas in

subsurface soils it had a negatively significatdatrenship with Zinc, Copper,



Manganese and Iron and exhibited positively sigaiit relationship with Calcium

and Magnesium from both surface and subsurfacs. soil

Organic carbon in surface soils exhibited a posiyisignificant
relationship with available Nitrogen, Zinc, Copplanganese and Iron and in
subsurface soils it was found to have a positigeipificant relationship with

available Sulphur and Copper only.

The Calcium carbonate content in surface soilsehpdsitively significant
relationship with available Calcium and Magnesiurd aegatively significant
correlation with available Nitrogen, Zinc, Coppklanganese and Iron. Its content
in subsurface soils showed a negatively significatationship with available

Zinc, Copper, Manganese and Iron.

The clay content bore a positively significant tielaship with available
Calcium, Magnesium and Iron from surface layersneg in subsurface soils it

did not show any significant relationship with awailable nutrient element.

6.4 Leaf nutrient status of apple orchards

The Nitrogen content in red delicious apple culsvanged from 1.72-2.40
per cent with a mean value of 2.09 per cent. Thusphorus content varied from
0.19 — 0.28 per cent with an average of 0.22 pet. dde leaf Potassium,
Calcium, Magnesium and Sulphur content observe@iy from 1.56-1.85, 1.71-
2.08, 0.23-0.43, 0.42-0.63 per cent with mean wbiel .70, 1.82, 0.29 and 0.50

per cent, respectively.

The micro-nutrient concentration viz Zinc, Copddgnganese and Iron

ranged from 21-26, 5-12, 51-101 and 89-130 ppm wmigan values of 23.92,



8.14, 72.35 and 108.64 ppm, respectively. As shiemtacro- and micro-nutrient
were medium to high in the leaves of red delicioulsivar of Bangil area

orchards.

6.5 Relationship between available and leaf nutrientantent

All the available macro and micro-nutrients likerdgen, Phosphorus,
Potassium, Calcium, Magnesium, Zinc, Copper, Maagarand Iron from the
surface layers had a positively significant relasioip with their respective
contents in the leaves, whereas incase of subsusfats a positively significant
correlation was observed between the availableotytin, Phosphorus, Calcium

and Manganese with their respective concentratiotise leaves.

6.6 Characterization and classification of the soils asper soil
taxonomy
The major findings of this investigation are sumizea as follows:

6.6.1 Physical and chemical characteristics
Texture: the texture of Bangil area apple orchard soils feaind to be

clayey (Table-15)

Soil reaction: The pH was normal and ranged between 7.20 —ah88he

soils were slightly acidic to slightly alkaline.

Electrical conductivity: Electrical conductivity showed a normal range of

0.30 — 0.52 dSth

Organic carbon: A medium range of organic carbon content randiam

0.60 — 1.44 per cent was observed.



Calcium carbonate: Calcium carbonate in the preSieidied ranged from

4.21 —-4.68 per cent and exhibited an increasingltedong the depth.
Cation exchange capacityCEC ranged from 19.40-20.22 C mol'kg

Taxonomic classification The apple orchard soils of Bangil area of distric
Baramulla, on the basis of their morphological, 9bgl and chemical
characteristics, have been placed under the orlfisok suborder Udalf

and great group Hapludalfs as per USDA compreherdassification

system.

CONCLUSION

The present investigation revealed that the sgl® by and large
adequately supplied with available contents of macrd micro-nutrients. The leaf
analysis indicated that orchards were optimum indgen, Phosphorus,
Potassium, Sulphur, Zinc, Copper, Manganese amdwieere as Calcium was
high. From the correlation coefficient values itswaferred that the cultivar under

study absorbed most of the nutrients from the serfmils.

The apple orchard soils of Bangil area are lamestieposits. There is a
definite elluviation of clay from the upper surfaaad illuviation in the underlying
layers. The layers recognized as genetic horizame been designated as Ap, A
B4, By and C. As per soil taxonomy (USDA), these soilgehlaeen classified as
Alfisols at the order level, Udalfs at the subortmel and Hapludalfs at the great

group level.



Table-4: Particle size distribution

S. | Location Depth Fine sand| Coarse Silt Clay Textural class

No. (cm) (%) sand (%) (%) (%)

1. Kalantra 0-20 14.40 1.14 56.84 27.60 Silty dm
20-40 21.20 0.76 51.04 26.99  Silty clay loam
40-60 14.74 0.73 57.68 26.85  Silty clay loam
60-80 16.23 1.06 58.01 24.68 Silty loam

2. Kreeri 0-20 19.72 2.14 48.5Y 29.55 Clayloam
20-40 16.63 1.33 49.2( 32.84 Silty clay loam
40-60 17.68 1.42 48.51 32.3D  Silty clay loam
60-80 18.26 0.98 46.2( 34.56 Silty clay loam

