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Chapter-1
INTRODUCTION

The scarcity of water resources is one of the mohallenges in the world especially
for developing countries like India. It is becomiadimiting factor for optimum agricultural
production and economic development of the natidme demand on water resources is
increasing with time for both agriculture and narieulture sectors. Rainfed agriculture is
predominant in arid, semi-arid and sub-humid regiohthe country. These regions are home
to about 81 per cent of rural poor in the counittgnce, rainfed agriculture has a crucial role
to play in sustaining the economy and food secwifitihdia. At present, about 52 per cent of
the net sown area is rainfed contributing 40 pet o the total food production, supports 40
per cent of human and about 70 per cent of livéstpgpulation. However, aberrant
behaviour of monsoon rainfall, scarcity of irrigatiwater, declining ground water table and
poor resource base of the farmers are major comtstf@r low and unstable yields in rainfed
areas. Furthermore, climate variability includingtreme weather events resulting from

global climate change poses serious threat to @grie.

The climate of India is generally tropical with anerage annual rainfall of 1190 mm.
However, the pattern of rainfall is characterizgdubbeven distribution over various regions
and there is strong fluctuation from year to yearterms of quantity and timing. The
successful production of rainfed crops largely aejseon how efficiently soil moisture is
conservedn-situ. With climate change posing a major challengerénfed agriculture and
the constraints in further expansion of irrigategtaain the countryjn-situ moisture
conservation for efficient water use is inevitabj#ion to sustain agriculture. Variourssitu
moisture conservation techniques such as mulch ifigrmcrop residue management,
conservation tillage etc. increase the soil moestwailability and significantly increase the
yield of the crop.

Tomato Golanum lycopersicurh.) also known as wolf apple, belongs to family
Solanaceae. It is the most important vegetable cfofropical and subtropical regions.
Tomato is the world's largest vegetable crop aft#ato and sweet potato, but it tops the list
of canned vegetables. In the World, 177 millionstdresh fruit is produced on 4.7 million
hectare area with average productivity of 37.0& (FAOSTAT, 2016)India is one of the

major tomato growing country and ranked second &ftgna in production. Tomato is an



important and an economic proposition for the fasr@among the horticulture crops grown in
India. The major tomato producing states are Bihar, Kak# Uttar Pradesh, Maharashtra,
Madhya Pradesh, Orissa, Himachal Pradesh and WaesgalB In India, it is grown under an
area of 0.80 million hectare with production of @®million tons with average productivity

of 24.62 t h&. In Himachal Pradesh, the total area, productimh @verage productivity of

tomato are 11,080 hectares, 4,89,96 tons and 4422 respectively (Anonymous, 2017).

Tomato is one of the importaahd widely consumeslegetable crops in Himachal
Pradesh. Its commercial cultivation as an off seasgetable crop for remunerative returns,
more demand in the markets of neighbouring plamg ienproved nutritional awareness of
people have attracted the farmers to bring largea ainder its cultivation. Although, the
average productivity of the crop in the state ghir than that of national and global levels.
However, low productivity also occurs in severaitpaf the state due to lack of irrigation
facilities and unscientific use of scarce irrigativater. The farmers are largely dependent
upon rains and are unable to achieve higher yiéldetter quality for sustaining the crop
productivity. To overcome the problem of water stgrand poor irrigation facilities, most
appropriatein-situ moisture conservation technique i.e. applicatibrmailches is a viable

option.

Mulching is a technique which cover soil surfaceusd the plant to create favourable
hydro thermal conditions for its growth. Mulche aither organic or inorganic. Organic
mulches are those derived from plant and animalkernads. Those most frequently used
include plant residues such as straw, hay, peauols, Heaf mold and compost, wood
products such as sawdust, wood chips and shavingsaaimal manures. The inorganic
mulch such as polyethylene mulch of different thiegs is largely used nowadays because of
limited availability of organic mulches. The plastnaterials used as mulch are polyvinyl
chloride or polyethylene films. Owing to its greapermeability to long wave radiation, it
can increase temperature around the plant durigigt mn winter. Hence, polyethylene film
mulch is preferred as mulch material for productdmorticulture crops.

Both organic and inorganic mulches have numerousfiis. The conservation of soll
moisture through mulching is one of the importantposes. It reduces soil temperature in
summer and raises it in winter. Mulch reduces atiimn frequency and amount of irrigation
water. Mulching increase the total intake of watee to formation of loose soil surface. The
rain drops on mulched soil do not seal the padiale they do on unmulched soil. This non-

sealing effect of rain drops reduces loss of wé#teough erosion. Hence, mulch reduces
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runoff and soil erosion. It reduces fertilizer |kang during excessive rainfall (Kumar and
Bhardwaj, 2012). Organic mulches return organictenand plant nutrients to the soil and
improve the physical, chemical and biological prtips of the soil after decomposition,
which in turn increases crop yield. Hence, bothaarg and inorganic mulches play an
important role for obtaining higher quality and qtigy of the produce and fetching better

economic returns of the crop.

The information on the effect of various types ofanmic and inorganic mulches on
soil properties, moisture conservation, temperataceleration, crop growth and yield of
tomato in the mid hill zone of Himachal Pradeshmeagre. Quantitative knowledge of
changes in hydro-physical and chemical propertiesught under various mulches is
necessary, which can obviously help to select digodar mulch to provide suitable
environment for higher crop production. It was #fere, considered pertinent to investigate
the effect of various mulches on soil propertied gield of tomato with the following major

objectives:
Objectives:
» To study the effect of mulching on the soil propeest

» To study the effect of mulching on growth and yiefdomato.



Chapter-2
REVIEW OF LITERATURE

Efficient utilization of available water resouraescrucial for our country which
shares about 17 per cent of global population wiitly 2.4 per cent of land and 4.0 per
cent of the water resources. Due to populationasiph and shrinking of available
land for horticulture; there is an urgent needribance the productivity and quality of
fruit and vegetables. The growth and yield of tamate very much affected by
availability of water which is a limiting factor dag the growing season. Proper
management of available water and moisture consenvéor longer duration in the

root zone plays an important role in enhancingyibkl and quality of the produce.

The mid-hill zone of Himachal Pradesh receivesicigifit annual rainfall i.e.
1100 mm, but its spatial and temporal distributismot uniform. More than 75 per
cent of total annual rainfall is received duringmaoon period. Low productivity in the
rainfed areas is the main problem due to inadegs@itemoisture content in the root
zone during different growth stages of plant. M@ep uneven distribution of rains,
occurrences of run-off and soil loss during raingher add to the factors leading to
low productivity. The ill effects of water deficielwan be overcome by irrigation or
adopting in-situ moisture conservation techniqueshsas use of mulches (Shinde
al.1980). Mulching has also been identified by maegearchers as a method to
provide a favourable soil environment by minimizitige crusting at the soil surface
and keep it stable. Soil surface crusting whichegelty occurs after every little shower
due to loose and dispersed soil mass is anothbtgmno Moreover, the soil underneath
mulch remained protected from splash erosion durigh intensity rains.

For successful tomato crop production, 233 mm waggslied through drip
irrigation is reported in loamy sand soils of NauniSolan (Rainaet al. 1999).
Sufficient irrigation facilities are not available all the regions of the country.
Sometimes, many of the farmers are unable to peo@dequate irrigation due to
scarcity of irrigation facilities or even can't aftl the expenses of irrigation. Under this
situation, mulching could be a viable option to emve soil moisture. Mulching has
been reported to increase yield by creating favdlaraoil temperature and moisture

regimes (Rahmaet al.2016).



In this chapter, an attempt has been made to rethewpertinent literature
available on the study entitlecEffect of mulch on soil properties and vyield of
tomato (Solanum lycopersicum L.)”. The literature has been reviewed under the
following sub- heads:

2.1  Effect of mulches on soil moisture content

2.2 Effect of mulches on soil temperature

2.3 Effect of mulches on soil physical properties

2.4 Effect of mulches on soil chemical properties

2.5 Effect of mulches on growth, yield and quatifycrop

2.6 Effect of mulches on benefit cost ratio andewaise efficiency

21 Effect of mulches on soil moisture content

Soil moisture plays a crucial role in growth ande&lepment of plants. Presence
of adequate moisture in the soil is vital to plgmwth not only because plants need
water for physiological process but also becaustem@ontains nutrients in solution.
Water stress may inhibit or even completely stop on more physiological process
(Shephard, 1972, Hsiao, 1973, Ackerstral. 1977, Vanloon, 1981, Ringel, 1981 and
Shimshiet al 1983). Conservation of soil moisture through rhirlg is one of the best

methods.

Khan et al. (2005) studied response of tomato on soil moistuetents of
19.26, 18.91, 17.53, 14.5 and 13.96 per cent wiaserged in transparent mulch, wheat
straw, grass mulch, black plastic mulch and contredpectively in tomato crop. A
study on influence of mulching on growth and yied tomato [ycopersicon
esculentunMill.) in North Indian plains was conducted and oeed the highest soil

moisture content of 43.7 per cent under polyethylenilch (Singh, 2005).

Singh et.al (2005) studied the effect of different mulchesluding black
plastic, clear plastic, sugarcane trash and ri@vson soil moisture and revealed that
the maximum average soil moisture content of 1€/9cgent was observed under black
plastic mulch followed by 13.2 per cent under clpkastic and the lowest of 9.6 per
cent under without mulchRaina (1998) reported that pine needles and haghesl
recorded maximum soil moisture contents over unhedcthroughout the growing

season in apple nursery.



Sharma and Kathiravan (2009) assessed the effectndthes on soil
hydrothermal regimes and growth of plum in mid hégion of Himachal Pradesh and
revealed that all types of mulches including blatastic mulch, bicoloured polythene
mulch, transparent polythene mulch, pine needleEhmand grass mulch maintained
comparatively higher soil moisture contents 46.1-52.8, 40.4-60.4, 37.8-48.8, 30.9-
42.8 and 25.0-48.6 per cent, respectively overrobimt 0-15 cm depth. Black plastic
mulch recorded the highest soil moisture conter#8per cent followed by 19 per cent
under rice straw mulch and the lowest of 12 pet cewler without mulch in tomato
(Pandey and Mishra, 2012).

Deshmukhet.al (2013) assessed that the maximum soil moistureenbntas
found under black plastic mulch followed by paddsaw mulch and the lowest in
without mulch. They reported that the soil moistooatent was found maximum at 10
cm depth as compared to 30 cm depth under blackipland paddy straw mulches,

while it was found higher at 30 cm depth than atid0depth in case of without mulch.

Ashrafuzzamart.al (2011)studied the effect of plastic mulch on soil moistur
contents and observed that the transparent polgtherch observed highest moisture
content of (21.15%), followed by black plastic mul¢20.4%), blue plastic mulch
(19.2%) and the lowest moisture content of (14.&#ler the control plot in chilli
crop. The highest average soil moisture contenD@8 was found under straw mulch,
while the lowest (16.2%) was recorded under contratrawberry (Taparauskiene and
Miseckaite, 2014).

Sharma and Kumar (2014) assessed the effect ofhmglon soil moisture
distribution and found that the black plastic mutdnserved maximum soil moisture
(18.4 and 20.2%) followed by pine needle (18.1 89@%) and grass mulch (16.5 and
18.6%) in 0-7.5 and 7.5-15 cm depths, respectivdigimum soil moisture contents of
12.7 and 13.7 per cent in 0-7.5 and 7.5-15 cmdapkhs, respectively were recorded

under without mulch.

Sharma and Meshram (2015) observed the effect aftrasi on soil moisture in
capsicum crop and found that black plastic mulchiedasignificantly higher soil
moisture contents of 49 and 44 per cent as comgarpdddy straw mulch at 0-15 cm

and 15-30 cm depths, respectively.



Narayanet.al (2017) assessed the effect of plastic and organichras on soill
moisture in chilli crops and data revealed thattglles of mulches retained higher
moisture content as compared to the control. Thekbpolythene mulch showed the
highest soil moisture content (16.7%) followed byuble coated white polythene
(15.2%) and the lowest in control (10.1%).

Nair (2018) studied the effect of different mulcl{bkck, silver and transparent
polyethylene) on soil moisture content under ton@tlivation and observed that the
application of black mulch retained 13.08 per dagher soil moisture as compared to
without mulch plots. The corresponding values faansparent mulch and silver

mulches were 10.47 and 3.19 per cent as compangithtout mulch plots.
2.2 Effect of mulches on soil temperature

Soil temperature is one of the most important factikat control the
microbiological activities and various other pragesinvolved in crop production. Soil
temperature varies daily and seasonally which nesplt from changes in radiant
energy and energy changes takes place throughotihgusface.Mulching reduces soill
temperature in summer, raises it in winter and @névthe extremes of temperatures. In
general, the effect of mulching on the temperatageme of the soil varies according to
the capacity of the mulching material to refleatl aransmit solar energy. It governs the
soil physiochemical and biological processes argb ahfluences the interspheric

processes of gas exchange between the atmosplukettecasoil.

Abu-Bakret al. (2003) found the higher soil temperature undestat mulches
than the control. The soil temperature was incrddse5.6, 5.2 and 3.9°C at morning
and 6.1, 5.7 and 3.3°C at mid day under the clgaeen and black mulches,
respectively as compared to the control. The ploislched with rice-straw or
sugarcane trash showed slightly higher temperataiges of 0.9°C to 1.7°C than the
control in tomato (Singhkt al. 2005).

Locheret al. (2005) studied the effect of coloured mulches @htemperature
in sweet pepper crop. They observed that light weld mulches (clear, violet, light
green) increased the soil temperature by 2.5-214D that of the without mulch
(control), while the dark coloured mulches (bladirk green, red) increased the soil

temperature by 1.4-2.1°C as compared to the com&galment.



Singh et al. (2005) assessed the effect of different plastidches on soil
temperature and results indicated that the highesttemperature was found under
clear mulch (27.8°C) followed by ordinary clear otul27.4°C), black mulch (26.1°C)
and the lowest (24°C) under control treatment mdto crop.

Ramakrishnaet al. (2006) studied the effect of mulches on soil terapee and
reported that different mulch materials showedaladé effect on soil temperature and
found that the polythene mulch increased the sailperature by about 6.8 and 4.8°C at
5 and 10 cm depths, respectively. Straw mulchingeled both maximum and
minimum soil temperatures by 8.9°C and 2.3°C, respaly at 5 cm depth in hybrid
chilli (Kaur et al. 2008).

Awodoyin et al. (2007) assessed the effect of mulches on tomatp ato
transition Zone of Nigeria. The experimental resuhdicated that the differences
between morning and afternoon soil temperaturecah Slepth were 5.0°C under grass
mulch, woodchip mulch and control. Higher soil tergiure by 5-8°C and 1-4°C was
found in clear plastic and black plastic mulchespectively than that of control in
melon crop (Ekinci and Dursun, 2009).

Sharma and Kathiravan (2009) studied the effeamnaofches on soil thermal
regimes and growth of plum in mid hill region ofrkichal Pradesh and revealed that
all types of mulches including black polythene nflbicoloured polythene mulch,
transparent polythene mulch, pine needles mulch grass mulch considerably
increased the soil temperature and followed theroad transparent polythene mulch >
black polythene mulch > bicoloured polythene muicipine needles mulch > grass
mulch > unmulched at 7:30 AM and transparent pelythmulch > black polythene
mulch > bicoloured polythene mulch > unmulched asgrmulch > pine needles mulch
at 2:30 PM.

Wanget al (2009) reported that an increase of daily meantemperature by
2-9°C with mulch than that of without mulch, espdlgi during the early growing
period of potato crop. Similarly, the highest deinperature was obtained under black
plastic mulch. The difference in temperature betwesulched and without mulch
treatment was observed in the range of 2.2 to 3idtGmato crop (Kamal and Singh,
2011).



Rajablarianiet al (2012) revealed that the highest soil tempera(@8:7°C)
was recorded under blue mulch, followed by redarcfdastic and the lowest (25°C) in
without mulch in Iran. Results indicated that tlwl semperature under the various
colour mulches was 3 to 6°C warmer as compareaut® $oil.

Hamid et al (2012 found that soil temperature under polyethylene muwias
increased by 3.3 to 6.6°C as compared to withoutimin tomato. The highest soil
temperature (30.7°C) was recorded under blue miditbwed by red plastic mulch
(30.1°C) and clear plastic mulches (29.5°C). Amtmgplastic mulches, silver had the

lowest soil temperature.

Aniekwe (2013) studied the comparative effectsrgianic and plastic mulches
in okra. Experimental results indicated that thghbst average daily temperature
(28.4°C) was observed under black plastic mulclofetd by grass mulch (27.8°C) and
the lowest (27.6°C) under without mulch. Soil temapere in tomato was recorded
higher by 3 to 6°C under various coloured plastidanes than in bare soil (Dixét al.,
2015).

Sharma and Kumar (2014) assessed the effect ohnmulcauliflower at Nauni,

Solan and found that black plastic mulch recordedhighest soil temperature at both
7.5 and 15 cm depths. Black mulch raised the mimmand maximum soil
temperatures by 1.3-1.7°C and 0.5-1.0°C, respégtioger unmulched treatment.
Higher soil temperature in covered plots than aplot without covers at a depth of 10
cm was observed in tomato. Minimum soil temperatuas increased by 1.3°C at 8:00
hrs and maximum soil temperature by 1.7°C at 14i80in covered plots (Kosterana,
2014).

Dalorima et.al (2014) recorded the highest soil temperature BEZP under
polythene mulch followed by control plot (31.03°Gawdust mulch (30.77°C) and the
lowest (29.73°C) in plot mulch with sorghum strawokra crop. White plastic mulch
attained higher soil temperatures by 1.17, 2.483anf°’C as compared to black plastic
mulch, without mulch and grass mulch, respectiyelgbtamuet.al 2015).

Sharma and Meshram (2015) found that the averagemmin soil temperature
under black plastic mulch at 7:30 AM was 1.29°C ar@B°C higher as compared to

paddy straw mulch and without mulch, respectivedt. 2:00 PM, the average



maximum soil temperature was increased by 4.6 a62f@ under black plastic mulch

as compared to paddy straw and without mulch, @ty in capsicum crop.

Ranaet al. (2015) observed that the highest mean morningtsoiperature of
20.6 and 22.6°C was recorded under black plastichmat surface and at 15 cm depth,
respectively. The highest mean evening soil temperaof 30.8°C under clear plastic
mulch and 27.6°C under black plastic mulch at swfand at 15 cm depth,

respectively.

Negi (2015) studied the effect of mulches on saihperature under nectarine
and found the maximum soil temperature under bfaalkthene mulch and minimum
under grass mulch. Plastic mulching increased geesmnual temperature by 3.3°C.
Contrarily, plant mulching materials showed a dasieg trend and annual average
temperature decreased by 0.5°C in case of corkmsialch (Haret al 2015).

Moursy et al. (2015) studied the effect of polyethylene and st@aw mulches
on soil temperature in tomato crop and reportettttetemperature was 5°C higher in
transparent polyethylene mulch as compared to thleouwt mulch. Application of
transparent plastic mulch increased soil tempegaby 1.15, 2.08 and 2.47°C as

compared to black plastic mulch, rice straw mulet @ithout mulch, respectively.

Sibaleet al. (2015) measured the soil temperature at 5 cm &ndni depths.
The minimum soil temperature (20.38°C) was founckimam at 15 cm depth and
maximum soil temperature (25°C) was found at 5 eptld under black plastic mulch.
Clear plastic mulch increased the soil temperaiyrd.8°C at 5 cm depth and 3.5°C at
10 cm depth as compared to bare soil in cucumbeieidve and Anike, 2015).

Abhivyakti et al (2016) recorded the highest soil temperature utrdesparent
mulch followed by silver, black and minimum in watlt mulch plot during tomato
crop. It was found up to 10°C higher soil tempemtunder transparent plastic mulch

as compared to without mulch treatment.

Nair (2018) studied effect of different mulchesaitk, silver and transparent
polyethylene) on soil temperature under tomato ivatibpn and observed that
transparent mulch raised the maximum temperaturd.byto 4.5°C and minimum
temperature by 1.5 to 4.4°C over without mulch gpld@lack polyethylene mulch did
not alter the maximum temperature however it ineesaminimum temperature by 1.0

to 3.1°C over without mulch plots. In silver mulplots, maximum temperature was
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decreased by 0.4 to 3.5°C and minimum temperatassincreased by 0.5 to 2.7°C over

without mulch treatment.

Manal et.al. (2018) assessed the effect of polyethylene mulch soil
temperature under tomato and observed that theetatuype was increased by 1.2°C
under black mulch, 1.1°C under blue mulch, 1°C wvrméd mulch, 0.80°C under
transparent mulch, 0.76°C under green mulch andPQ.under rice straw mulch over

control.
2.3 Effect of mulches on soil physical properties

Mulches have been found to improve soil physicabprties like bulk density,
porosity, water holding capacity, aggregation amftitiation by enhancing biological
activities of soil fauna and also increased thel dertility (Ystass, 1971 and
Vleeschauweet al 1978).

Ghoshet al. (2006) reported that the highest bulk density (IM@ m*) was
observed under transparent polythene mulch whie Ithwest value (1.35 Mg 1)
under wheat straw mulch. Studies on effect of gdlaand plastic mulch on soil
properties showed the lower bulk density (1.10 &2$ Mg nm®) under tilled clear and
tilled black plastic mulch plots when it was comgzhrtto no-tilled clear and no-tilled
black plastic mulched plots (Anikwet al.2006).

Mulumba and Lal (2008) assessed the effect of nmdc on soil physical
properties of a silt loam soil. The results dem@tst that the mulch significantly
increased the available water content by 18-35cpet and total porosity by 35-46 per

cent while soil bulk density was not affected bylching.

Zhanget al. (2008) obtained maximum soil bulk density (1.21 Mg) under
plastic mulchfollowed by control(1.18 Mg m®) and minimum under straw mulch
(1.12 Mg m®). Highest saturated hydraulic conductivity (57.2nrh*) was observed
under straw mulch followed by plastic mulch and imiam in control (51.2 mm# in

North Western loess plateau of China.

Narayan and Lal (2009) reported that mulching veitin hemp coupled with
improved tillage in sorghum recorded the maximuriltiation rate (5.6 cm b,
porosity (47.6%), water holding capacity (37.1%)dathe lowest bulk density
(1.38 Mg m®). Pervaizet al. (2009) reported that mulch increased soil orgarétten

11



(1.32 g kg") but decreased bulk density (1.35 Mg)nand soil strength (464 k Pa) as

compared to control.

Pandeyet al. (2016) assessed the efficiency of mulch on saberties and
results indicated that water holding capacity o44@3.2, 41.6 and 38.5 per cent were
obtained under rice husk, black polythene, contotl white polythene mulch,

respectively in strawberry.
2.4 Effect of mulches on soil chemical properties

Ranaet al. (2005) revealed that mulch improves soil organiboa content as
compared to non mulched soil. The maximum orgaaiban (2.50%) and available
potassium (496.66 kg Hawas observed under farm yard manure mulch. Wtiile,
maximum amount of available phosphorous (37.65 #Q) land available nitrogen
(487.02 kg hd) were recorded with forest litter mulch as compa®other treatments

in squash field at Uttarakhand.

Khan et al. (2005) revealed that mulching material did not &ffeoil pH and
EC. Maximum organic carbon (0.90 g 100) gvas found under black plastic mulch
and the lowest (0.68 g 100" gunder control treatment. Highest nitrogen (0.36%)
phosphorus (5.10 mg Ky and potassium (127 mg Kgcontents were found in wheat

straw mulch and the lowest nitrogen and phosphimuwsd under control treatment.

Ogundareet al. (2015) studied the response of tomato crop undiéereint
mulch materials and found that there was no sicgmii effect of mulches on soil pH.
However, mulch had significantly effect on avaikallitrogen, available phosphorous
and soil organic matter. Availability of macro natits was significantly higher under
the mulch treatments. The contents of available®NK, Ca and Sg-S was found
higher under black plastic mulch followed by pireedle and grass mulch over without
mulch (Sharma and Kumar, 2014).

Bakshi et al. (2015) reported that the different types of makhad non-
significant effect on soil pH and soil electricanductivity in aonla, but there was
significant effect on soil organic carbon, N, P,®3 and Mg and leaf N, P, K and Ca

due to mulching.

Pandeyet al. (2016) studied the effect of different mulchesdrhusk, black and
white polythene) on different soil chemical propestand found that the maximum soil
pH (7.49), available phosphorus (37.4 kghhand available potassium (473.3 kg'ha
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were recorded under black polythene mulch whemagjmum volume of soil organic
carbon (0.62 %) and available nitrogen (424.5 k§) kaere under rice husk mulch.

Kumar et al. (2017) studied the effect of mulches on cauliflove¢ Nauni,
Himachal Pradesh. Experimental results showed that highest available N
(353.8 kg hd), P (48.9 kg hd), K (261.8 kg hd), Ca (702.3 kg hY, Mg (430.8
kg ha'), and SG*'S (67.7 kg hd) were found in black plastic mulch as compared to
other treatments. The percentage increase fromlinalues in availability of nitrogen
(3.6-4.1%), phosphorus (27.6-35.1%), potassium-33746) and calcium (1.3%) were
observed. However, the higher content of soil oigaarbon was found under organic

mulching i.e. grass & pine needle mulch.
2.5 Effect of mulches on growth, yield and qualityf crop

The effect of mulching on plant is operative thriouge effect of mulches on
soil moisture, soil temperature and soil erosionldling reduced evaporation is major
reason for high plant growth and high crop produrctiln addition, mulching also
provides a favourable environment for growth andettgoment of plants as results in
more vigorous, healthier plant which may be mosgstant to pest and disease.

2.5.1 Plant height

Huduet al. (2002) observed the significant increase in plaght in mulched
tomato as compared to plants grown on bare sod.maximum plant height (83.5 cm)
was observed under rice straw, while the lowesgtigf57.1 cm) observed in control

(un-mulched) under saline soil in tomato (Rahretal 2006).

Singh et al. (2005) studied the effect of mulches on plant heighd the
maximum plant height (75.7 cm) was observed undackb polyethylene mulch
followed by clear polyethylene, sugar cane trasie straw and the lowest (52.3 cm) in
control in tomato crop. The maximum plant heigh® (dn) was observed under plot

mulched with wheat straw as compared to contrtbmato (Kharet al 2005).

Singhet al. (2005) studied the effect of plastic mulch on plaeight of tomato
at Indian Agricultural Research Institute, New Delxperimental results showed that
maximum plant height (40.6 cm) was found in cleaiah followed by black mulch
(38.8 cm), ordinary clear mulch (37.4 cm) and tbedst (32.2 cm) under control

treatment.
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Singh et al. (2009) studied the effect polyethylene mulch ompliaeight in
tomato crop. The highest plant height (85.5 cm) feasd in 80 per cent drip irrigation
with black plastic mulch followed by 100 per cemtpdirrigation with black plastic
mulch (83.4 cm) and the lowest (75.3 cm) foundurface irrigation with black plastic

mulch.

