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ABSTRACT

An experiment entitled, “Effect of different in-situ soil moisture conservation
techniques in maize under Shiwalik Foothils of Jammu and Kashmir>’ was conducted at the
Research Farm of Advanced Centre for Rainfed Agriculture, ACRA Dhiansar of Sher-e-Kashmir
University of Agricultural Sciences and Technology of Jammu during the Kharif season of 2016.
The soil of the experimental field was sandy loam in texture, near to neutral, low in organic
carbon and available nitrogen and medium in available phosphorous and potassium. The
experiment was laid out in randomized block design during kharif season of 2016 with three
replications each. The experiment consisted of 9 treatments viz. T, - Flat Bed, T, - Broad Bed
Furrow, Ts- Flat Bed + mulching with in-situ raised Dhaincha, T, -Broad Bed Furrow + mulching
with in-situ raised Dhaincha, Ts-Flat Bed + mulching with in situ raised Sunhemp, Ts- Broad Bed
Furrow + mulching with in-situ raised Sunhemp, T, - Flat Bed + mulching with Leucaena
prunings, Tg- Broad Bed Furrow + mulching with Leucaena prunings and Tg - Farmer’s practice.
The field was ploughed twice with disc harrow followed by planking to prepare a fine seed bed.
Plot paths, replication borders and drainage channels were made manually. The plots were
leveled before planting of kharif maize. However, Broad Bed and Furrow plots were raised using
Bed making machine. Hybrid maize variety Double dekalb was sown in lines on 5" of July using
full dose of P and K along with 2/3™ dose of N as basal dose at the time of sowing through
inorganic sources of nutrients viz. Urea, DAP and MOP, respectively as per package of practices
and remaining Nitrogen was applied just before the application of mulches while in farmers
practice only Urea and DAP as inorganic fertilizers were applied in maize crop sown by
broadcasting method without following any plant protection measures . However, the seeds of the
mulch crops viz: Dhaincha and Sunhemp were also sown by broadcasting method at the time of
final ploughing as per the technical programme. Leucaena prunings (Ex-situ) were taken from the
plants growing in surroundings 35 DAS at the time of spreading of mulches.
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CHAPTER-1
INTRODUCTION

Maize (Zea mays L.) is the third most important cereal crop in the world after
wheat and rice which occupies a prominent place in world agriculture due to its wide
spread cultivation in tropics, sub-tropics and temperate regions of the world. Maize being
grown globally on an area of about 185 million ha with a production of about of 1040
million tonnes. Maize in India is known as ‘King of cereals’ because of its high
production potential and wider adaptability, is cultivated on an area of 8.69 million ha
with a production of 21.81 million tonnes and the productivity of 25.09 g/ha
(Anonymous, 2016a). The state of Jammu and Kashmir has the distinction of being maize
forms the staple diet of majority of the people living in the state and is grown on larger
area than wheat and rice while in Jammu region, it is the second most cereal crop after
wheat. The total area under maize in Jammu and Kashmir state is 293.86 thousands ha
and out of which 230.69 thousand ha lies in Jammu Division, has a production and
productivity of 3600 thousand quintals and 17.82 g/ha (Anonymous, 2016b),
respectively. Moreover, in Jammu region, the production and productivity of maize is
1444 thousand quintals and 18.00 g/ha (Anonymous, 2016b), respectively.

Maize being the dominant Kharif crop of rainfed areas of Jammu province, is
seriously suffering due to erratic and unpredictable rainfall, soils being light and medium
texture leads to low water holding capacity and the lands are often having uneven
topography, the rain water runs off quickly and removes top soil and fertilizers leading to

reduction in maize productivity.

Maize is grown on farrowed or slopping lands, largely under Rainfed conditions
and thus experience deficit moisture stress at different stages of growth. The uneven
distribution of rainfall in time and space often causes dry spells of two weeks or even
more resulting in moisture stress conditions during critical stages of maize crop,
especially during the cob formation /grain filling stage which is the most critical stage
with respect to productivity. Thus the major constraint for establishing a crop is the lack



of adequate moisture in the root zone (Hadda ef a/. 2000; Bhat et al. 2004). But due to
inadequate, uneven distribution and erratic behaviour of rainfall during growth span of
crop resulted in moisture stress. Therefore, it becomes essential to supply water to plant
by adopting in-situ soil conservation measures for increasing water use efficiency. These
causes adoption of in-situ moisture conservation practices and enhance productivity

under rainfed ecosystem (Subudhi, 2011).

Mulches improve the physical condition and fertility of the soil, check runoff and
soil erosion, increase infiltration (Ghosh et al. 2006), help in maintaining soil
temperature, impede movement of water vapour (evaporation) from soil to air, check
weed growth and thereby, reduce evapo-transpiration losses of water (Blevins and Frye,
1993), develop high humidity within the residue mulch (Phillips and Phillips, 1984) and
reduce the kinetic energy of impacting rain drops on the soil surface and thus, reduce soil
compaction and aggregate disintegration (Mbagwu, 1991). Mulching is one of the useful
practice in rainfed areas for controlling erosion, weed growth and conserving moisture as
well as nutrients in the soil profile (Sharma et al. 2000 and 2005). Studies have shown
that mulching with available vegetative materials like dry leaves of Sal trees (Shorea
robusta), Wild sage (Lantana camara), Eupatorium (Eupatorium adenophorum) etc,
during maize growing season improved moisture conservation and crop productivity
(Acharya et al. 1998). There is a possibility of biomass production and nutrient cycling
through live mulching of in- situ grown annual legumes viz. Sunhemp and Dhaincha as
well as perennial leguminous tree viz. Leucaena leucocephala as hedge rows along with
the field crops which develops canopy cover quickly and might be helpful in conserving
the moisture, checking erosion and reducing weed growth beside producing ample
quantity of N-rich biomass. Sunhemp and Dhaincha are fast growing green manure crops
and develops canopy cover quickly, which not only help in checking erosion and
reducing weed growth but may also helps in conserving the moisture if used as mulch.
Introduction of Leucaena leucocephala in India in 1970s was hailed as a wonder tree
because of its huge potential for production of biomass (20-25 t/ha), N (500 kg N/ha) and
suitability for excessive lopping in alley or huge cropping system. Use of Leucaena
prunings as fodder has not found much favour with farmers due to the presence of mom

sine toxin, particularly in the rainy season, but it can be used as mulch because of



succulent biomass rich in N (3-5%) and low C:N ratio. Mulching or incorporation of
tender twigs of Leuceana has been found beneficial for moisture conservation, meeting N
requirement of maize with significant residual effect on soil fertility and productivity of
crop (Lehria er al. 2006). Hence, there is a dire need to adopt location specific in-situ soil
moisture conservation technologies by which the area could be ecologically rehabilitated
and its production potential could be realized on a sustained basis. Therefore, in order to
improve the maize productivity in rainfed areas of Jammu, there is need to conserve
moisture in root zone using locally available vegetative biomass as mulch material such
as Dhaincha, Sunhemp, Leucaena prunings so as to increase the infiltration by reducing
the rate of runoff, temporarily impounding the water on the surface of the soil to increase
the opportunity time for infiltration, thereby making water available in the root zone.