3. Tapper 0-20 25.23 1.76 42.87 30.14 Clay loam
20-40 25.84 1.50 42.34  30.32 Clay loam
40-60 20.91 0.78 46.29 32.02 Clay loam
60-80 23.77 0.80 47 .45 27.98 Clay loam

4. Kralweth 0-20 20.55 2.40 47.383 29.72 Clay loam
20-40 20.19 1.38 50.73 27.70  Silty clay loam
40-60 20.40 1.08 51.19 27.33 Silty clay loam
60-80 26.88 1.13 43.14  28.85 Clay loam

5. Batapora 0-20 26.16 1.21 43.36 29.27 Clay loam
20-40 28.35 1.28 43.49 26.88 Clay loam
40-60 21.47 1.15 44 .5( 32.88 Clay loam
60-80 27.25 0.68 4254 2958 Clay loam

6. Lalpora 0-20 14.41 1.12 56.8b 27.62  Silt loam
20-40 21.34 0.69 50.99 26.99  Silt loam
40-60 14.75 0.71 57.67 26.8f Siltloam
60-80 16.24 1.04 57.99 24.73 Siltloam

7. Telgam 0-20 19.74 2.11 48.57 29.58 Clay loam
20-40 16.65 1.31 49.19 32.85  Silty clay loam
40-60 18.15 1.25 48.34  32.26 Silty clay loam
60-80 17.75 1.12 46.36 34.77  Silty clay loam

8. Mamoosa 0-20 21.87 2.86 43.98 31.29 Clayloam
20-40 22.02 2.76 43.6( 31.62 Clay loam
40-60 20.40 0.96 46.44  32.20 Clay loam
60-80 21.27 1.62 48.27 28.84 Clay loam

9. Kanloo 0-20 21.27 2.15 47.08 29.50 Clay loam
20-40 24.15 1.05 50.25 24.55  Silt loam
40-60 21.20 0.84 50.95 27.01 Silt loam




| 6080 | 27.62 | 0.87 | 42.88 28.68 Clayloam




Table-4 Continued

10. | Maghama 0-20 17.20 4.19 46.32 32.29 Clay loam
20-40 23.06 3.04 45.24  28.66 Clay loam
40-60 16.39 2.83 46.18 34.60 Silty clay loam
60-80 18.63 3.55 45.4( 32.42 Clay loam
11. | Nihalpora 0-20 18.02 0.35 55.31 26.23  Silt loam
20-40 17.85 1.85 52.16 28.10 Silt clay loam
40-60 17.29 0.39 56.07 26.25 Siltloam
60-80 18.17 0.56 57.1( 24.17  Silt loam
12. | Sheerpora 0-20 22.72 1.80 48.24 2724 Loam
20-40 22.02 1.12 46.82 30.04 Clay loam
40-60 20.36 1.27 48.09 30.28 Clay loam
60-80 21.64 0.84 44.06 33.46 Clay loam
13. | Khore 0-20 21.86 2.88 4398 31.28 Clay loam
20-40 21.99 2.79 43.61 31.60L Clayloam
40-60 20.40 0.95 46.45 32.20 Silty clay loam
60-80 25.25 0.65 47.07 27.08 Loam
14. | Shrakwara 0-20 24.35 2.14 45.07 28.44  Clay loam
20-40 24.18 1.22 50.01 245D Siltloam
40-60 21.26 1.67 50.99 26.08 Silt loam
60-80 27.68 0.94 42.93 28.45 Loam
Surface range 14.40-| 0.35-4.19| 42.87- 26.23-
26.16 56.85 | 32.29
20.53 2.01 48.16| 29.26
Mean
Surface range 14.74-| 0.39-3.55| 42.34- 24.17-
28.35 58.01 | 34.77
20.89 1.28 48.72| 29.31
Mean