Rajablarianiet al. (2011) observed that mulch colour had significaffiéct on
plant height. Straw mulch enhanced plant heightilenvtive-mulch of cowpea and
plastic mulch reduced the height of pepper plahte maximum height of capsicum
plant was recorded under black polyethylene muGio(dharyet al 2012).

Ashrafuzzamaret al. (2011) assessed the effect of plastic mulch omwiraf
chilli crop at Bangladesh. At maturity, the maximwptant height (78.45 cm) was
observed in transparent mulch followed by black.§87cm) and blue plastic mulch

(77.03 cm). The minimum plant height (61.15 cm) whserved in control plot.

Berihum (2011) reported the effect of mulches (bland straw) on tomato
yield under drip irrigation condition at Ethiopi&he experiment results showed the
maximum plant height (54.50 cm) under black plastidch followed by straw mulch
(50.50 cm) and the lowest (49.33 cm) in without chul

Choudhary and Bhambri (2013) assessed the effeotubdéhes on growth of
capsicum under drip irrigation system at Raipure Experimental findings showed
that the maximum plant height (63.1 cm) was obskemeélack plastic mulch followed
by paddy straw mulch (62.1 cm), transparent mubkéhy cm) and minimum (56.5 cm)

in without mulch.

Bhujbal et al. (2015) reported the effect of mulches on growtd gield of
tomato and the maximum plant height (83.48 cm) Wwasd in black plastic mulch
followed by silver plastic mulch (79.52 cm), traasgnt mulch (79.52 cm), sugar cane
trash mulch (77.14 cm), blue plastic mulch (76 cdry, grass mulch (72.76 cm) and
the lowest (71.14 cm) in control.

Singhet al. (2015) assessed the effect of mulch on plant heagtomato at
Nauni, Solan in Himachal Pradesh. Experimental ltesshowed the highest plant
height (2.32 m) under black plastic mulch followey pine needle (2.12 m) and the
lowest (2.0 m) in control.
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Raoet al. (2016) assessed the effect of different mulch&sckb silver, red and
organic) on growth and yield of tomato. It was fduthat maximum plant height
(160.73 cm) under red mulch followed by black muld@®8.98 cm), silver mulch
(158.14 cm), organic mulch (156.72 cm) and the Eiw#&55.02 cm) in without mulch.
Maximum plant height (90.74 cm) was obtained unded followed by black
(85.54 cm), white plastic (83.42 cm) and minimur.6#Z cm) under control (Agrawal
et al.2010).

Jaysawaekt al.(2018) studied the effect of different mulches tempheight of
carrot and observed that the maximum plant hei§ht7Q cm) was recorded under
black polyethylene mulch followed by blue mulch, itghmulch and minimum

(44.92 cm) under control.
2.5.2 Number of fruits per plant

Sannigrahi and Borah (2002) evaluated the effectige of different organic
mulches and black polyethylene mulch under rairdedditions in tomato and found
that mulching increased the number of fruits panpthan the control where no mulch

was applied.

Rahman (2006) obtained the highest number of fpgtsplant in tomato crop
using black plastic mulch as compared to withoutlcmed treatment. Maximum
number of fruits per plant was recorded under photgsched with 4 inches thick grass
as compared to control in tomato (Khetral 2005).

Singhet al. (2005) studied the effect of mulches on numberwit per plant.
Maximum fruits (28.8 plant) were found in black plastic mulch followed by ale

plastic and the lowest fruits (21.7 pl@htn control treatment.

Uddain et al (2010) studied the effect of different mulchesd ablack
polyethylene mulch was found most suitable foriggthigher number of fruits per
plant and yield per plant. The maximum number aifitér per plant (28.21) was
observed when black polyethylene mulch was appiddle the minimum number of
fruits per plant (22.34) obtained with no mulch ¢Rii et al 2010).

Ashrafuzzamaret al. (2011) assessed the effect of plastic mulch ofd yoé
chilli crop at Bangladesh. The highest number aitérper plant (472) was observed
under black plastic mulch followed by blue plashalch (443) and transparent mulch
(434). In contrast, control showed the lowest &peér plant (335).
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Pandy and Mishra (2012) assessed the effect ofhmancfruit yield of tomato
at Jharkhand. Experimental results indicated tmaimaximum fruits (20.59 fruit plant
) was found under rice straw mulch followed by with mulch (19.36 fruit plaff)
and the minimum (17.86 fruit plahtunder black plastic mulch. Maximum numbers of
fruits per vine (3.23) were observed under silviasiic mulch followed by black
plastic mulch (2.97) and the lowest (2.17) undethaut mulch under watermelon
(Parmaret al.2013)

Rahmanet al. (2016) studied the effect of different mulch matkyi(black,
transparent, rice straw) on growth and yield ofdatmmin Bangladesh and revealed that
the maximum fruits (39.65 fruits plaht was obtained under black plastic mulch
followed by rice straw, transparent and the low@8t50 fruits plarit) under control.
Maximum fruits (140 fruits plaff) were obtained under black polythene and the lowes
(55 fruit plant’) in without mulch plot in chilli crop in Jammu aiGshmir (Narayaret
al. 2017).

Singhet al. (2017) studied the influence of different mulche=d( blue, green,
yellow, transparent, black, double shaded and $toangrowth and yield of tomato in
Himachal Pradesh. Highest fruits (40.4 fruits pfanvas observed in double shaded
mulch followed by black plastic mulch (39.5 fruipdant®), red plastic mulch (38.6
fruits plant'), yellow, green, blue, control, transparent and kwest under straw
mulch (36.2 fruits plant). The highest number of fruits per plant (27.1@swecorded
under red mulch and the lowest in control (24.60pimato crop (Agrawadt al. 2010).

2.5.3 Average fruit weight and average fruit diametr

Singh et al. (2005) assessed the effect of mulch on fruit wemfhtomato in
Punjab. The highest fruit weight (76.8 g) was foumder black plastic mulch followed
by clear mulch, sugarcane trash, rice straw mufah the lowest (70.9 g) in control.
Maximum average fruit weight (27.27 g) was obserwedler black plastic mulch
followed by without mulch (26.64 g) and the lowg26.46 g) under straw mulch
(Bertihum 2011).

Gandhi and Bains (2006) reported the highest tonfratib weight (28.08 g)
under straw mulch as compared to no mulch (27.8@ g maximum average weight
of fruits (33.45 g) under red mulch followed by ¢kamulch (32.82 g), white mulch
(32.27 g) and the lowest (25.32 g) in control. $amy maximum fruit diameter
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(6.73 cm) was observed under red plastic mulchoWad by black plastic mulch
(5.46 cm), white plastic mulch (5.30 cm) and thedst (5.04 cm) in control treatment
under tomato (Agrawadt al 2010).

Ashrafuzzamaet al. (2011) studied the effect of plastic mulch ongief chilli
crop. The maximum fruit diameter was observed urdigek plastic mulch (0.84 cm)
followed by blue mulch (0.82 cm), transparent mu(@81 cm) and minimum in

control (0.76 cm).

More et al (2013) reported that the seedlings of Gujarat dtwr2 mulched
with black polythene gave highest average fruitghei43.57 g). The maximum fruit
weight (75 g) was observed under black plastic mand the lowest (62 g) under
without mulch in tomato (Pandy and Mishra, 2012).

Rajablarianiet al. (2012) studied the effect of colour plastic mutohyield of
tomato. Experimental results showed the maximunmaaeefruit weight (99 g) under
silver mulch followed by blue mulch (94.4 g), cleaulch (94.0 g), red mulch (93.9 g),
black mulch (91.2 g) and lowest in bare soil (84)9The average fruit weight (g) 125,
121, 116, 106.67 and 89.33 were obtained undew facm thickness), straw (3 cm
thickness), transparent, black plastic mulch andtroh respectively under tomato
(Moursyet al.2015).

Raoet al. (2016) assessed the effect of different mulch&sckb silver, red and
organic) on growth and yield of tomato crop andezkpental results revealed that the
maximum fruit weight (118.18 g) was observed in mealch followed by black mulch
(115.70 g), silver mulch (113.63 g), organic mult7.34 g) and the lowest (104.51 g)

under without mulch.

Rahman et al (2016) reported the effect of different mulchdslagk,
transparent, rice straw) material on growth anddyief tomato and found that
maximum average fruit weight (88.43 g) was obserueder black plastic mulch
followed by transparent (87.32 g), rice straw (&7d) and the lowest (83.98 g) in

control.

Singhet al (2017) studied the influence of different mulcliesd, blue, green,
yellow, transparent, black, double shaded and $teeagrowth and yield of tomato at
Himachal Pradesh. The maximum fruit weight (60.2vgs observed in double shaded
mulch while the lowest (53.6 g) in control. Highe@sterage fruit weight (4.67 g) was
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found in organic mulch @ 12 t iand the lowest (4.23 g) in control treatment under
chilli in Tamil Nadu (Sathiyamurthgt al.2017).

Manal et.al (2018) assessed the effect of polyethylene muiclaverage fruit
weight of tomato and maximum fruit weight (121.4D \gas observed under red
polyethylene mulch followed by green mulch, tramsp& mulch, blue mulch, black

mulch, rice straw mulch and the lowest (81.12 gjaxrwithout mulch.

Rannuet al. (2018) studied the irrigation and mulch effect orerage fruit
diameter of strawberry and the maximum fruit disan¢B.37 cm) was found under rice
straw mulch with irrigation after five days intelviollowed by black mulch with
irrigation after five days interval and the low€3t01 cm) under rice straw mulch with

irrigation after fifteen days interval.
2.5.4 Fruit yield and total soluble solids

Mahmoodet al. (2002) reported that mulching had positive effect pmtato
yield. Highest yield (18.42 t Ha was recorded under white polythene sheet followed
by black polythene sheet (17.6 thaOverall increase in yield i.e. 60.45 per cerdem
white plastic sheet, 49.04 per cent under blaclstiglasheet, 53.31 per cent under
perforated black plastic sheet and 43.2 per cedemgrass mulch over no mulching

was found.

Chaudharyet al (2002) recorded the highest yield of tomato (28t6nha’)
under green plastic mulch followed by red plastigieh (22.70 t hd) and the lowest
(15.84 t hd) under black plastic mulch treatment. Transpaaet black polyethylene
mulches increased total tuber yield by 16 and &pat, respectively and average tuber
weight by 14 and 12 per cent, respectively, as @atwith without mulch (Kangt
al. 2003).

Hedauet al. (2002) studied the effect of different mulchesr{gparent, silver,
black polyethylene and pea straw) on the produgtivi tomato and observed that the
highest fruit yield (76.42 t g under silver polyethylene mulch, followed by tac
polyethylene mulch (73.51 t i Total yield under reflective mulch, black mulahd
no mulch treatments were 122.85, 104.99 and 95.88't respectively in tomato
(Yoltaset al. 2003).
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Singhet al. (2005) assessed the mulch effect on yield of toraafunjab. The
highest fruit yield (412.8 q i3 was found in black plastic mulch followed by clea

mulch, sugarcane trash, rice straw mulch and tved6(292.4 q H3 in control.

Singhet al. (2005) studied the effect of plastic mulch on fryigeld of tomato
and the maximum (81.08 t Bafruit yield obtained under clear mulch followeg b

ordinary clear mulch, black plastic mulch and thedst (47.29 t hY in control.

Khanet al (2005) obtained the maximum yield of (96.45 thaf tomato with
4 inches wheat straw mulch as compared to confi®i4{ t hd). Similarly tomato
crop grown with straw mulch produced the highestdy{49.63 t hd) as compared to
no mulch (47.85 t i (Gandhi and Bains, 2006).

Rahman (2006) obtained the highest fruit weight plnt and yield from
tomato plants grown under black plastic mulch aswared to non-mulched plants.
Use of black polyethylene mulch plus drip irrigatifturther raised the tomato yield by
57.87 t hd (Singhet al. 2009).

Awasthiet al (2006) recorded higher per cent of brinjal fyéld per plant i.e.
84 and 77 under black and white polyethylene m@ahesr control, respectively. The
red, black and white plastic mulch increased tledyof tomato by 45.52, 40.06 and
35.30 per cent, respectively over the control (Agdeet al 2010).

Agrawal et al (2010) assessed the effect of different coloufches on yield
and quality of tomato at Chhattisgarh region. Tgial cent soluble solids were
obtained 6.94, 6.56, 5.71 and 4.34 in red, bladkiernand control, respectively.

Anzaloneet al (2010) recorded the highest tomato yield unddygibylene
mulch followed by paper, manual weeding, biodegoéelplastic and the lowest under
rice straw mulch. Mukherjeet al (2010) recorded significantly higher yield of tato
with black polythene mulch than the paddy straw ahulAmong mulches, black
polythene treatment produced significantly higheitfyield of tomato (Hedawet al
2010).

Gordonet al (2010) reported that tomato with plastic mulcbdarced early and
higher total yield when compared with other mulchigse maximum vield (11.4 t Hj
was observed when black polyethylene mulch wasieghpivhile the minimum yield
(7.36 t h&) was obtained from control plots (Rashédial 2010).
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Singh et al (2011) conducted the experiments at Conoor (Tamaidiu) and
reported that the highest tuber yield (18.66 t)haas recorded with mulching of white
polythene sheet and followed by 17.42, 17.94 an@96 ha" under black polythene,
perforated black polythene and water hyacinth,eetsgely. Lowest yield was obtained

in control.

Huanget al. (2012) assessed that the plastic film mulchingrowes fresh fruits
yield. The yield was observed 51.47°t &nd 51.97 t 1 in white film and black film
mulching treatments, respectively. These treatmemieased the yield by 17.7 per

cent and 18.9 per cent, respectively, over control.

Ashrafuzzamaet al. (2011) studied the effect of plastic mulch ondief chilli
crop and revealed that the maximum fruit yield 831t ') was observed under black
plastic mulch followed by blue plastic mulch (19.057), transparent plastic mulch
(18.45 t i) and control showed the lowest fruit yield (1346™). Maximum fruit
yield (61.65 t i) was found under black plastic mulch followed byaw mulch (54.14
t ) and the lowest (49.30 t}hyield found in control (Berihum, 2011).

Singh and Kamal (2012) reported that tomato yiedanf plants grown on bare
soil was significantly lower as compared to thosaagn with black plastic mulch and
the yield increased under black plastic mulch veasmél 21.7 to 29.8 per cent higher as
compared to bare soil. Black plastic mulch recortlesl highest yield of capsicum,
which was 60.25, 26.12 and 28.48 per cent highan fraddy straw, transparent and

without mulch, respectively under capsicum cropd@thary and Bhambri, 2013).

Pandy and Mishra (2012) studied the effect of asulch on yield of summer
tomato. The highest yield per plant and per hedthrl kg plant and 282 q H) was
obtained under rice straw mulch followed by bladaspc mulch and the lowest in

control.

Dixit et al. (2015) studied the mulch effect on tomato and it i@nd that
highest fruit yield (81 t h8 under clear much, ordinary clear (68 thablack (62.25 t
ha'), the lowest (51.01 t H& under without mulch. The highest tomato yield528! q
ha') was observed by using black plastic mulch anddtvest (249.96 q b8 with the
without mulch (Lushet al, 2012).

Bhujbal et al. (2015) studied the effect of mulches on yield @hato and the
highest yield (1.63 kg plaftand 60.61 t 3§ was found under black plastic, followed
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by silver, transparent, sugar cane trash, bludipjagy grass and the lowest in control
(0.88 kg plarit and 40.59 t hj).

Singhet al. (2015) assessed the effect of mulch on yield ofatomat Nauni,
Himachal Pradesh. It was observed that the higjiekt (2.83 kg plant and 83.89 q
ha') was observed under black plastic mulch followgdpime needle mulch and the
lowest (2.39 kg plafftand 70.66 q h3 in control.

Jaysawakt al. (2018) studied the effect of different mulches danp yield of
carrot and observed that the maximum root yield684 ha") was recorded under
black polyethylene mulch followed by blue polyegye mulch (51.40 t H3, white
polyethylene mulch (51.29 t Hrand minimum (32.48 t A in control.

2.6 Effect of mulches on benefit cost ratio and wat use efficiency

Rahmaret al. (2006) found the highest benefit cost ratio (b@ader rice straw
mulch followed by water hyacinth (5.56), wastageicé straw (5.01) and the lowest in

no mulch (4.51) in tomato.

Sharma and Kathiravan (2009) reported that theos@hsncome under black
polythene mulch, bicoloured polythene mulch, tramept polythene mulch, pine
needle mulch and grass mulch were 1.06, 1.20, 1.58,and 1.09 times higher than in

unmulched (control), respectively.

Agrawal et al(2010) studied the effect of different mulch co®yred, black
and white) on water use efficiency (WUE) of tomata the WUE of 0.57, 0.42, 0.37
and 0.21 g hd mm' were observed in red, black, white mulch and @bntr
respectively. The WURvas increased by 63, 50 and 43 per cent in redklaad white
mulch, respectively as compared to the no mulch plo

Choudhary and Bhambri (2013) assessed the muiett @n WUE of capsicum
and observed that black polyethylene mulch recottlednaximum WUE (736 kg Ha
cm™) followed by paddy straw mulch, transparent mudeiu the lowest (532 kg Ha

cm™) under no mulch.

Pandey and Mishra (2012) observed that mulching wite straw resulted in
maximum gross and net income per hecta ¥ ©f97,400/- and 1,56,400/-, respectively
and B:C ratio (5.33) as compared to black plastidching (4.82). Moreet al. (2014)
achieved the marketable fruit yield of 49.65 t-hander black polythene mulch with
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early transplanting date (5th November ) with hgjhg:C ratio of 2.05: 1, which was
closely followed by and sugarcane trash mulch \gitn November planting (43.08 t
ha') and B:C ratio of 1.87:1. Parmat al. (2013) recorded the highest B:C ratio
(1.65:1) in silvemplastic mulch followed by black plastic mulch (15pand the lowest

in control.

Raoet al.(2016) observed the highest B:C ratio (4.70) far meulch, followed
by black mulch (4.07) and silver mulch (3.00) treganic mulch (1.80). The highest
B:C ratio (2.80) was found in black on white plastiulch followed by organic mulch

(2.05) and the lowest in without mulch as repoligdSathiyamurthyet al. 2017).

Sakariyaet al. (2018) studied the WUE of papaya under plastic maled that
maximum WUE (334.03 kg Famm™) was observed under silver plastic mulch
followed by black mulch (298.24 kg hanm) and the lowest (162.12 kg heam™) in

control treatment.
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Chapter-3
MATERIALS AND METHODS

With an aim to achieve objectives of present study entitled “Effect of mulch on soil
properties and yield of tomato Golanum lycopersicum L.)", field experiments were
conducted during two seasons from March 2017 to August 2017 and February 2018 to July
2018 in the Research Farm, Department of Soil Science & Water Management, Dr Y ashwant
Singh Parmar University of Horticulture and Forestry, Nauni, Solan, Himacha Pradesh.
Details of the field experiment, soil and plant studies undertaken and the adopted methodology
have been presented under the following broad headings:

3.1  Genera description of the study area

3.2  Experimenta details

3.3  Soil studies during the period of experimentation
3.4  Plant growth, yield and quality parameters

35 Soil analysis

3.6  Water requirement and water use efficiency

3.7  Benefit cost ratio

3.8 Statistical analysis

3.1  General description of the study area
3.1.1 Location and climate

The experimental site is situated at the Research Farm, Department of Soil Science
and Water Management, Dr Y S Parmar University of Horticulture and Forestry, Nauni,
Solan, Himacha Pradesh. It is located at 30°52' N latitude and 77°11" E longitude and
elevation of 1175 m above mean sea level. The study area falls in sub-temperate, sub
humid agro-climatic zone of Himachal Pradesh. The average annual rainfal in the areais
about 1100 mm and more than 75 per cent of annua rainfal is received during the
monsoon period (mid June - mid September). Winter rains are scanty during the months of
January and February. The data on rainfall, maximum and minimum temperature coupled
with pan evaporation of the study area for both the years of experimentation were
collected from the Meteorological Observatory, Department of Environmental Science, Dr



Y ashwant Singh Parmar University of Horticulture and Forestry, Nauni, Solan (Himachal

Pradesh).

3.1.2 Soils

The soils of the study area belong to Typic Eutrochrept at sub-group level

according to Soil Taxonomy of USDA. Physico-chemical properties of the experimental

soil for surface (0-15 cm) and subsurface (15-30 cm) layers are presented in Table 3.1

Table 3.1: Physico-chemical properties of experiméal soil before the start of

experiment
Physico-chemical properties 0-15cm 15-30 cm
Bulk density (Mg m-3) 1.25 1.29
Particle density (Mg m-3) 2.50 2.49
Porosity (%) 46.87 45.67
Maximum water holding capacity (w/w, %) 39.23 38.21
Saturated hydraulic conductivity (cm hr-1) 3.97 4.01
Water stable aggregates (> 0.25mm) (%) 60.76 57.38
Soil pH 6.24 6.37
EC (d Sm1) 0.21 0.19
Organic Carbon (g kg?) 16.6 14.9
AvailableN (kg ha?) 337.6 328.6
Available P (kg ha't) 50.03 48.79
AvailableK (kg ha?) 335.9 310.3
Exchangeable Ca[cmol (p*) kg1] 4.52 441
Exchangeable Mg [cmol (p*) kg1] 2.90 2.68
Sulphate sulphur (kg hart) 53.38 47.87
Available Zn (mg kg?) 2.23 1.77
Available Mn (mg kg?) 10.53 10.25
Available Cu (mg kg1) 3.37 3.92
Available Fe (mg kg1) 15.56 15.64
Moisture retention at 0.33 bar (w/w, %) 19.22 18.76
Moisture retention at 15 bar (w/w, %) 6.37 6.28
Available water (w/w, %) 12.85 12.48

Before laying out the experiment, random samples were collected from the

different spots in the experimental field at 0-15 and 15-30 cm depths and the composite
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representative samples for 0-15 and 15-30 cm depdre prepared and analyzed for
various physico-chemical properties of the soil. eTlnformation on chemical
characteristics and available nutrient status efdkperiment soil before the start of the

experiment is enumerated in Table 3.1.

3.2  Experimental details

3.21 Treatment details
There were seven treatments consisting of six neslgiM) and one no mulch

under the field experiment. The details of treatte@ne given below:

 T,-BM ; Black polyethylene mulch (thickness 25 [)

e T,-SM : Silver polyethylene mulch (thickness 25 [)

e TsTM ; Transparent polyethylene mulch (thickness 25 [)
e T4,MM : Mulch mat (thickness 90 GSM)

¢ TsGM : Grass mulch (air dry @ 10 tha

e TePM ; Pine needle mulch (air dry @ 10 tha

e T+NM ; No mulch

3.2.2 Nurseryraising

The tomato seeds of Solan Lalima cultivar were sawmvell prepared nursery
beds one month before transplanting. Seeds were eawursery beds to raise seedlings
for transplanting in the field. Raised beds of skzen x 0.6 m with 15 cm height were
preparedSowing were done thinly in lines spaced at 5 cntadise. Seeds were sown at
2 cm depth and covered with a fine layer of sdibfwed by light watering by water can.
The beds were then covered with dry straw/grassdmtain required temperature and
moisture.The surface of beds was smooth and well levelledll"décomposed farm yard
manure @ 8 kg fhwas added at the time of bed preparation. Raiedd tvere necessary
to avoid problem of water logging in heavy soildl the precautions for raising healthy

nursery were observed.

3.2.3 Field preparation

Before the execution of experiment, the field wasllwploughed by tractor
followed by planking 15 days prior to transplantioigseedlings. Weeds, stones, pebbles
etc. were removed from the field. Twenty one raigleds of dimension of 4 m x 2 m were

prepared for transplanting.
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3.24 Manureand fertilizers

Farm yard manure (250 q Haas well as different levels of N,®s and KO
nutrients were added as per the schedule of theriexgnt in the form of urea (30
ha'), single super phosphate (475 kg hand muriate of potash (90 kg Haas per
recommended doses in University package of practiCiee whole dose of FYM, P and K
fertilizers were applied at the time of field pregtgon. The nitrogen fertilizer was applied
in three split doses, first dose at the time ddfigreparation, second dose at the time of

transplanting and third dose at the time of frewelopment.
3.25 Transplanting of seedlings

Seedlings of 10-15 cm in length were transplantethe spacing of 90 cm x 30
cm. Each plot had three rows accommodating 36 plant total 756 seedlings were
transplanted in twenty one plots. After transplagitidrenching operation was done by

applying bavistine solution at a rate of Zgd protect the seedlings from fungal infection.
3.2.6 Gap filling and crop establishment

In case of failure of some seedlings after trangpig, proper attention was given
to replace the weaker seedling with the healthmer foom the stock saved in the nursery
for filling the gap. Up to two weeks after tranggiag, the light irrigation was given daily
at morning and evening hour to the crop with thé hed water can for their proper

establishment.

3.2.7 Irrigation

After crop establishment, only one irrigation ot was applied. Ample amount

of rainfall was received during the rest crop gioweriod.
3.2.9 Mulching

Six types of mulches viz. black plastic, silver qtie, transparent plastic, mulch
mat, grass mulch, pine needle mulch were applidtie sheets cut in rectangular shape,
slightly larger than the dimension of plots andtaiar holes were made with the help of
hot steel glass so as to fit the plant in the holée mulch sheet was laid in the plots
before the transplanting of seedlings. The mulaeshwere placed beneath the soil at the
periphery of plot to prevent it from being blown faynd. The air dried grass and pine
needles mulch material were spread evenly in tbespb have uniform mulch at the rate

of 10 t h& just after the establishment of the seedlings da§s after transplanting).
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During second year, beds were prepared and mulehesapplied as that of first year. All
the cultural operations were done and doses ofemisrwere applied as per the treatment
details. The plastic mulches and mulch mat wereovan after the completion of the
experiment. The partially decomposed grass andmeedle mulch was allowed to remain

in the plot which watater on mixed with soll.

3.3  Soil studiesduring the period of experimentation

3.3.1 Soil moisture

Soil moisture contents were determined gravimdtyiaga mulched plots and no-
mulched (control) plots up to (0-15 and 15-30 crpthds) at weekly interval during the
period of experimentation.

3.3.2 Soil temperature

Soil temperatures under different treatments wecended at 15 and 30 cm depths
on alternate day with the help of soil thermometditse minimum and maximum soll
temperatures were recorded at 7:30 hrs in morning 44:30 hrs in afternoon,

respectively.

3.3.3 Weather parameters

The data on weather parameters i.e. rainfall (meaqporation (mm), maximum
and minimum temperatures’Q) were collected from Meteorological Observatory,
Department of Environmental Sciences, Dr Yashwamgls Parmar University of
Horticulture and Forestry, Nauni, Solan, Himacheddesh and are presented in the Fig.
3.2 and Fig. 3.3.

34  Plant growth, yield and quality parameters of tomato

Randomly five plants per plot were selected fromhetteatment and tagged for
recording data on vegetative growth parameters.