Likewise establishment methods such as Broad Bed and Furrow method (BBF),
Ridge and Furrow method are also supposed to be beneficial with respect to in-situ
conservation 0f soil moisture under rainfed situations where moisture is the limiting
factor and rainfall is the only source of water (Channappa and Ashoka, 1992). Concept of
Furrow Irrigation Raised Bed method (FIRB) and Broad Bed and Furrow method (BBF)
alter the soil physical properties, making better aeration in the soil pores and root zone
and better infiltration of water into the soil, thereby resulting in better grain yield (Ratan
et al. 2005). Broad Bed and Furrow (BBF) system might prove to be an effective land
management practice for maximizing infiltration, minimizing erosion and total runoff,
facilitating drainage and improving water use efficiency which may be helpful to maize
crop during different growth stages in overcoming the moisture stress especially during
grain filling / cob formation stage due to early cessation of monsoon rains which

otherwise results in drastic decline in maize productivity.

Hence, keeping the above facts in the forefront, a study entitled “Effect of
different in-situ soil moisture conservation techniques in maize under Shiwalik

Foothils of Jammu and Kashmir” is proposed with the following objectives:

1. To find out the most suitable vegetative bio-mass as mulch for in-situ moisture

conservation for improving maize productivity.



To find out the most efficient establishment method for in-sifu moisture

conservation for improving maize productivity.

To workout the relative economics of different in-sifru moisture conservation

techniques and establishments methods.
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CHAPTER-2
REVIEW OF LITERATURE

The research work conducted so far in India and abroad and the available
information relevant to the research investigation entitled “Effect of different in-situ soil
moisture conservation techniques in maize under Shiwalik Foothils of Jammu and

Kashmir” have been compiled in this chapter under various headings:

2.1 Effect of different in-situ soil moisture conservation techniques on

growth parameters in kharif maize

Khera et al. (1976) reported that the mulch increased the height of 27-day plants
by 15 cm in 1973 and that of 31 day plants by 19 cm in 1974. At harvest, the crop in the
mulched plots averaged about 35 cm taller than that in the unmulched plots. Mulching
also increased dry matter per plant by 61per cent in 17-day plants in 1973 and by 30 per
cent in 35-day plants in 1974.

Meelu and Morris (1988) studied the effect of different in situ moisture
conservation  sources different mulch organic materials on maize production and
reported that the dry matter production of maize was higher with Dhaincha (8.9 t/ha)
followed by Sunhemp (8.1 t/ha), Soybean (6.4 t/ha) and Cowpea (3.3 t/ha) at 60 days

after sowing over sole cropping.

Bhagwandin and Bhatia (1998) conducted a field experiment at Bijapur to
evaluate the effect of sowing methods and mulching on the intercropping of blackgram
with maize under rainfed conditions and reported that plant height was significantly
superior in compartmental bunding with 3 m x 3 m distance followed by compartmental

bunding of 4.5 m x 4.5 m distance compared to unbounded control.

Ramakrishnan ez al. (2002) from Coimbatore, Tamil Nadu compared the growth
and yield of maize under five different planting techniques viz., compartmental bunding,
broad bed and furrows, ridges and furrows, flat bed sowing and flat sowing under

moderately well drained, rainfed situation in sandy clay loam soil and reported that the



plants under ridge and furrows planting pattern maintained their superiority in respect of
growth characters i.e. plant height, LAl and dry matter production.

Sharma et al. (2009) conducted an experiment to evaluate the effect of mulching
on soil properties under maize-wheat crop rotation and observed that the dry matter
accumulation varied from 0.75 to 1.45 t/hain Sunhemp incorporation plots at 30-35 days
of growth which added 21.6 to 41.3 kg N/ha.

Das et al (2013) worked on the In-situ moisture conservation and nutrient
management practices in fodder-sorghum (Sorghum bicolor)and reported that among the
five in-situ moisture conservation practices viz., control (flat-bed sowing), ridge and
furrow sowing, mini-trenches (1 m x 0.2 m x 0.2 m) at 2 m x 1 m interval, grass/
straw/tree leaves mulching @ 8 t/ha and 'Pusa hydrogel’ 5.0 kg/ha maximum plant height
(135.1 and 207.4cm) and tillers number/plant (2.7 and 4.3) after 30 and 60 DAS,
respectively, were recorded in mini-trenches. Also, number of leaves/plant (33.2), crop
canopy diameter/plant (66.8) and leaf to stem ratio (0.54) were the highest in mini-

trenches followed by grasses/straw/tree mulch treatments.

Ling et al. (2013) observed significantly higher growth rate in the plastic film
mulching as compared to the non mulched treatment which was 81 per cent higher during
the 6th leaf stage (V6) to 12th leaf stage (V12), 71 per cent higher during the 6th leaf
stage (V6) to 12th leaf stage (VV12) and 66 per cent higher during the 12th leaf stage
(V12) to silking stage (R1) stages in 2010. In 2011, the increases were 265 per cent
during the 6th leaf stage (\V6) to 10th leaf stage (\V10) and 60 per cent during the 10th
leaf stage (\V10) to silking stage (R1).

Gul et al. (2014) concluded that the highest leaf area/plant and plant height were
obtained in the hand weeding treatment (4848 cm”and 173 cm) and black plastic mulch
(4844 cm?and 172 cm), followed by weeds mulch (4432 cm?and 162 cm), white plastic
(4426 cm®and 161 cm) and living mulch (4360 cm? and 154 cm), respectively against
3537 cm?and 152 c¢m in weedy check.

Yaseen et al. (2014) carried out an experiment to study the effect of deficit

irrigation and mulch on soil physical properties and growth and yield of maize and



reported that the mulch had significant effect on plant height of maize and the maximum
value of plant height (235.2 cm) was found in treatment where straw was applied @ 15
t/ha and minimum plant height of 217.9 cm was in control.

Rajput et al. (2014) concluded that the straw mulch recorded significantly higher
plant height (215.06 cm) and dry matter accumulation per plant (59.22 g/plant) as
compared to all other treatments. However, lowest plant height (207.07 cm) dry matter
accumulation 55.08 g /plant) were noticed with control treatment. Interaction between
row spacing and mulching for plant height was recorded maximum by paddy straw mulch

x 30 cm row spacing and significantly superior over all other interaction levels at harvest.

Singh et al. (2014) recorded maximum plant height (209.8 cm at harvest), leaf
area index (4.19 at 75 days after sowing), dry matter accumulation (1127.5g/m™ at
harvest) and crop growth rate (18.26 g/m%day at 61-75 days after sowing) of maize with
the application of FYM mulch as compared to the dry weed bio-mass mulch and other

treatments (without irrigation and mulch).

Uttam et al. (2015) conducted an experiment at Soil Conservation and Water
Management Farm of C. S. Azad University of Agriculture and Technology, Kanpur with
3 moisture conservation practices (one weeding and hoeing by khurpi 20 DAS, ridging
and furrowing with the help of spade at 20 days after sowing (DAS) in between the crop
rows and pre-emergence of atrazine @ 1.0 kg a.i. /ha) and recorded that the growth
parameters viz. plant height, stem girth and crop were recorded higher in ridging and

furrowing practice than other two moisture conservation practices.