Table- 5: Physico-chemical properties of soil

S.No. Depth (cm) pH EC (dSr) OC (%) CaCo (%) CEC
(Cmol kg%
1. 0-20 7.40 0.47 1.44 4.22 19.40
20-40 7.50 0.47 1.09 4.47 19.51
40-60 7.53 0.49 1.07 4.49 19.53
60-80 7.55 0.51 1.05 4,52 19.55
2. 0-20 7.30 0.30 1.53 4.08 20.00
20-40 7.45 0.34 0.73 4.40 18.98
40-60 7.47 0.36 0.71 4.42 20.04
60-80 7.48 0.37 0.67 4.44 20.02
3. 0-20 7.30 0.25 1.58 3.92 20.30
20-40 7.43 0.50 0.63 3.30 20.50
40-60 7.45 0.52 0.61 3.32 20.48
60-80 7.47 0.53 0.59 3.34 20.52
4. 0-20 7.20 0.37 1.53 4.12 20.20
20-40 7.33 0.48 0.76 4.35 20.48
40-60 7.35 0.50 0.74 4.35 20.44
60-80 7.37 0.52 0.72 4.37 20.46
5. 0-20 7.20 0.30 1.36 4.31 20.00
20-40 7.31 0.44 0.64 4.62 19.93
40-60 7.32 0.46 0.62 4.64 19.91
60-80 7.33 0.48 0.60 4.66 19.95
6. 0-20 7.10 0.46 1.41 4.27 19.30
20-40 7.28 0.47 0.73 4.56 19.10
40-60 7.30 0.49 0.71 4.58 19.08
60-80 7.31 0.50 0.69 4.60 19.12
7. 0-20 7.20 0.30 1.49 4.18 19.90
20-40 7.24 0.32 1.61 4.41 19.88
40-60 7.27 0.34 1.59 4.43 19.90
60-80 0.36 1.57 4.45 19.92
8. 0-20 0.26 1.52 4.18 20.20
20-40 0.49 0.78 4.37 20.45
40-60 0.51 0.76 4.39 20.42
60-80 0.53 0.74 4.41 20.43
9. 0-20 0.35 1.54 4.06 20.80
20-40 0.48 0.68 4.34 20.50
40-60 0.50 0.66 4.36 20.52




60-80 0.52 0.64 4.38 20.48
Table- 5 Continued
10. 0-20 0.30 1.60 3.92 16.60
20-40 0.48 1.59 4.13 19.75
40-60 0.52 1.57 4.15 19.73
60-80 0.54 1.55 4.17 19.71
11. 0-20 0.28 1.32 4.33 20.00
20-40 0.44 0.60 4.63 20.02
40-60 0.46 0.58 4.65 20.04
60-80 0.48 0.56 4.67 20.00
12. 0-20 0.46 1.39 4.29 20.00
20-40 0.45 0.69 4.59 20.36
40-60 0.47 0.67 4.61 20.38
60-80 0.49 0.65 4.62 20.34
13. 0-20 0.46 1.43 4.21 20.10
20-40 0.47 0.75 4.50 20.20
40-60 0.49 0.73 4.52 20.22
60-80 0.51 0.72 4.54 20.18
14. 0-20 0.30 1.51 4.16 20.00
20-40 0.32 0.61 4.40 20.03
40-60 0.34 0.59 4.42 20.05
60-80 0.36 0.57 4.44 20.01
Surface range 6.50-7.40 0.25-0.4 1.32-1.60 3.92-4| 16.60-20.80
7.05 0.34 1.47 4.16 19.77
Mean
6.58-7.55 0.32-0.54 0.56-1.61 4.13-4.67 18.98-20
Sub-surface
range
7.12 0.45 0.82 4.38 20.04
Mean

.52






Table- 5: Physico-chemical properties of soils

S.No. Depth (cm) pH EC (dSr) OC (%) CaCo (%) CEC
(Cmol kg%
1. 0-20 7.40 0.25 1.32 4.33 19.40
20-40 7.50 0.50 0.60 4.63 19.51
40-60 7.53 0.52 0.58 4.65 19.53
60-80 7.55 0.53 0.56 4.67 19.55
2. 0-20 7.30 0.37 1.51 4.31 20.00
20-40 7.45 0.48 0.61 4.62 18.98
40-60 7.47 0.50 0.59 4.64 20.04
60-80 7.48 0.52 0.57 4.66 20.02
3. 0-20 7.30 0.30 1.36 4.29 20.30
20-40 7.43 0.48 0.64 4,59 20.50
40-60 7.45 0.54 0.62 4.61 20.48
60-80 7.47 0.52 0.60 4.62 20.52
4. 0-20 7.20 0.26 1.58 4.27 20.20
20-40 7.33 0.49 0.63 4.56 20.48
40-60 7.35 0.51 0.61 4,58 20.44
60-80 7.37 0.53 0.59 4.60 20.46
5. 0-20 7.20 0.35 1.39 4.21 20.00
20-40 7.31 0.48 0.69 4.50 19.93
40-60 7.32 0.50 0.67 4,52 19.91
60-80 7.33 0.52 0.65 4.54 19.95
6. 0-20 7.10 0.47 1.54 4.22 19.30
20-40 7.28 0.47 0.68 4.47 19.10
40-60 7.30 0.49 0.66 4.49 19.08
60-80 7.31 0.51 0.64 4.52 19.12
7. 0-20 7.20 0.46 1.41 4.18 19.90
20-40 7.24 0.47 0.73 4.41 19.88
40-60 7.27 0.49 0.71 4.43 19.90
60-80 7.28 0.50 0.69 4.45 19.92
8. 0-20 6.90 0.46 1.53 4.16 20.20
20-40 7.20 0.47 0.73 4.40 20.45
40-60 7.22 0.49 0.71 4.42 20.42
60-80 7.23 0.51 0.67 4.44 20.43
9. 0-20 6.90 0.46 1.53 4.08 20.80
20-40 7.05 0.45 0.76 4.40 20.50
40-60 7.08 0.47 0.74 4.42 20.52