34.1 Plant height

The height of the randomly selected plants was aredsn centimetres from base

to the apex of main shoot at final harvest.
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3.4.2 Number of fruits per plant

The number of fruits per plant was calculated bgiragl the number of fruits of all

harvesting
3.4.3 Averagefruit weight

The ripe fruits harvested from the five randomlylested plants from each
treatment on each picking per plant were weighede BRverage fruit weight was
calculated by dividing the total weight of fruitoin each plant by total number of fruits.

Electronic balance was used to measure fruit weight
3.4.4 Averagefruit diameter

Ten fruits of different grades were selected rangamnd weighed these selected

fruits. Average weight of fruits was worked outcentimetres.
3.4.5 Fruityied per plant

The weight of total fruits harvested from all picgs per plant was added to

calculate the yielger plant in kg.
3.4.6 Total soluble solids

The firmly ripe fruits taken from five randomly seted plants from each treatment
in middle of the total pickings per plot were caota two pieces, their juice was directly
dropped on the glass of hand refractometer andrébding on scale was recorded as
percent total soluble solids.

35 Soil analysis

3.5.1 Collection and preparation of soil samples

Composite soil samples from 0-15 and 15-30 cm deptre collected from each
experimental plot with the help of screw type auddre soil samples, thus collected were
dried in shade, stranded, sieved through 2 mmiplagtve and stored in cloth bags.
Sample preparation for analysis was in accordanitle tve procedure given by Piper
(1966). The soil samples were collected before aftet harvesting of crop during both

experimental years. The samples were analyzedigsigo-chemical properties of soil.
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Table 3.2: Methods used for the analysis of soil samples

Parameter M ethod and Reference
1. | Bulk density Core sampler method (Singh,1980)
2. | Particle density Pycnometer method (Gupta and Diia&soorly, 1980)
Porosity :
H_ Bulk Density
Porosity = (1 - — )x 100 (Rattan,2009
3. y=( Particle Densny) (Rattan )
4, | Soil texture Hydrometer method (Bouyoucos, 1927)
5 Soil moisture retention at 0.33 angdPressure plate apparatus (Richards, 1947)
" | 15 bar
6 Maximum water holding capacity | Keen-Raczkowski box having perforated bottom
" | (MWHC) (Singh, 1980)
Plant available water content Pressure plate apparatus (Richards, 1947)
7. | (PAWC)
Saturated hydraulic conductivity | Constant head metho(Singh, 1980)
8. (Ko
9. | Aggregate size distribution Wet sieving method lmd¥r's apparatus (Yoder, 1936)
10 pH 1:2 Soil : water suspension, measured withtaligH meter
' (Jackson, 1973)
1 EC 1:2 Soil : water suspension, measured withtai§iC meter
' (Jackson, 1973)
1 Organic carbon Walkley and Black wet digestion radth
' (Walkley and Black, 1934)
13 Available N Alkaline potassium permanganate method
' (Subbiah and Asija, 1956)
14. | Available P Olsen’s method (Olsenal., 1954)
15. | Available K Ammonium acetate method (Merwin and ¢hed 951)
16. | Exchangeable Ca [cmol(pkg’] | Ammonium acetate method (Merwin and Peach, 1951)
17. | Exchangeable Mg [cmol {) kg’] | Ammonium acetate method (Merwin and Peach, 1951)
18 Sulphate sulphur (kg Ha 0.15% CaGlextractant and turbidimetric determination
' (Chesnin and Yien, 1950)
19. | DTPA extractable Zn (ppm) DTPA extractant (Lindsend Norvell, 1978)
20. | DTPA extractable Mn (ppm) DTPA extractant (Lindsmd Norvell, 1978)
21. | DTPA extractable Cu (ppm) DTPA extractant (Lindsawl Norvell, 1978)
22. | DTPA extractable Fe (ppm) DTPA extractant (Lindaayg Norvell, 1978)
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3.6  Water requirement and water use efficiency:

3.6.1 Water requirement

The seasonal water requirement for the tomato wagpcomputed as follows:

WR = IR +ER i e ASi. Di
=IE+ +i=L 100 A5 D
Where,
WR = Seasonal water requirement (cm)
IR = Total irrigation water applied (cm)
ER = Seasonal effective rainfall (cm)
Mbi = Moisture percentage at the beginning of theaeasthei™ layer of
the soill
Mei = Moisture percentage at the end of the seastieiff layer of the
soll
ASi = Apparent specific gravity of tH& layer of the soil (g cif)
Di = Depth of thé™ layer of the soil within the root zone (cm)

The effective rainfall was calculated using balasbeet method (Doorenbos and
Pruitt, 1984).
3.6.2 Water useefficiency

The water use efficiency for each treatment wdsutated by considering total
yield and amount of water applied.

Yield (t ha')
Water applied (cm)

Water use efficiency fta‘cm?) =

3.7 Benéfit Cost (B: C) Ratio:

The benefit-cost ratio was calculated by considgtite cost of variables as well as
fixed inputs and prevailing market rates, the exitteme incurred on various inputs and
operations. Simultaneously, gross returns were wauk for each treatment based on
prevailing market prices of the produce. The ndtrres were also worked out by
deducting the cost incurred from the gross retwhshe particular treatment. Cost of

cultivation has been detailed in Appendix-V

Gross return ¥ ha?)
Cost of cultivation ¥ ha)

Benefit: Cost ratio =
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3.8 Statistical Analysis:

The data generated from the present investigatiere subjected to statistically
analysis using the MS excel and OP STAT. Criticlietence (CD) at 5 per cent level was
used for testing the significant difference amdmgtreatment means.

Table 3.3: Analysisof variance (ANOVA)

Sour ce of Degree of Sum of squares Mean sum of F(can
variation freedom squares
Treatments (t-1) S M, = — M,
(t-1) —
ME
Replications (r-1) S M, = 5¢ M,
(r=1) o
ME
Error (r-1) (t-1) Se - 5
¢ -1
Total (rt-1) S
Where,
R = Number of replications
t = Number of treatments
S = Sum of square due to replications
S = Sum of square due to treatments
S = Sum of square due to error
St = Total sum of squares
M, = Mean sum of square due to replications
M = Mean sum of square due to treatments
Me = Mean sum of square due to error

The replication and treatment mean sum of square tested against mean sum of
square due to error by ‘F-test’ for (r-1), (r-1J1ft and (t-1), (r-1) (t-1) degree of freedom at
5% level of significance.
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The calculated F-values were compared with tabdldt-value. When F-test was
found significant, critical difference was calc@dtto find out the superiority of one

treatment over the other.

The standard error and critical differences wasuwtated as follows:

[2me
SE (d) £ = -
(d) 7
—
SE (m) + = =
(m) J
CDO.OS = S.E. (d) X 20_05) (r-l) (t-l) df
Where,
SE (m) £ = Standard error of mean
SE (d) + = Standard error of difference of mean
CDo .05 = Critical difference at 5 per céel of significance
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Chapter-4
RESULTS AND DISCUSSION

Present study entitled “Effect of mulch on soil properties and yield of tenato
(Solanum lycopersicum L.)” was conducted at Research Farm, Department of Soil Science
and Water Management, Dr Y S Parmar University of Horticulture and Forestry, Nauni,
Solan (Himachal Pradesh) during the two yearsi.e. 2017 and 2018. The results obtained from
the study in relation to soil moisture, soil temperature, soil physical properties, soil chemical
properties, plant growth and yield characteristics, water requirement, water use efficiency and
cost economics have been presented and discussed with relevant references with a view to

assess the effect of different treatments under suitable headings as under:
4.1  Effect of mulches on soil moisture

4.2 Effect of mulches on soil temperature

4.3 Effect of mulches on soil physical properties

4.4  Effect of mulches on soil chemical properties

45  Effect of mulches on yield and quality parameters

4.6 Effect of mulches on water requirement and water use efficiency

4.7 Effect of mulches on benefit cost ratio

4.1 Effect of mulches on soil moisture

The data on soil moisture contents at 0-15 and 15-30 cm depths during year 2017 had
been presented in Fig 4.1 and Fig 4.2, respectively. Similarly for year 2018, the data on soil
moisture contents at 0-15 and 15-30 cm depths had been presented in Fig 4.3 and Fig 4.4,
respectively. The details of soil moisture data for both the depths (0-15 and 15-30 cm) and for
both the years (2017 and 2018) are given in Appendix-1l. Appraisal of data reveaed that all
mulch treatments increased the soil moisture contents over control i.e. T-NM (no mulch).
The treatment with black polyethylene mulch (T;-BP) maintained the highest soil moisture
content during both the years of study as compared to other treatments, whereas, the lowest

soil moisture contents were recorded under To-NM.

An inquisition of data on soil moisture contents during year 2017 showed that the

highest soil moisture contents were recorded under T1-BP at 0-15 and 15-30 cm depths,



which was ranged between 18.6-29.1 and 20.1-30.0 per cent with mean values of 23.3 and
25.1 per cent, respectively, which was followed by silver polyethylene mulch (T,-SM) with
soil moisture contents ranging from 17.6-27.6 and 18.4-29.9 per cent with mean values of
22.3 and 24.1 per cent at 0-15 and 15-30 cm depths, respectively. The soil moisture contents
under transparent polyethylene mulch (T3-TM) ranged between 16.2-26.8 and 17.0-28.1 per
cent with mean values of 21.0 and 22.8 per cent, respectively. Soil moisture contents under
mulch mat (T,-MM) ranged between 14.7-25.8 and 17.3-27.5 per cent with mean values of
20.3 and 22.5 per cent, respectively. Soil moisture contents under grass mulch (Ts-GM)
ranged between 16.0-25.2 and 16.9-27.3 per cent with mean values of 20.2 and 22.0 per cent,
respectively. Soil moisture contents under pine needle mulch (Te-PM) ranged between
14.6-25.2 and 16.3-28.5 per cent with mean values of 19.6 and 21.8 per cent, respectively.
The lowest soil moisture contents were recorded under T;-NM at 0-15 and 15-30 cm depths,
which was ranged between 14.0-25.7 and 16.0-27.1 per cent with mean values of 19.4 and
21.1 per cent, respectively.

Similarly, the analysis of data on soil moisture contents during year 2018 showed that
the highest soil moisture contents were recorded under T1-BP at 0-15 and 15-30 cm depths,
which was ranged between 15.1-24.1 and 16.6-24.2 per cent with mean values of 19.2 and
20.1 per cent, respectively. It was followed by T»-SM with soil moisture contents ranging
from 14.8-23.8 and 15.8-23.8 per cent with mean values of 18.4 and 19.7 per cent at 0-15 and
15-30 cm depths, respectively. The soil moisture contents under T3-TM ranged between
14.4-23.3 and 15.4-22.2 per cent with mean values of 17.9 and 19.1 per cent, respectively.
Soil moisture contents under T,-MM ranged between 13.8-22.3 and 14.8-22.6 per cent with
mean values of 17.3 and 18.6 per cent, respectively. Soil moisture contents under Ts-GM
ranged between 13.7-22.2 and 15.4-20.7 per cent with mean values of 16.7 and 18.0 per cent,
respectively. Soil moisture contents under Te-PM ranged between 12.8-22.0 and 13.9-22.3
per cent with mean values of 16.4 and 17.7 per cent, respectively. The lowest soil moisture
contents were recorded under T,-NM at 0-15 and 15-30 cm depths, which was ranged
between 12.2-21.5 and 13.0-21.8 per cent with mean values of 15.8 and 16.9 per cent,
respectively. The increases in soil moisture content were 20.34, 15.01, 8.58, 4.79, 4.29, 1.28
per cent at surface and 19.08, 14.32, 8.11, 6.72, 4.29, 3.43 per cent at subsurface depth under
T1-BM, To-SM, T3-TM, T,-MM, T5-GM, Te-PM, respectively as compared to T;-NM i.e.
control in year 2017. The corresponding values were 21.59, 16.49, 13.39, 9.59, 6.65, 3.92%
and 18.87, 16.77, 13.39, 10.36, 6.98, 4.94% in year 2018.
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The examination of data revealed that soil moistargents recorded under different
mulched treatments follow order as black mulchl¥esimulch > transparent mulch > mulch
mat > grass mulch > pine needle mulch > no mulctbéth soil depths (0-15 and 15-30 cm)
during both the years (2017 and 2018) of study.

Black polyethylene mulch was found most effectimeconserving the soil moisture
followed by silver polyethylene mulch and the nolched treatment conserve minimum soil
moisture under the present study. The higher saisture contents under all mulching
materials were due to shading effect, which prexewaporation of soil moisture from soll
surface and reduce vapor diffusion to the atmosphekmong different mulches
comparatively higher soil moisture content undex bhack and silver polyethylene mulch
may be due to effective weed control and the faat water after evaporation condense on
the bottom side of polyethylene mulch and drips woagain on the soil surface. The
effectiveness of polyethylene mulch was higher asmgared to organic mulch may be
attributed to the fact that these materials fortatreely more impermeable vapour barrier at
the soil surface as compared with organic mulchenmas which being porous and allowed
diffusion of water under vapour pressure gradi&imilar observations have also been
reported by Pandey and Mishra (2012), Sharma andaky2014), Sharma and Meshram
(2015) and Narayad. al. (2017).

4.2 Effect of mulches on soil temperature

Average minimum and maximum soil temperatures wecerded on alternate days
at 7:30 hrs and 14:30 hrs, respectively during blo¢hyears of crop growth period at 15 and

30 cm soil depths. The details of observed temperatata are presented in Appendix-IIl.
Minimum soil temperature

The data presented in Fig. 4.5 revealed that dwesy 2017, the highest average
minimum soil temperature of 22@® (20.7-25.5C) at 15 cm soil depth was recorded under
Ts-TM, followed by under T-BP while the lowest average minimum soil tempematof
20.8C (18.1-23.&) under T-NM. Similarly, Fig. 4.6 revealed that at 30 cmlstepth, the
highest average minimum soil temperature of Z3@1.4-26.X) was recorded unders-T
TM followed by under T-BP. The lowest average minimum soil temperatur2hbC
(18.8-24.3C) was recorded under-NM.
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Fig. 4.7,it was revealed that during year 2018 the highest averaggemum soll
temperature of 26.@ (16.5-32.XC) at 15 cm soil depth was recorded undefT W, followed
by 26.2C (16.5-32.0C) under T-BP while the lowest average minimum soil tempeamif
24.2C (15.5-30.1C) under 7-NM. Similarly, the Fig. 4.8 revealed that at 30 soil depth,
the highest average minimum soil temperature o2 27(15.8-33.8C) was recorded under
Ts-TM, followed by 26.iC (15.4-34.5C) under T-BP. The lowest average minimum soil
temperature of 24.C (14.4-31.5C) was recorded under,-NM. The increase in minimum
soil temperatures were 2.09, 1.61, 1.32, 0.97,,0068C at surface and 2.10, 1.31, 0.95,
0.67, 0.22, 0.1@ at subsurface depth undesTM, T1-BM, T»-SM, T+-MM, Ts-GM, Te-
PM, respectively as compared tg-NM i.e. control in year 2017. The correspondinduea
were 2.69, 2.0, 1.26, 1.1, 0.56, 0@%nd 2.52, 1.41, 1.14, 0.93, 0.51, 0GHh year 2018.

The examination of minimum soil temperature dateeated that soil temperature
recorded under different mulched treatments follawder astransparent mulch > black
mulch > silver mulch > mulch mat > grass mulch repheedle mulch > no mulch for both

soil depths during both the years of study.
Maximum soil temperature

Fig. 4.9, it was revealed that during year 2018, lighest average maximum soil
temperature of 282 (22.7-35.6C) at 15 c¢m soil depth was recorded undef M, followed
by 27.4C (20.9-34.iC) under -BP while the lowest average maximum soil tempeeati
26.5C (20.1-33.8C) recorded under-ANM. Similarly, the Fig. 4.10 revealed that at 3@ ¢
soil depth, the highest average maximum soil teatpes of 27.8 (22.6-34.8C) was
recorded under 3FTM, followed by 27.2C (20.7-34.0C) under T-BP. The lowest average

maximum soil temperature of Z5(20.5-33.iC) was recorded undegPM.

The perusal of data in Fig. 4.11 revealed thatrduyiear 2018, the highest average
maximum soil temperature of 3i06(22.4-36.XC) at 15 cm soil depth was recorded under
Ts-TM, followed by 31.0C (20.8-35.4C) under T-BP while the lowest average maximum
soil temperature of 28@ (18.7-32C) recorded under ¢IPM. Similarly, the Fig. 4.12
revealed that at 30 cm soil depth, the highestamemaximum soil temperature of 3@.0
(19.5-34.iC) was recorded undersTM, followed by 29.0C (17.4-33.X) under T-BP.
The lowest average maximum soil temperature of @6(85.6-31.5C) was recorded under
Te-PM. The increase in maximum soil temperatures vtegd, 0.90, 0.69, 0.18 at 15 cm
depth and 1.55, 0.98, 0.87, 034t 30 cm depth undegTM, T1-BM, T»-SM, T»-MM,
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respectively as compared tg-WIM i.e. control in year 2017. The correspondinguea were
2.71, 2.11, 0.85, 0.2€ and 2.32, 1.32, 0.72, 0.83in year 2018. However, the maximum
soil temperature was decreased (0.21 and©)%& 15 cm depth and (0.17 and 0C)8at 30
cm depth under sFGM and §-PM, respectively as compared to control and sdasersoil
layers, respectively in year 2017. The correspandialues were 0.29 and 0.@lin year
2018.

The observations of maximum soil temperature detealed that soil temperature
recorded under different mulch treatment followdesrasransparent mulch > black mulch >
silver mulch > mulch mat > no mulch > grass mulgbire needle mulch for both soil depths
(15 and 30 cm) during both the years (2017 and Rofl8tudy.

Soil temperature at both 15 and 30 cm depths wakedly influenced by various
mulch materials during both the years of studyrdase in minimum and maximum soil
temperatures under transparent mulch is attribiastétd greenhouse effect (Handétsal. 1961,
Mahrer et al. 1984). It has been reported that transparentepiofjfene mulch permits the
incoming short wave radiation to pass through tsutransmissivity to long wave radiation is
highly reduced due to formation of water dropletsits lower surface. Black polyethylene
mulch also influenced the minimum and maximum saihperatures. This may be attributed
to the fact that black polyethylene mulch absorhgmof the incident radiation due to its
black colour but transmits less energy to the saiface owing to bad conducting air between
the black polyethylene and the soil surface. Thageimse in the minimursoil temperature
under organic mulch may be due to the reductionggative heat flux from soil. Organic
mulch decreases maximum soil temperature, which bwydue to higher albedo value
partially due to greater conversion of solar eneirfp evaporative flux and increase in
diffusion path of heat transfer to the soil. Simitdservations have been also reported by
Gupta and Acharya (1993), Sharma and Kathirava@9QR0Ashrafuzzamamt al. (2011),
Moursyet al. (2015) and Abhivyaktet.al (2016).

4.3 Effect of mulches on soil physical properties

4.3.1 Particle density

The data on soil particle density presented in @dbl showed non-significant effect
of mulch on particle density of soil at 0-15 and3bcm depths during both the years of
study. Analysis of pooled data revealed that ab@th depth, the highest particle density
(2.65 Mg m™) was recorded undersTGM and the lowest (2.51 Mg T under T-NM.

37



Similar trend was also found at 15-30 cm depththe.highest particle density (2.65 Mg®m
was recorded undersTGM and the lowest (2.51 Mg under T-NM. Analysis of pooled
data showed that effects of treatment (T), yeardi\{ their interaction (TxY) on particle
density of soil were non-significant at surfacel®-cm depth) and sub-surface (15-30 cm
depth) layers.

Table 4.1: Effect of mulches on patrticle density

Treatment Particle density (Mg m®)
reatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 2.57 2.61 2.59 2.58 2.62 | 2.60
T, (SM) 2.52 2.55 2.53 2.53 2.59 2.56
T,(TM) 2.57 2.59 2.58 2.55 2.59 2.57
T,(MM) 2.59 2.61 2.60 2.59 2.63 2.61
T, (GM) 2.61 2.68 2.65 2.63 2.66 2.65
T, (PM) 2.59 2.65 2.62 2.62 2.63 2.63
T (NM) 2.50 2.52 2.51 2.50 252 | 251
Mean 2.56 2.60 2.57 2.61
C.D o5 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

4.3.2 Bulk density

An inquisition of data cited in Table 4.2 showedsignificant effect of mulch on
bulk density of soil at both surface and sub-sw@faoil layers during both the years of
study. Analysis of pooled data revealed that at0cfin depth, the highest bulk density
(1.31 Mg m®) was recorded under,"NM and the lowest (1.27 Mg ™ under &-PM. At
15-30 cm depth, the highest bulk density (1.34 MY mas recorded under,NM and the
lowest under FPM and E-GM with value (1.29 Mg ii). An examination of the pooled
data revealed that effects of treatment (T), y&grand their interaction (TxY) on bulk

density of soil were non-significant at 0-15 and3lbcm depths.

The lower bulk density was recorded under organitches followed by polyethylene
mulch and the highest under no mulch treatmentX @Gnd 15-30 cm during both years of
the experiment. The change in bulk density undasgiand pine needle mulches could be
ascribed to addition of organic matter under tbeattnents of organic mulches. The reduction
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in bulk density of the soil might be due to thedening of soil due to decomposition of
organic mulches resulting in top soil becoming mivigble (Acharya and Sharma, 1994).
Mulch prevented the compaction of soil surface @smared to the unmulched treatment.
Increased bulk density under no-mulched treatmeyt o due to compaction of surface soil
which had a deleterious effect on crop growth. Lolugk density under mulched treatments
over without mulched treatment has also been regdoy Lal (1978), Lakt al. (1980),
Kathiravan (2007) and Sharma and Kumar (2014).

Table 4.2: Effect of mulches on bulk density

Treatment Bulk density (Mg m™)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 1.29 1.28 1.29 1.30 1.32 | 1.31
T, (SM) 1.30 1.31 1.30 1.32 1.34 1.33
T,(TM) 1.30 1.29 1.30 1.31 1.32 1.33
T,(MM) 1.29 1.28 1.29 1.30 1.31 1.30
T, (GM) 1.27 1.28 1.28 1.29 1.30 1.29
T, (PM) 1.26 1.28 1.27 1.28 1.29 1.29
T (NM) 1.31 1.31 1.31 1.33 1.35 | 1.34
Mean 1.29 1.29 1.30 1.32
€D oos NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

4.3.3 Porosity

The analysis of data in Table 4.3 reveals thatcef® mulches on soil porosity was
significant at surface and sub-surface soil deplinsng both years of the experiment. At
surface layer, the highest porosity of 51.39 and ®®er cent was recorded under treatment
Ts-GM and the lowest values of 47.39 and 48.02 uidgeNM in year 2017 and 2018,
respectively. However, the highest porosity of B1lger cent undersfGM and 51.20 per
cent under §PM were recorded in year 2017 and 2018, respdgtiVae lowest porosity of
46.78 and 46.63 per cent was recorded undeNM during year 2017 and 2018,
respectively. Analysis of pooled data reported Htad-15 cm depth, the highest porosity of
51.74 per cent was recorded underGM which at par with -MM and Ts-PM and the
lowest of 47.70 under-ANM which at par with 3-SM. At 15-30 cm depth, highest porosity
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51.15 per cent was recorded undetGM which at par with FPM, T,-MM and the lowest
of 46.71 per cent under,-NM which at par with 3-SM. Analysis of pooled data revealed
that the effect of treatments (T) on porosity wasnid to be significant at surface and sub-
surface soil layers. However, the effect of yeay &¥d their interaction (TxY) were found to

be non significant at both soil depths.

The higher porosity was recorded under organic hasdcfollowed by inorganic
mulches and the lowest under no mulch. Higher piyramder mulched treatments may be
due to higher organic carbon content, lower bulksity and improved soil aggregation under
mulched treatments over the un-mulched treatmdihisse results are in line with those of
Sharmeet al. (1992), Chaudhast al. (2013), Kathiravaif2007) and Nwokochet al. (2007).

Table 4.3: Effect of mulches on porosity

Treat ¢ Porosity (%)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled

T, (BM) 49.73 50.62 50.18 49.41 49.80( 49.61
T, (SM) 48.20 48.75 48.48 47.60 48.18  47.89
T,(TM) 49.34 50.03 49.69 48.94 48.95  48.95
T,(MM) 50.23 50.83 50.53 49.81 50.08  49.95
T, (GM) 51.39 52.10 51.74 51.13 51.18 5115
T, (PM) 51.24 51.32 51.28 51.08 51.20| 51.14
T (NM) 47.39 48.02 47.70 46.78 46.63| 46.71
Mean 49.65 50.24 49.25 49.43

€D o5 1.80 1.83 2.76 1.95

T 1.30 1.54

Y NS NS

TxY NS NS

4.3.4 Saturated hydraulic conductivity

A scrutiny of data presented in Table 4.4 showadsignificant effect of mulches on
saturated hydraulic conductivity at 0-15 and 15e80 soil depths during the experimental
period. The saturated hydraulic conductivity in omgd treatments was found to be higher
than no mulch treatment at 0-15 and 15-30 cm sptlts during both the years of study. An
examination of the pooled data showed that the dsiglvalues of saturated hydraulic
conductivity of 4.24 cm ht and 4.26 cm hrwere recorded undersTGM and the lowest
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values of 3.98 cm Hrand 3.90 cm Rrunder T-NM at surface and sub-surface soil layers,
respectively. Analysis of pooled data revealed thateffect of treatments (T) on saturated
hydraulic conductivity was found to be significaait surface and sub-surface soil layers.
However, the effect of year (Y) and their interant{TxY) were found to be non significant
at both soil depths.

The higher values of saturated hydraulic condugtivhder mulched treatments may
be due to improvement in the soil aggregation aoiebgty in comparison with no mulch
treatment, which in turn led to significant improvent in the saturated hydraulic
conductivity. Higher saturated hydraulic condudtivunder mulched treatments has also
been reported by Bhagat and Acharya (1987) andétaai. (2008).

Table 4.4: Effect of mulches on saturated hydrauliconductivity

Treat ‘ Saturated hydraulic conductivity (cm hr?)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 4.17 4.11 4.14 4.08 4.07 | 4.08
T, (SM) 4.04 3.96 4.00 3.93 3.88 3.91
T,(TM) 4.15 4.12 4.14 4.10 4.06 4.08
T,(MM) 4.17 4.18 4.17 4.18 4.12 4.15
T, (GM) 4.26 4.21 4.24 4.32 4.19 4.26
T, (PM) 4.19 4.17 4.18 4.13 4.16 4.15
T, (NM) 3.99 3.98 3.98 3.92 3.88 | 3.90
Mean 4.14 4.10 4.10 4.05
€D o5 NS NS NS NS
T 0.17 0.21
Y NS NS
TxY NS NS

4.3.5 Aggregate stability

The data perusal in Table 4.5 showed significafgcefof mulches on water stable
aggregates (WSA) at both soil depths during both ékperimental years. In year 2017,
significantly highest value of WSA (64.97 and 5%33under 5-GM and the lowest values
(60.94 and 56.26%) under,-NM at 0-15 and 15-30 cm, respectively were obsikriéne
similar trend was also observed in year 2018. Asn@ration of the pooled data at 0-15 cm
depth, the highest value of WSA (64.61%) was restnehder I-GM which was statistically
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at par with B-PM (64.07%) and the lowest (61.22%) value wasnasx under F-NM which

at par with 7-SM (61.85 %). At 15-30 cm depth, the highest valfi&V/SA (59.34%) was
recorded undersFGM which statistically at par withgfPM (58.76%) and #FMM (58.34%).
The lowest value (56.26%) recorded undeiNM which was statistically at par with,"/SM
(56.56%) and FTM (57.23%). Analysis of pooled data revealed thateffect of treatments
(T) on water stable aggregates was found to befisignt at 0-15 and 15-30 cm depths.
However, the effect of year (Y) and their interant{TxY) were found to be non significant
at both soil depths.