Xu Jie et al. (2015) recorded that the amount of dry matter was significantly
higher under plastic film mulching conditions as compared to control conditions at each
growth stage. The dry matter value at the the eighth leaf stage (\V8), the twelve leaf stage
(V12), silking stage (R1), and milking stage (R3) stages was 2.0 Mg/ha, 4.4 Mg/ha, 9.6
Mg/ha, and 19.1 Mg/ha, or 77 per cent, 70 per cent, 53 per cent, and 36 per cent higher
than the control treatment values, respectively. At harvest, the total dry matter in the
plastic film mulching-treated field was 25.0 Mg/ha, or 24 per cent higher than that in the
control treatment field (20.2 Mg/ha).



2.2 Effect of different in-situ soil moisture conservation techniques on yield and

yield attributes in Kharif maize

Bhan (1976) conducted a field experiment on the effect of conservation practices
and N levels on yield, water use and root developments of rainfed maize and observed the
marked improvement in the yield of rain-fed maize due to straw mulch attributed to better

root development and soil moisture extraction.

Katama (1979) conducted a field experiment at Agricultural Research Station,
Ananthapur (Unpubl) to study the soil and moisture conservation structures and revealed
that forming a dead furrow and forming compartments with bund former conserves rain

water and improves grain yields of maize by 15-30 per cent.

Hoefer et al. (1981) reported that the mulch can decrease soil temperature and
retain better root growth in maize in case of coarse textured soil and grain yield was more
in loamy sand than sandy loam soil mulching has potential for increasing soil water

storage.

Mittal ez al. (1986) and Vijayalakshmi, (1987) revealed that sowing of maize on
ridges and furrows method increased mean maize yield by 59 per cent as compared to the
conventional practice of sowing (flat sowing) along the slope.

Simpson and Gumbs (1986) conducted a field experiment to study the effect of
mulching and tillage on germination, growth, nutrient uptake and yield of maize and
reported that mulched plots gave higher seed weight than non mulched plots in maize.
The increased grain yield and 1000 grain weight in ridge-furrow with and without mulch
due to favourable effects of moisture conservation on growth and yield attributes.

Srivastava et al. (1988) revealed that the ridges and furrows showed 30 per cent

increase in grain yield of maize crop as compared to flat bed.

Lal et al. (1988) from Pantnagar, Uttranchal in their study to evaluate the effect of

three methods of planting viz. flat, ridge and raised beds on grain yield of maize reported



highest grain yield (45.3 g/ha) under ridge planting, which was at par with that of bed (
42.4 g/ha). Ridge planting and bed planting both methods gave significantly higher grain
yield over flat planting (32.9 g/ha).

Brar and Cheema (1988) while conducting an experiment on loamy sand soil at
Punjab Agriculture University, Ludhiana deliberately created excess water conditions at
35, 55 and 35+55 days after sowing (DAS) to maize and observed that ridge planting
(33.5 g/ha) gave higher grain yield, which was significantly higher than that of
conventional planting (31.2 g/ha).

Bhandari et al. (1988) while comparing the performance of Kharif maize under
three methods of planting viz. crop sown in normal rows (60 cm), paired rows (30; 90
cm) and skipped rows (120 cm) and reported 4.1 t/ha grain yield under first method of
planting, which was significantly higher than those of second methods of planting which
were at par with each other. The decrease in grain yield of maize was 11.9 and 20.4 per

cent with paired and skipped rows of planting.

Bhagwandin and Bhatia (1998) conducted field experiment at Bijapur to evaluate
the effect of sowing methods and mulching on the intercropping of blackgram with maize
under rainfed conditions and reported that the broad bed furrow and ridge gave
significantly higher test weight, grain yield and fodder yield of maize when compared to

flat sowing of Kanpur.

Tisdall and Hodgson (1990) studied the effect of ponding time in ridge and flat
planting and reported that the final dry matter yield was 19 to 22 t/ha in ponding of water
for 0 to 24 hour in ridge planting as compared to 14 t/ha in 6 hourly ponding water in flat
sown crop. Thus, ridge planting produced 5 to 6 t/ha more dry matter than flat planting.

Gupta et al. (1990) from Hissar, Haryana observed that under black clay soil
condition, ridging proved not only beneficial in improving emergence of maize but also

boosted the grain yield by 14-16 per cent over flat sowing.

Radder et al. (1991) conducted a field experiment at Bijapur on Compartment

bunding-an effective in situ moisture conservation practice on medium deep black soil



and observed that the ridge furrow beds resulted in significantly higher test weight of

maize as compared to flat bed sowing.

Singh and Brar (1994) found that mulching significantly increased the grain yield

of Maize.

Wicks et al. (1994) conducted a field experiment to study the Influence of wheat
(Triticum aestivum) straw mulch and metolachlor on corn (Zea mays L.) growth and yield
and observed that the highest soil moisture reserves were observed in plots mulched at 6
and 8 t/ha rates throughout the sampling periods. This might be attributed to the fact that
the thick mulch layers protected the soil surface against solar radiation thereby reduced

evaporation and enhanced favourable moisture storage.

Patil er al. (1994) from Akola, concluded that the broad bed and furrow method
and vertical mulch recorded significantly higher total soil moisture content over flat bed
upto 60 cm soil profile during kharif season with sorghum planting. Likewise, Sharma et
al. (2000) also reported that mulching during standing crop of maize was more effective

in conserving rainwater than at maize harvest.

Vogel (1996) working in North Zimbabwe revealed that ridge planting resulted in
prolific, denser and deeper maize root system as compared to ploughing which
consequently resulted in higher grain yield (6.6 t/ha) in ridge planting as compared to
ploughing (5.1 t/ha).

Sharma et al. (1998) reported that the mulching was more beneficial when applied
during standing crop of maize, when the soil profile is almost saturated with water.
Mulching reduced evaporation flux and allowed redistribution of moisture within the soil
profile. Further, mulching also checked runoff from the intermittent rain showers
received late in the season, encouraged infiltration and reduced evaporation from soil

surface, leading to retention of greater moisture in the soil profile.

Patil (1998) conducted a field experiment to study the effect of different soil
moisture conservation methods and noticed significantly higher soil moisture in 60 cm

soil profile in the plots laid out with compartment bunding and ridges and furrow



respectively over flat bed. Moreover the effect of different moisture conservation
establishment methods in maize and reported that formation of compartmental bunding
and ridges and furrows significantly out yielded flat bed during a two year study and the
per cent increase was 23 and 26, respectively. Similar trend was observed for straw yield

also. Higher yields were observed due to increase in water use efficiency.

Debebe (1999) conducted an experiment on maize in sandy loam soil under
excess water conditions and reported significantly better performance of maize crop in
respect of growth and yield attributes in ridge planting than flat planting. They observed
significant increase @ 11.1 per cent in number of cobs per plant, 7.0 percent increase in
number of grains per cob and 2.9 per cent increase in test weight respectively, thus
resulting overall 9.9 per cent higher grain yield over flat planting.