60-80

7.09

0.49

0.72

4.44

20.48
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10. 0-20 6.80 0.30 1.43 4.18 16.60
20-40 6.86 0.44 0.73 4.37 19.75
40-60 6.88 0.46 0.73 4.39 19.73
60-80 6.89 0.48 0.72 4.41 19.71
11. 0-20 7.70 0.28 1.52 412 20.00
20-40 6.83 0.44 0.78 4.35 20.02
40-60 6.85 0.46 0.76 4.35 20.04
60-80 6.86 0.48 0.74 4.37 20.00
12. 0-20 6.70 0.30 1.44 4.06 20.00
20-40 7.74 0.34 1.09 4.34 20.36
40-60 7.75 0.36 1.07 4.36 20.38
60-80 7.70 0.37 1.05 4.38 20.34
13. 0-20 6.50 0.30 1.49 4,92 20.10
20-40 6.68 0.32 1.61 413 20.20
40-60 6.70 0.34 1.59 4.15 20.22
60-80 6.72 0.36 1.57 4.17 20.18
14. 0-20 6.40 0.30 1.60 3.30 20.00
20-40 6.58 0.32 1.59 3.32 20.03
40-60 6.50 0.34 1.57 3.34 20.05
60-80 6.62 0.36 1.55 3.92 20.01
Surface range 6.50-7.40 0.25-0.4 1.32-1.60 3.38-4| 16.60-20.80

(7.05) (0.34) (1.47) (4.18) (19.77)

Mean

6.58-7.55 0.32-0.54 0.56-1.61 3.32-4.6} 18.98-20
Sub-surface

range
(7.12) (0.45) (0.82) (4.38) (20.04)

Mean

.52



Table- 6: Depth-wise distribution of available maoo nutrients (ppm)

Location Depth N P K Ca Mg S
(cm)
1. 0-20 99 10.00 201.50 3652 178.40 9.70
20-40 92 9.10 100.50 3980 188.60 6.50
40-60 90 9.06 100.70 3978 188.40 6.90
60-80 88 9.08 100.30 3982 188.20 6.70
2. 0-20 103 11.00 199.30 3608 174.5( 10.8(
20-40 94 9.80 101.50 3612 172.20 6.75
40-60 92 10.20 101.70 3614 171.80 6.71
60-80 90 10.00 101.30 3616 172.00 6.73
3. 0-20 98 12.00 199.50 3588 173.20 11.8¢
20-40 97 11.10 103.50 3608 169.20 7.08
40-60 95 10.70 103.48 3608 168.80 7.04
60-80 93 9.90 103.52 3610 169.00 7.06
4. 0-20 106 12.00 203.60 3580 172.6( 12.0(
20-40 100 11.90 103.53 3581 168.0( 7.11
40-60 98 11.00 103.51 3583 167.00 7.15
60-80 96 9.00 103.55 3612 168.20 7.13
5. 0-20 106 13.00 206.60 3534 163.4( 12.0(
20-40 101 11.22 103.20 3332 160.8( 7.15
40-60 99 11.18 103.40 3330 161.20 7.11
60-80 97 11.20 103.00 3334 161.00 7.13
6. 0-20 120 13.00 203.60 3316 161.8( 10.5(
20-40 98 12.80 105.53 3318 157.80 7.66
40-60 96 12.12 105.51 3320 158.20 7.64
60-80 94 12.10 105.55 3510 158.00 7.68
7. 0-20 120 14.00 152.70 3286 152.4( 10.7(
20-40 98 13.40 130.46 3288 152.00 7.70
40-60 96 13.80 130.44 3290 151.80 7.50
60-80 94 13.60 130.48 3410 152.20 7.90
8. 0-20 122 14.00 153.70 3310 152.7( 11.8(
20-40 100 13.50 132.48 3312 148.8( 7.73
40-60 98 13.70 132.46 3314 149.00 7.71
60-80 96 13.90 132.44 3325 149.20 7.75
9. 0-20 110 17.00 154.70 3269 151.3( 10.0(
20-40 105 15.12 131.46 3271 150.0( 8.66
40-60 103 15.08 131.44 3273 148.0( 8.64
60-80 101 15.10 134.80 3356 146.0( 8.68