Table 4.5: Effect of mulches on aggregate stability

Treat ¢ Percentaggregate stability(WSA > 0.25
reatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 63.00 62.86 62.93 57.83 57.91| 57.87
T, (SM) 61.95 61.76 61.85 56.70 56.41  56.56
T,(TM) 62.89 62.10 62.50 56.91 57.54  57.23
T,(MM) 63.64 63.15 63.40 58.31 58.36¢  58.34
T, (GM) 64.97 64.26 64.61 59.33 59.35  59.34
T, (PM) 64.31 63.82 64.07 58.72 58.81| 58.76
T (NM) 60.94 61.49 61.22 56.26 56.26| 56.26
Mean 63.10 62.78 57.72 57.81
€D o5 1.03 1.00 1.97 1.41
T 0.66 1.21
Y NS NS
TxY NS NS

4.3.6 Mean weight diameter

An inquisition of data cited in Table 4.6 showecdssignificant effect of mulch on
mean weight diameter (MWD) at 0-15 and 15-30 cntliepuring both the years of study.
Analysis of pooled data revealed that the highedties of 2.22 mm and 2.19 mm were
recorded under sfGM and thelowest values of 2.10 mm and 2.11 mm unde/BWM
recorded at 0-15 and 15-30 cm depth, respectivatalysis of pooled data revealed that
effects of treatment (T), year (Y) and their intgian (TxY) on MWD were non-significant

at both surface and sub-surface soil layers.
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The higher water stable aggregates and MWD unddchad treatments could be
ascribed to reduction in the rapid drying up of 8wl after rains and greater biological
activities. The beneficial effect of mulches in impng soil aggregationvas also reported
by Gupta and Acharya (1993).

Table 4.6: Effect of mulches on mean weight diamete

Treat ( Mean weight diameter (mm)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 2.11 2.08 2.10 2.11 210 | 211
T, (SM) 2.09 2.16 2.13 2.14 2.18 2.16
T,(TM) 2.10 2.11 2.11 2.12 2.12 2.12
T,(MM) 2.12 2.13 2.13 2.15 2.15 2.15
T, (GM) 2.22 2.21 2.22 2.23 2.14 2.19
T, (PM) 2.16 2.08 2.12 2.19 2.12 2.15
T, (NM) 2.08 2.25 2.17 2.07 224 | 2.16
Mean 2.13 2.15 2.15 2.15
€D o5 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

4.3.7 Maximum water holding capacity

Appraisal of data in Table 4.7 indicates that muldd non-significant effect on
maximum water holding capacity (MWHC) of soil atthhgurface and sub-surface soil layers
during both the years of studffhe maximum values of MWHC were recorded under
inorganic mulched treatments followed by organidahed treatments and minimum in no
mulch treatment. Analysis of pooled data revealted the highest values of 43.49 and 43.30
per cent under sFGM and the lowest values of 39.43 and 39.37 pet gader 7-NM were
observed at surface and subsurface layers of maspectively. Analysis of pooled data
revealed that the effect of treatments (T) on MW&S found to be significant at both 0-15
and 15-30 cm soil depths. However, the effect @iry@) and their interaction (TxY) were
found to be non significant at both soil depths.
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Table 4.7: Effect of mulches on maximum water holdlig capacity

Treat I Maximum water holding capacity (w/w,%)

reatments 0-15cm 15-30 cm

2017 2018 Pooled 2017 2018 | Pooled

T, (BM) 41.97 42.19 42.08 41.64 41.43| 41.54
T, (SM) 39.95 39.77 39.86 40.83 41.11  40.97
T,(TM) 41.33 39.77 40.55 41.40 40.56  40.98
T,(MM) 43.14 42.44 42.79 42.56 41.85  42.21
T, (GM) 43.76 43.23 43.49 44.27 42.32  43.30
T, (PM) 43.40 42.34 42.87 43.27 42.85|  43.06
T (NM) 39.45 39.40 39.43 39.68 39.06| 39.37
Mean 41.86 41.30 41.95 41.31

CD oos NS NS NS NS

T 2.65 2.35

Y NS NS

TxY NS NS

Highest MWHC was recorded under grass mulch and peedle mulch which may
be due to the addition of organic matter and loldk density due to enhanced biological
activities of soil fauna. These results are in hmigh those of Ramesht al. (2008) and
Pandeyet al. (2016).

4.3.8 Field capacity and permanent wilting point

4.3.8.1 Field capacity

The data in the Table 4.8 indicate that mulch hguificant effect on field capacity of
soil at both 0-15 and 15-30 cm depths during bdi years of study. In year 2017,
significantly highest values of field capacity (@4.and 24.10 w/w,%) undeg-GM and the
lowest values (19.20 and 18.87 w/w,%) undefNM at 0-15 and 15-30 cm soil depth,
respectively were observed. The similar trend wé& abserved in year 2018. An
examination of the pooled data showed that thedsighalues of field capacity (24.67 and
23.78 wiw,%) were recorded undeg-GM which statistically at par with ¢fPM and the
lowest values (19.57 and 18.83 w/w,%) recorded uiigeNM which were at par with 2F
SM at both 0-15 and at 15-30 cm soil depths, resty.
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Analysis of pooled data revealed that the effedtedtment (T) on field capacity was
to be significant at surface soil layer. Howevée effect of year (Y) and their interaction
(TxY) were found to be non significant at surfaegdr. In subsurface layer, the effect of
treatment (T) and year (Y) were significant andrtigeraction (TxY) was found to be non-

significant.

Table 4.8: Effect of mulches on field capacity angermanent wilting point

Field capacity (w/w,%) Permanent wilting Point (w/w%)
Treatment 0-15cm 15-30 cm 0-15cm 15-30 cm
2017| 2018| Pooled| 2017| 2018| Pooled| 2017} 2018 Pooled| 2017 2018/ Pooled
T (BM) | 22332257 22.45| 21.8721.13 2150 7.63 7.10| 7.37 | 7.47 6.97| 7.22
T (SM) |20.40 20.77 20.58 | 20.0719.73 19.90| 6.87 6.37| 6.62 | 6.73 6.13] 6.43
T.(TM) | 21.17 21.67 21.42| 20.8720.20 20.53| 7.33 6.70| 7.02 | 7.17 6.47| 6.82
T,(MM) 12313 23.10 23.12| 22.7721.93 22.35| 7.87 7.43| 7.65 | 7.83 7.40| 7.62
T.(GM) | 24.84 2450 24.67 | 24.1023.47 23.78| 8.41 8.03| 8.22 | 8.30 8.00] 8.15
T (PM) | 2390 24.03 23.97 | 23.3322.90 23.12| 8.27 7.80| 8.03 | 8.07 7.77| 7.92
T_(NM) | 19.20 19.93 19.57| 18.8718.80 18.83| 6.27 6.00| 6.13 | 6.17 5.83| 6.00
Mean 22.14 22.37 21.70 21.17 7.52| 7.06 7.39| 6.94
CDoos | 1.27] 1.85 1.15| 1.28 0.47| 0.61 0.49| 0.38
T 1.03 0.82 0.36 0.34
Y NS 0.38 0.16 0.16
TxY NS NS NS NS

4.3.8.2 Permanent wilting Point

The scrutiny of data presented in Table 4.8 shotvatimulch had significant effect
on permanent wilting point of soil at surface amdb-surface soil layers during both the
experimental years. In year 2017, significantlyheist values of permanent wilting point
(8.41 and 8.30 w/w,%) undes-GM and the lowest values (6.27 and 6.17 w/w,%jeun
T+-NM at 0-15 and 15-30 cm, respectively were obskrvEhe similar trend was also
observed in year 2018. Analysis of pooled dataakekthat the highest values of permanent
wilting point (8.22 and 8.15 w/w,%) were recordettlar l-GM which statistically at par
with T¢-PM and the lowest values (6.13 and 6.00 w/w,%9nded under NM at 0-15 and
15-30 cm soil depths, respectively. The analysipaifled data revealed that the effects of
treatments (T) and year (Y) on permanent wiltinghpawvere found to be significant at 0-15
and 15-30 cm soil depths. However, the effect eirtimteraction (TxY) was found to be non

significant at both soil depths.
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The increase in field capacity and permanent vgltpoint of soil under different
mulches may be due to reduced water and soil lodsesigh surface run off. Organic
mulches are capable of storing more water in thiebgoreducing storm runoff, increasing
soil infiltration and decreasing evaporation. Sésdhave also shown that higher amount of
water is held at field capacity at lower bulk déiesi An increase in the field capacity and
permanent wilting point under mulched conditionss leeen reported by Kakairt al.
(2015).

4.3.8.3 Plant available water

Table 4.9: Effect of mulches on plant available watr

Treat I Plant available water (w/w,%)
reatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T,(BM) 14.70 15.47 15.08 14.40 14.17| 14.28
T, (SM) 13.53 14.40 13.97 13.33 13.60  13.47
T,(TM) 13.83 14.97 14.40 13.70 13.73  13.12
T,(MM) 15.27 15.67 15.47 14.93 1453  14.73
T, (GM) 16.43 16.47 16.45 15.80 15.47  15.63
T, (PM) 15.63 16.23 15.93 15.27 15.13|  15.2(
T (NM) 12.93 13.93 13.43 12.70 12.97| 12.83
Mean 14.62 15.30 14.30 14.23
CD oos 1.02 1.59 1.36 1.33
T 0.87 0.87
Y 0.40 NS
TxY NS NS

Data presented in Table 4.9 indicate that mulch bigghificant effect on plant
available water content of soil in 0-15 and 15-80depths during both the years of study. In
year 2017, significantly highest values of plantitable water (16.43 and 15.80 w/w,%)
under B-GM and the lowest values (12.93 and 12.70 w/w#der F-NM at 0-15 and
15-30 cm, respectively were observed. The simiand was also observed in year 2018.
Analysis of pooled data revealed that the highesies of (16.45 and 15.63 w/w,%) were
recorded undersFGM which statistically at par withgfPM and the lowest (13.43 and 12.83
w/w,%) recorded under -INM which at par with 3-SM at 0-15 and 15-30 cm depths,
respectively. Analysis of pooled data revealed thateffects of treatment (T) and year (Y)

on plant available were significant at 0-15 cm teptowever, the effect of their interaction
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(TxY) was found to be non significant at 0-15 cnpiie At 15-30 cm depth, effect of
treatment (T) was significant and effects of yedy &nd their interaction (TxY) were non-

significant.

Plant available water content increases under redi¢featments which may be due
to mulch had the highest water retention on lowmtien, and control had the lowest water
retention on the high suction. Soil water availi@&pilvas highest in organic mulch type
followed by poly mulch type and lowest in contrdhese results could be concluded that
continuous incorporation of organic matter was uisef increasing soil water retention. The
results are in accordance with the finding of Rasyal. (2018), who studied changes in soil

water retention under different mulches.
4.4 Effect of mulches on chemical properties of doi
4.4.1 Soil pH

Table 4.10: Effect of mulches on soil pH

pH
Treatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 6.46 6.55 6.51 6.60 6.53 | 6.57
T, (SM) 6.37 6.47 6.42 6.44 6.48 6.46
T,(TM) 6.65 6.56 6.60 6.61 6.51 6.56
T,(MM) 6.41 6.48 6.45 6.48 6.28 6.39
T, (GM) 6.49 6.54 6.51 6.62 6.39 6.5(
T, (PM) 6.64 6.39 6.52 6.68 6.54 6.61
T, (NM) 6.26 6.49 6.37 6.49 6.49 | 6.49
Mean 6.47 6.50 6.56 6.46
€D oos NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

A scrutiny of data presented in Table 4ih@icates that mulch had non-significant
effect on pH of soil at 0-15 and 15-30 cm depthsmduboth years of the experiment. The
soil pH was observed to be slightly acidic to nakitn reaction with values ranging from 6.26
- 6.68. An examination of the pooled data reve#ted at 0-15 cm soil depth, the highest pH
(6.60) was recorded under-TM and the lowest (6.37) under-NM. At 15-30 cm soil
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depth, the highest pH (6.61) was recorded ungd?M and the lowest (6.38) undes-VIM.
Analysis of pooled data showed that effects oftinemt (T), year (Y) and their interaction

(TxY) on soil pH were non-significant at both suwdaand sub-surface depths.

Mulch treatments did not make any significant cleang soil pH. These findings are
in line with those of Niggleet al. (1990), who also observed no appreciable chaimgssil
pH under mulched treatments

4.4.2 Electrical conductivity

Table 4.11: Effect of mulches on electrical conduiity of soll

Treatment EC (d Sm?)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 0.29 0.31 0.30 0.25 0.24 | 0.24
T, (SM) 0.26 0.28 0.27 0.28 0.29 0.2
T,(TM) 0.31 0.26 0.28 0.23 0.24 0.24
T,(MM) 0.24 0.23 0.24 0.24 0.24 0.24
T, (GM) 0.21 0.25 0.23 0.24 0.25 0.25
T, (PM) 0.25 0.31 0.28 0.32 0.31 0.32
T (NM) 0.24 0.25 0.24 0.22 0.24 | 0.23
Mean 0.26 0.27 0.25 0.26
€D o5 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

The data enumerated in Table 4.11 showed nonfisigni effect of mulch on
electrical conductivity of soil at surface and subface layers during both the years of study.
An examination of the pooled data revealed thatOdt5 cm depth, the highest EC
(0.30 d Srit) was recorded under“BM and the lowest (0.23 d Sthunder E-GM. In 15-30
cm depth, the highest EC (0.32 d §nwas recorded undersPM and the lowest (0.23 d
Sm') under F-NM. Analysis of pooled data revealed that effects eatment (T), year (Y)
and their interaction (TxY) on soil EC were nonrsigant at surface and sub-surface soll

layers.
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4.4.3 Organic carbon

Table 4.12: Effect of mulches on soil organic carlyo

Treatment Organic carbon (g kg%
reatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T,(BM) 17.95 18.55 18.25 16.75 17.55| 17.15
T, (SM) 17.35 17.55 17.45 16.45 16.95  16.70
T,(TM) 17.15 17.60 17.38 16.25 16.5%  16.40
T,(MM) 18.05 18.75 18.40 17.15 17.8%  17.50
T, (GM) 20.20 20.50 20.35 17.90 18.80  18.35
T, (PM) 18.92 19.70 19.31 17.50 18.20|  17.8¢
T (NM) 17.08 17.60 17.34 16.68 16.88| 16.78
Mean 18.10 18.61 16.95 17.54
CD oos NS NS NS NS
T 2.03 NS
Y NS NS
TxY NS NS

The data on soil organic carbon in Table 4.12 shloman-significant effect of mulch
on soil organic carbon content at 0-15 and 15-30demihs during both the year of study.
Analysis of pooled data revealed that the highahtes of organic carbon (20.35 and 18.35 g
kg?) were recorded undersGM and the lowest values (17.34 and 16.78 Q) kender T-
NM. Analysis of pooled data revealed that the d¢ftégdreatment (T) on organic carbon was
significant at surface soil layer. However, theeeté of year (Y) and their interaction (TxY)
were found to be non significant at 0-15 cm depih15-30 cm depth, effects of treatment

(T), year (Y) and their interaction (TxY) were nsignificant.

Highest soil organic matter was observed under neglavhich may be attributed to
the decomposition and mixing of mulch materials. iAcrease in the soil organic carbon in
mulch has been reported by Maringral. (2010), Sharma and Kumar (2014) and Paratey
al. (2016).

4.4.4 Available N

It is evident from Table 4.13 that available N twor in soil was significantly
influenced by mulch at surface and sub-surfacelagdrs during both the years of study. The
soil under various mulches was found under mediange of available N. In year 2017,
significantly highest values of available N (375id 359.6 kg b8 under £-BM and the
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lowest values (343.9 and 332.4 kg*hander T-NM were observed at 0-15 and 15-30 cm,

respectively. The similar trend was also obserugihd year 2018.

Table 4.13: Effect of mulches on available nitrogem soil

Treatment Available N (kg ha?)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 371.1 377.4 374.2 359.6 366.9| 363.3
T, (SM) 365.9 371.1 368.5 350.5 354.4  352/4
T,(TM) 351.2 358.5 354.9 340.8 347.1  343|9
T,(MM) 355.4 362.7 359.1 343.9 349.1  346|5
T, (GM) 363.8 366.9 365.3 354.4 359.6  357[0
T, (PM) 358.5 363.8 361.2 356.5 361.7| 359.]
T (NM) 343.9 350.2 347.1 332.4 342.9| 337.6
Mean 358.5 364.4 348.3 354.5
€D o5 6.19 6.33 5.33 5.65
T 4.44 3.94
Y 2.06 1.83
TxY NS NS

Analysis of pooled data assessed that at 0-15 dndejoth, the highest available N
(374.2 kg h#) was recorded underBM followed by T-SM and the lowest (347.1 kg Ha
under T-NM while, at 15-30 cm depth, the highest available38B(3 kg h#) was recorded
under §-BM followed by Te-PM and the lowest (337.6 kg Haunder T-NM. The analysis
of pooled data revealed that the effects of treats€l) and year (Y) on available N were
found to be significant at 0-15 cm and 15-30 cmtliepHowever, the effect of their
interaction (TxY) was found to be non significabhbath the depths.

445 Available P

Scrutiny of data on available P in Table 4.14 shibwe significant difference with
regards to different mulches during both the yedistudy. Availability of P increased under
all mulch treatments over no mulch at 0-15 and Q58 soil depths. In year 2017,
significantly highest values of available P (70&% 62.75 kg h§ under T-BM and the
lowest values (52.69 and 49.17 kg*hander T-NM were observed at 0-15 and 15-30 cm,

respectively. The similar trend was also obsermegear 2018.
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Table 4.14: Effect of mulches on available phosphaos in soll

Treatment Available P (kg ha?)

reatments 0-15cm 15-30 cm

2017 2018 Pooled 2017 2018 | Pooled

T,(BM) 70.09 73.97 72.03 62.75 67.20| 64.97
T, (SM) 61.83 67.79 64.81 57.76 60.12  58.94
T,(TM) 53.38 57.50 55.44 49.72 53.54  51.63
T,(MM) 54.85 59.72 57.29 57.76 60.71  59.24
T, (GM) 56.25 62.70 59.48 52.29 57.17  54.73
T, (PM) 56.40 64.12 60.26 50.21 53.74| 51.98
T (NM) 52.69 57.35 55.02 49.17 52.98| 51.08
Mean 57.93 63.31 54.24 57.92

C.D o5 4.61 4.90 4.43 4.33

T 1.45 2.88

Y 3.13 1.33

TxY NS NS

Analysis of pooled data observed that at 0-15 cihdapth, the highest available P
(72.03 kg h#) was recorded under;BM and the lowest (55.02 kg Brunder F-NM
which statistically at par with zFTM. At 15-30 cm depth, the highest available P.984kg
ha') was recorded under;"BM and the lowest (51.08 kg Ha under F-NM which
statistically at par with #FPM and B&-TM. The analysis of pooled data showed that the
effects of treatments (T) and year (Y) on availddleere found to be significant at 0-15 and
15-30 cm soil depths. However, the effect of theieraction (TxY) was found to be non

significant at both the depths.
4.4.6 Available K

Scrutiny of data on available K in Table 4.15 rdgdahe significant differences with
regards to different mulches. In year 2017, sigaiftly highest values of available K (369.2
and 356.2 kg h9 under §-BM and the lowest values (342.3 and 318.1 kg)hander
T+-NM were observed at 0-15 and 15-30 cm, respegtivEhe similar trend was also
observed in year 2018.

Analysis of pooled data showed that at 0-15 cm degith, the highest available K
(371.8 kg hd) was recorded under;"BM which statistically at par with F)SM and the
lowest (345.0 kg h§ under T-NM. At 15-30 cm depth, the highest available Kg®kg
ha') was recorded under“BM and the lowest (322.7 kg haunder T-NM. The analysis of
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pooled data revealed that the effects of treatm@ntand year (Y) on available P were found
to be significant at 0-15 and 15-30 cm soil deptthewever, the effect of their interaction

(TxY) was found to be non significant at both depth

Table 4.15: Effect of mulches on available potassiin soil

Treatments Available K (kg ha™)
0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 369.2 374.5 371.8 356.2 361.4| 358.8
T, (SM) 367.0 373.0 370.0 351.3 357.7  354/5
T,(TM) 356.9 361.0 358.9 348.7 354.1  351|7
T,(MM) 355.0 358.4 356.7 344.6 351.3  347|9
T, (GM) 357.3 366.6 361.9 347.6 347.6  347|6
T, (PM) 352.1 356.5 354.3 331.5 341.6| 336.6
T, (NM) 342.3 347.6 345.0 318.1 327.4| 322.7
Mean 357.1 362.5 342.6 348.8
€D o5 6.72 6.84 6.45 6.38
T 4.49 4.76
Y 2.08 2.20
TxY NS NS

The availability of macro nutrients (N, P and K)sioil was significantly higher under
all mulch treatments over no mulch. The increasth@availability of these nutrients was
higher under black polyethylene mulch and silveltygihylene mulch which may be
attributed to the efficient weed control (exce@nBparent polyethylene mulch) and better
hydro-thermal regimes. The increased availabilftpwtrient under organic mulches is due to
higher organic matter content in organic mulchd® ihcrease in available macro nutrients
under black polythene is in line with the findinglsGupta and Acharya (1993), Sharma and
Kumar (2015), Pandest al. (2016) and Kumaet al. (2017).

4.4.7 ExchangeableCa

An inquisition of data in Table 4.16 clearly indies that mulch had non-significant
effect on exchangeable calcium content in soil-AbGnd 15-30 cm depths during both the
years of study. An examination of the pooled d&tzealed that the highest exchangeable
calcium values [8.02nd7.92cmol (p) kg'] were recorded under; BM while the lowest

[7.45 and 7.27cmol (p) kg!] under T-NM at surface and sub-surface soil layers,
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respectively. Analysis of pooled data revealed #fifgcts of treatment (T), year (Y) and their

interaction (TxY) on exchangeable calcium of sodrevnon-significant at both surface and

sub-surface soil layers.

Table 4.16: Effect of mulches on exchangeable calan in soll

Treatment Exchangeable Ca [cmol () kg™]
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 8.13 7.90 8.02 7.97 787 | 7.92
T, (SM) 7.67 7.87 7.77 7.27 8.00 7.63
T,(TM) 7.80 7.70 7.75 7.67 7.60 7.6
T,(MM) 7.27 8.20 7.73 7.17 7.77 7.4
T, (GM) 7.67 7.73 7.70 6.97 7.77 7.37
T, (PM) 7.77 7.83 7.80 7.30 7.73 7.52
T, (NM) 7.57 7.33 7.45 7.43 7.10 | 7.27
Mean 7.70 7.80 7.40 7.69
€D o5 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

Increase in the concentration of exchangeable @arumulched treatments could be
due to more microbial activity which rendered oigafnaction of Ca into available form
(Mengal and Krikby 1987). Increase in the conceiuns of available Ca under mulched
treatments may be attributed to more available famd presence of Ca as a constituent
element in single super phosphate (SSP). The fysdare also similar to those of Verma
(1989) and Kumar (2012).

4.4.8 Exchangeable Mg

The data enumerated in Table 4.17 indicate thatimi&d non-significant effect on
exchangeable magnesium content in soil at surfadesab-surface soil layers during both the
years of study. Analysis of pooled data showed thathighest exchangeable magnesium
values [3.48cmol (p) kg?] and [3.12cmol (p) kg™] were recorded under,®M and
Ts-GM while the lowest values [3.a8nol (p) kg ] and [2.96cmol (p) kg'] under T-NM
and T-PM at 0-15 cm and 15-30 cm soil depths, respdgtivenalysis of pooled data
revealed that effects of treatment (T), year (YJ #imeir interaction (TxY) on exchangeable

magnesium of soil were non-significant at 0-15 4BeBO cm soil depths.

53



Table 4.17: Effect of mulches on exchangeable magiem in soil

Exchangeable Mg [cmol () kg™]
Treatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T,(BM) 3.52 3.07 3.30 3.15 2.85 | 3.00
T, (SM) 3.43 3.52 3.48 3.04 3.11 3.08
T,(TM) 3.41 3.47 3.44 2.99 3.13 3.04
T,(MM) 3.34 3.55 3.45 2.94 3.00 2.97
T, (GM) 3.12 3.41 3.27 3.23 3.02 3.12
T, (PM) 3.08 3.24 3.16 2.71 3.20 2.96
T (NM) 2.94 3.17 3.06 3.13 281 | 2.97
Mean 3.26 3.35 3.03 3.02
C.D (0.05 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

4.4.9 Available SQ* S

An inquisition of data in Table 4.18 revealed thmatlch had non-significant effect on
SO”S content in soil at 0-15 and 15-30 cm depths gubinth the years of study. An
examination of the pooled data revealed that thhest values of 62.71 kg hander §-BM
and 60.67 kg haunder §-PM were recorded at 0-15 and 15-30 cm soil depéspectively
while the lowest values of 56.35 kgthand 55.21 kg hiaunder T-NM at were observed at
0-15 and 15-30 cm soil depths, respectively. Analg$ pooled data revealed that the effect
of treatment (T) on S&'S was to be significant at surface soil layer. Heavethe effects of
year (Y) and their interaction (TxY) were foundlie non significant at 0-15 cm depth. At
15-30 cm depth, effects of treatment (T) and y&arwere significant and their interaction
(TxY) were non-significant.