Li et al. (2000) conducted an experiment during rainy season located in the dry
semi-arid regions of north-west China (Gaolan County, Lanzhou, Gansu Province) to
evaluate the In-situ rainwater harvesting and gravel mulch combination for corn
production in the dry semi-arid region of China and reported that corn grain yield based
on both area of ridges and furrows occupied treated plots were significantly higher than
other non treated plots. Plastic-covered ridge and gravel mulched furrow method of water
harvesting was the most successful treatment with more than two times higher grain

yields.

Patil and Sheelavantar (2001) studied the effect of different in situ moisture
conservation practices in maize crop and reported that ridge and furrow method of
moisture conservation practice gave the significantly higher yield (1603 kg/ha) of maize
as compared to compartment bunding (1276 kg/ha).

Ramakrishnan et a/.(2002) reported that the plants under ridge and furrow
planting techniques maintains their superiority in yield attributes like cob length and
number of grains per row of cob which lead to significantly higher grain yield in ridges
and furrow (34.6 g/ha) over flat planting (30.2 g/ha).



Musambasi et al. (2003) conducted an experiment to study the effect of different
establishment methods on the maize productivity and observed that maize sown on ridges

provided the maximum grain yield.

Kureel et al. (2004) conducted a field experiment to evaluate the effect of fertility
levels and moisture conservation practices on maize (Zea mays L.) production under
rainfed condition and reported that ridging and furrowing practice registered
significantly higher values of all yield attributes

Das et al. (2004) conducted field experiments to study the effect of moisture
conservation practices in maize-rapeseed cropping system and reported that the mulching
treatments enhanced soil moisture content by 11-2 + 2-15 per cent (+ indicates standard
deviation) at depth of 30 — 40 cm to 20-8 * 4-5 per cent at depth of 0-15 cm under
Conventional Tillage after RW ragweed mulch application than that under control (no
mulching).

Patil and Sheelavantar (2004) from Bijapur reported that increase in grain yield
with compartmental bunding was by 26.8 per cent (1570 kg/ha) as compared to flat bed
(1238 and 1314 kg/ha, respectively). Further, with adoption of ridge furrow, grain yield
increased to the higher extent of 33.9 (1658 kg/ha) and 17.7 per cent (1547 kg/ha) during
1994-1995 and 1995-1996 over flat bed, respectively.

Woldetsadik et al. (2005) conducted a field experiment during the rainy season to
study the effect of nitrogen levels and moisture conservation practices on soil, water,
yield and yield components of maize (Zea mays L.) in the rift valley of central Ethiopia
and observed the highest 17.4 and 24.3 gms, 1000 seed weight were recorded from 20
and 30 kg N/ha at Dera and Melkassa, respectively. Ridge and furrow plus straw
mulching gave the highest grain weight as compared with other treatments.

Woldetsadik et al. (2005) conducted a field experiment under the rainfed
conditions to study the effect of moisture conservation practices on yield and vyield
components of maize (Zea mays L.) and reported that among the different in situ
moisture conservation practices, ridge and furrow without straw mulching increased the

water use efficiency by 30 per cent followed by ridging and furrow plus straw mulching



which increased water use efficiency up to 22.6 per cent at Melkassa. At Dera, ridge and
furrow plus straw mulching increased the water use by 67.9 and they also observed that
there was non significant difference in harvest index. However the highest value of

harvest index was obtained from ridge and furrow plus mulching at both sites.

Bakht ez al. (2007) concluded that sowing methods had a significant effect on the
number of grains per cob and they obtained maximum grains per cob in ridge sowing

method as compared to flat sowing method and other sowing methods.

Chopra and Angiras (2008) revealed that raised seed bed and conventional tillage
being statistically on par with each other, produced significantly higher values of yield
contributing characters (number of rows/cob and 1,000 grain weight) and grain and

stover yield of maize than other treatments.

Kumar (2008) conducted a field experiment at Kanpur on the Influence of in-situ
soil moisture conservation techniques on moisture use efficiency, yield and economics of
maize under rainfed condition to study the growth of maize under varying planting
methods viz. flat bed and modified bed (ridges and furrow) and reported that maize crop
plants grown on modified bed (ridges and furrow) treatment showed significant increase

in plant height, 1000 grain weight, grain yield and water use efficiency.

Mbah et al. (2010) while working on the influence of different mulch and non
mulch materials in maize reported that yield attributes like cob length, cob girth, numbers
of seeds per cob, grain and stover yield were significantly influenced by tillage and
mulches. All the yield attributes were higher in ridge furrow followed by raised bed over
zero tillage. The grain and stover yield were higher with ridge furrow (18.0 and 10.1 per
cent, respectively) followed by raised bed (14.5 and 8.6 per cent, respectively).

Sharma et al. (2010) conducted a field experiment to study the effect of in-situ
grown live mulching with legumes viz. sunnhemp (Crotalaria juncea L.), Dhaincha
(Sesbania aculeata Pers.) and cowpea [Vigna unguiculata (L.) Walp.], besides weed
mulching at 30 and 45 days of maize (Zea mays L.) growth on moisture conservation,
crop productivity and soil properties in maize-wheat (7riticum aestivum L. emend Fiori

& Paol.) cropping system and reported that live mulching with intercropped sunnhemp



(Crotalaria juncea L.) improves maize productivity by 6 - 9 per cent, residual soil
moisture at harvest by 1.6 - 2.9 per cent and yield of following wheat by 13-15 per cent
under Doon valley conditions. Also the total system productivity in terms of maize-
equivalent yield was the highest with sunnhemp mulching, closely followed by Dhaincha
and cowpea grown for seed or green pods .They also concluded that cowpea [Vigna
unguiculata (L.) Walp.], besides weed mulching at 30 and 45 days of maize (Zea mays
L.) growth on moisture conservation and crop productivity in maize—wheat (7riticum
aestivum L. emend Fiori & Paol.) cropping system and reported the maximum amount of
soil moisture was conserved with sunnhemp (+3.45 per cent), followed by Dhaincha
(+2.90 per cent), and cowpea (+2.05 per cent) in the surface layer over clean cultivation.
A similar trend was observed in 15-30 cm depth.

Uwah and Iwo (2011) conducted a two-year field experiment to evaluate the
effectiveness of organic mulch on the productivity of maize (Zea mays L.) and weed
growth and reported that the weight of grains per cob obtained at 6 and 8 t/ha mulch rates
across the seasons were statistically at par but higher than other mulch rates (zero t/ha.).
The total grain yield produced at 2 and 4 t/ha mulch rates were statistically similar but
lower than those obtained at 6 and 8 t/ha rates. Across the seasons, the 6 and 8 t/ha mulch
rates produced more than twice the total grain yield obtainable from the unmulched
control plots and it was also concluded that the maximum mean per cent soil moisture
contents were observed at mulch treatment applied at 8 t/ha in both seasons. The tallest

plants were obtained with the highest rate of mulch (8 t/ha) in all sampling periods.

