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Abstract: Mulberry (Morus sp.), is a perennial deep rooted plant and the soil should be capable of supplying sufficient air, water and
nutrients at the deeper layers upto which the root system penetrates. Mulberry, being a high biomass producing plant requires perpetual
and balanced availability of these nutrients. However, high levels of biomass production coupled with non application of fertilizers have
resulted in prolonged exhaustion of nutrients, seasonal variability in crop performances and imbalances in nutrient availability in soils.
Understanding spatial changes in soil nutrients is important as they may differ markedly among identical locations subjected to natural
and manmade disturbances.In the present study, “Impact of Regions and Seasonal Dynamics on Chemical Characteristics of Mulberry
growing Soils of Kashmir under temperate conditions”chemical properties of soils at (0-60 cms) depth were assessed during 2014-2015,
under temperate climatic conditions in the Northern, central and southern regions of Kashmir. The results indicated that Ph, E.C, O.C,
N, P and K were significantly higher in the spring season and lowest during winter season.The present study revealed that chemical
characteristics of mulberry soils were at optimum level during spring season due to the favourable temperature, moisture and high O.C
content. In addition, northern region registered the highest values in terms of pH, E.C, N and P followed by central region, whereas,
southern region in case of O.C and K and environmental factors such as pH, soil moisture, temperature, etc change soil chemical
characteristics in mulberry gardens under temperate climatic conditions of kashmir.
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1. INTRODUCTION

Being perennial and luxuriant, mulberry (Morus spp.), the sole food plant cultivated mainly to rear the silkworm, Bombyx
mori L. for cocoon production requires balanced and continuous supply of nutrients for its growth, development and production of
biomass (leaf).The soil supplies all the nutrients to this plant and the compensatory source of these nutrients to the soil could be
organic matter decomposition in the soil. During residue decomposition, plant nutrients released through mineralization process are
influenced by nature and composition of residues, soil physico-chemical properties and environmental conditions (Elliott and
Papendick, 1986).Plant tissues are the main source of soil organic matter, which influence the physico-chemical characteristics of soil
such as texture, water holding capacity, pH and nutrient availability. Soil chemical properties have controlling effect on vegetation
distribution and composition.
It is therefore, necessary that the site of litter decomposition is the main source of nutrients to the plant.Under temperate conditions of
Kashmir, mulberry is grown in a scattered form and hardly gets any attention in terms of inputs like fertilizers, manures and other
protective measures. But even then, the plant produces two flushes of leaf as against only one flush in almost all other tree species
growing in this region.However, high levels of biomass production coupled with non application of fertilizers have resulted in
prolonged exhaustion of nutrients, seasonal variability in crop performances and imbalances in nutrient availability in soils. The result
therefore, is declined leaf production which is one of the limiting factors for cocoon production.Therefore, the present study entitled,
“Impact of Regions and Seasonal Dynamics on Chemical Characteristics of Mulberry growing Soils of KashmirUnder Temperate
Conditions” was undertaken to know the influence of seasons on chemical characteristics of mulberry soilsin different regions for
sustainable growth of mulberry under temperate climatic conditions of Kashmir.

2. MATERIALS AND METHODS

The study entitled, “Impact of Regions and Seasonal Dynamics on Chemical Characteristics of Mulberry growing Soils of Kashmir
Under Temperate Conditions” was conducted at Division of Soil Science, Shalimar- Sher-e-Kashmir University of Agricultural Sciences
and Technology of Kashmir as per the following experimental details:-

2.1 Experimental details

1. Regions : 03- North (Baramulla and Bandipora),
Central(Srinagar and Pulwama north) and
South (Anantnag and Kulgam districts)

2. Number of locations : 03 from each region

3. Location names : North (TSRI-Mirgund, P, BSF-Manasbal and

Sericulture Development Department (SDD) - Bandipora).
: Central (SDD-Poohu, Central Silk Board-Galander and SDD-
Srinagar)
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: South (SDD-Y .K. Pora, SDD-Krungsoo and SDD-

Bijbehara)

4, Samples per location : 05 (Composite)

5. Year : 2014-2015

6. Seasons : 04 (Spring, Summer, Autumn, and Winter)
Spring  — 1st fortnight of April
Summer —1% fortnight of July
Autumn — 1% fortnight of October
Winter ~ —1st fortnight of January