Increase in the concentration of sulphur with aggplnulch could be attributed to the
additional supply made available by the use of Isisgperphosphate as it has sulphur as
constituent. The results are similar with the fimgsi of research work carried out by Verma
(1989) and Kumar (2012). Increase in the conceatraif sulphate sulphur under mulched
treatments could be due to more microbial actiwibych rendered organic fraction of sulphur

into available form Mengal and Krikby (1987).
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Table 4.18: Effect of mulch on sulphate sulphur irsoll

Sulphate sulphur (kg ha')

Treatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T,(BM) 62.08 63.33 62.71 58.96 57.71| 58.33
T, (SM) 59.58 61.46 60.52 56.67 57.29  56.9
T,(TM) 58.13 58.96 58.54 56.04 57.71 56.8
T,(MM) 57.92 57.71 57.81 55.83 59.17  57.
T, (GM) 61.04 61.25 61.15 57.50 58.33  57.9
T, (PM) 61.25 61.88 61.56 58.63 62.71|  60.67
T (NM) 57.71 55.00 56.35 54.38 56.04| 55.21
Mean 59.67 59.94 56.86 58.42
C.D (0.05 NS NS NS NS
T 3.25 2.22
Y NS 1.03
TxY NS NS
4.4.10 Zinc
Table 4.19: Effect of mulches on available zinc isoil
Treatment Available Zn (mg kg?)
reatments 0-15 cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 2.78 2.29 2.53 2.01 227 | 214
T, (SM) 2.27 2.47 2.37 2.01 1.94 1.97
T,(TM) 2.54 2.20 2.37 2.17 2.12 2.1
T,(MM) 2.70 2.57 2.64 2.42 2.27 2.35
T, (GM) 2.33 2.48 2.40 2.21 2.17 2.19
T, (PM) 2.61 2.25 2.43 1.98 2.01 2.00
T, (NM) 2.42 2.29 2.36 1.82 206 | 1.94
Mean 2.52 2.36 2.09 2.12
€D o5 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS
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The data enumerated in Table 4.19 revealed théthrhad non-significant effect on
zinc content in soil at surface and sub-surfacklagers during both the years of study. An
examination of the pooled data showed that thedsighinc content value (2.64 and 2.35 mg
kg!) were recorded under,;MM and the lowest (2.36 and 1.94 mg'kqunder T-NM at
0-15 and 15-30 cm soil depths, respectively. Analgs pooled data indicated that effects of
treatment (T), year (Y) and their interaction (Tx¥h zinc content of soil were non-

significant at both 0-15 and 15-30 cm soil depths.

4.4.11 Cooper

Table 4.20: Effect of mulches on available coppenisoil

Treatment Available Cu (mg kg?)
reatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 3.49 3.84 3.67 4.11 4.20 | 4.16
T, (SM) 4.19 4.33 4.26 4.24 4.05 4.14
T,(TM) 4.26 4.83 4.55 3.99 4.37 4.18
T,(MM) 4.43 3.97 4.20 4.01 4.07 4.04
T, (GM) 4.05 4.07 4.06 3.98 4.05 4.02
T, (PM) 4.13 4.50 4.32 4.17 4.12 4.14
T (NM) 4.96 4.74 4.85 4.37 3.97 | 4.17
Mean 4.22 4.32 4.12 4.12
C.D s NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

An inquisition of data in Table 4.20 revealed thatlch had non-significant effect on
copper content in soil at 0-15 and 15-30 cm dephinsng both the years of study. An
examination of the pooled data revealed that tkest copper content of 4.85 mg*kgnder
T-NM and 4.18 mg kg under B TM were recorded while the lowest of 3.67 mg-kender
T:-BM and 4.02 mg kdunder E-GM were recorded at surface and sub-surface spilhd,
respectively. Analysis of pooled data indicates #ftects of treatment (T), year (Y) and their
interaction (TxY) on copper content of soil werensgignificant at both 0-15 and 15-30 cm

soil depths.
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4.4.12 Iron

Scrutiny of data on iron content presented in TdbPd revealed that mulch had non-

significant effect at 0-15 and 15-30 cm depthsmyboth the years of study. An examination
of the pooled data showed that the highest ironertis (18.92 mg k§and 16.83 mg kY

were recorded under,BM and lowest values of 16.98 mgkgnder B-SM and 15.52 mg

kg' under BTM were observed at 0-15 and 15-30 cm depths,emisely. Analysis of

pooled data revealed that effects of treatment y&ar (Y) and their interaction (TxY) on

iron content of soil were non-significant at boti®and 15-30 cm soil depths.

Table 4.21: Effect of mulches on available iron isoil

Treatment Available Fe (mg kg')
reatments 0-15cm 15-30 cm
2017 2018 Pooled 2017 2018 | Pooled
T,(BM) 18.73 19.10 18.92 16.97 16.70| 16.83
T, (SM) 15.60 18.35 16.98 16.58 16.84 16.74
T,(TM) 17.97 18.42 18.19 15.70 15.33 15.52
T,(MM) 18.33 17.65 17.99 16.90 15.91 16.43
T, (GM) 17.90 16.12 17.01 16.57 15.4] 16.02
T, (PM) 16.50 18.92 17.71 16.20 15.27|  15.73
T (NM) 17.40 18.89 18.14 16.30 16.30| 16.30
Mean 17.49 18.21 16.46 15.99
CD oos NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

4.4.13 Manganese

An inquisition of data in Table 4.22 revealed thmatlch had non-significant effect on
manganese contents in soil at surface and subesudigpths during both the years of study.
Analysis of pooled data showed that the highestgaaese contents (13.02 and 11.38 mg
kg?) were recorded underBM and lowest (10.40 and 10.34 mg'kginder T-NM at 0-15
and 15-30 cm soil depths, respectively. Analysispobled data assessed that effects of
treatment (T), year (Y) and their interaction (Tx¥) manganese contents of soil were

non-significant at 0-15 and 15-30 cm soil depths.
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The increased micronutrient concentration refléetder moisture availability as well
as their addition to soil through organic mattdmeTindings are in line with results given by
Welch (1995).

Table 4.22: Effect of mulches on available manganesn soil

Treatment Available Mn (mg kg™)
reatments 0-15 cm 15-30 cm
2017 2018 | Pooled | 2017 2018 | Pooled
T, (BM) 13.13 11.53 | 12.33 10.91 11.67 | 11.29
T, (SM) 13.07 12.97 13.02 12.17 11.53 11.85
T,(TM) 12.40 12.27 12.33 11.53 11.23 11.38
T,(MM) 12.07 12.17 12.12 10.40 10.97 10.68
T, (GM) 11.23 13.03 12.13 10.95 10.73 10.84
T, (PM) 10.93 10.87 | 10.90 10.40 10.57 10.48
T_(NM) 10.30 10.50 | 10.40 10.32 10.37 | 10.34
Mean 11.88 11.90 10.95 11.01
€D o5 NS NS NS NS
T NS NS
Y NS NS
TxY NS NS

4.5 Effect of mulches on yield and quality parametrs

4.5.1 Plant height and number of fruits

4.5.1.1 Plant height

The data presented in Table 4.23 showed the effeniulchwas significant on plant
height during both the years of study. The higli#82.0 and 162.4 cm) and the lowest values
(151.0 and 146.4 cm) of plant heights were recoudeder Ti-BM and T-NM, respectively
as compared to other mulch during year 2017 an8,2@%pectively.

Analysis of pooled data revealed that mulch efigas significant on plant height.
Significantly maximum plant height (172.2 cm) wasarded under iFBM which statically
at par with 5-SM (168.7 cm) and sFTM (165.9 cm) and minimum (148.7 cm) underNM
which statistically at par withgfPM (157.4 cm). The analysis of pooled data revk#bat
the effects of treatments (T) and year (Y) on plaetght were found to be significant.

However, the effect of their interaction (TxY) wasind to be non significant.
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The plant height was moderate by various mulchiésnalch increase plant height
due to more moisture content combined with soilgerature moderation helped more root
distribution, greater nutrient uptake. The highkanp height under black polyethylene mulch
and silver polyethylene mulch might be attributenl letter weed control, increased
availability of nitrogen and reduced nutrient Iasgbrough leaching that stimulates plant
growth which resulting in increased growth (Teasdahd Abdul Baki, 1995). The similar
results were also reported by Singhal. (2005), Singhet al. (2009), Choudhary and
Bhambri (2013) and Bhujbat al. (2015).

Table 4.23: Effect of mulches on plant height andumber of fruits of tomato

Treatments Plant height (cm) Fruits plant™
2017 2018 Pooled 2017 2018 | Pooled
T, (BM) 182.0 162.4 172.2 28.44 28.22| 28.33
T, (SM) 174.4 163.0 168.7 29.22 27.11  28.16
T,(TM) 170.9 160.9 165.9 26.44 23.44 2494
T,(MM) 162.8 154.4 158.6 25.78 26.8%5  26.32
T, (GM) 166.6 151.7 159.1 27.33 2789  27.41
T, (PM) 159.0 155.8 157.4 24.67 2455| 24.6]
T (NM) 151.0 146.4 148.7 23.33 24.00| 23.67
Mean 166.7 156.4 26.46 26.01
CD oos 9.39 9.90 NS NS
T 2.88 3.02
Y 6.22 NS
TxY NS NS

4.5.1.2 Number of fruits

The data on number of fruits as influenced by d#feé mulch treatments are
enumerated in Table 4.23. The results indicatetitieeffect of mulch on number of fruits
was not significant during both the years of stullpalysis of pooled data assessed that
maximum number of fruits per plant (28.33) was fwumder T-BM followed by T,-SM
(28.16) and minimum (23.67) under-WM. The analysis of pooled data revealed that the
effect of treatments (T) on number of fruits wasrfd to be significant. However, the effects

of year (Y) and their interaction (TxY) were fouttdbe non significant.

Number of fruits per plant is one of the principsmponents which contribute

towards yield. Number of fruits was recorded higheder inorganic mulch followed by
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organic mulch as compared to no mulch. The inceeérs& number in both black and silver
polyethylene mulch might be results of less weethlmer, less nutrient losses through
leaching, thereby making available more nutrierds lant growth and favorable soil
temperature and moisture (Ashworth and HarissoB83).9hus creating condition for better
growth and more number of fruits per plant. Frudr plant was recorded less under
transparent polyethylene mulch which may be duligber weed growth under this muich.
This is in line with the findings of Singét al. (2005), Ashrafuzzamast al. (2011) and
Rahmaret al. (2016).

4.5.2 Average fruit weight and average fruit diametr

Table 4.24: Effect of mulches on average fruit welg and average fruit diameter of

tomato
Treatments Average fruit weight (g) Average fruit diameter (cm)
2017 2018 | Pooled 2017 2018 | Pooled
T, (BM) 62.9 61.4 62.2 6.12 5.39 | 5.76
T, (SM) 62.9 60.3 61.6 5.94 5.41 5.68
T,(TM) 57.5 58.3 57.9 5.62 5.03 5.32
T,(MM) 59.9 56.6 58.2 5.61 5.26 5.43
T, (GM) 55.4 53.2 54.3 5.36 5.24 5.30
T, (PM) 56.3 53.7 55.0 5.36 5.37 5.36
T, (NM) 54.9 49.8 52.4 5.16 4.95 | 5.06
Mean 58.5 56.2 5.60 5.24
C.D o5 NS 5.03 NS NS
T 1.89 0.19
Y 4.08 0.40
TxY NS NS

4.5.2.1 Average fruit weight

The data on average fruit weight was influenceddifferent mulch treatments are
presented in Table 4.24. On statistical analysigas found that effect of mulches on average
fruit weight was not significant during year 20During year 2018, mulch was significantly
affect average fruit weight. The maximum fruit weid61.4 g) was observed underBM
and the lowest fruit weight (49.8 g) underNM. Analysis of pooled data observed that the
highest fruit weight (62.2 g) was found undgrBM which statistically at par with JJSM
(61.6 g) and the lowest fruit weight (52.4 g) un@ieiNM which statistically at par with gf
PM (55.0 g) and F#GM (54.3 g). The analysis of pooled data revedlet the effects of
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treatments (T) and year (Y) on average fruit weighs found to be significant. However, the

effect of their interaction (TxY) was found to bemsignificant.

Fruit weight is one of the most important attribtde tomatoes. Average fruit weight
was influenced by mulch materials. The resultssarelar with the findings of research work
carried out by Singht al. (2005), Berihum (2011) and Pandy and Mishra (2012).

4.5.2.2 Average fruit diameter

The data presented in Table 4.24 showed non-signifieffect of mulch on average
fruit diameter of plant during both years of expeent. Analysis of pooled data indicated that
maximum fruit diameter (5.76 cm) was found irBM followed by T,-SM (5.68 cm) and
the lowest (5.06 cm) under,-NM. The analysis of pooled data revealed thatetfects of
treatments (T) and year (Y) on average fruit weigiaimeter were found to be significant.
However, the effect of their interaction (TxY) wiasind to be non significant.

4.5.3 Fruityield

Table 4.25: Effect of mulches on fruit yield of tomato

. - _1
Treatments Fruit yield (t ha™) ——
2017 2018 Pooled |’ CF CENtINCTEAs
over control
T, (BM) 65.1 62.1 63.6 40.08
T, (SM) 64.9 58.7 61.8 36.12
T,(TM) 53.8 51.4 52.6 15.85
T,(MM) 55.5 55.1 55.3 21.80
T, (GM) 54.2 53.9 54.0 18.94
T, (PM) 48.8 47.9 48.4 6.60
T, (NM) 46.6 44.1 45.4 -
Mean 55.5 53.3
CD o5 11.67 9.44
T 7.19
Y NS
TxY NS

The data on fruit yield pdnectare was influenced by different mulch treatmene
enumerated in Table 4.25. On statistical analysisas found that effect of mulches on fruit
yield perhectare was significant during both the years ef éiperiment. Maximum fruit
yields (65.1 and 62.1 t Hawere observed under-BM and minimum (46.6 and 44.1 t Ha
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under B-NM in year 2017 and 2018, respectively. Analydipaoled data assessed that the
highest fruit yield (63.6 t h§ was observed under-BM which at par with 3-SM and the
lowest (45.4 t hd) under T-NM which was at par with ¢fFPM. The increases in yield were
40.08, 36.12, 15.85, 21.80, 18.94, 6.60 per cedeum-BM, T,-SM, T3-TM, T4-MM, Ts-
GM, Ts-PM, respectively as compared tg-NM i.e. control. The analysis of pooled data
revealed that the effect of treatments (T) on fryigld per hectare was found to be
significant. However, the effects of year (Y) ahdit interaction (TxY) were found to be non
significant.

Table 4.26: Effect of mulches on total soluble saliof tomato

Treatments TSS PBrix)
2017 2018 Pooled
T, (BM) 4.81 4.62 4.71
T, (SM) 4.78 4.61 4.70
T,(TM) 4.72 4.51 4.61
T,(MM) 4.62 458 4.60
T, (GM) 4.57 4.47 4.52
T, (PM) 4.45 4.45 4.45
T (NM) 4.52 4.44 4.48
Mean 4.61 4.53
C.D 105 NS NS
T NS
Y NS
TxY NS

The vyield of tomato fruits depends upon number adtdrs like agro climatic
condition, region, cultivar, cultural practices,tment status and supplying capacity of soil.
The increment in the yield of tomato recorded higheblack and silver polyethylene mulch
might be attributed to modifying effect on soil ingthermal regimes and considerable
control on weed population. Several researchemrteg that improvement into conservation
of soil moisture under mulches by retarding evatoma (Hillel, 1982), weed control
(El-Sayed et al., 1991 and Gutalet al., 1992) reduced nutrient leaching, improved
microclimate both beneath and above the soil serfds helping in maximum plant growth
and fruit setting in tomato. Mulch also improveshomm dioxide gas which is necessary for
photosynthesis. ‘Chimeny effect’ might have beeratgd, resulting in abundant €fr the
plants which might have added higher plant growtd &uit yield grown under different
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plastic mulches. Similar types of findings wereoaleported by Singtet al. (2005),
Ashrafuzzamaret al. (2011), Berihum (2011), Singh and Kamal (2012) &mdijbal et al.
(2015).

45.4 Total soluble solid

The data presented in Table 4.26 showed non-signifieffect of mulch on total
soluble solid (TSS) of tomato fruit during both tyears of experiment. Analysis of pooled
data indicated that maximum TSS (4°Rrix) was observed under;BM and minimum
(4.45°Brix) under &-PM. Analysis of pooled data assessed that effefdi®atment (T), year

(Y) and their interaction (TxY) on TSS content nfif were non-significant.

4.6  Water requirement and water use efficiency
4.6.1 Water requirement of tomato

Table 4.27: Effect of mulches on water requirement

Sr. | Treatment | N€t depth of water Effective Increase in soil Total water
No. applied (cm) rainfall (cm) moisture storage (cm) | requirement (cm)
2017 2018 2017 | 2018 2017 2018 201y  20[8
1| T,(BM) 4.0 4.0 28.2 38.8 2.15 2.06 30.05  40.74
2 | T,(SM) 4.0 4.0 28.2 38.8 1.94 1.83 30.26  40.97
3 | T,(0M) 4.0 4.0 28.2 38.8 1.71 1.65 3049 4115
4 | T,(MM) 4.0 4.0 28.2 38.8 1.66 1.52 30.54  41.p8
5 | T, (GM) 4.0 4.0 28.2 38.8 1.58 1.31 30.62  41.49
6 | T,(PM) 4.0 4.0 28.2 38.8 1.29 1.08 3091 4172
7 | T (NM) 4.0 4.0 28.2 38.8 1.12 0.91 3108 4189

For optimization of water use and yield of tomatoder field conditions, seven
treatments viz. black mulch, silver mulch, trangpémulch, mulch mat, grass mulch, pine
needle mulch, no mulch were applied. The totalosffe rainfall of 28.2 and 38.8 cm was
computed during experimental period in year 201d@ 2818, respectively. In year 2017,
moisture contents of 14.10 and 15.70 per cent wieserved before the transplanting and the
values of 19.90, 19.60, 18.90, 18.80, 18.60, 1A4A0 17.30 in T-BM, T,-SM, T5-TM,
T4-MM, T5-GM, Te-PM and T-NM, respectively at 0-15 cm soil depth and 21.20,40,
19.90, 19.70, 19.50, 18.70 and 18.40 at 15-30 ahdspth, respectively were observed after
harvesting. In year 2018, moisture contents of A4u&d 16.20 per cent were observed before
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the transplanting and the values of 20.30, 19.906Q, 19.20, 18.70, 18.10 and 17.60 in
T1-BM, T,-SM, T3-TM, T4,-MM, Ts5-GM, Te-PM and T-NM, respectively at 0-15 cm soil
depth and 21.50, 20.70, 20.10, 19.80, 19.20, 18m018.20 per cent observed at 15-30 cm
soil depth, respectivelgfter harvesting.

4.6.2 Water use efficiency

Table 4.28: Effect of mulches on water use efficien

Water use efficiency (tha™’cm™)
Treatments Per cent increase
2017 2018 Pooled
over control
T, (BM) 2.17 1.53 1.85 44.53
T, (SM) 2.14 1.43 1.79 39.84
T,(TM) 1.76 1.25 1.51 17.96
T,(MM) 1.82 1.34 1.58 23.43
T, (GM) 1.77 1.30 1.53 19.53
T, (PM) 1.58 1.15 1.36 6.25
T (NM) 1.50 1.05 1.28 -
Mean 1.82 1.29
CD s 0.38 0.23
T 0.21
Y 0.10
TxY NS

An inquisition of data in Table 4.28 revealed tledftect of various mulches was
significant on water use efficiency (WUE) of tomakaring both the experimental years. The
highest WUE values (2.17 and 1.58&" cm™) were observed under-BM and the lowest
values (1.50 and 1.05h&* cm®) under F-NM during both years of the study. Analysis of
pooled data assessed that the highest WUE (1t88 ¢m’) was observed under;"BM
followed by T-SM and the lowest WUE (1.28h&* cm™) under F-NM. The percentage
increases in WUE were 44.53, 39.84, 17.96, 23.93%3l 6.25 per cent undeqr-BM, To-
SM, T5-TM, T,-MM, Ts5-GM, Ts-PM, respectively over control, The analysis of lpdodata
revealed that the effects of treatments (T) and (¢pon WUE were found to be significant.
However, the effect of their interaction (TxY) wasind to be non significant.
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4.7 Benefit cost ratio

Benefit cost ratio was worked out for different wtukreatments and are presented in
Table 4.29 and details of the cost of cultivationl @conomic returns are given in Appendix-
V. A perusal of data reveals that the maximum gmessme per hectar¢ ¥ 9.54 lakhs) was
recorded in T-BM followed by T,-SM (¥ 9.27 lakhs) and minimumr ¥ 6.80 lakhs) under
T,-NM. Similarly, the net return per hectare was fdumaximum X 7.46 lakhs) under
T1-BM and minimum ¥ 4.13 lakhs) under treatmenj-WIM. The highest B:C ratio of 4.99
was worked out in #NM, but the net return in this treatment was lowEne highest net
return was observed under-BM with higher B:C ratio of 4.58 which was ratesl the most

profitable and cost effective treatment. The lonw#<€l ratio of 1.99 was recorded undefr T
NM.

The higher B:C ratio under the treatment black ethlylene and silver polyethylene
mulch is a result of comparatively higher yieldfteeweed control with better hydrothermal
regimes and nutrient availabilities. These findiags in agreement with the results reported

by Christopheret al. (1997), Rainaet al. (1999), Gautam (2002), Singh al. (2004) and
Nedunchezhiyan (2010).

Table 4.29: Effect of mulches on net return benefitost ratio of tomato

Treatments Cost of cultiva_tlion Yielq1 Gross Incomle Net return_1 B:C

(% Lakhs ha") (tha™) (Z Lakhs ha”) | (¥ Lakhs ha") ratio
T (BM) 2.08 63.62 9.54 7.46 4.58
T, (SM) 2.08 61.8 9.27 7.18 4.45
T.(TM) 2.39 52.58 7.88 5.49 3.30
T,(MM) 4.16 55.32 8.29 4.13 1.99
T, (GM) 1.96 54.01 8.10 6.13 4.13
T, (PM) 1.96 48.37 7.25 5.29 3.70
T_(N™) 1.36 45.35 6.80 5.43 4.99
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Chapter-5
SUMMARY AND CONCLUSION

The present investigation entitleé&ffect of mulch on soil properties and
yield of tomato (Solanum lycopersicum L.)” was conducted at Research Farm,
Department of Soil Science and Water Management,YDE Parmar University
Horticulture and Forestry, Nauni, Solan (Himachedd@sh) during the year 2017 and
2018. The experiment was laid out in randomizealldesign with seven treatments
and three replications. The treatments were blaukethylene mulch (BM), silver
polyethylene mulch (SM), transparent polyethylenelam (TM), mulch mat (MM),
grass mulch (GM), pine needle mulch (PM) and cdanteo no mulch (NM). The study
aimed to evaluate the effect of these treatmentssoih moisture content, solil
temperature, soil physical properties, soil cheimmaperties, plant growth and yield
characteristics, water use efficiency and cost ecocs of tomato. One month old
seedlings were transplanted at 90 cm x 30 cm spacifl plots (each of 4 m x 2 m in
size). Fertilizers were applied manually as peegiin the package of practices (POP)

published by this university.
Salient findings emerged from the present study aresummarized here under:
51 Physio-chemical properties of soil before thetart of experiment

The soil of experimental field was sandy clay loantexture. The field capacity
and permanent wilting point were 19.22 and 6.37 qart for 0-15 cm soil depth,
respectively and the corresponding values were6l8nd 6.28 per cent for 15-30 cm
soil depth. The pH and EC of the soil were 6.24 @24 d Srit at 0-15 cm soil depth.

However, the corresponding values were 6.37 ar@ @ 3nt, respectively at 15-30 cm

soil depth. The soil organic carbon was 16.6 an@ fj4kg! for 0-15 and 15-30 cm soil
depths, respectively. The bulk density was 1.25%588 Mg n?® for 0-15 and 15-30 cm
soil depths, respectively. The available nitroggs7(6 kg hd), phosphorus (50.03 kg
ha') and potassium (335.9 kg Hawere observed at 0-15 cm soil depth before tae st
of the experiment. The corresponding values of 8283.79 and 310.3 kg Havere at
15-30 cm soil depth.



5.2 Soil moisture

The moisture contents at field capacity were 1@8& 18.76 per cent at 0-15
cm and 15-30 cm, respectively. During year 201% thean maximum moisture
contents (23.5 and 25.4%) undef-BM and minimum moisture contents (19.5 and
21.3%) under =NM were recorded at 0-15 and 15-30 cm soil deptspectively. In
year 2018, the mean maximum moisture contents (@8d220.0%) underiBM and
minimum moisture contents (15.7 and 16.8%) wererded under FNM at 0-15 and
15-30 cm soil depths, respectively. The order &lrmoisture content for both 0-15 cm
and 15-30 cm soil depths under different mulchdlevic as BM > SM >TM > MM >
GM > PM > NM.

5.3  Soil temperature

The highest average minimum soil temperature vabii@®.9 and 26.9°C at 15
cm and 23.6 and 27.2°C at 30 cm soil depth wermarded under the treatment-TM
followed by T;-BM and the lowest values of 20.8 and 24.2°C atrhb5and 21.4 and
24.7°C at 30 cm depth undef-NIM, in year 2017 and 2018, respectively. Likewise,
the highest average maximum soil temperatures & @8d 31.6°C at 15 cm and 27.8
and 30.0°C at 30 cm depth were recorded underréanient 3-TM followed by
T1-BM and the lowest values of 26.5 and 28.1°C atrfifand 26.0 and 26.8°C at 30 cm
depth under §PM. Hence, the order for minimum soil temperatoioserved as TM >
BM > SM > MM > GM > PM > NM while the order as TMBM > SM > MM > NM
> GM > PM for maximum soil temperature observeth@th 15 and 30 cm soil depths

under different mulches.
5.4  Soil physical properties

The lowest values of bulk density (1.27 and 1.29 %) were recorded under
Ts-GM at 0-15 cm and 15-30 cm soil depth, respectivEhe highest values for particle
density (2.65 and 2.65 Mg T were at 0-15 and 15-30 cm soil depth, respegtivel
recorded under sfGM. The maximum porosity values (51.74 and 51.158@&re
recorded under sfGM at 0-15 and 15-30 cm soil depth, respectivélye maximum
hydraulic conductivity values (4.24 and 4.26 crit)hwere observed unders-GM at
0-15 and 15-30 cm soil depth, respectively. Higha&A > 0.25 mm (64.61 and
59.34%) and mean weight diameter (2.22 and 2.19 weng recorded unders-IGM at
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0-15 and 15-30 cm soil depth, respectively. Thenésg values of maximum water
holding capacity (43.49 and 43.30%) were recordetbuTs-GM at 0-15 and 15-30 cm

soil depth, respectively. The highest values ofdfieapacity (24.67 and 23.47%) and
permanent wilting point (8.22 and 8.15%) and phardilable water (16.45 and 15.63%)

were recorded undersIGM at 0-15 and 15-30 cm soil depth, respectively.
54 Soil chemical properties

The highest values of pH 6.60 and 6.61 were recbuieler -TM and Te-PM
at surface and sub-surface soil layers, respeygtiféle highest EC values of 0.30 d Sm
! and 0.32 d Sthwere recorded under;"BM and Te-PM at surface and sub-surface
soil layers, respectively. The maximum soil orgatacbon contents of 20.35 and 18.35
g kg' were observed underssGM at 0-15 and 15-30 cm soil depth, respectively.
Mulch had significant effect on available soil neiits. The maximum available N
(374.2 kg hd), P (72.03 kg hd), K (371.8 kg ha) and sulphate sulphur (62.71 kg'ha
were recorded undernBM at 0-15 cm soil depth. Similarly, at 15-30 cinsoil depth,
the highest values of available N (363.3 kghh@® (64.97 kg hd), K (358.8 kg ha)
and sulphate sulphur (60.67 kg'havere obtained under; BM.