Kannan et al. (2013) conducted a field experiment to study Coir pith composting-
an alternate source of organic manure for rainfed maize and reported that length of the
cob and Stover yield of maize was higher under coir pith compost applied as much as
compared to control plot.

Vashisasht et al. (2013) reported that the highest grain yield was recorded under
the treatment with sugarcane mulch (40.60 and 33.51 g/ha) followed by Leucaena
leucocephala (36.00 and 24.82 g/ha), asooti (33.20 and 22.45 g/ha) and least under
control plots (28.10 and 19.04 g/ha) during 2005 and 2006, respectively. The per cent
increase in grain yield over control was 44.48 and 75.99; 18.15 and 17.91; and 28.11 and



30.36 under application of sugarcane trash, basooti and subabul, respectively during 2005
and 2006 and the highest grain yield was recorded under the treatment with sugarcane
mulch (40.60 and 33.51 g/ha) followed by subabul (36.00 and 24.82 g/ha), basooti (33.20
and 22.45 g/ha) and least under control plots (28.10 and 19.04 g//ha) during 2005 and
2006, respectively and they also reported that the higher soil water retention at various
suctions was observed in the plots mulched with the subabul followed by basooti and

sugarcane trash and least under control plots.

Zamir et al. (2013) observed that maize straw mulch had a significant effect on
cobs per plant, grain rows per cob, 1000 grain weight, grain yield, biological yield, stalk
yield and harvest index.

Devaranavadgi and Bosu (2014) conducted a field experiment to study the effect
of different in-situ moisture conservation practices in deep clay soils on growth and yield
of maize (Zea mays L.) under rainfed condition and reported that broad bed furrow was
found to be superior practice in terms of cob length (18.09 cm), cob girth (148.75 cm),
cob weight (148.75 g), grains per cob (346.50). The mean grain yield for the same
treatment was 5431 kg/ha which was more by 23.38 per cent when compared to control.

Yaseen et al. (2014) carried out a field study to study the effect of deficit
irrigation and mulch on soil physical properties and growth and yield of maize and
reported that the maximum value of 1000- grain weight with the corresponding value of
306.50 g was observed in treatment where straw was applied and minimum value of

272.0 g was observed in control treatment.

Uttam ez al. (2015) concluded from a two seasons study on the performance of
moisture conservation practices in Kharif maize on sandy loam soil and reported that
higher yields obtained in ridge and furrow method compared to control might due to
higher value of yield attributes and growth parameters.

Ehsanullah et al. (2015) conducted an experiment at Faisalabad, Pakistan on
tillage practices and sowing methods affect yield and related attributes of maize and
reported that grain weight per cob was highest in ridge sown maize under deep tillage

while lowest was recorded in flat sowing under minimum tillage. At conventional tillage,



bed sown maize produced maximum grain weight per cob that was statistically alike with
the ridge sown maize while flat sown maize gave minimum grain weight per cob. They
also revealed that 1000-grain weight was highest in ridge sown maize under deep tillage
while the lowest was recorded in flat sowing under minimum tillage while conventional
tillage, bed sown maize produced maximumZ1000-grain weight that was statistically at par
with the ridge sown maize. It was also revealed that harvest index was higher in ridge
sown maize under deep tillage while lower was recorded in flat sowing under minimum
tillage. At conventional tillage, bed sown maize furnished maximum harvest index and
found statistically similar to ridge sowing while flat sown maize gave minimum harvest

index.

23 Effect of different in-situ soil moisture conservation techniques on physico-

chemical properties of soil in kharif maize

Das et al. (2004) concluded that straw mulch increased the yield and yield
components of rice and nutrient uptake and also improved he physico-chemical

properties of the soil which provided better soil environment for crop growth.

Pervaiz et al. (2009) observed that mulch significantly increased N and P
concentration in maize shoots. However, K concentration did not significantly increased

due to application of mulch.

Das et al. (2013) conducted field experiments for four consecutive years (2006—
2010) at the Indian Council of Agricultural Research (ICAR), NEH region, Umiam
(North Eastern Indian Himalayas), Meghalaya, India to study soil quality as affected by
conservation practices in maize-rapeseed cropping system in eastern Himalaya and
reported that the mulching treatment increased concentration of available N more in the
soil layer of 0-15 cm than that in the soil layer of 15-30 cm. Concentration of available P
and K in soil was also significantly influenced by residue-mulching treatment.

Yaseen et al. (2014) carried out the study under field condition at the Research

Area, Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad



during 2011, to study the effect of deficit irrigation and mulch on soil physical properties
and growth and yield of maize and shows that in case of mulch, the mean maximum
value 0.58 g/kg of soil nitrogen was reported in treatment where straw was applied and
minimum 0.46 g/kg was noted in control treatment. Due to mulching nitrogen losses
reduced and also its amount increased within the soil because of decomposition of straw

mulch.

Sharma and Kumar (2014) reported that availability of macronutrients was
significantly higher under the mulch treatments. The contents of available N, P, K, Ca
and S were higher with black polyethylene (BP) followed by Pine needles (PN) and Grass
mulch (GM) over unmulched (UM-control), respectively which may be attributed to the
better hydrothermal regimes, higher organic matter contents and efficient weed control.

Alharbi (2015) found that soil moisture and mulch had a strong indirect influence
on the availability of soil nitrogen, phosphorus and potassium. The highest total nitrogen
was recorded under mulch with the availability of 100 per cent of the recommended
irrigation, while the highest phosphorus and potassium with it availability of moisture up

to 70 per cent and 85 per cent, respectively.

24 Effect of different in-situ soil moisture conservation techniques on relative

economics in kharif maize

Frye (1986) obtained maximum economic returns when compared with corn
grown in corn residue, hairy vetch resulted in additional net returns of $91, $157, and
$199 for the 0, 50, and 100 kg/ha fertilizer nitrogen rates, respectively. Thus, they
concluded that hairy vetch with 100 kg/ha nitrogen was potentially more economical than

corn grown in corn residue with 150 kg/ha fertilizer nitrogen.
Patil et al. (1994) studied the relative performance of different moisture

conservation techniques and concluded that the maximum net monetary returns of

4691/ha were obtained in broad bed and furrows system. However, vertical mulch and

ridges and furrows proved to be next most remunerative treatment with the net returns of

4572 and " 4495 /ha, respectively.



Pawar et al. (1999) conducted a field experiment at Maharashtra to study of the
in-situ moisture conservation techniques for rabi sorghum production under dryland

condition and concluded that maximum net returns were obtained due to tied ridges
('12892), ridges and furrows (12848) and dead furrows ('12500) over flat bed ('10969).

The per cent increase was 17.5, 17.1 and 14.0, respectively over flat bed

Hiremath er al (2003) conducted an experiment at College of Agriculture,

Dharwad University of Agricultural Sciences, Dharwad Karnataka and reported that tied

ridges and compartment bunding recorded significantly higher net returns (" 10055

and ~ 9491, respectively) and B: C ratio (1.52 and 1.45, respectively) over flat bed in
sunhemp-sorghum cropping sequence. Among the N levels to sorghum application of 50

kg and 25 kg N per ha recorded higher net returns of ~ 9333 and 8274, respectively.