Table- 6 Continued

10. 0-20 108 17.20 179.30 3363 153.40 11.50
20-40 106 15.20 134.80 3359 148.00 6.64
40-60 104 15.60 135.00 3361 144.00 6.68
60-80 102 15.40 134.60 3312 146.00 6.66
11. 0-20 118 18.00 193.20 3122 148.50 11.50
20-40 107 15.90 148.20 3124 148.80 6.66
40-60 105 15.50 148.24 3126 142.00 6.64
60-80 103 15.70 148.28 3210 142.20 6.68
12. 0-20 114 18.00 195.20 3095 151.30 13.50
20-40 112 17.00 149.26 3154 139.00 8.13
40-60 110 16.80 149.24 3152 138.80 8.11
60-80 108 16.60 149.28 3156 139.20 8.15%
13. 0-20 112 18.90 194.20 3010 141.20 11.00
20-40 110 16.70 150.20 3012 134.00 9.66
40-60 108 16.90 150.18 3014 133.80 9.64
60-80 106 16.11 150.22 3022 134.20 0.68
14. 0-20 116 19.00 180.30 2842 140.20 12.90
20-40 114 17.08 167.13 2840 126.00 9.64
40-60 112 7.10 167.11 2838 130.00 9.68
60-80 110 17.12 167.15 2990 128.00 9.66
Surface | 98-122 10-19 157.7-206.6  2842-3652 140.20- | 9.7-13.50
range 178.4
(110.85) | (14.79) (186.95) (3320.21) (158.20 (11.34
Mean
90-114 | 9-17.12| 100.3-167.15 2838-3982126-188.6 | 6.71-9.68
Sub-
surface

range




Mean

(100.42)

(13.39)

(125.92)

(3360.2]

)

(153.88

(7.9

H




Table- 6: Depth-wise distribution of available micio nutrients (ppm)

Location Depth Zn Cu Mn Fe
(cm)
1. 0-20 0.80 0.87 39.40 44.20
20-40 0.64 0.56 30.00 29.35
40-60 0.62 0.54 28.00 29.33
60-80 0.60 0.52 26.00 29.32
2. 0-20 0.80 0.94 32.02 44.20
20-40 0.66 0.62 30.96 33.00
40-60 0.64 0.60 30.94 31.00
60-80 0.62 0.58 30.92 29.00
3. 0-20 0.82 0.82 34.23 48.20
20-40 0.67 0.75 31.03 29.35
40-60 0.65 0.72 31.01 29.33
60-80 0.63 0.70 30.99 29.31
4. 0-20 0.83 1.02 40.90 42.80
20-40 0.70 0.69 31.00 34.00
40-60 0.68 0.67 29.00 32.00
60-80 0.66 0.65 27.00 30.00
5. 0-20 0.81 1.14 41.81 34.20
20-40 0.70 0.69 26.76 34.68
40-60 0.68 0.67 26.74 34.66
60-80 0.66 0.65 26.72 34.64
6. 0-20 0.85 0.86 41.10 51.00
20-40 0.70 0.84 29.70 33.68
40-60 0.68 0.82 29.68 33.66
60-80 0.66 0.80 29.66 33.64
7. 0-20 0.86 1.08 42.20 43.50
20-40 0.77 0.78 31.10 40.00
40-60 0.75 0.76 30.90 38.00
60-80 0.73 0.74 30.70 36.00
8. 0-20 0.88 0.88 43.30 50.20
20-40 0.83 0.88 31.25 41.00
40-60 0.81 0.86 31.23 39.00
60-80 0.79 0.84 31.21 37.00
9. 0-20 0.89 0.97 42.93 43.80
20-40 0.84 0.87 34.89 43.20
40-60 0.82 0.85 34.85 43.00
60-80 0.80 0.83 34.83 42.80
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10. 0-20 0.86 1.23 52.02 45.00
20-40 0.84 0.84 38.00 44.60
40-60 0.83 0.82 36.00 43.00
60-80 0.82 0.80 34.00 41.00
11. 0-20 0.87 1.12 56.01 48.50
20-40 0.87 0.94 34.74 46.00
40-60 0.85 0.92 34.72 44.00
60-80 0.83 0.90 34.70 42.00
12. 0-20 0.87 1.15 43.70 49.30
20-40 0.87 0.97 43.25 44.35
40-60 0.85 0.95 43.23 44.33
60-80 0.83 0.93 43.21 44.31
13. 0-20 0.88 1.21 54.01 57.33
20-40 0.88 1.18 42.70 42.20
40-60 0.86 1.16 42.68 42.00
60-80 0.84 1.14 42.66 41.80
14. 0-20 0.89 1.27 58.02 58.33
20-40 0.89 1.23 45.14 49.50
40-60 0.87 1.21 45.12 49.30
60-80 0.85 1.19 45.10 49.28
Surface 0.80-0.89 0.82-1.27 32.02-58.02 42.80-58.3
range
(0.85) (1.04) (44.40) (47.79)
Mean
0.60-0.89 0.52-1.23 26.00-45.14 29-49.50
Sub-
surface

range




Mean

(0.75)

(0.82)

(33.86)

(38.04)







Table-11.: Some morphological characteristics of sloprofiles

Diagnostic Depth Colour (moist) Structure | Texture Consistence Root Effervescence