5.6 Plant growth and yield

The maximum plant height (172.2 cm) was recordetkeur;-BM followed by
T,-SM and minimum (148.7 cm) under-NM. The maximum fruits per plant (28.33)
were observed under-BM, while the minimum fruits per plant (23.67) wrdl7-NM.
The highest average fruit weight (62.2 g) and ayerfuit diameter (5.76 cm) were
recorded under 1FBM, while the lowest average fruit weight (52.4ag)d average fruit
diameter (5.06 cm) under-NM.

5.7  Tomato yield

The maximum vyield (63.6 t Hy under F-BM and the minimum yield (45.4 t
ha') under T-NM were recorded. The percentage increase in yéld0.08, 36.12,
15.85, 21.80, 18.94, 6.60 were obtained undeBN, T,-SM, T5-TM, T4-MM, T5-GM,
Te-PM, respectively as compared to,-NM. The treatment FBM i.e. black

polyethylene mulch is found the most suitable atmhemical for tomato cultivation.
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5.8  Water use efficiency

The highest WUE (1.85 t Ham?) and the lowesStVUE (1.28 t hd cm™) were
found under T-BM and T;-NM, respectively. Percentage increase in WUE ab34
39.84, 17.96, 23.43, 19.53, 6.25 were obtained umgd&M, T,-SM, T5-TM, T4,-MM,
Ts-GM, Te-PM, respectively over control i.e. no mulch.

59 Net return and B: C ratio

The maximum net return per hectare ¥ 7.46 lakhs with higher B:C ratio of
4.58 was observed undet-BM. The lowest net return per hectare ¥ 4.13 lakhs and
lowest B:C ratio of 1.99 were recorded ip-NIM. However, the highest B:C ratio of
4.99 was obtained in treatmentNIM with net return per hectare ¥ 5.43 lakhs.

Conclusions

From the present study, the following conclusioresdrawn:

» Among application of different mulches, black palygene mulch resulted the
highest percentage increase in soil moisture ctsté20.34 and 21.59%) over
control at surface and (19.08 and 18.87%) at stdseitayer in year 2017 and 2018,
respectively. While the lowest percentage incr¢as28 and 3.92%) at surface and
(3.43 and 4.94%) subsurface layer under pine neeaferecorded in year 2017 and
2018, respectively.

» Transparent polyethylene mulch observed the highesease in minimum soil
temperature (2.09 and 2.69°C) at 15 cm and (2.8(®&2°C) 30 cm depths over no
mulch in year 2017 and 2018, respectively. While tbwest increase (0.39 and
0.45°C) at 15 cm and (0.10 and 0.47°C) 30 cm depér no mulch under pine

needle mulch were recorded in year 2017 and 2@Epectively.

» Transparent polyethylene mulch observed the higimesease in maximum soil
temperature (1.64 and 2.71°C) at 15 cm depth (&r52.32°C) over no mulch at
30 cm depth in year 2017 and 2018, respectively.iléeNVthe higher decrease
(0.56 and 0.77°C) at 15 cm depth and (0.78 and°0)94at 30 cm depth over no

mulch under pine needle mulch were recorded in $8a7 and 2018, respectively.

» The lowest bulk density (1.27 and 1.29 M&)nand highest organic carbon content
(20.35 and 18.35 g Ky were recorded undersTGM which subsequently increases
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the porosity (51.74 and 51.15%) at 0-15 and 15+80depths, respectively during
study period. The significantly highest plant asbieé water content (16.45 and
15.63%) was found undei-GM.

» The black polyethylene mulch recorded significarftlghest availability of macro

nutrients (N, P, K) in soil and highest water uffieiency (1.85 t hd cm).

> The significantly highest yield (63.6 t ha highest net return per hectare
(% 7.46 lakhs) and higher B:C ratio (4.58) were obsdrunder black polyethylene
mulch.

» The findings of this research work reveal that aéélack polyethylene mulch is
most appropriate for increasing water use effiogeiyeeld and net income of tomato

in mid hill zone of Himachal Pradesh.
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APPENDIX- |

Weekly meteorological data during experimental ped in year 2017

Temperature (°C)

Standard .
Months K . Evaporation
weeks Maximum Minimum Rainfall (mm)
(mm)
APR 14" 26.30 12.30 2.80 3.90
15" 28.90 10.80 0.0 3.80
16" 33.30 16.50 0.40 5.30
17" 29.10 13.20 1.60 3.90
MAY 18" 28.60 13.20 4.40 4.60
19" 32.30 17.00 6.60 6.00
20" 29.90 16.10 4.00 4.30
21 30.60 16.00 1.40 3.70
JUN 22 30.70 16.50 1.50 4.20
23¢ 30.60 17.90 6.80 4.50
24" 29.10 16.80 2.20 3.90
25N 27.20 17.60 11.80 3.20
JUL 26" 26.30 20.20 7.40 2.30
27" 28.70 20.00 2.70 2.20
28h 26.70 20.30 6.40 1.70
2gh 27.70 20.80 5.30 1.70
30" 27.50 20.20 5.90 1.30
31 26.40 20.50 18.70 1.30
AUG 32 27.40 21.30 7.40 1.40
33¢ 28.30 19.70 2.00 1.70
34N 26.70 19.70 7.10 1.70
35" 27.50 19.30 1.60 2.00




Weekly meteorological data during experimental peiad in year 2018

Temperature (°C)

Standard ) ]
Months weeks ] o Rainfall Evaporation
Maximum Minimum (mm) (mm)
APR 14" 26.42 12.86 0.0 2.80
15" 24.42 11.28 4.40 2.10
16" 27.21 12.22 0.88 2.50
17" 29.25 13.80 0.32 3.10
MAY 18" 28.02 15.18 3.42 3.40
19" 29.70 14.70 6.64 3.10
20" 30.40 16.04 4.71 3.70
21 34.20 17.01 0.0 4.60
22 31.70 18.18 1.97 4.71
JUN 23¢ 29.60 19.40 13.42 4.20
240 29.80 19.21 4.08 4.08
25N 30.22 17.37 2.20 3.60
26" 28.51 20.27 5.62 2.88
JUL 27" 27.70 19.21 7.62 2.91
2gh 26.38 21.10 5.34 2.41
2gh 27.07 21.00 3.45 1.54
30" 25.30 19.90 31.97 1.27
31° 28.57 19.37 0.0 2.87
AUG 32 26.28 19.68 6.97 2.31
33¢ 26.92 19.85 23.37 2.56
34N 28.22 20.54 0.60 2.41
35N 28.38 20.30 0.0 2.56




APPENDIX-II

Table 2.1: Periodical soil moisture content at 0-16m soil depth under different mulches

in year 2017
Julian days BM SM ™ MM GM PM NM
138 19.25 17.83 17.21 16.75 16.00 15.56 14.86
145 19.81 17.95 16.24 15.78 17.05 14.62 13.99
152 21.64 22.12 17.88 19.50 20.60 18.00 18.27
159 24.88 23.37 22.33 23.24 23.00 23.12 22.8¢6
166 19.26 17.62 17.64 14.74 16.44 15.26 14.9§
173 21.26 19.62 19.64 16.74 18.44 16.26 16.68§
180 26.06 24.86 24.28 21.73 23.13 21.98 24.28§
187 24.10 22.15 21.13 22.94 18.91 20.20 20.68
194 29.14 27.56 24.11 21.72 21.96 26.34 21.47
201 27.77 27.07 26.77 25.80 24.83 23.53 23.22
208 25.33 24.93 24.70 23.53 22.72 22.67 22.27
215 24.23 24.40 22.01 19.33 18.98 17.75 18.45
222 18.56 18.33 16.45 17.27 16.34 14.68 15.21
229 24.40 22.93 22.43 21.43 20.97 19.53 19.5¢6
236 27.27 25.98 24.68 25.37 25.16 26.38 25.74
243 19.90 19.60 18.90 18.80 18.60 17.90 17.3(
Avg. 23.30 22.27 21.02 20.29 20.20 19.61 19.36

Table 2.2: Periodical soil moisture content at 154B cm soil depth under different

mulches in year 2017

Julian Days BM SM ™ MM GM PM NM
138 21.55 19.23 18.01 18.25 17.80 17.26 17.07
145 20.11 18.35 17.04 17.28 16.85 16.32 16.2(
152 22.94 21.52 20.68 21.00 20.40 19.70 19.68
159 26.78 25.77 24.13 26.14 25.80 25.50 24.2(
166 21.26 20.62 18.64 19.74 19.44 19.26 17.19
173 30.03 29.94 28.14 27.16 26.40 27.48 25.21
180 27.26 26.16 25.58 23.03 25.43 23.28 24.79
187 25.10 23.15 22.13 23.94 19.91 21.20 20.89
194 30.04 28.96 25.51 23.12 23.36 27.74 26.08
201 28.77 28.07 27.77 26.80 25.83 24.53 23.43
208 26.53 26.13 25.90 24.73 23.92 23.87 22.64
215 25.03 25.20 22.81 20.13 19.78 18.55 18.4¢
222 20.16 19.93 18.05 18.87 17.94 16.28 16.02
229 25.70 24.23 23.73 22.73 22.27 20.83 20.07
236 29.37 28.08 26.78 27.47 27.26 28.48 27.0%
243 21.20 20.40 19.90 19.70 19.50 18.70 18.4(
Avg. 25.11 24.11 22.80 22.51 21.99 21.81 21.09




Table 2.3: Periodical soil moisture content at 0-16m soil depth under different mulches

in year 2018
Julian Days BM SM ™ MM GM PM NM
102 18.74 18.13 17.64 16.05 15.55 15.28 13.64
109 17.69 16.55 15.95 14.44 14.02 13.10 12.64
116 15.51 15.17 14.64 14.00 13.70 13.30 12.33
123 16.84 15.87 14.93 14.40 13.84 12.80 12.24
130 20.21 19.75 18.88 19.18 19.38 18.12 17.51
137 19.93 19.57 19.63 18.47 17.37 17.77 16.51
144 15.12 14.84 14.43 13.78 13.76 13.00 12.24
151 18.30 18.00 17.86 17.43 16.20 15.53 15.34
158 24.07 23.83 23.30 22.33 22.23 22.03 21.53
165 24.07 18.30 17.80 17.77 17.40 17.53 17.13
172 16.84 15.95 15.62 15.15 14.81 14.60 13.97
179 19.87 19.57 19.07 18.47 17.17 16.83 16.4(
186 19.78 19.50 18.93 17.96 18.57 18.07 17.9¢
193 18.40 18.17 17.83 18.12 17.67 17.57 17.2(
200 22.03 21.70 20.82 20.57 19.51 19.33 18.7(
207 20.30 19.90 19.60 19.20 18.70 18.10 17.6(
Avg. 19.23 18.42 17.93 17.33 16.87 16.44 15.82

Table 2.4: Periodical soil moisture content at 154B cm soil depth under different

mulches in year 2018

Julian Days BM SM ™ MM GM PM NM
102 19.84 19.43 18.94 17.35 16.85 16.58 14.94
109 18.79 19.09 17.95 17.35 15.84 13.90 13.44
116 16.61 16.91 16.57 16.04 15.40 14.10 13.13
123 17.14 17.44 16.27 15.33 15.40 13.90 13.04
130 22.31 22.61 22.15 21.28 20.58 20.78 19.57
137 21.03 20.67 20.73 19.57 18.47 18.87 17.67
144 17.22 15.84 15.43 14.78 15.76 15.30 13.84
151 19.40 19.00 19.16 18.73 17.50 16.83 16.69
165 24.17 23.83 21.60 22.63 20.53 22.33 21.83
158 19.63 19.30 19.10 19.07 18.70 19.83 18.43
172 17.94 16.95 16.42 15.85 16.61 15.40 15.07%
179 20.97 20.57 19.87 19.27 17.97 17.63 17.2(
186 20.88 20.50 21.03 20.06 20.67 20.17 19.4¢
193 20.20 19.77 18.93 19.22 18.77 18.67 18.3(
200 23.33 22.70 21.92 21.67 20.61 20.43 19.3(
207 21.50 20.70 20.10 19.80 19.20 18.60 18.2(
Avg. 20.06 19.71 19.14 18.62 18.05 17.71 16.88




APPENDIX-II

Table 3.1: Minimum soil temperature at 15 cm soidepth under different mulch treatments
in year 2017
Julian Days BM SM ™ MM GM PM NM
138 21.10 20.00 20.91 19.40 18.90 18.60 18.1d
141 20.40 20.10 21.01 19.50 20.00 18.70 18.2(
143 20.90 20.80 22.01 20.30 20.20 19.50 19.0(
145 24.60 22.80 23.71 22.20 21.70 21.40 21.2(
148 23.20 22.80 23.71 22.80 22.70 22.40 21.9(
150 21.40 21.10 22.01 20.50 20.00 19.70 19.2(
152 22.10 21.70 22.61 21.10 20.60 21.30 19.8(
155 21.80 21.30 22.21 21.70 21.20 20.90 20.4(
157 24.90 24.70 25.51 24.50 24.40 24.10 23.6(
159 23.80 23.00 23.91 22.40 21.90 21.60 21.1(
162 22.90 22.10 23.01 21.50 21.00 20.70 20.2(
164 20.97 20.86 21.10 19.66 20.26 20.06 19.73
155 22.20 21.53 22.56 21.06 20.80 20.56 20.1(
169 21.86 21.30 22.13 21.26 20.50 19.70 19.26
171 21.30 21.93 22.63 21.53 21.90 21.03 20.86
173 21.10 20.00 20.91 19.40 18.90 18.60 18.1d
176 23.10 22.23 23.86 22.26 21.56 21.36 21.1(
178 23.36 23.00 23.70 22.96 22.83 22.30 21.63
180 23.36 22.90 23.73 22.23 21.93 21.76 21.40
183 22.46 22.56 23.13 22.10 21.66 21.13 21.40
185 21.63 21.56 22.20 21.33 20.86 20.70 20.06
187 21.90 21.86 22.60 21.63 21.40 20.56 20.5(
190 21.20 20.45 22.66 22.13 22.30 21.90 21.63
192 21.86 21.60 22.66 21.46 21.46 21.40 21.06
194 20.73 20.50 21.00 20.26 20.33 19.63 19.93
197 23.60 23.30 23.73 22.86 22.33 22.30 21.96
201 24.70 24.23 24.70 23.70 23.80 23.76 22.16
204 23.70 23.83 24.63 23.30 23.10 22.43 22.4(
206 22.80 22.63 23.56 22.46 22.33 22.23 21.86
208 21.73 21.60 22.53 21.30 20.56 20.40 20.03
211 23.60 23.30 23.73 22.86 22.33 22.30 21.96
213 21.86 21.60 22.66 21.46 21.46 21.40 21.06
215 23.36 22.90 23.73 22.23 21.93 21.76 21.4(
218 23.33 22.93 23.66 22.76 22.56 22.73 22.3(
220 24.16 25.50 24.03 23.33 23.33 23.30 22.93
222 23.76 23.56 24.26 23.53 22.43 22.33 21.446
225 23.23 22.76 23.30 22.33 21.50 21.30 21.2(
229 18.21 20.16 20.66 19.73 18.66 19.03 19.06
232 20.26 20.53 21.46 20.90 20.63 20.16 20.33
234 22.83 22.16 22.66 21.86 21.47 21.56 21.46
236 23.60 23.30 23.73 22.86 22.33 22.30 21.96
Max. 24.90 25.50 25.51 24.50 24.40 24.10 23.6(
Min. 18.21 20.00 20.66 19.40 18.66 18.60 18.10
Avg. 22.41 22.12 22.89 21.77 21.46 21.19 20.8(




Table 3.2: Minimum soil temperature at 30 cm soibepth under different mulch treatments in

year 2017
Julian Days BM SM ™ MM GM PM NM
138 21.50 20.33 21.62 19.80 19.16 18.91 18.80
141 20.80 20.43 21.72 19.90 20.26 19.01 18.90
143 21.30 21.13 22.72 20.70 20.46 19.81 19.70
145 25.00 23.13 24.42 22.60 21.96 21.71 21.90
148 23.60 23.13 24.42 23.20 22.96 22.71 22.60
150 21.80 21.43 22.72 20.90 20.26 20.01 19.90
152 22.50 22.03 23.32 21.50 20.86 21.61 20.50
155 22.20 21.63 22.92 22.10 21.46 21.21 21.10
157 25.30 25.03 26.22 24.90 24.66 24.41 24.30
159 24.20 23.33 24.62 22.80 22.16 21.91 21.80
162 23.30 22.43 23.72 21.90 21.26 21.01 20.90
164 21.37 21.19 21.81 20.06 20.52 20.37 20.43
155 22.60 21.86 23.27 21.46 21.06 20.87 20.80
169 22.26 21.63 22.84 21.66 20.76 20.01 19.96
171 21.70 22.26 23.34 21.93 22.16 21.34 21.56
173 21.50 20.33 21.62 19.80 19.16 18.91 18.80
176 23.50 22.56 24.57 22.66 21.82 21.67 21.80
178 23.76 23.33 24.41 23.36 23.09 22.61 22.33
180 23.76 23.23 24.44 22.63 22.19 22.07 22.10
183 22.86 22.89 23.84 22.50 21.92 21.44 22.10
185 22.03 21.89 22.91 21.73 21.12 21.01 20.76
187 22.30 22.19 23.31 22.03 21.66 20.871 21.20
190 21.60 20.78 23.37 22.53 22.56 22.21 22.33
192 22.26 21.93 23.37 21.86 21.72 21.71 21.76
194 21.13 20.83 21.71 20.66 20.59 19.94 20.683
197 24.00 23.63 24.44 23.26 22.59 22.61 22.66
201 25.10 24.56 2541 24.10 24.06 24.071 22.86
204 24.10 24.16 25.34 23.70 23.36 22.74 23.10
206 23.20 22.96 24.27 22.86 22.59 22.54 22.56
208 22.13 21.93 23.24 21.70 20.82 20.71 20.73
211 24.00 23.63 24.44 23.26 22.59 22.61 22.66
213 22.26 21.93 23.37 21.86 21.72 21.71 21.76
215 23.76 23.23 24.44 22.63 22.19 22.07 22.10
218 23.73 23.26 24.37 23.16 22.82 23.04 23.00
220 24.56 25.83 24.74 23.73 23.59 23.61 23.63
222 24.16 23.89 24.97 23.93 22.69 22.64 22.16
225 23.63 23.09 24.01 22.73 21.76 21.61 21.90
229 18.61 20.49 21.37 20.13 18.92 19.34 19.76
232 20.66 20.86 22.17 21.30 20.89 20.47 21.03
234 23.23 22.49 23.37 22.26 21.73 21.871 22.16
236 24.00 23.63 24.44 23.26 22.59 22.61 22.66
Max. 25.30 25.83 26.22 24.90 24.66 24.41 24.30
Min. 18.61 20.33 21.37 19.80 18.92 18.91] 18.8p
Avg. 22.81 22.45 23.60 22.17 21.72 21.5( 21.40

Vi



Table 3.3: Maximum soil temperature at 15 cm soitlepth under different mulch treatments in

year 2017
Julian Days BM SM ™ MM GM PM NM
138 25.89 25.76 27.61 25.63 25.38 25.13 25.5
141 28.09 27.96 28.31 27.83 27.63 27.28 27.7
143 28.89 28.76 29.51 28.63 28.43 27.13 28.5
145 31.89 31.76 32.11 31.63 31.41 30.14 31.5
148 29.22 29.99 29.94 28.96 28.83 28.30 28.9
150 31.89 31.76 32.11 31.63 31.44 30.17 31.5
152 29.52 29.39 30.74 29.26 28.13 28.64 29.2
155 34.10 33.94 35.62 33.84 31.71 33.14 33.7
157 32.10 31.97 32.32 31.84 31.71 31.13 31.1
159 25.60 25.49 26.82 25.34 25.21 24.64 25.2
162 26.60 26.87 27.82 26.34 26.21 25.62 26.2
164 31.99 31.62 3241 31.73 30.70 30.14 30.9
155 26.39 25.95 26.64 25.92 25.64 25.41 25.5
169 26.89 26.76 28.71 26.68 26.44 26.13 26.5
171 26.29 25.65 26.41 25.22 24.48 23.97 24 9
173 26.49 25.72 26.41 25.92 24.41 24.30 25.1
176 29.09 28.59 29.94 28.45 27.68 27.30 28.0
178 25.66 25.72 25.90 24.92 24.64 24.03 24.8
180 20.86 20.65 22.73 21.35 20.68 20.47 20.1
183 25.76 26.39 27.60 25.78 25.58 25.11 25.6
185 29.52 29.89 30.70 28.31 28.44 27.94 29.7
187 27.99 27.82 28.37 26.95 26.41 25.98 26.5
190 27.53 27.92 28.50 27.58 26.74 26.74 26.6
192 24.49 23.85 24.73 22.82 22.41 21.84 22.4
194 26.49 26.82 28.37 25.95 25.11 24.98 25.5
197 27.53 27.94 28.50 26.18 26.08 25.88 25.9
201 28.09 26.65 28.30 26.22 26.18 25.71 26.5
204 28.76 27.85 28.73 26.65 26.44 26.34 26.6
206 27.26 26.95 27.80 26.65 25.68 25.58 26.1
208 25.83 25.59 26.43 24.95 24.84 24.28 245
211 25.26 24.55 25.80 23.92 23.68 23.58 23.7
213 23.76 23.89 25.29 22.55 22.61 23.11 23.1
215 27.56 26.92 27.69 26.42 25.78 25.54 26.7
218 27.46 27.29 27.56 26.53 25.61 25.18 25.3
220 25.26 25.17 25.86 24.99 24.51 23.88 24.9
222 26.43 26.72 26.56 25.39 25.08 24.94 25.3
225 27.76 27.42 29.03 27.13 27.18 26.94 27.2
229 28.06 27.65 28.96 27.73 26.94 26.58 27.1
232 23.76 23.42 25.43 22.13 23.18 22.94 23.7
234 24.73 23.85 24.09 22.16 22.51 22.74 22.3
236 27.19 26.72 27.93 26.48 26.81 25.38 26.1
Max. 34.10 33.94 35.62 33.84 31.71 33.14 33.1
Min. 20.86 20.65 22.73 21.35 20.68 20.47 20.1
Avg. 27.41 27.21 28.15 26.70 26.31 25.96 26.9
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Table 3.4: Maximum soil temperature at 30 cm soiflepth under different mulch treatments in

year 2017
Julian Days BM SM ™ MM GM PM NM
138 25.76 25.67 26.90 25.56 25.31 25.06 25.50
141 27.96 27.87 28.10 27.76 27.56 27.21 27.10
143 28.76 28.67 28.90 28.56 28.36 27.04 28.50
145 31.76 31.67 31.90 31.56 31.34 30.04 31.50
148 29.09 29.00 29.23 28.89 28.76 28.22 28.83
150 31.76 31.67 31.90 31.56 31.37 30.09 31.50
152 29.39 29.30 30.53 29.19 28.06 28.54 29.13
155 33.97 33.88 34.91 33.77 31.64 33.04 33.11
157 31.97 33.88 32.71 31.77 31.64 31.05 31.71
159 25.47 25.38 27.61 25.27 25.14 22.56 25.21
162 26.47 26.38 27.61 26.27 26.14 25.54 26.21
164 31.86 31.13 32.20 31.66 31.63 30.06 30.80
155 26.26 27.86 28.43 25.80 25.56 25.33 25.46
169 26.76 26.67 27.90 26.56 26.36 26.06 26.50
171 26.16 25.56 26.82 25.10 24.40 23.09 24.86
173 26.36 25.63 26.20 25.80 24.33 24.23 25.10
176 28.96 28.00 29.73 28.33 27.60 27.23 27.96
178 25.53 25.63 27.73 24.80 24.56 21.34 24.13
180 20.73 20.56 22.56 21.23 20.60 20.4¢ 20.06
183 25.63 26.30 27.93 25.66 25.20 24.73 25.60
185 29.39 31.30 26.53 28.19 28.06 27.56 29.13
187 27.86 27.73 28.20 26.83 26.03 25.60 26.43
190 27.40 27.83 28.33 27.46 26.36 26.36 26.96
192 24.36 23.76 24.13 22.70 22.03 21.46 22.93
194 26.36 26.73 27.22 25.83 24.73 24.60 25.43
197 27.40 27.35 28.33 26.06 25.70 25.50 25.86
201 27.96 26.56 27.73 26.10 25.80 25.33 24.43
204 27.93 27.76 27.26 26.53 26.06 25.34 26.53
206 27.13 26.86 27.63 26.53 25.30 22.2(¢ 26.10
208 25.70 25.50 26.26 24.83 24.46 23.9¢ 24.43
211 25.13 24.46 25.63 23.80 23.30 23.2¢ 23.10
213 23.63 23.20 24.16 22.43 22.23 22.73 20.06
215 27.43 26.83 27.06 26.30 25.40 25.16 26.16
218 27.33 27.20 27.43 26.50 25.23 24.80 25.26
220 25.13 25.08 25.73 24.96 24.13 23.50 24.13
222 26.30 26.03 26.43 25.36 24.70 24.56 25.26
225 27.63 27.33 28.90 27.10 26.80 26.06 27.16
229 27.93 27.56 28.83 27.70 26.56 26.20 27.03
232 23.63 23.33 23.90 22.10 22.80 22.54 21.16
234 23.90 22.96 23.26 22.13 22.13 22.34 22.23
236 27.06 26.63 27.80 26.45 26.43 25.0(¢ 26.10
Max. 33.97 33.88 34.91 33.77 31.64 33.06 33.71
Min. 20.73 20.56 22.56 21.23 20.60 20.40 20.06
Avg. 27.25 27.14 27.82 26.61 26.09 25.49 26.26

viii



Table 3.5: Minimum soil temperature at 15 cm soitdepth under different mulch treatments in

year 2018
Julian Days BM SM ™ MM GM PM NM

93 2750 | 27.36 29.40 27.26 27.18 27.15 27.80
95 2890 | 27.73 30.36 28.23 28.15 28.12 27.06
98 27.60 26.26 29.53 28.53 28.45 28.42 26.[/6
100 25.53 24.43 26.43 24.43 24.35 24.32 24.33
102 3056 | 29.13 29.43 28.43 28.35 28.32 27.83
105 32.00 | 30.33 31.13 29.23 29.15 29.12 29.06
107 3153 | 30.80 31.63 29.86 29.78 29.75 28.40
109 26.56 26.00 28.53 25.36 25.28 25.25 26.43
112 31.83 30.70 32.20 30.70 30.62 30.59 30.10
114 31.46 | 29.83 31.90 30.13 30.05 30.02 29.80
116 3140 | 29.70 29.46 30.00 29.92 29.89 27.33
121 29.70 29.13 30.03 29.30 29.22 29.19 28.33
123 30.56 29.13 29.43 28.43 28.35 28.32 27.33
126 31.33 30.13 32.00 30.03 29.95 29.92 29.60
130 31.16 | 30.13 30.56 29.70 29.62 29.59 27.566
133 26.03 | 2563 27.40 25.26 25.18 25.15 24,470
135 28.06 27.36 29.30 27.40 27.32 27.29 26.10
137 20.96 19.86 22.20 20.26 20.60 20.43 19.p3
142 26.40 26.30 27.56 25.36 25.33 25.16 23.26
144 2716 | 27.40 28.40 27.53 26.46 26.26 25.06
147 2630 | 2550 27.33 23.33 22.60 22.30 22.56
149 29.46 27.43 29.20 27.46 26.40 26.43 25.116
151 26.53 27.16 27.43 26.73 25.50 25.36 24.36
154 2366 | 2513 24.53 22.66 21.63 21.40 23.53
156 2283 | 2356 23.50 22.26 21.33 22.36 2173
158 2356 | 22.56 24.63 23.56 22.60 22.53 22.43
161 23.70 22.30 24.33 23.36 22.43 22.33 23.b6
163 26.53 25.33 24.36 24.46 23.70 23.43 22.40
165 2463 | 2353 27.53 23.60 22.40 22.36 2173
168 16.50 16.03 16.50 16.66 15.33 15.46 15.46
170 21.60 | 20.20 23.63 22.46 22.40 22.50 21.53
175 26.46 25.33 27.73 22.40 22.63 21.53 22.60
179 22.43 21.43 23.40 21.76 20.43 20.63 20.66
184 2130 | 21.10 22.30 20.06 20.90 20.70 18.00
186 23.00 | 22.80 24.00 22.13 21.00 20.80 22.00
189 22.00 21.70 23.00 21.20 21.00 20.50 20.00
191 18.50 18.30 21.00 18.00 18.00 17.80 17.00
193 23.00 22.80 23.50 22.40 21.00 20.03 21.00
196 2350 | 23.40 24.00 23.00 21.00 20.70 22.00
Max. 32.00 | 30.80 32.20 30.70 30.62 30.59 30.10
Min. 16.50 16.03 16.50 16.66 15.33 15.46 15.46
Avg. 26.20 25.46 26.89 25.20 24.76 24.65 24.P0