Sharma et al. (2009) reported that the highest net returns of * 8994 and 11240 and

B: C ratios (1.08 and 1.34) (during first and second year) were realized with straw

mulching which however, was at par with that of polyethylene mulching and lowest with

no mulching (" 6222 and 6105; 0.84 and 0.82).

Sharma et al. (2010) conducted a field experiment to study the effect of in situ
grown live mulching with legumes viz. sunnhemp (Crotalaria juncea L.), Dhaincha
(Sesbania aculeata Pers.) and cowpea [Vigna unguiculata (L.) Walp.], besides weed
mulching at 30 and 45 days of maize (Zea mays L.) growth on moisture conservation,
crop productivity and soil properties in maize-wheat (7riticum aestivum L. emend Fiori
& Paol.) cropping system and reported that net returns from maize were the highest when
it was intercropped with cowpea for seed, followed by Dhaincha and sunnhemp mulching
at 30 days.

Jat et al. (2015) conducted three field experiments on maize (cv. ‘Navjot’) during
Kharif 2000 to 2004 at Maharana Pratap University of Agriculture& Technology, Arjia,

Rajasthan to study about efficient moisture conservation practices for maximizing maize



productivity, profitability, energy use efficiency and resource conservation in a semi-arid

Inceptisol and observed that the cost of treatments was different due to variation in the

cost of hiring human or bullock labour and machinery, which was * 3462/ha for sowing
along the slope; * 3547/ha for sowing across the slope; ~ 4055/ha for ridge and furrow
sowing; ~ 4150/ha for flat sowing and ridging at 30 DAS; " 4443/ha for opening of ditches

across the slope at 10 m interval; and " 4527/ha for compartment bunds at 5 m
interval.

Uttam et al. (2015)conducted a field experiment during two kharif seasons of
2011 and 2012 on sandy loam soil to study the performance of moisture conservation
practices and row spacing on growth, yield attributes, yield, water use (WU), water use
efficiency (WUE) and economics of maize varieties under rainfed condition at C.S. Azad

University of Agriculture and Technology, Kanpur, Uttar Pradesh and reported that

among moisture conservation practices, ridging and furrowing treatment recorded the
highest net return of * 13031/ha against * 9280/ha under atrazine and ~ * 8907/ha under
one weeding and hoeing by khurpi treatment. Benefit and cost ratio also behaved in the
similar manner under different treatments.

Sonpure et al. (2017) reported that mulching with chickpea husk (@ 5 t/ha)

recorded higher gross monetary return (" 226808/ha), cost of cultivation (" 72825/ha), net

monetary returns (* 153983/ha) and B: C (3.11) as compared to the treatment without

mulching.
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CHAPTER-3
MATERIAL AND METHODS

The present investigation entitled “Effect of different in-situ soil moisture
conservation techniques in maize under Shiwalik Foothils of Jammu and Kashmir”
was carried out during the kharif season of 2016 at the Research Farm of Advanced
Centre for Rainfed Agriculture, Rakh Dhiansar of Sher-e-Kashmir University of
Agricultural Sciences and Technology of Jammu. The material used, experimental
procedures followed and techniques adopted during the course of experimentation have
been described in this chapter.

3.1 Experimental Site and Location

Geographically, the experimental site is situated in the sub-tropical Shiwalik
foothills of Jammu and Kashmir at latitude of 32° 39" North and longitude of 74°53' East
with an altitude of 332 m above mean sea level. The field experiment was conducted
during the kharif season of 2016 at the Research Farm of Advanced Centre for Rainfed
Agriculture, Rakh Dhiansar of Sher-e-Kashmir University of Agricultural Sciences and

Technology of Jammu.
3.2 Climate

The climate of experimental site was mainly sub- tropical in nature endowed with
hot and dry early summers followed by hot and humid monsoon and cold winter. The
mean annual rainfall varies from 1050 to 1115 mm of which about 75 per cent is received
from June — September. However, the total rainfall and its distribution is subject to large
variations. The mean maximum and minimum temperature shows considerable
fluctuations during summer and winter. The temperature often rises to as high as 45 °C in
the month of May-June, while the temperature touches to 2 °C during winter month

especially in December-January.

The weather data for crop season was recorded at the metrological observatory

located very close to experimental area and has been presented graphically in Fig. (3.1)



and tabulated in Appendix1. During the crop growth period July I*to 15" October, 2016,
the mean maximum and minimum temperature varied from 31.8 to 35.1° C and 14.9 to
22.89° C, respectively. Both minimum and maximum temperature showed the
fluctuations throughout the crop growth period. In general, the maximum temperature
rises up to 3" week of September and thereafter decreasing trend was observed up to
harvest of the crop. The mean relative humidity varied from 80.3 to 90.6 per cent
(morning) and 53 to 69 per cent (evening). The total rainfall was observed during the
crop season was 636 mm. Mostly maximum rainfall events occurred during July and first
fortnight of August Fig. 3.1. However there were two dry spells of 12 days (18 Aug. - 29
Aug.) and 8 days (15 Sept. - 22 Sept. ) observed during the reproductive stage which
were more crucial from production point of view. Evapo-transpiration readings taken

from the Lysimeter also represented graphically in the Fig. 3.1.
33 Soil Characteristics

Before the experiment was laid out, three composites soil samples were collected
from the depth of 0-15 cm. These samples were then air dried, processed and subject to
analysis for their physico-chemical properties. Likewise, treatment wise soil sampling
was also done after harvesting of the crop. The composite soil samples so obtained were
air dried ground and passed through 2 mm sieve and were analyzed for different physico-
chemical properties of the soil.

The data recorded in respect of physico-chemical properties of the experimental
site revealed that the soil of the experimental site was sandy loam in texture, almost
neutral, low in organic carbon and available nitrogen, but medium in available

phosphorus and potassium (Table 1).
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Fig. 3.1: Mean weekly weather parameters recorded during the crop season



3.3.1 Soil moisture per cent

Table 1: Soil physico-chemical properties of experimental site

Parameters

Analytical value

Methods employed

MECHANICAL PROPERTIES

Sand (%) 64.4

Bouyoucous Hydrometer method (Piper,
Silt (%) 17.0

1966)
Clay (%) 18.6
Textural class Sandy loam
Chemical properties

Suspension of soil and water 1:2.5 with
pH 6.90

glass calomel electrode (Jackson, 1973)

Salt bridge measurements from the
EC (dS/m) 0.17 suspension used for pH determination

(Jackson, 1973)
Organic carbon 97 Dichromate oxidation of organic matter
(g/kg) ' (Jackson, 1973)

Alkaline permanganate method (Subbiah
Available N (kg/ ha) 167 N

and Asija, 1956)

0.5 N Sodium bicarbonate (pH 8.5) (Olsen
Available P (kg/ha) 14.95

et al., 1954)

Ammonium acetate extraction method (pH
Available K (kg/ha) 116 7.0) using flame photometer (Jackson,

1973)

34  Cropping History




The details of the crops and the cropping systems followed on the experimental

field for the last few years prior to start of the experiment have been given in Table 2.