6. Design of survey : Purposive sampling.

2.2 Soil sampling
Soil samples were collected during spring, summer, autumn and winter from 9 different mulberry gardens of Kashmir valley. For
chemical analysis, soil samples were collected randomly up to a depth of 0-60 centimeters from pits between the mulberry plants in a row
from the selected sampling spots along the drip line. From each location, during each season, five samples were collected to minimize the
effect of inherent site variability. Thus a total of 180 samples were collected in all the four seasons and brought to the laboratory for further
analysis. The soil samples collected from all the locations during each season were processed to study the following parameters.
2.3 Chemical characteristics
i Soil pH was measured in 1:2.5 soil water suspensions with the help of a glass electrode pH meter (Jackson, 1973).
ii. Electrical Conductivity (EC) of the soil was measured in 1:2.5 overnight soil water suspensions by conductivity meter
(Jackson, 1973).
iii. Organic Carbon was determined by Rapid Titration method (Walkley and Black, 1934).
iv. Available Nitrogen was estimated by Alkaline Potassium Permanganate method (Subbiah and Asija, 1956).
v.  Available Phosphorous was extracted with 0.5 Sodium bicarbonate at pH of 8.5 (Olsen, 1954) and estimated as per Jackson
(1973) using Ammonium Molybdate method.
Vi. Available Potassium was extracted with neutral normal ammonium acetate and determined by Flame Photometer (Jackson,
1973).

3. STATISTICAL ANALYSIS
Data recorded during different seasons and from different regions and location as compiled and analyzed statistically to find
differences among the seasons, regions and locations. The experimental data was processed using SAS statistical package licensed to
SKUAST-K. All the results are expressed as means of the F values for which p<0.05 were considered significant.

4. EXPERIMENTAL FINDINGS

During the study period, “Impact of Regions and Seasonal Dynamics on Chemical Characteristics of Mulberry growing Soils of
KashmirUnder Temperate Conditions” observations recorded on various parameters under the study entitled are described below:-
4.1 Soil reaction (pH)

The soils were slightly acidic to slightly alkaline with varying pH among the regions and the seasons. The pH in general was higher
during spring (7.24) which was statistically different from the pH recorded during the other three seasons having pH of 7.05, 6.88 and 6.55
for summer, autumn and winter respectively. Amongst the three regions (north, central and south) the central region recorded the highest
value with an average pH of 7.04 being statistically at par with the pH recorded in the northern region but significantly higher than the pH
recorded in the southern region (Table-1).
4.2 Electrical conductivity (dSm™)

Electrical conductivity was maximum (0.22) during the spring season which also showed a gradual and significant decrease as we
proceeded to the other three seasons with the values of 0.19, 0.15 and 0.12 registered respectively for summer, autumn and winter. Among
the three regions, the northern region recorded the maximum (0.19) value of electrical conductivity which was statistically at par with the
southern region and significant over the value recorded in the central region (0.16) (Table-2).
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C. D (p<0.05)

Seasons :
Regions :

C. D (p<0.05)

Seasons :
Regions :

Table 1: Seasonal variation in the soil reaction (pH) of mulberry soils of Kashmir

N 0 C e n r a IS 0 h
Region /season . . Overall mean
Mirgund | Manasbal SubMean | Poohu | Galander | Srinagar | Submean | Y.K.Pora | Krungsoo Sub mean
Spring|7.44|7.29/|7. 7. 7.12|7.49 .31|7.31(7.17|7.27 . 6 7.02(7 .24
Summer |7 .26|7.01|7. 7. 6.95(7.41 .0017.12]6.9416.90 . 8 6.90(7 .05
Autumn |7 .01|6.79]|6. 6 . 6.73|7.47 .83|7.01/6.80(6.79 .4 6.69(6 .88
Winter|6.58|6.52]|6. 6 . 6.43|7.27 .43|6.71/6.39|6.47 6.35|6 .54
M ean|{7.07|6.90 b/ 6.80|7.41 .89|17.04]/6.83|6.86 6.74
0.11
0.10
Table 2: Seasonal variation in electrical conductivity (dS/m) of mulberry soils of Kashmir
N 0 C e n r a I |S 0 h
Region/ season ) ) Overall mean
Mirgund | Manashal SubMean | Poohu | Galander | Srinagar | Submean | Y.K.Pora | Krungsoo Sub mean
Spring|0.24(0.23]0. 0.24(0.21|0.19(0.20(0.20|10.24]|0.24]|0 . 310.24)|0 .22
Summer |0.20(0.20/|0. 0. 0.18(0.17(0.126(0.27|0.22|0.19|0.18|0.20|0 .19
Autumn |0.19|0.16]|0. 0. 0.14/0.14|0.22|0.23|0.17|0.14]0 . 5/0.15|0 .15
Winter|0.13|0.12]|0. 0. 0.11(0.11(0.20}0.20|0.13|0.12]0. 0.12(0 .12
M ean|{0.19]0.18 0. 0.16|0.15 .15(0.16|0.19|0.17 0.18
0.007
0.006
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4.3 Organic carbon (%)