Table 3.6: Minimum soil temperature at 30 cm soidepth under different mulch treatments in

year2018
Julian Days BM SM ™ MM GM PM NM

93 31.13 29.03 32.00 31.20 31.13 31.11 29.93
95 30.93 29.56 33.30 30.83 30.76 30.74 31.20
98 30.76 28.50 31.23 30.93 30.86 30.84 30.23
100 27.10 26.90 27.90 26.33 26.26 26.24 25.83
102 31.46 30.80 30.90 28.70 28.63 28.61 28.8(
105 32.36 31.10 31.36 30.13 30.06 30.04 29.26
107 34.25 32.40 31.90 31.16 31.09 31.07 30.30
109 27.40 24.43 29.83 26.56 26.49 26.47 27.73
112 32.06 31.70 33.56 31.46 31.39 31.37 31.46
114 32.26 30.56 32.56 31.16 31.09 31.07 30.446
116 31.10 30.63 30.76 31.53 31.46 31.44 28.66
121 31.50 30.40 33.36 30.46 30.39 30.37 30.33
123 31.46 30.80 30.90 28.70 28.63 28.61 28.80
126 31.80 30.86 32.83 31.06 30.99 30.97 30.73
130 30.53 31.13 31.33 31.53 31.46 31.44 29.20
133 28.17 28.03 29.83 27.70 27.63 27.61 26.36
135 29.23 30.46 31.50 28.90 28.83 28.81 27.96
137 22.66 22.73 24.36 22.56 22.10 22.16 21.50
142 24.33 25.36 26.66 24.50 24.53 24.46 22.43
144 25.46 26.43 27.40 26.40 25.46 25.46 24.5(
147 24.33 24.40 26.43 22.43 21.43 21.16 21.56
149 27.66 26.33 28.03 26.56 25.60 25.36 24.40
151 24.26 26.26 26.60 25.50 24.53 24.40 23.53
154 22.53 22.36 23.63 21.50 20.36 20.36 22.53
156 21.06 22.40 22.60 21.96 20.66 21.30 20.56
158 21.36 21.33 23.36 22.40 21.46 21.70 21.43
161 20.86 21.36 23.56 22.46 21.46 21.43 22.63
163 24.43 24.40 23.43 23.33 22.50 22.30 21.50
165 22.56 22.70 24.60 22.53 21.33 21.50 20.63
168 15.40 15.46 15.80 15.76 14.56 14.53 14.4(
170 19.50 20.16 22.26 21.53 21.43 21.53 20.56
175 24.50 24.53 26.40 21.23 21.50 21.40 21.53
179 20.43 21.56 22.33 20.80 19.46 19.43 19.46
184 22.73 22.70 23.66 22.30 22.00 21.66 21.00
186 23.00 22.90 23.50 22.06 22.50 22.10 22.00
189 21.00 20.80 22.50 20.50 20.00 20.00 19.00
191 22.00 21.60 22.50 21.33 20.00 19.96 19.5(
193 23.00 22.70 24.00 22.30 22.50 21.90 21.00
196 23.00 22.90 24.00 22.40 22.00 21.90 21.50
Max. 34.25 32.40 33.56 31.53 31.46 31.44 31.46
Min. 15.40 15.46 15.80 15.76 14.56 14.53 14.40
Avg. 26.14 25.86 27.25 25.66 25.24 25.20 24.73




Table 3.7: Maximum soil temperature at 15 cm soitlepth under different mulch treatments in

year2018
Julian Days BM SM ™ MM GM PM NM

93 32.20 31.20 33.26 30.53 30.40 30.06 30.4
95 32.40 31.40 33.13 31.33 31.20 31.16 30.5
98 32.12 31.20 32.20 30.16 30.03 29.19 29.3
100 29.40 28.40 30.03 28.20 28.07 28.03 27.4
102 32.06 30.86 31.10 29.86 29.13 29.2¢9 28.4
105 33.73 31.46 33.20 30.46 29.83 30.29 31.6
107 33.75 33.33 32.40 30.03 29.09 29.16 31.3
109 28.43 25.03 27.06 25.96 25.83 25.79 26.5
112 33.73 32.63 34.60 32.16 32.03 31.39 32.1
114 33.50 32.56 33.66 32.13 31.20 31.96 31.0
116 34.04 31.90 31.93 32.13 32.00 31.26 29.3
121 32.50 31.96 34.16 31.53 31.40 31.36 31.4
123 32.06 30.86 31.10 29.86 29.73 29.19 28.4
126 33.26 32.53 33.86 32.03 31.09 31.46 31.0
130 34.00 32.46 32.33 31.50 30.37 29.33 30.0
133 29.36 28.93 29.50 26.85 26.72 26.18 26.9
135 31.43 32.50 33.25 30.93 30.80 30.16 30.3
137 28.70 27.63 29.80 27.70 27.53 27.30 26.9
142 32.30 31.16 33.40 30.40 29.60 28.46 29.7
144 33.43 32.30 34.23 32.36 31.20 30.33 31.2
147 32.36 30.16 33.46 28.43 27.23 27.4Q 29.2
149 35.43 32.40 36.16 32.40 31.46 30.03 32.2
151 32.33 32.26 33.63 31.46 30.20 30.15 30.4
154 29.50 28.30 30.30 27.30 26.03 26.44 27.3
156 28.66 28.40 29.40 27.46 26.56 25.13 26.4
158 29.56 28.36 30.26 28.46 27.53 27.63 27.2
161 29.30 28.43 30.66 28.33 27.50 26.2(0 28.4
163 32.43 29.56 32.66 29.46 28.36 28.4(0 28.4
165 30.23 28.40 32.30 28.40 27.40 27.23 26.4
168 20.83 19.40 22.43 18.43 17.90 18.70 18.3
170 27.73 26.40 29.40 27.33 26.26 26.43 26.4
175 32.43 28.56 33.40 27.56 26.30 26.53 27.4
179 27.60 27.13 29.33 26.43 25.13 25.164 26.2
184 27.50 27.06 30.00 26.70 26.00 25.4(0 28.0
186 31.00 30.56 31.50 30.06 27.28 27.30 31.0
189 30.50 30.30 31.00 30.00 27.50 27.3C 29.0
191 29.70 28.16 30.50 27.33 28.00 27.04 30.4
193 30.00 27.20 31.00 27.03 27.40 27.03 29.§
196 30.00 29.06 31.50 28.60 26.08 26.4(0 30.7
Max. 35.43 33.33 36.16 32.40 32.03 31.96 32.2
Min. 20.83 19.40 22.43 18.43 17.90 18.70 18.3
Avg. 31.01 29.75 31.62 29.16 28.39 28.14 28.9
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Table 3.8: Maximum soil temperature at 30 cm soitlepth under different mulch treatments in

year 2018
Julian Days BM SM ™ MM GM PM NM

93 30.93 30.40 32.10 29.80 29.52 29.46 29.72
95 30.46 30.26 32.40 29.50 29.86 29.80 29.42
98 29.73 30.10 30.86 29.03 29.26 29.20 28.95
100 28.66 27.56 29.33 27.23 26.66 26.60 27.15
102 31.40 29.53 30.26 28.80 27.62 27.56 28.72
105 31.86 30.43 32.00 29.00 29.46 29.40 28.92
107 31.90 31.53 30.26 29.30 29.46 29.40 29.22
109 27.66 26.36 27.30 25.26 24.72 24.66 25.18
112 31.93 31.46 34.13 31.40 31.59 31.53 31.32
114 31.86 31.20 33.06 31.60 30.56 30.50 31.52
116 32.80 31.50 31.36 31.26 28.82 28.76 31.18
121 31.46 31.30 32.40 30.70 29.59 29.53 30.62
123 31.40 30.53 30.26 28.80 27.59 27.53 28.72
126 31.56 31.23 32.96 31.43 30.62 30.56 31.35
130 32.86 31.80 31.00 30.63 29.22 29.16 30.55
133 27.33 26.83 28.30 25.43 24.79 24.73 25.35
135 30.43 31.33 32.20 29.70 27.92 27.86 29.62
137 24.46 23.66 25.66 24.70 23.36 22.90 23.63
142 29.60 28.36 30.23 28.26 29.03 27.36 28.46
144 30.33 29.43 31.40 30.43 29.96 27.56 30.33
147 28.36 27.53 30.63 26.43 26.60 25.63 26.40
149 31.46 31.23 33.50 30.26 30.46 28.33 29.96
151 28.56 29.36 30.36 29.33 29.23 27.43 29.16
154 26.36 25.36 27.30 26.43 25.40 24.46 25.40
156 25.30 26.03 26.50 26.40 25.33 24.23 25.33
158 26.56 26.06 27.33 27.40 26.60 25.60 26.40
161 27.46 27.23 28.33 27.53 26.20 25.33 26.50
163 29.30 28.30 27.40 28.46 27.53 25.16 27.50
165 27.16 25.50 30.40 27.53 26.26 22.23 26.20
168 17.40 16.66 19.50 17.16 17.43 15.60 17.46
170 24.33 23.23 25.76 26.53 25.40 21.36 25.43
175 29.46 28.56 30.36 26.56 25.63 23.60 25.66
179 24.50 23.53 27.33 25.46 24.60 21.56 24.40
184 27.00 26.80 31.00 26.40 25.60 27.50 26.00
186 29.80 29.50 31.40 29.20 27.90 29.00 28.30
189 29.00 28.60 30.40 28.20 27.50 28.50 27.70
191 29.20 29.00 30.20 28.60 28.30 29.00 28.40
193 28.70 28.50 32.60 28.23 26.83 28.50 27.20
196 33.20 32.80 33.20 32.46 26.56 27.80 27.00
Max. 33.20 32.80 34.13 32.46 31.59 31.53 31.52
Min. 17.40 16.66 19.50 17.16 17.43 15.60 17.4p
Avg. 29.02 28.43 30.02 28.23 27.41 26.79 27.70
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APPENDIX-IV

Table 4.1: Calculation of effective rainfall by baince sheet method in year 2017

Date Rainfall (nm) | Evaporation (mm) | Balance (40 mm) | Effective rainfall (mm)
18-05-2017 0.0 5.4 34.6 -
19-05-2017 18.0 3.4 49.2 18.0
20-05-2017 9.0 4.5 53.7 9.0
21-05-2017 1.8 3.0 52.5 1.8
22-05-2017 5.2 2.5 55.2 5.2
23-05-2017 0.0 4.0 51.2 -
24-05-2017 0.0 4.4 46.8 -
25-05-2017 0.0 4.0 42.8 -
26-05-2017 0.0 4.3 38.5 -
27-05-2017 2.6 3.4 37.7 2.6
28-05-2017 0.0 4.2 335 -
29-05-2017 0.0 4.3 29.2 -
30-05-2017 0.0 4.0 25.2 -
31-05-2017 10.2 3.8 31.6 10.2
01-06-2017 0.0 3.8 27.8 -
02-06-2017 0.0 4.5 23.3 -
03-06-2017 0.0 5.1 18.2 -
04-06-2017 0.0 5.6 12.6 -
05-06-2017 0.0 5.8 6.8 -
06-06-2017 0.0 5.5 1.3 -
07-06-2017 32.0 4.0 29.3 32.0
08-06-2017 7.6 4.0 329 7.6
09-06-2017 0.0 4.1 28.8 -
10-06-2017 8.2 2.8 34.2 8.2
11-06-2017 8.8 3.2 39.8 8.8
12-06-2017 0.0 4.0 35.8 -
13-06-2017 0.0 4.6 31.2 -
14-06-2017 0.0 4.8 26.4 -
15-06-2017 0.0 5.0 21.4 -
16-06-2017 2.6 3.2 20.8 2.6
17-06-2017 3.8 2.4 22.2 3.8
18-06-2017 0.0 3.2 19.0 -
19-06-2017 6.3 3.1 22.2 6.3
20-06-2017 18.2 2.8 39.6 18.2
21-06-2017 0.0 3.8 35.8 -
22-06-2017 58.3 2.2 72.3 41.7
23-06-2017 0.0 3.9 68.4 -
24-06-2017 0.0 3.5 64.9 -
25-06-2017 0.0 4.0 60.9 -
26-06-2017 10.0 2.2 68.7 10.0
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27-06-2017 6.2 2.0 72.3 5.6
28-06-2017 2.0 2.0 72.3 2.0
29-06-2017 27.4 1.7 72.3 1.7
30-06-2017 6.4 2.4 72.3 2.4
01-07-2017 0.0 2.0 70.3 -
02-07-2017 13.8 2.8 72.3 4.8
03-07-2017 0.0 2.3 70.0 -
04-07-2017 0.0 2.4 67.6 -
05-07-2017 0.0 2.3 65.3 -
06-07-2017 0.0 2.3 63.0 -
07-07-2017 3.0 15 64.5 3.0
08-07-2017 1.8 15 64.8 1.8
09-07-2017 0.0 2.1 62.7 -
10-07-2017 7.4 1.6 68.5 7.4
11-07-2017 5.0 15 72.0 5.0
12-07-2017 31.0 1.6 72.3 0.3
13-07-2017 1.6 1.6 72.3 1.6
14-07-2017 0.0 1.8 70.5 -
15-07-2017 0.0 1.7 68.8 -
16-07-2017 0.0 1.9 66.9 -
17-07-2017 0.0 2.0 64.9 -
18-07-2017 14.4 15 72.3 8.9
19-07-2017 0.0 1.6 70.7 -
20-07-2017 0.0 15 69.2 -
21-07-2017 0.0 1.9 67.3 -
22-07-2017 22.8 14 72.3 6.4
23-07-2017 1.2 0.8 72.3 0.8
24-07-2017 23.0 1.3 72.3 1.3
25-07-2017 6.0 1.2 72.3 1.2
26-07-2017 0.0 1.9 70.4 -
27-07-2017 0.0 1.7 68.7 -
28-07-2017 3.4 1.2 70.9 3.4
29-07-2017 7.7 1.2 72.3 2.6
30-07-2017 6.2 15 72.3 15
31-07-2017 14.0 11 72.3 11
01-08-2017 1.2 14 72.1 1.2
02-08-2017 0.0 15 70.6 -
03-08-2017 1.8 14 71.0 1.8
04-08-2017 55.0 1.2 72.3 2.5
05-08-2017 52.6 1.3 72.3 1.3
06-08-2017 8.0 15 72.3 1.5
07-08-2017 12.2 1.2 72.3 1.2
08-08-2017 10.2 1.3 72.3 1.3
09-08-2017 1.8 1.2 72.3 1.2
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10-08-2017 1.0 1.6 71.7 1.0
11-08-2017 3.8 1.2 72.3 1.8
12-08-2017 14.6 15 72.3 15
13-08-2017 0.0 18 70.5 -
14-08-2017 9.0 1.4 72.3 3.2
15-08-2017 0.0 1.6 70.7 -
16-08-2017 0.0 1.7 69.0 -
17-08-2017 0.0 1.9 67.1 -
18-08-2017 0.0 2.0 65.1 -
19-08-2017 5.0 1.3 68.8 5.0
20-08-2017 43.8 11 72.3 4.6
21-08-2017 1.4 15 72.2 14
22-08-2017 3.8 1.8 72.3 1.9
23-08-2017 0.0 1.9 70.4 -
24-08-2017 0.8 15 69.7 0.8
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Table 4.2: Calculation of effective rainfall balane sheet method in year 2018

Date Rainfall (mm) | Evaporation (mm) | Balance (40 mm)| Effective rainfall (mm)
05-04-2018 0.0 3.1 36.9 -
06-04-2018 0.0 2.8 34.1 -
07-04-2018 0.0 2.8 31.3 -
08-04-2018 0.0 2.7 28.6 -
09-04-2018 18.2 2.1 44.7 18.2
10-04-2018 3.8 1.9 46.6 3.8
11-04-2018 7.1 1.9 51.8 7.1
12-04-2018 2.0 1.4 52.4 2.0
13-04-2018 0.0 2.3 50.1 -
14-04-2018 0.0 2.5 47.6 -
15-04-2018 0.0 2.8 44.8 -
16-04-2018 1.2 1.7 44.3 1.2
17-04-2018 0.4 1.9 42.8 0.4
18-04-2018 0.0 2.8 40.0 -
19-04-2018 0.0 2.9 37.1 -
20-04-2018 4.6 2.9 38.8 4.6
21-04-2018 0.0 2.8 36.0 -
22-04-2018 0.0 2.9 33.1 -
23-04-2018 0.0 2.9 30.2 -
24-04-2018 0.0 3.0 27.2 -
25-04-2018 0.0 3.4 23.8 -
26-04-2018 0.0 3.5 20.3 -
27-04-2018 0.0 3.6 16.7 -
28-04-2018 0.0 3.4 13.3 -
29-04-2018 2.3 2.3 13.3 2.3
30-04-2018 0.0 3.6 9.7 -
01-05-2018 0.0 3.8 5.9 -
02-05-2018 0.0 3.6 2.3 -
03-05-2018 24.0 2.6 23.7 24.0
04-05-2018 0.0 3.4 20.3 -
05-05-2018 0.0 3.6 16.7 -
06-05-2018 0.0 3.7 13.0 -
07-05-2018 30.0 1.9 41.1 30.0
08-05-2018 0.0 3.5 37.6 -
09-05-2018 15.6 3.0 50.2 15.6
10-05-2018 0.0 3.6 46.6 -
11-05-2018 0.0 3.6 43.0 -
12-05-2018 0.0 3.8 39.2 -
13-05-2018 0.9 2.9 37.2 0.9
14-05-2018 33.0 2.8 67.4 33.0
15-05-2018 0.0 3.7 63.7 -
16-05-2018 0.0 3.9 59.8 -
17-05-2018 0.0 3.8 56.0 -
18-05-2018 0.0 3.9 52.1 -
19-05-2018 0.0 3.9 48.2 -
20-05-2018 0.0 4.1 44,1 -
21-05-2018 0.0 4.2 39.9 -
22-05-2018 0.0 4.4 35.5 -
23-05-2018 0.0 4.6 30.9 -
24-05-2018 0.0 4.6 26.3 -
25-05-2018 0.0 4.7 21.6 -
26-05-2018 0.0 4.8 16.8 -
27-05-2018 0.0 5.0 11.8 -
28-05-2018 0.0 4.7 7.1 -
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29-05-2018 0.0 4.7 2.4 -
30-05-2018 0.0 4.8 -2.4 -
31-05-2018 0.0 5.0 -7.4 -
01-06-2018 0.0 4.8 -12.2 -
02-06-2018 13.8 4.0 -2.4 13.8
03-06-2018 0.0 5.0 -7.4 -
04-06-2018 0.0 5.0 -12.4 -
05-06-2018 0.0 5.4 -17.8 -
06-06-2018 69.0 3.8 47.4 69.0
07-06-2018 0.0 4.3 43.1 -
08-06-2018 0.0 4.7 38.4 -
09-06-2018 25.0 3.0 60.4 25.0
10-06-2018 0.0 3.7 56.7 -
11-06-2018 1.0 3.1 54.6 1.0
12-06-2018 0.0 4.5 50.1 -
13-06-2018 0.0 4.8 45.3 -
14-06-2018 0.0 4.9 40.4 -
15-06-2018 0.0 4.7 35.7 -
16-06-2018 12.0 3.8 43.9 12.0
17-06-2018 15.6 2.8 56.7 15.6
18-06-2018 0.6 3.3 54 0.6
19-06-2018 0.0 3.5 50.5 -
20-06-2018 0.0 4.0 46.5 -
21-06-2018 15.0 3.4 58.1 15.0
22-06-2018 0.0 3.2 54.9 -
23-06-2018 0.0 3.7 51.2 -
24-06-2018 0.0 4.1 47.1 -
25-06-2018 0.0 4.3 42.8 -
26-06-2018 1.8 2.2 42.4 1.8
27-06-2018 1.0 3.0 40.4 1.0
28-06-2018 34.0 3.2 71.2 34.0
29-06-2018 1.2 1.8 70.6 1.2
30-06-2018 0.0 2.8 67.8 -
01-07-2018 14 2.9 66.3 1.4
02-07-2018 38.0 2.2 72.3 8.2
03-07-2018 15.4 2.6 72.3 2.6
04-07-2018 0.0 2.0 70.3 -
05-07-2018 0.0 2.6 67.7 -
06-07-2018 0.0 3.0 64.7 -
07-07-2018 0.0 3.6 61.1 -
08-07-2018 0.0 4.4 56.7 -
09-07-2018 0.0 4.6 52.1 -
10-07-2018 2.6 1.2 53.5 2.6
11-07-2018 1.2 3.2 51.5 1.2
12-07-2018 0.0 3.0 48.5 -
13-07-2018 1.4 1.6 48.3 1.4
14-07-2018 2.0 2.0 48.3 2.0
15-07-2018 30.2 1.3 72.3 25.3
16-07-2018 0.6 1.5 71.4 0.6
17-07-2018 0.6 1.4 70.6 0.6
18-07-2018 0.0 1.8 68.8 -
19-07-2018 9.6 1.5 72.3 5.0
20-07-2018 0.0 1.9 70.4 -
21-07-2018 1.0 1.2 70.2 1.0
22-07-2018 12.4 15 72.3 3.6
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APPENDIX- VI

Analysis of variance table (ANOVA)

Table 6.1. ANOVA for soil pH at 0-15 and 15-30 cmasl depth in year 2017

0-15 15-30
Source of Degree of S - M S - M
Variation freedom um o ean sum um o ean sum
square of square square of square
Replication 2 0.040467 0.020233 0.092752 0.046376
Treatment 6 0.361124 0.060187 0.143162 0.02386
Error 12 0.429333 0.035778 0.198781 0.01656%

Table 6.2. ANOVA for soil electrical conductivity & 0-15 and 15-30 cm soil depth in year 2017

s ’ b ’ 0-15 15-30
ource o egree 0
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.032104 0.016052 0.012013 0.006007
Treatment 6 0.01951 0.003252 0.021415 0.003564
Error 12 0.108612 0.009051 0.133927 0.011161

Table 6.3. ANOVA for soil organic carbon at 0-15 ad 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 2.74381 1.371905 16.08 8.04
Treatment 6 22.82203 3.803671 6.293314 1.048886
Error 12 49.,94286 4.161905 133.02 11.085

Table 6.4. ANOVA for soil available nitrogen at 0-5 and 15-30 cm soil depth in year 2017

0-15 15-30
Source of Degree of S i M S - M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 78.87255 39.43627 91.4074 45.7037
Treatment 6 1547.294 257.8823 1691.955 281.9925
Error 12 145.2147 12.10123 107.5875 8.965621

Table 6.5. ANOVA for soil available phosphorus at @5 and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 4.,737067 2.368533 25.55523 12.77761
Treatment 6 677.2574 112.8762 490.1485 81.69142
Error 12 80.58027 6.715022 74.3939 6.199492
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Table 6.6. ANOVA for soil available potassium at @5 and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 21.73989 10.86994 7.7312 3.8656
Treatment 6 1476.783 246.1305 3148.425 524.7374
Error 12 170.979 14.24825 157.9179 13.15982

Table 6.7. ANOVA for soil exchangeable calcium at-@5 and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.70381 0.351905 0.140952 0.070476¢
Treatment 6 1.229524 0.204921 1.989524 0.331587
Error 12 5.09619 0.424683 3.599048 0.299921
Table 6.8. ANOVA for soil exchangeable magnesiunt &-15 and 15-30 cm soil depth in year
2017
Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.349267 0.174633 0.083343 0.041671
Treatment 6 0.838248 0.139708 0.515562 0.085927
Error 12 2.165067 0.180422 0.858724 0.07156

Table 6.9. ANOVA for soil sulphate sulphur at 0-1%nd 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 9.52381 4.761905 0.696429 0.348214
Treatment 6 58.55655 9.759425 47.59226 7.932044
Error 12 83.96577 6.997148 33.90774 2.82564%

Table 6.10. ANOVA for soil available zinc at 0-15=d 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.486257 0.243129 0.413981 0.20699
Treatment 6 0.65219 0.108698 0.683029 0.113834
Error 12 2.88621 0.240517 5.991086 0.499257

Table 6.11. ANOVA for soil available copper at 0-1%nd 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.019543 0.009771 0.25661 0.128305
Treatment 6 3.482895 0.580483 0.370362 0.061727
Error 12 6.78619 0.565516 4.306524 0.358877
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Table 6.12. ANOVA for soil available iron at 0-15 ad 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 4,875238 2.437619 66.03595 33.01798
Treatment 6 21.6381 3.606349 3.443095 0.573849
Error 12 126.3248 10.52706 19.50905 1.625754

Table 6.13. ANOVA for soil available manganese at05 and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 5.926667 2.963333 5.19201 2.596005
Treatment 6 21.28476 3.54746 8.483762 1.41396
Error 12 45.06667 3.755556 12.75712 1.063094

Table 6.14. ANOVA for soil bulk density at 0-15 andL5-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.000343 0.000171 0.000114 5.71E-05
Treatment 6 0.006067 0.001011 0.006048 0.001008
Error 12 0.00239 0.000199 0.001952 0.000163

Table 6.15. ANOVA for soil particle density at 0-15and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.016695 0.008348 0.003457 0.001729
Treatment 6 0.031467 0.005244 0.041667 0.006944
Error 12 0.020305 0.001692 0.059276 0.00494