Table 2: The cropping history of the experimental site

Year Kharif Rabi
2012-13 Sesame Gram
2013-14 Sesame Gram
2014-15 Maize Wheat
2016 Experimental crop (Kharif maize)
35 Experimental Details

The experiment was laid out in randomized-block design with nine treatments and

three replications as per the layout given in Figure 3.2

3.5.1 Treatment details:

T, Flat Bed

T, Broad Bed Furrow

Ts Flat Bed + mulching with in-situ raised Dhaincha

Ty Broad Bed Furrow + mulching with in-situ raised Dhaincha
Ts Flat Bed + mulching with in situ raised Sunhemp

Te Broad Bed Furrow + mulching with in-situ raised Sunhemp
T, Flat Bed + mulching with Leucaena prunings

Ts Broad Bed Furrow + mulching with Leucaena prunings

To Farmer’s practices

Replication 3

Treatments : 9

Variety : Double dekalb

Location : Research Farm, ACRA Rakh Dhiansar, SKUAST Jammu



Symbol used

T, Flat Bed

T, Broad Bed Furrow

T Flat Bed +mulching with
in-situ raised Dhaincha

T, Broad Bed Furrow

+mulching with in-situ
raised Dhaincha

<« & S

& 6.75m —m8M8M8M8M8M8>

Gross plot size = 6.75 m x 4m
Net plot size =5.25 mx 3.20 m

Ts

Ts

Flat Bed + mulching with in- Ty
situ raised Sunhemp

Broad Bed Furrow + mulching
with in-situ raised Sunhemp

Flat Bed+ mulching with
Leucaena prunings

Broad Bed Furrow+ mulching
with Leucaena prunings

Farmers practies

Fig. 3.2: Layout plan of the experimental field




Season

Situation

3.5.2 Plotsize

Kharif 2016

Rainfed

The crop, gross and net plot sizes are given in Table 3 for Kharif maize

Table 3: Gross and net plot size

Crop

Gross plot

Net plot

Kharif maize

6.75m X 4m=27 m*

5.25m x 3.20 m=16.8 m*

3.6

Details of the field operations

The detail of various cultural operations carried out during the crop growing

periods of kharif season have been given in Table 4.

Table 4: Calendar of different cultural operation carried out during
experimentation.
Operation Date ?f Remarks
operation

Field preparation 04-07-16 | Primary tillage was done with disc harrow while the
secondary tillage operations were done with the help
of cultivator

Layout 04 -07-16 | Field layout was done manually with the help of

rope and liner. However Broad Beds and Furrow
were made using Bed making machine.

Fertilizer application 05-07-16 | Placement of fertilizer was made manually

Sowing of maize and | 05-07-16 | Line sowing of maize crop was done manually.

Mulch crops However, the seeds of the mulch crops viz:
Dhaincha and Sunhemp were sown by broadcasting
method at the time of final ploughing while
Leucaena pruning’s (Ex-situ) were taken from the
plants growing in surroundings at the time of
spreading of mulches

Herbicide application 05-07-16 | Application of pre-emergence herbicides

Thinning/gap filling 21-07-16 | For maintaining optimum plant population thinning
and gap filling was done manually

Cutting and spreading | 10-08-16 | In-siru raised Dhaincha, Sunhemp and Leucaenia

out of mulches

prunings (Ex-situ) were cut and spread as mulches
as per the technical programme while




Top dressing 10-08-16 | First top dressing of urea was done manually

Harvesting of maize 15-10-16 | Maize cobs were collected manually

Shelling of maize 18-10-16 | Shelling was also done manually

3.6.1 Land preparation

The field was ploughed twice with disc harrow followed by planking to prepare a
fine seed bed. Plot paths, replication borders and drainage channels were made manually.
The plots were levelled before planting of kharif maize. However, Broad Bed and Furrow

plots were raised using Bed making machine.
3.6.2 Fertilizer application

The recommended dose of fertilizer for maize 100 kg N, 90 Kg P05 and 33 Kg
K;0 /ha was applied with full dose of P,Os and K,O in the form of Diammonium
Phosphate and Murate of Potash as basal dose and two-third of nitrogen was applied in
the form of urea at the time of sowing and remaining one third at 35 DAS just before
laying down of mulches under sufficient moisture while in farmers practice only Urea
and DAP as inorganic fertilizers were applied in maize sown by broadcasting method

without following any plant protection measure.
3.6.3 Sowing

Sowing of kharif maize was done manually on 05" July, 2016, with a seed rate of
20 kg/ha. Furrows were opened manually with the help of line markers (4-5cm deep) at
row to row distance of 75 cm and maize seeds were sown manually with plant to plant
distance of 20 cm. However, the seeds of the mulch crops viz: Dhaincha and Sunhemp
were sown by broadcasting method at the time of final ploughing using the seed rate of
30 kg/ha each. Leucaena pruning’s (Ex-situ) were taken from the plants growing in
surroundings at the time of spreading of mulches.

3.6.4 Thinning

Thinning was done with the help of khurpi to remove the extra plants and
maintain plant to plant distance of 20 cm in maize. Efforts were made to remove the

weak plants during this operation, wherever, required. Besides, Uprooting of mulch crop



plants germinated 15 cm on both the sides of maize crop is also done to keep the maize
plants free from any competition posed by the mulch crops growing in vicinity.

3.6.5 Gap filling

Gap filling was also done at the time of thinning, wherever required, to maintain

proper plant population.
3.6.6 Cutting and spreading of mulches

The biomass of the in-situ raised mulch crops such as Dhaincha and Sunhemp
were cut and spread as mulch in between the rows of maize plants after 35 days of
sowing. Likewise Leucaena pruning’s comprising of green leaves and twigs were cut
from the surroundings and spread as mulches in between the maize plants after 35 days of
sowing as per the technical programme. In-situ Sunhemp biomass accumulated on an
average about 5/ha, Dhaincha accumulated biomass on an average of 8t /ha and Leucaena

prunings and twigs biomass spread as mulch comes out to be 6 t/ha.
3.6.7 Herbicide application

Pre-emergence applications of pendimethalin @ 1 kg/ha was done within the 24
hours of sowing of kharif maize crop with the help of knapsack sprayer fitted with flat
fan T-jet nozzle using a spray volume of 500I/ha to protect the crop from weeds.

3.6.8 Harvesting
3.6.8.1 Harvesting of kharif maize

Kharif maize crop was harvested on 15" October 2016. After harvesting from
respective net plot area, the bundles were tied, tagged and there after left in respective
plots for sun drying in the field. After drying, the bundle weight was taken with the help
of spring balance.