Organic carbon also showed a decreasing trend from spring season to winter. During spring organic carbon in the soil was
maximum (1.36) which was statistically significant over the values recorded during the other three seasons and the least (0.69) was recorded
during winter. Among the three regions, southern region in general registered the maximum (1.21) soil organic carbon and was significant
over the other two regions with the least value (0.91) recorded in central zone (Table-3).

4.4 Available nitrogen (kg/ha/yr)

Soil nitrogen also followed the same trend during the seasons and showed a significant decrease from one season to the other
season. It was the highest (105.49) during spring which was statistically significant over the rest of the seasons of the year ranging from
86.14 in winter to 102.94 in summer season. Amongst the regions, northern region recorded the maximum value (101.0) for soil nitrogen and
was statistically significant over the other two regions with the least value (95.8) recorded in southern region (Table-4).

4.5 Available phosphorus (kg/ha/yr)

Soil phosphorus too was maximum (11.85) during spring season being statistically significant over the rest of the seasons of the
year ranging from 7.24 in winter to 9.74 during summer. Among the three regions, maximum value (10.06) for phosphorus was observed in
northern region which was significant over other two regions with the least value (8.59) for soil phosphorus registered in the southern region
(Table-5).

4.6 Available potassium (kg/ha/yr)

Soil potassium was maximum (181.88) during spring which was significantly more than the other seasons of the year where it
ranged from 126.41 in winter to 169.07 in summer. Among the regions, southern region registered the maximum value (160.00) of potassium
and was significant over the rest of the regions with the least value (144.66) registered in the central region (Table-6).
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C. D (p<0.05)

Seasons :
Regions :

C. D (p<0.05)

Seasons :
Regions :

Table 3: Seasonal variation in organic carbon content (%) of mulberry soils of Kashmir

N 0 r t h|C e n t r a I|S 0 u t h
Region/ season , . Overall mean
J Mirgund | Manashal | Bandipora | Sub Mean | Poohu | Galander | Srinagar | Submean | Y.K.Pora | Krungsoo | Bijbehara | Sub mean
Spring|1.22}1.123|1.64|1.33(1.30{0.68|2.53(1.17|1.46|1.17|2.06|1.56[(1.36
Summer|1.22(1.06(|1.53|1.27|1.19|0.55|1.42(1.05|1.39|1.12|1.86|1.46|1.2¢6
Autumn|0.89|0.87|1.24(1.00(0.75/0.41|1.127|0.78|0.85|0.79|1.48|1.04|0.9 4
Winter|0.54|10.74|0.74(0.67(0.63|/0,39|0.86(0.63|0.74|0.73|0.83]0.77|0.629
Mean|0.97]0.95(1.29|11.07(0.97|0.51|1.24(0.91|1.11(]0.95|1.5¢6]1.21
0.025
0.022
Table 4: Seasonal variation in available nitrogen content (kg/ha/yr) of mulberry soils of Kashmir
N 0 r t h|C e n t r a IS 0 u t h
Region /season : . Overall mean
d Mirgund | Manashal | Bandipora | Sub Mean | Poohu | Galander | Srinagar | Submean | Y.K.Pora | Krungsoo | Bijbehara | Sub mean
Spring|111.2110.0106.8(109.3(103.9|105.2|105.9(105.0{103.0{101.7101.4]102.0(105.49
Summer |[104.3(108.2|104.9(105.8|102.4|104.0/100.3({102.2|101.6{100.9|9 9 .3|100.6|102.94
Autumn|95.5(1101.7|103.3(100.2{93.3/93.1/95.5{94.2(99.2|93.7|95.7]/96.2[96.90
Winter|84.9/88.4|92.8(88.7(85.3/84.7/85.9(85.3(83.8(85.5|83.7|84.3|86.14
M e an|{99.01|102.10|101.99|101.0(96.28|97.01|96.94|96.7|96.95|95.45/95.06(95.8
0.99
0.86
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C. D (p<0.05)

Seasons :
Regions :

C. D (p<0.05)

Seasons :