Horizons (cm) distribution

AP 0-29 10 YR 3/4 Dark yellowmlsbk Cl dsh mfr wps c e
brown

As 29-56 | 10 YR 3/4 Dark yellowm2sbk Cl dh mfr wps m e
brown

B1 56-78 | 10 YR 3/4 Dark yellowm2sbk Cl dh mfr wvsp f e
brown

Bt 78-120 | 10 YR 3/3 Dark brown m2sbk Cl dh mfr wvsp | f es

C 120-150| 10 YR 3/3 Dark brown m2sbk Cl dh mfr wps | vf es

AP 0-26 10 YR 3/3 Dark brown mlsbk Cl dsh mfr wps C e

A, 26-36 10 YR 4/4 Dark yellowm2sbk Cl dh mfr wps m e
brown

B: 36-66 10 YR 4/3 Brown to dankm2sbk Cl dh mfr wvsp f e
brown

Bt 66-110 | 10 YR 3/3 Dark brown m2sbk Cl dh mfr wvsp | f es

C 110-150| 10 YR 3/3 Dark brown m2sbk Cl dh mfr wps | vf es

AP 0-23 10 YR 2/2 Very darkmlsbk Cl dsh mfr wps c e
brown

A, 23-66 10 YR 4/3 Brown to darkm2sbk Cl dh mfr wps m e
brown

B, 66-83 10 YR 3/3 Dark brown m2sbk Cl dh mfr wvsp f e

Bt 83-130 | 10 YR 4/3 Brown to darkm2sbk Cl dh mfr wvsp f es
brown

C 130-150| 10 YR 5/4 Yellow brown m2sbk Cl dh mfrsvp vf es




Table-14: Taxonomic classification

_ _ _ Order Sub-order Great group
Diagnostic horizones
Surface Sub-surface
Ochric Argillic Alfisols Udalfs Hapludalfs




Table-12: Particle size distribution (%)

Depth (cm) Coarse sand Fine sand Silt Clay
Diagnostic horizone Textural
class
Profile-1
0-29 2.40 20.55 47.33 29.72
AP Cl
Az 29-56 2.11 19.74 48.57 29.58 Cl
B:1 56-78 2.76 22.02 43.60 31.62 Cl
Bt 78-120 2.08 20.20 41.30 36.48 Cl
C 120-150 1.27 20.36 48.09 30.28 Cl
Profile-2
0-16 2.86 21.87 43.98 31.29 Cl
AP
Az 16-26 2.76 22.52 43.10 31.62 Cl
B: 26-57 0.96 20.40 46.44 32.20 Cl
Bt 57-110 1.59 19.30 41.10 38.01 Cl
C 110-150 48.27 28.84 Cl

Profile-3




0-12 1.76 25.23 42.87 30.14 Cl
AP
A, 12-66 1.50 25.84 42.34 30.32 Cl
B1 66-83 1.60 25.50 42.30 33.60 Cl
Bt 83-130 1.28 22.09 40.20 36.43 Cl
C 130-150 0.84 21.64 44.06 33.46 Cl




Table-13: Chemical properties of the soil profile

_ _ Depth pH Organic CaCos
Diagnostic (cm) (1: 2.5) EC carbon (%) (%) CEC
horizones (dsmi?)
(Cmol kg™
Profile 1 (Lalpora)
0-29 7.20 0.47 1.44 4.22
AP 19.40
As 29-56 7.24 0.47 1.09 4.47 19.51
B: 56-78 7.27 0.49 1.07 4.49 19.53
Bt 78-120 7.28 0.51 1.05 4.52 19.55
C 120-150 7.30 0.52 1.03 4.53 19.57
Profile-II (Tilgam)
0-16 7.40 0.30 1.36 4.31 20.00
AP
As 16-26 7.50 0.44 0.64 4.62 19.93
B:1 26-57 7.53 0.46 0.62 4.64 19.91
Bt 57-110 7.55 0.48 0.60 4.66 19.95
C 110-150 7.58 0.51 0.58 4.68 19.97

Profile-111 (Kreeri)




0-12 7.20 0.46 1.43 4.21 20.10
AP
A, 12-66 7.33 0.47 0.75 4.50 20.20
B1 66-83 7.35 0.49 0.73 4.52 20.22
Bot 83-130 7.37 0.51 0.72 4.54 20.18
C 130-150 7.40 0.52 0.70 4.56 20.21




Table-8: Relationship between physico-chemical pragties and available nutrients in surface soils
P K Ca Mg S Zn Cu Mn Fe
N
pH -0.535* -0.201 -0.068 0.951* -0.912* -0.584 433 -0.726* -0.878* -0.683*
CaCa -0.268* -0.052 0.056 0.358* 0.258* 0.122 -0.296¢ 0.235* -0.278* -0.238*
oC 0.523* 0.102 -0.245 -0.102 0.120 0.069 0.540* 2307 0.374* 0.441*
Clay -0.231 -0.042 0.110 0.432* 0.384* -0.274 -0.28 0.103 0.013 0.362*