Table 6.16. ANOVA for soil porosity at 0-15 and 150 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 3.423045 1.711523 1.476981 0.73849
Treatment 6 39.50542 6.584236 48.35351 8.058919
Error 12 12.31201 1.026001 28.84329 2.403607

Table 6.17. ANOVA for soil hydraulic conductivity a 0-15 and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.041038 0.020519 0.006429 0.003214
Treatment 6 0.157857 0.02631 0.339248 0.056541
Error 12 0.282829 0.023569 0.554838 0.046237
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Table 6.18. ANOVA for soil aggregate size distribion (WSA> 0.25) at 0-15 and 15-30 cm sail

depth in year 2017

0-15 15-30
Source of Degree of S i M S - M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 1.027743 0.513871 4.603457 2.301729
Treatment 6 33.9464 5.657733 23.41643 3.902738
Error 12 4.047657 0.337305 14.76494 1.230412

Table 6.19. ANOVA for mean weight diameter at 0-1and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.004638 0.002319 0.005267 0.002633
Treatment 6 0.045581 0.007597 0.0486 0.0081
Error 12 0.047162 0.00393 0.0102 0.00085

Table 6.20. ANOVA for maximum water holding capaciy (w/w, %) at 0-15 and 15-30 cm soil

depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.599895 0.299948 0.37761 0.188805
Treatment 6 52.03598 8.672663 42.83758 7.139597
Error 12 66.4439 5.536992 52.20159 4.350133

Table 6.21. ANOVA for field capacity (w/w, %) at 015 and 15-30 cm soil depth in year 2017

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.919038 0.459519 0.126667 0.063333
Treatment 6 72.14483 12.02414 62.94952 10.49159
Error 12 6.122229 0.510186 5.033333 0.419444

Table 6.22. ANOVA for permanent wilting point (w/w, %) at 0-15 and 15-30 cm soil depth in

year 2017
Source of Degree of 0-15 15-30
. 9 Sum of Mean sum Sum of Mean sum of
Variation freedom
square of square square square

Replication 2 0.348467 0.174233 0.140952 0.070476
Treatment 6 10.5455 1.757583 10.3981 1.733016

Error 12 0.834133 0.069511 0.919048 0.076587
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Table 6.23. ANOVA for plant available water (w/w, % at 0-15 and 15-30 cm soil depth in year

2017
0-15 15-30
Source of Degree of S f M S - M f
Variation freedom um o ean sum um o ean sum o
square of square square square

Replication 2 0.189524 0.094762 0.035238 0.017614
Treatment 6 28.15238 4.692063 22.34952 3.724921
Error 12 3.930476 0.32754 7.064762 0.58873

Table 6.24. ANOVA for plant height and number of fuit per plant in year 2017

Plant height Fruits plant™
Source of Degree of S f M S f M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 92.09524 46.04762 37.91534 18.95767%
Treatment 6 1898.37 316.3951 77.36508 12.89418
Error 12 334.2011 27.85009 77.93651 6.49470¢

Table 6.25. ANOVA for average fruit weight and aveage fruit diameter in year 2017

Average fruit weight Average fruit diameter
source of Degree of Sum of Mean sum Sum of Me f
Variation freedom u umo an sumo
square of square square square
Replication 2 26.97732 13.48866 0.64289 0.321445
Treatment 6 206.5418 34.42363 2.098149 0.349691
Error 12 181.0654 15.08878 2.093587 0.174466

Table 6.26. ANOVA for fruit yield per plant and fru it yield per hectare in year 2017

)

4

D

4

. . _l . . _l
Source of Degree of SFrztgfleld (plal\r/llggg S) _ s anrw]:[ y|eId|$I ha™) f
Variation freedom u u um o ean sum o
square of square square square
Replication 2 0.099722 0.049861 129.2403 64.62014
Treatment 6 0.71716 0.119527 929.4398 154.9066
Error 12 0.39834 0.033195 516.2481 43.02067
Table 6.27. ANOVA for fruit T.S.S in year 2017
Source of Degree of Sum of T'S'SMean sum Sum of WU:\EA -
Variation freedom u u um o ean sum o
square of square square square
Replication 2 0.476474 0.238237 0.124648 0.062324
Treatment 6 0.572465 0.095411 0.896416 0.149401
Error 12 0.719681 0.059973 0.497905 0.04149}

Table 6.28. ANOVA for soil pH at 0-15 and 15-30 creoil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.049524 0.024762 0.0168 0.0084
Treatment 6 0.063029 0.010505 0.1566 0.0261
Error 12 0.148543 0.012379 0.1226 0.010217
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Table 6.29. ANOVA for soil electrical conductivityat 0-15 and 15-30 cm soil depth in year 2018

s . 5 . 0-15 15-30
ource o egree o
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.043985 0.021993 0.112158 0.056079
Treatment 6 0.018334 0.003056 0.017672 0.002945%
Error 12 0.045653 0.003804 0.12065 0.010054

Table 6.30. ANOVA for soil organic carbon at 0-15 @ad 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 2.091429 1.045714 16.20857 8.104286
Treatment 6 23.84143 3.973571 11.6496 1.9416
Error 12 25.48857 2.124048 56.57143 4.714286

Table 6.31. ANOVA for soil available nitrogen at 015 and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 27.82344 13.91172 41.59966 20.79983
Treatment 6 1375.893 229.3155 1353.414 225.569
Error 12 151.6983 12.64153 120.8697 10.07247

Table 6.32. ANOVA for soil available phosphorus af-15 and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 15.40128 7.700639 2.383138 1.191569
Treatment 6 650.9164 108.4861 480.765 80.1275
Error 12 91.14805 7.595671 71.24245 5.936871

Table 6.33. ANOVA for soil available potassium at5 and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 14.93135 7.465676 145.3993 72.69966
Treatment 6 1639.919 273.3198 2364.723 394.120%
Error 12 177.1572 14.7631 154.1559 12.84632

Table 6.34. ANOVA for soil exchangeable calcium &@-15 and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.02381 0.011905 0.640952 0.320476
Treatment 6 1.222857 0.20381 1.491429 0.248571
Error 12 4.042857 0.336905 2.845714 0.237143
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Table 6.35. ANOVA for soil exchangeable magnesium 8-15 and 15-30 cm soil depth in year

2018
Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.111781 0.05589 0.0566 0.0283
Treatment 6 0.630362 0.10506 0.380962 0.063494
Error 12 3.772552 0.314379 0.833267 0.069439

Table 6.36. ANOVA for soil sulphate sulphur at 0-1%nd 15-30 cm soil depth in year 2018

0-15 15-30
Source of Degree of S i M S - M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 4.05506 2.02753 0.385417 0.192708
Treatment 6 148.8839 24.81399 80.69196 13.44866
Error 12 109.4866 9.123884 56.125 4.677083

Table 6.37. ANOVA for soil available zinc at 0-15=d 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.269267 0.134633 0.827838 0.413919
Treatment 6 0.365848 0.060975 0.290657 0.048443
Error 12 3.651467 0.304289 8.349429 0.695786

Table 6.38. ANOVA for soil available copper at 0-1%nd 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 2.592467 1.296233 0.138543 0.069271
Treatment 6 2.681324 0.446887 0.316429 0.05273§
Error 12 9.562733 0.796894 3.956857 0.329738

Table 6.39. ANOVA for soil available iron at 0-15 ad 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 34.69215 17.34608 1.183095 0.59154¢
Treatment 6 19.48998 3.24833 7.920981 1.320164
Error 12 80.00225 6.666854 22.1687 1.847392

Table 6.40. ANOVA for soil available manganese at-05 and 15-30 cm soil depth in year 2018

0-15 15-30
Source of Degree of S i M S - M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 2.549524 1.274762 2.858095 1.42904¢
Treatment 6 17.36952 2.894921 4.331429 0.721905%
Error 12 14.39048 1.199206 24.20857 2.017381
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Table 6.41. ANOVA for soil bulk density at 0-15 andL5-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.000812 0.000406 0.000314 0.000157
Treatment 6 0.002693 0.000449 0.007444 0.001241
Error 12 0.008093 0.000674 0.005196 0.000433

Table 6.42. ANOVA for soil particle density at 0-15and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.003467 0.001733 0.004829 0.002414
Treatment 6 0.054114 0.009019 0.036362 0.00606
Error 12 0.0316 0.002633 0.032038 0.00267

Table 6.43. ANOVA for soil porosity at 0-15 and 1530 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 3.120467 1.560233 1.619924 0.809962
Treatment 6 37.01512 6.169187 48.49136 8.081894
Error 12 12.64893 1.054078 14.17176 1.18098

Table 6.44. ANOVA for soil hydraulic conductivity a 0-15 and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.034924 0.017462 0.098981 0.04949
Treatment 6 0.178629 0.029771 0.288429 0.048071
Error 12 0.230543 0.019212 0.194486 0.016207

Table 6.45. ANOVA for soil aggregate size distribion (WSA> 0.25) at 0-15 and 15-30 cm sail

depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 1.485267 0.742633 2.18061 1.090304
Treatment 6 19.72066 3.286776 24.31927 4.053211
Error 12 3.8036 0.316967 7.52079 0.626733

Table 6.46. ANOVA for mean weight diameter at 0-1and 15-30 cm soil depth in year 2018

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.000257 0.000129 0.001229 0.000614
Treatment 6 0.080448 0.013408 0.039124 0.006521
Error 12 0.00801 0.000667 0.009905 0.00082%
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Table 6.47. ANOVA for maximum water holding capaciy (w/w, %) at 0-15 and 15-30 cm soil

depth in year 2018

)

4

0-15 15-30
Source of Degree of S i M S - M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 5.003838 2.501919 3.462257 1.73112¢
Treatment 6 45.61273 7.602122 28.12636 4.68772]
Error 12 62.1391 5.178258 49.28001 4.106661

4

Table 6.48. ANOVA for field capacity (w/w, %) at 015 and 15-30 cm soil depth in year 2018

3

Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 2.400952 1.200476 1.786667 0.893334
Treatment 6 50.63333 8.438889 52.42 8.736667
Error 12 13.01238 1.084365 6.26 0.521667

Table 6.49. ANOVA for permanent wilting point (w/w, %) at 0-15 and 15-30 cm soil depth in

)

]

year 2018
Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.120952 0.060476 0.675238 0.337614
Treatment 6 10.10952 1.684921 12.35619 2.059365%
Error 12 1.399048 0.116587 0.558095 0.04650¢

3

Table 6.50. ANOVA for plant available water (w/w, %9 at 0-15 and 15-30 cm soil depth in year

.

2018
Source of Degree of 0-15 15-30
Variation freedom Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 1.726667 0.863333 0.11881 0.059405
Treatment 6 15.54952 2.591587 17.86167 2.976944
Error 12 9.613333 0.801111 2.35119 0.195934

3

Table 6.51. ANOVA for plant height and number of fuit per plant in year 2018

3

4

Plant height Fruits plant™
Source of Degree of S ; M S f M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 53.46032 26.73016 46.32187 23.16093
Treatment 6 677.9153 112.9859 69.30039 11.55007
Error 12 371.7989 30.98325 79.97407 6.664506

Table 6.52. ANOVA for average fruit weight and aveage fruit diameter in year 2018

3

Average fruit weight Average fruit diameter
Source of Degree of S f M S ; M f
Variation freedom um o ean sum um o ean sum o
square of square square square
Replication 2 21.30347 10.65173 0.262185 0.131092
Treatment 6 315.0592 52.50986 0.591889 0.09864¢
Error 12 95.96633 7.997194 0.78251 0.06520¢

)
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Table 6.53. ANOVA for fruit yield per plant and fru it yield per hectare in year 2018

— T — T
source of Degree of SFLmtgfleld (plal\r/lltagg s)um SuanrL:)I: neg ISI::n )sum of
Variation freedom

square of square square square
Replication 2 0.274819 0.137409 356.1652 178.0826
Treatment 6 0.526102 0.087684 681.8282 113.638
Error 12 0.260583 0.021715 337.7156 28.14296
Table 6.54. ANOVA for fruit T.S.S and WUE in year D18
T.S.S WUE
\S/gﬁ;i;r?f ?rz%rdeg rr? f Sum of Mean sum Sum of Mean sum of
square of square square square
Replication 2 0.1586 0.0793 0.19443 0.097215
Treatment 6 0.113314 0.018886 0.372209 0.062035%
Error 12 0.71 0.059167 0.184359 0.015363

Table 6.55. ANOVA for pooled analysis data on sogH at 0-15 and 15-30 cm soil depth

- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 0.0520 0.026021 0.0515 0.025774
Year 1 0.0083 0.008288 0.1060 0.10600p
Treatment 6 0.2065 0.03441 0.2112 0.035202
Year x Treatment 6 0.2177 0.036283 0.0885 0.01475B
Error 26 0.6158 0.023686 0.3794 0.014592

Table 6.56. ANOVA for pooled analysis data on elegtal conductivity of soil at 0-15 and 15-30
cm soil depth

- Degree of 0-15 15-30
Source of Variation Sum of Mean sum Sum of Mean sum
freedom

square of square square of square
Replication 2 0.0072 0.0036 0.0968 0.04840Y
Year 1 0.0022 0.002229 0.0004 0.00044
Treatment 6 0.0271 0.004525 0.0383 0.006388
Year x Treatment 6 0.0107 0.001783 0.0008 0.00012p
Error 26 0.2232 0.008583 0.2819 0.010844
Table 6.57. ANOVA for pooled analysis data on soibrganic carbon at 0-15 and 15-30 cm soil

depth
- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom
square of square square of square
Replication 2 4.4719 2.235952 29.2500 14.625

Year 1 2.7056 2.70561 3.6021 3.602143
Treatment 6 46.2693 7.71155 17.3301 2.888343
Year x Treatment 6 0.3942 0.065693 0.6129 0.102143
Error 26 75.7948 2.915183 192.630(Q 7.408846

XXVi



Table 6.58. ANOVA for pooled analysis data on avaible nitrogen of soil at 0-15 and 15-30 cm

soil depth
o Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 39.0369 19.51847 74.3123 37.15617
Year 1 356.1492 356.1492 406.8006 406.8006
Treatment 6 2903.9862 483.9977 3003.797f 500.6329
Year x Treatment 6 19.2007 3.200114 41.5715 6.928585

Error 26 364.5721 14.022 287.1518 11.04438

Table 6.59. ANOVA for pooled analysis data on avaible phosphorus of soil at 0-15 and 15-30
cm soil depth

- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 10.7597 5.379843 20.8945 10.44725
Year 1 303.9877 303.9877 142.6106 142.6106
Treatment 6 1310.8393 218.4732 964.3789 160.7298
Year x Treatment 6 17.3346 2.889094 6.5346 1.0891083
Error 26 181.1070 6.965653 152.6802 5.872317

Table 6.60. ANOVA for pooled analysis data on avaible potassium of soil at 0-15 and 15-30 cm

soil depth
- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 13.4561 6.728038 47.5449 23.77246
Year 1 305.3166 305.3166 408.8448 408.8448

Treatment 6 3083.0442 513.8407 5416.26038 902.71

Year x Treatment 6 33.6575 5.609587 96.8875 16.14791
Error 26 371.3514 14.28275 417.6594 16.06382

Table 6.61. ANOVA for pooled analysis data on excimgeable calcium of soil at 0-15 and 15-30
cm soil depth

- Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 0.4519 0.225952 0.4471 0.223571
Year 1 0.1050 0.105 0.9152 0.915238
Treatment 6 0.9990 0.166508 1.6195 0.269921
Year x Treatment 6 1.4533 0.242222 1.8614 0.31023B
Error 26 9.4148 0.362106 6.7795 0.260751
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Table 6.62. ANOVA for pooled analysis data on excimgeable magnesium of soil at 0-15 and 15-
30 cm soil depth

- Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 0.4273 0.21366 0.0748 0.037379

Year 1 0.0797 0.079736 0.0011 0.00104

Treatment 6 0.9127 0.15211 0.1476 0.0245938
Year x Treatment 6 0.5559 0.092658 0.7490 0.12482B
Error 26 5.9713 0.229667 1.7572 0.067584

Table 6.63. ANOVA for pooled analysis data on sulgte sulphur of soil at 0-15 and 15-30 cm

soil depth
- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom
square of square square of square
Replication 2 11.8490 5.924479 0.2686 0.134301
Year 1 0.7533 0.753348 25.7325 25.73251
Treatment 6 100.0558 16.67597 75.9985 12.66642
Year x Treatment 6 107.3847 17.89745 52.2857 8.714286
Error 26 195.1823 7.507011 90.8460 3.494076
Table 6.64. ANOVA for pooled analysis data on avaible zinc of soil at 0-15 and 15-30 cm soil
depth
. Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom
square of square square of square
Replication 2 0.0664 0.033181 0.6717 0.33584
Year 1 0.2704 0.270402 0.0078 0.00779
Treatment 6 0.3970 0.066171 0.7484 0.12472p
Year x Treatment 6 0.6210 0.103502 0.2253 0.03755p
Error 26 7.2268 0.277955 14.9106 0.573486

Table 6.65. ANOVA for pooled analysis data on avaible copper of soil at 0-15 and 15-30 cm

soil depth
- Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 1.0809 0.54046 0.0450 0.022502
Year 1 0.1216 0.12161 0.0005 0.000467
Treatment 6 4.9887 0.831444 0.1534 0.02556p

Year x Treatment 6 1.1756 0.195926 0.5334 0.0889

Error 26 17.8800 0.687693 8.6135 0.33129
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Table 6.66. ANOVA for pooled analysis data on avaible iron of soil at 0-15 and 15-30 cm soil

depth
. Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 22.3809 11.19047 41.7932 20.89661
Year 1 5.4001 5.400086 2.3242 2.32415p
Treatment 6 17.1009 2.850149 8.8047 1.46745b6
Year x Treatment 6 24.0272 4.00453 2.5593 0.42655B
Error 26 223.5135 8.596672 67.1036 2.580907

Table 6.67. ANOVA for pooled analysis data on avaible manganese of soil at 0-15 and 15-30

cm soil depth
- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 1.1205 0.560238 7.8520 3.92600p
Year 1 0.0086 0.008571 0.0326 0.032598
Treatment 6 29.8395 4,973254 10.6645 1.777417
Year x Treatment 6 8.8148 1.469127 2.1507 0.358448
Error 26 66.8129 2.569725 37.1638 1.429377

Table 6.68. ANOVA for pooled analysis data on bulldensity of soil at 0-15 and 15-30 cm soil

depth
. Degree of 0-15 15-30
Source of Variation Sum of Mean sum Sum of Mean sum
freedom

square of square square of square
Replication 2 0.0003 0.000142 0.0003 0.000168
Year 1 0.0000 1.52E-05 0.0020 0.002042
Treatment 6 0.0079 0.001311 0.0134 0.002241
Year x Treatment 6 0.0009 0.000149 0.0000 7.22E-06
Error 26 0.0114 0.000437 0.0073 0.000279
Table 6.69. ANOVA for pooled analysis data on partle density of soil at 0-15 and 15-30 cm soill

depth
. Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom
square of square square of square
Replication 2 0.0026 0.001293 0.0043 0.00215
Year 1 0.0149 0.01486 0.0145 0.01448b6
Treatment 6 0.0826 0.013765 0.0760 0.01267b
Year x Treatment 6 0.0030 0.000498 0.0020 0.00034

Error 26 0.0695 0.002672 0.0953 0.003665
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Table 6.70. ANOVA for pooled analysis data on pordy of soil at 0-15 and 15-30 cm soil depth

o Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 0.5190 0.259487 3.2398 1.619924
Year 1 3.6827 3.682738 0.3420 0.34200p
Treatment 6 75.9550 12.65916 96.9827 16.16379
Year x Treatment 6 0.5656 0.09426 0.5580 0.092991
Error 26 30.9855 1.191749 43.7635 1.683211

Table 6.71. ANOVA for pooled analysis data on satated hydraulic conductivity of soil at 0-15

and 15-30 cm soil depth

- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 0.0756 0.037781 0.0493 0.024638
Year 1 0.0123 0.012343 0.0215 0.021488
Treatment 6 0.3283 0.054716 0.6099 0.101658
Year x Treatment 6 0.0082 0.001365 0.0177 0.00295p
Error 26 0.5138 0.01976 0.8055 0.03097P

Table 6.72. ANOVA for pooled analysis data on agggate stability of soil at 0-15 and 15-30 cm

soil depth
- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 2.3264 1.16321 2.0956 1.047788
Year 1 1.0880 1.088038 0.0738 0.07375p
Treatment 6 51.7997 8.633283 47.0747 7.84578
Year x Treatment 6 1.8674 0.311227 0.6610 0.11016P
Error 26 8.0378 0.309148 26.9742 1.03747

Table 6.73. ANOVA for pooled analysis data on meaweight diameter of soil at 0-15 and 15-30

cm soil depth
- Degree of 0-15 15-30
Source of Variation freedom Sum of Mean sum Sum of Mean sum
square of square square of square
Replication 2 0.0025 0.001267 0.0052 0.00260p
Year 1 0.0034 0.003438 0.0000 3.81E-05
Treatment 6 0.0637 0.010622 0.0250 0.00414
Year x Treatment 6 0.0623 0.010383 0.0628 0.01044
Error 26 0.0575 0.002213 0.0214 0.000823
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Table 6.74. ANOVA for pooled analysis data on maxiomm water holding capacity of soil at 0-15

and 15-30 cm soil depth

- Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 4.4561 2.228031 3.0355 1.51774pb
Year 1 3.2259 3.225943 4.2752 4.275238
Treatment 6 94.2451 15.70751 66.7091 11.11819
Year x Treatment 6 3.4037 0.567276 4.2548 0.70913B
Error 26 129.7307 4.989641 102.286(0 3.934076

Table 6.75. ANOVA for pooled analysis data on fieladapacity of soil at 0-15 and 15-30 cm soil

depth
- Degree of 0-15 15-30

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 2.9758 1.487902 0.8033 0.40166[7
Year 1 0.5417 0.541736 2.9336 2.93357]L
Treatment 6 121.6497 20.27496 114.7314 19.1219
Year x Treatment 6 1.1284 0.188069 0.6381 0.10634P
Error 26 19.4788 0.749184 12.4033 0.477051

Table 6.76. ANOVA for pooled analysis data on pernmr@nt wilting point of soil at 0-15 and 15-30

cm soil depth
- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square

Replication 2 0.3601 0.180045 0.1729 0.086420
Year 1 2.2080 2.208021 2.1488 2.14881

Treatment 6 20.5319 3.421982 22.5348 3.755794
Year x Treatment 6 0.1231 0.020521 0.2195 0.03658)7
Error 26 2.3425 0.090097 2.1205 0.08155[7

Table 6.77. ANOVA for pooled analysis data on planavailable water of soil at 0-15 and 15-30
cm soil depth

- Degree of 0-15 15-30
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom
square of square square of square
Replication 2 1.3848 0.692381 0.2376 0.11881

Year 1 49371 4.937143 0.0610 0.06095p
Treatment 6 42.4224 7.070397 35.7233 5.953889
Year x Treatment 6 1.2795 0.213254 0.6690 0.111508
Error 26 14.0752 0.541355 13.8424 0.532399
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Table 6.78. ANOVA for pooled analysis data on planheight and number of fruit per plant of

tomato
o Degree of Plant height Fruits plant™

Source of Variation freedom Sum of Mean sum Sum of Mean sum

square of square square of square
Replication 2 138.2063 69.10317 74.0599 37.02994
Year 1 1110.8571 1110.857 2.1473 2.147302
Treatment 6 2283.6614 380.6102 125.610(0 20.93501
Year x Treatment 6 292.6243 48.77072 21.0554 3.509239
Error 26 713.3492 27.43651 168.0879 6.4649p

Table 6.79. ANOVA for pooled analysis data on avege fruit weight and average fruit diameter

o Degree of Average fruit weight Average fruit diameter
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 17.6842 8.842121 0.7733 0.38665%
Year 1 59.0012 59.00115 1.3531 1.353113
Treatment 6 491.6226 81.93709 2.0269 0.337815
Year x Treatment 6 29.9784 4.996402 0.6631 0.110525
Error 26 307.6283 11.83186 3.0079 0.115687

Table 6.80. ANOVA for pooled analysis data on fruityield per plant and fruit yield per hectare

o Degree of Fruit yield (plant kg ™) Fruit yield (t ha™)
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 0.3284 0.164188 485.8860 242.943
Year 1 0.0396 0.039614 24.6724 24.67244
Treatment 6 1.2140 0.20234 1815.7379 302.623
Year x Treatment 6 0.0292 0.00487 11.5613 1.92688|/
Error 26 0.7051 0.027119 953.5026 36.67318

Table 6.81. ANOVA for pooled analysis data on fruifl.S.S and water use efficiency

- Degree of 1SS WUE
Source of Variation f Sum of Mean sum Sum of Mean sum
reedom

square of square square of square
Replication 2 0.4595 0.229754 0.2922 0.146117
Year 1 0.0740 0.074032 2.4078 2.407801
Treatment 6 0.5648 0.094142 1.1914 0.19856B

Year x Treatment 6 0.1209 0.020155 0.0772 0.01287

Error 26 1.6052 0.06174 0.7091 0.027278
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ABSTRACT

The present study entitled “Effect of mulch on spiloperties and yield of tomatdSalanum
lycopersicum L.)” was conducted at the research farm of the Etemnt of Soil Science and Water
Management, Nauni, Solan during the years 20172848 with seven treatments viz;-BM, T,-SM, Ts-TM,
T4+MM, Ts-GM, Te-PM and T-NM with three replications in randomized block idgswith plot size of 4mx2m
and spacing 90cmx30cm. Black mulch increased meig20.34 and 19.08%) at surface and (21.59 ari718.
%) at subsurface depths as compared to no mulgkdan 2017 and 2018, respectively. The transparemtim
increased maximum and minimum soil temperaturesoagpared to other treatments at both 15 cm and80 ¢
soil depths. The porosity was found the highestd®hnd 51.15 %) under grass mulch, which wasated to
higher organic carbon contents (20.35 and 18.3§% &nd lower bulk density (1.27 and 1.29 M&)nat 0-15
and 15-30 cm soil depths, respectively. The plaatlable water was found significantly maximum @%.and
15.63 %) under grass mulch at 0-15 and 15-30 cirdepths, respectively. The availability of macnatnrents
(N, P and K) in soil was recorded significantly iég under the black polyethylene mulch. The higipésstt
height (172.2 cm), fruit per plant (28.33), fruieight (62.2 g), fruit diameter (5.76 cm) and yié63.6 t h&)
were observed in #BM. The yield under black mulched treatment wa8@er cent higher than the control.
The maximum water use efficiency (1.86a" cm) was recorded under;"BM which was 44.53 per cent
higher as compared to no mulch treatment. The maximet return per hecte €  9.46 lakhs with higher B:C
ratio (4.58) was found under;-BM. The study has led to a conclusion that maxingizavater use efficiency,
yield and net economic returns of tomato in midifeigion of Himachal Pradesh;-BM i.e. black polyethylene
mulch could be the best.
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