Table 5: Seasonal variation in available phosphorus content (kg/ha/yr) of mulberry soils of Kashmir

N 0 r t hiC e n t r a I|S 0 u t h
Region/ season . Overall mean
! Mirgund | Manashal | Bandipora | Sub Mean | Poohu | Galander | Srinagar | Submean | Y.K.Pora | Krungsoo | Bijbehara | Sub mean
Spring|13.54(12.11|11.43(12.36(9.71|12.53/13.17(11.80|10.19|10.4813.50(11.39|(11.85
Summer |11.54(10.75(9 .7 4|10.68(9.19|9.53|10.43/9.72|8.46|7.99|10.02(8.82|9 .74
Autumn|9.95(9.99|7 .84({9.26|7.57(8.44|8.44|8.15|7.05(7.27|8.10|7.47|8.29
Winter|8.41(8.77|6.64|7.94|6.53|7.30|7.43|7.09|6.35|6.72|7.00|6.69|7 .24
M e an|{10.86|10.40(8.91|10.06(8.25|9.45|9.87(9.19(8.01,8.12]9.65]8.59
0.13
0.11
Table 6: Seasonal variation in available potassium content (kg/ha/yr) of mulberry soils of Kashmir
N 0 r t h|C e n t r a IS 0 u t h
Region/ season ) . Overall mean
d Mirgund | Manashal | Bandipora | Sub Mean | Poohu | Galander | Srinagar | Submean | Y.K.Pora | Krungsoo | Bijbehara | Sub mean
Spring|211.14|179.43|188.84 | 193.14 | 110.62 | 236.75 | 176.10 | 174.49 | 110.91 | 189.62 | 233.50 | 178.01 | 181.88
Summer |133.63|130.23 |216.19 | 160.02 | 137.50 | 144.19 | 141.13 | 140.94 | 129.06 | 274.95 | 214.76 | 206.26 | 169.08
Autumn | 115.29|115.69 | 160.31 | 130.43 | 116.46 | 162.29 | 115.73 | 131.49 | 91.40 | 191.85|146.37 | 143.21 | 135.05
Winter|126.65|135.31|143.00 | 134.98 | 136.19 | 130.94 | 128.05 | 131.73 | 88.86 | 112.96 | 135.78 | 112.53 | 126.42
M e a n|146.68 | 140.17 | 177.09 | 154.64 | 125.19 | 168.55 | 140.25 | 144.66 | 105.06 | 192.35 | 182.61 | 160.00
2.64 Regions 2.29
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5 DISCUSSION

The results obtained in the study, “Impact of Regions and Seasonal Dynamics on chemical Characteristics of Mulberry
growing Soils of KashmirUnder Temperate Conditions™ are discussed below:-

5.1 pH: -In the present investigation, soil pH and were invariably highest during spring and the lowest during winter in all the
regions. Sizable fluctuations occur in soil pH because of the changes in soil moisture, temperature and microbial activity. Ram et al.
(2013) reported that the pH of the normal soils was highest in April (spring) and lowest in January (winter).The changed pH levels
indicating increase in the spring seasons followed by decreasing trend could be attributed to seasonal variations which trigger
mineralization/immobilization of certain macro and micronutrients. Soils become acidic because of warm temperature and high
rainfall as under such conditions, soils weather quickly. This natural weathering process makes soil acidic and generally devoid of
nutrients (Uchida and Hue, 2000).

5.2 Electrical conductivity:-E.C (dSm™) also was maximum during spring and lowest during winter, the maximum values recorded
during spring may be because of the accumulation of soluble salts during the season due to the climatic conditions e.g. heavy rainfall
(Dar et al., 2015) whereas, the decreased electrical conductivity during summer, autumn and winter seasons may be attributed to the
lesser release of ions from mineral weathering under different temperature and moisture regimes (Kaushal et al., 1997).

There was also variation in soil pH and electrical conductivity amongst the regions, with central region being statistically at par
with northern region in case of pH and in case of E.C, northern region was statistically at par with southern region. This may be
because of the characteristics of soils that differ widely depending upon the geophysical constraints like nature of the rock, climate,
topography and constituents of the parent rock (Brady, 1984).