Significant at 5 per cent level of significance




Table-9: Relationship between physico-chemical pragties and available nutrients in sub-surface soils

P K Ca Mg S Zn Cu Mn Fe
pH -0.079 -0.346 -0.027 -0.496* -0.5544 0.108 -@65| -0.431* -0.467* -0.521*
CaCa -0.215 -0.367 -0.033 -0.664* -0.789% 0.197 -0.703* -0.873* -0.784* -0.791*
oC 0.220 0.108 0.121 -0.054 -0.022 0.413 0.222 4€%7 0.047 0.042
Clay -0.261 -0.226 0.457 0.437 0.441 -0.24 0.3683 .353 0.346 -0.091

*Significant at 5 per cent level of significance




Table-11;

Relationship between available and leafutrients in surface and subsurface soils

Depth (cm) P K Ca Mg S Zn Cu Mn Fe

N
0-20 0.970* 0.554* 0.923* 0.875* 0.689* 0.724* 0772 0.682* 0.926* 0.893*
20-80 0.487* 0.548* 0.027 0.963* 0.018 0.102 0.083 0.050 0.720* 0.046

*Significant at 5% level of significance




Table-7: Leaf nutrient status

Orchard No. P K Ca Mg S Zn Cu Mn Fe
N

1. 1.72 0.19 1.56 2.08 0.43 0.42 21 5 51 89
2. 1.78 0.19 1.57 1.93 0.39 0.44 21 5 55 92
3. 1.80 0.19 1.58 1.90 0.35 0.45 23 6 58 95
4. 1.84 0.19 1.60 1.88 0.33 0.46 23 7 61 92
5. 1.89 0.19 1.62 1.85 0.29 0.48 23 7 63 100
6. 1.90 0.20 1.67 1.83 0.29 0.48 24 7 65 103
7. 2.10 0.21 1.71 1.80 0.29 0.48 24 8 67 108
8. 2.20 0.22 1.74 1.79 0.28 0.51 24 8 70 113
0. 2.28 0.23 1.76 1.78 0.28 0.51 25 8 78 114
10. 2.30 0.24 1.79 1.77 0.27 0.54 25 9 81 116
11. 2.32 0.25 1.80 1.75 0.25 0.54 25 10 82 118
12. 2.35 0.26 1.81 1.73 0.25 0.58 25 11 86 121
13. 2.38 0.27 1.83 1.71 0.24 0.60 26 11 95 126
14. 2.40 0.28 1.85 1.70 0.23 0.63 26 12 101 13(
Range 1.72-2.40 0.19-0.28 1.56-1,85 1.70-2j08 -0.23 | 0.42-0.63 21-26 5-12 51-101 89-13

2.09 0.22 1.70 1.82 0.29 0.50 23.92 8.14 72.36 6408.
Mean







Table-6:  Depth-wise distribution of available nutrients (ppm)

S. Depth P K Ca Mg Zn Cu Mn Fe

No.

1. 0-20 110 19.00 153.70 3325 152.40 11.00 0.88 211 3423 45.20
20-40 105 17.08 132.48 3312 152.00 9.66 0.70 0.94 31.03 34.68
40-60 103 17.10 132.46 3310 151.80 9.64 0.68 0.92 31.01 34.66
60-80 101 17.12 132.44 3314 152.20 9.68 0.66 0.90 30.99 34.64

2. 0-20 118 10.00 194.2(¢ 3588 172.60 11.50 087 211 54.01 58.33
20-40 107 9.10 150.20 3608 168.00 8.66 0.87 118 2704 49.50
40-60 105 9.06 150.18 3606 167.80 8.64 0.81 1.16 2.6% 49.30
60-80 103 9.08 150.22 3610 168.20 8.68 0.83 1.14 2.664 49.28

3. 0-20 120 17.00]  203.60 3608 174.50 13.50 0.88 312 56.01 50.20
20-40 98 15.12 103.53 3614 172.20 8.13 0.84 0.84 4.743 41.00
40-60 96 15.08 103.51 3612 171.80 8.11] 0.84 0.8 4.72 39.00
60-80 94 15.10 103.55 3616 172.00 8.15 0.84 0.8 4.70 37.00

4. 0-20 106 13.00 199.30 3534 163.40 11.80 0.86 81.0 5202 48.50
20-40 101 11.22 101.50 3332 160.80 7.73 0.77 0.78 38.00 46.00
40-60 99 11.18 101.70 3330 161.20 7.71 0.75 0.76 6.008 44.00
60-80 97 11.20 101.30 3334 161.00 7.75 0.73 0.74 4.0 42.00

5. 0-20 99 18.9 179.30 3022 141.20 10.70 0.80 0.88 39.40 42.80




20-40 92 16.7 134.80 3012 134.0( 7.70 0.66 0.88 .0030 34.00
40-60 90 16.9 135.00 3010 133.8( 7.50 0.64 0.86 .0028 32.00
60-80 88 16.11 134.60 3014 134.20 7.90 0.62 0.84 6.002 30.00




Table-6 Continued

6. 0-20 106 12.00 154.70 3095 151.30 10.00 0.82 6 0.3 40.90 43.80
20-40 100 9.00 131.46 3154 139.00 8.66 0.67 0.84 1.003 43.20
40-60 98 11.00 131.44 3152 138.80 8.64 0.6 0.82  9.002 43.00
60-80 96 11.90 134.80 3156 139.20 8.68 0.63 0.80  7.002 42.80
7. 0-20 112 14.00 195.20 3356 152.70 10.50 0.81 709 3202 44.20
20-40 110 135 149.26 3271 148.80 7.66 0.7( 0.8f 0.963 29.35
40-60 108 13.7 149.24 3273 149.00 7.64 0.64 0.8 0.943 29.33
60-80 106 13.9 149.28 3269 149.20 7.68 0.64 0.83 0.923 29.32
8. 0-20 116 18.00 206.60 3510 161.80 12.00 0.85 411 4293 48.20
20-40 114 16.60 103.20 3318 157.80 7.15 0.70 0.6 34.87 29.35
40-60 112 16.80 103.40 3320 158.20 7.11 0.68 0.6/ 34.85 29.33
60-80 110 17.00 103.00 3316 158.00 7.13 0.66 0.66 34.83 20.31
9. 0-20 120 14.00 201.50 3612 173.20 10.80 0.87 511 43.70 49.30
20-40 98 13.40 100.50 3581 169.20 6.75 0.87 09 3.2%4 44.35
40-60 96 13.80 100.70 3583 168.80 6.71 0.89 09 3234 44.33
60-80 94 13.60 100.30 3580 169.00 6.73 0.83 098 3.214 44.31
10. 0-20 122 11.00 180.30 3652 178.40 9.7( 0.89 712 58.02 51.00
20-40 100 9.80 167.13 3980 188.60 6.50 0.89 1283 5.14 33.68
40-60 98 10.00 167.11 3982 188.40 6.90 0.87 120 5.124 33.66
60-80 96 10.20 167.15 3978 188.20 6.70 0.8 1.1p 5104 33.64
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11. 0-20 98 17.20 152.70 2990 140.20 12.00 0.80 208 4181 57.33
20-40 97 15.20 130.46 2840 126.00 9.64 0.64 0.76 6.7& 42.20
40-60 95 15.60 130.44 2838 130.00 9.68 0.62 0.72  6.742 42.00
60-80 93 15.40 130.48 2842 128.00 9.66 0.6( 0.70 6.72 41.80
12. 0-20 103 13.00 193.20 3210 148.50 11.50 0.86 87 0. 41.10 43.50
20-40 94 12.10 148.26 3124 141.80 8.64 0.84 056 9.72 40.00
40-60 92 12.80 148.24 3126 142.00 8.68 0.83 0.54 9.6& 38.00
60-80 90 12.12 148.28 3122 142.20 8.66 0.82 0.5p 9.6& 36.00
13. 0-20 108 18.00 203.60 3312 151.30 12.00 0.89 94 0. 43.30 44.60
20-40 106 15.50 105.53 3261 150.00 7.17 0.84 0.6 31.25 45.00
40-60 104 15.90 105.51 3263 148.00 7.15 0.82 0.60 31.23 43.00
60-80 102 15.70 105.55 3259 146.00 7.13 0.80 0.58 31.21 41.00
14. 0-20 114 12.00 199.50 3410 153.40 11.80 0.88 02 1. 42.20 44.20
20-40 112 10.70 103.50 3286 148.00 7.08 0.83 0.6 31.10 33.00
40-60 110 11.10 103.48 3288 144.00 7.04 0.81 0.6/ 30.90 31.00
60-80 108 9.90 103.52 3290 146.00 7.06 0.79 0.6b 0.703 29.00
Surface rangg 98-122 10-19 157.7- | 2990-3652| 140.20- | 9.7-13.50| 0.80-0.89| 0.82-1.27 32.02- | 42.8-58.33
(Mean) (110.85)| (14.79) | 206.60 | (3373.14)| 178.40 | (11.34) (0.85) (1.04) 58.02 (47.79)
(186.95) (158.20) (44.40)
Sub-surface | 90-114 | 9-17.12| 100.3- | 2838-3982| 126-188.6| 6.71-9.68 | 0.60-0.89 | 0.52-1.23| 26.00- | 29-49.50
range (100.42)| (13.39) | 167.15 | (335.38) | (153.88) | (7.94) (0.75) (0.82) 45.14 (38.04)
(Mean) (125.92) (33.86)
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