5.3 Organic carbon: - OC was more during spring than the other three seasons with winter recording the least value for organic
carbon. Amongst the regions, southern region registered the maximum value for OC, being significantly higher than the other two
regions. The variation in organic carbon among the seasons and the regions could be due to the variation in the rate of decomposition
of FYM and other organic matter which is influenced by climate, vegetation, nature and management of soil, kind of organic matter
added and drainage conditions (Foth and Turk, 1973). Decline in organic carbon towards the summer season may be because organic
carbon content decreases with increase in temperature (Kirschbaum, 1995) and decomposition rate (microbial respiration) doubles
with every 10°C increase in the temperature (Schlesinger, 1997). Further, the mulberry plants are pruned right from the crown base
during summer, leaving least chances for addition of litter to the mulberry soils besides exposing them to very high temperature that
leads to declining organic carbon content in the soil as we proceed to the other seasons.

5.4 Available nitrogen: - Available N content in the soil was highest during spring than the other seasons with the least value
recorded during winter. Northern region had the maximum soil nitrogen where as southern region recorded the least content.
Evidence exists to show that increased biological nitrogen fixation along with increased mineralization rates occur during the rainy
season (Bergeron et al., 2002) which might have resulted in increased N content during spring season. Higher values of nitrogen in
the soil profile during rainy season reflects higher fixation, rain water input and higher rate of release of mineral N through microbial
decomposition (Choudhri and Sharma, 1975). Singh and Singh (2006) reported that during dry periods, plant uptake of nutrients is
greatly reduced and the nitrogen mineralization and nitrification are either immobilized in microbial biomass or accumulate in the soil
as inorganic nitrogen. However, the highest content of available N in northern region may be attributed to adequate organic carbon
content next only to southern region besides pH, E.C, phosphorus and moisture content, temperature and other microbial processes
prevailing higher in the region than the other regions.

5.5 Available Phosphorus: - Soil available phosphorus content was maximum during spring season and showed a decline as we
proceeded to winter which recorded the least value. Northern region registered the maximum value for soil phosphorus; whereas,
southern region registered the least value. The decline in P content in soils along the seasons from spring to winter may probably be
due to the fact that phosphatic fertilizer to mulberry gardens is applied during spring and goes on decreasing as we go to other
seasons. Nipun (2013) have also reported that available phosphorus (P) in soil was maximum during spring season followed by
summer and autumn months. Further, the increased P content in the soil during spring and summer could be due to adequate moisture
and suitable temperature which increase the nitrogen fixation and decomposition process by various microorganisms (Shilpkar, 2010).
5.6 Available Potassium: - Likewise available potassium content was the highest during spring, being significantly higher than the
other seasons and least during winter. Amongst the regions, southern region recorded the maximum content of available K; whereas,
central zone registered the least value for K. The increased value of available potassium during spring may be due to the presence of
dense vegetation affording the soil adequate cover, thereby reducing the loss in soil macro and micro nutrients that are essential for
plant growth and energy fluxes (Iwara, 2011).The increased content of available K in the southern region may be due to higher
organic carbon content in the particular region because there is a positive correlation between organic matter and available potassium
(Chauhan, 2001).

The decreasing trend in the NPK content from spring to winter may also be due to the schedule of application of these
fertilizers which is usually applied during spring comprising of half of nitrogen, full phosphorus and potassium and the remaining half
of nitrogen in summer (Anonymous, 2003) and gets decreased due to its utilization by the plant and losses through other processes.
This necessitates the splitting of chemical fertilizers for quality improvement under Kashmir conditions as also reported by Noor ul-
Din (2012).

6 CONCLUSION

e Mulberry soils depict great variations among the seasons. In general most of the chemical parameters of the mulberry gardens showed
highest values during spring and the lowest during winter, though the values in general fell in the range suitable for mulberry
cultivation under temperate conditions.

e Favorable climatic conditions especially moisture, temperature, etc also had a pronounced influence on chemical characteristics of
soils.

e  Spring seems to be the most favourable season for the mineralization and availability of nutrients, thereby enhancing the soil health
and activities in soil.
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e Organic matter in the soil seems to have pronounced influence on the macronutrient status in mulberry growing soils.

e Northern region,amongst all the regions was leadingin terms of higher nutrient status except in case of O.C and K which were highest
in case of southern region followed by northern region.

e We must exploit the potential of mulberry leaf from northern region being nutritionally rich for quality cocoon/silk productionand
should apply inputs as per recommended dosagesesp. of Nitrogenous and Phosphatic origin in mulberry gardens of south Kashmiras
the soils are not nutritionally rich.

e  Cultural operations followed in the region especially input application and pruning have direct bearing with some of the properties of
mulberry soils.

e  The growth stage of the plant, soil type and the cultural operations followed too have a modifying effect on soil nutrient status.
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