3.6.8.2 Threshing

Maize cobs were removed and dried further for about a week and shelled

manually with the help of cob shellers. The threshed grains were collected, weighted and



expressed as grain yield in kg/plot. The grain moisture was assessed till 12 per cent
moisture was attained and grain yield was calculated in g/ha. The stover yield was
recorded after subtracting grain weight from total produce (biological or bundle yield

weight) and expressed as stover yield g/ha.
3.7 Observations Recorded
3.71 Growth parameters

For all the growth and development studies during the crop growth period five
plants were selected randomly and tagged in each plot except for that of leaf area index
and dry matter accumulation where plants from border rows were selected for recording

observations. The growth parameters were recorded at 30 days after sowing.
3.7.1.1 Plant height

Plant height of all the five tagged plants was measured with the help of meter
scale rod from the ground surface to the tip of the upper most fully opened leaf from net
plot area of each plot at 30, 60, 90 days after sowing and at harvest. Plant height values
were presented in centimeters (cm) and average of all the five plants was taken for

statistical analysis.
3.7.1.2 Dry matter accumulation

The samples of all the above ground biomass of the plants cut for calculating dry
matter accumulation were chopped, sun dried and thereafter shifted in the oven to dry at a
temperature of 70 £ 5 °C till a constant weight was achieved and the average dry matter

accumulation per plant was recorded which was expressed as dry weight in g/plant.
3.7.1.3 Leaf area index (LAI)

Leaf area index recorded at 30, 60, 90 DAS and at harvest. All the green leaves
were categorized into small, medium and large from the marked 1m row length area and
number of green leaves in each category was recorded. Then three leaves from each
category were taken and their area was determined with the help of length and breadth

method. Leaf length was measured from juncture to tip and the mean width of leaves was



taken from 3 places (one from centre and second from middle of top and centre and third
from middle of centre and base). The correction factor of 0.75 was devised by correlating
it with graphic method. Total area of the leaves was calculated by multiplying with this

factor. The leaf area index of the leaves was calculated by using the following formulae.
Land area/ plant = Row distance x plant distance

Leaf area index (LAI) = Leaf area per plant (cm?)
Land area per plant (cmz)

3.7.1.4 Crop growth rate

The increase in plant material/unit time or cumulative crop growth rate (CGR)

was calculated as per the formula given by Radford (1967) and was expressed as g/m?/

day

Crop Growth Rate (CGR) = (W,-W))
(t2-ty)

Where,

W, = Total dry matter of crop plant at the time interval t,
W, = Total dry matter of crop plant at the time interval t;

3.7.2  Yield and yield attributes of Kharif maize
3.7.2.1 Number of plants /m’

At harvest three spots each of one square meter were randomly selected by
throwing the one square meter quadrant in the net plot. The number of plants from each
randomly selected spot within the net plot were counted and averaged to express number

of plants per meter square.
3.7.2.2 Number of cobs/plant

The number of cobs developed on the initially randomly selected five plants for

the growth studies were counted and averaged to express the number of cobs.

3.7.2.3 Number of grains/cob



Out of the total number of cobs obtained from five randomly selected plants, five
cobs were randomly selected, thrashed and grains so obtained were counted and averaged
to express number of grains/cob.

3.7.2.4 1000 grain weight (g)

One thousand grains were randomly taken from the bulk produce of each net plot
and were counted and weighed. The weight was expressed as 1000-grains weight in

gram.
3.7.2.5 Harvest index

The ratio of economic yield to the biological yield (harvest index) was computed
using the following formula as given by (Nichiporovich, 1967).
Economic yield (grains)

Harvest index (per cent) = —; - - - x 100
Biological yield (grain + stover)

3.7.2.6 Rainwater use efficiency (kg/ha-mm)

The ratio of the grain yield of maize obtained to the total rainfall received during
the crop growing period was computed using the following formula as given

Grain yield
Rain Water Use efficiency (kg/ha-mm) = Total rainfall received during the x 100
crop growing period

3.8  Chemical analysis
3.8.1 Soil Analysis

After harvesting of each crop the soil samples were taken from 0-15 cm for
determination of available nitrogen, phosphorus and potassium. The samples were dried

under shade, grounded and passed through 2 mm sieve and were analyzed for nutrients.

3.8.1.1 Available nitrogen



Available nitrogen was determined by modified alkaline permanganate method as

described by Subbiah and Asija (1956) and was expressed in kg/ha.

3.8.1.2 Available phosphorus

Available phosphorus was determined using method described by Olsen et al.
(1954). The intensity of colour developed by ascorbic acid (Watanable and Olsen, 1965)
was measured at 760 nm on spectrophotometer and was expressed as P kg/ha.

3.8.1.3 Available Potassium

Available K was extracted with neutral normal ammonium acetate solution as
described by Piper (1996) and potassium was determined by flame photometer and
expressed as K kg/ha.

3.8.2 Uptake studies in crop

The plant samples were taken at the time of harvesting for estimation of N, P and
K concentration. The grains of kharif maize were also taken for uptake studies from each
plot. The samples were oven dried, then finely ground with electric grinder and analyzed
for nitrogen, phosphorus and potassium concentration. The N, P, K uptakes in grain and
stover/ha of kharif maize samples were calculated by multiplying per cent nutrient

content with their respective dry matter accumulation as per the formula given below :

Nutrient content (per cent) x dry matter accumulation (kg/ha)

Nutrient uptake (kg/ha) = 100

Table 5: Details of method employed for chemical analysis of plant/grain samples

Nutrient
S. No. Method employed
assessed

1. Nitrogen Modified Kjeldhal’s method (Jackson, 1967)

2. Phosphorus | Vanadomolybdo phosphoric acid yellow colour (Jackson,
1967)




3. Potassium Ammonium acetate method (Jackson, 1967)

3.9 Economic Studies
3.9.1 Cost of cultivation

Cost of different operations done during the crop growth was worked out
separately for each item. The manual and mechanical labour/power engaged for different
operations was recorded on per hectare basis and the cost was calculated for different
operations by multiplying with the existing market prices. Similarly, cost of all inputs

was also calculated. The total cost was calculated by adding the expenditure involved in
all kinds of operations as per treatment on per hectare basis in /ha.
3.9.2 Gross returns

The gross returns were calculated by multiplying the total grain and straw yield/ha
with prevalent market prices of the items and then were presented on per hectare basis as

per treatments.
3.9.3 Netreturns

The net returns were computed by deducting the total cost of cultivation from the

gross returns as per treatments.
3.9.4 Benefit: Cost Ratio

Benefit: Cost ratio was calculated by dividing the net returns with the cost of

cultivation for different treatments.

Benefit: Cost Ratio = Net Returns (" /ha)

Cost of cultivation (" /ha)

3.10 Statistical analysis



The data recoded for various characters were subjected to statistical analysis
according to the procedure outlined by Cochran and Cox, 1963. All the comparisons were
worked out at 5 per cent level of significance. The analysis of variance (ANOVA) of the

experiment was as follows:

Sources of variations

Degree of freedom

Replications (r-1)

3-1=2

Treatment(t-1)

9-1=8

Error(r-1) (t-1)

(3-1) (9-1)=16

Total rt-1

27-1=26
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CHAPTER-4
RESULTS

The result of the investigation entitled “Effect of different in-situ soil moisture
conservation techniques in maize under Shiwalik Foothils of Jammu and Kashmir”
have been described in this chapter through appropriate data, Tables, bar diagram and
graphical illustrations, wherever necessary. The observations pertaining to different
parameters of the study were analyzed statistically wherever possible and for other
parameters of the study mean values have been given. The mean weekly values of
weather parameters and input-output costs have been appended in the appendices. The

results of the study have been presented under following headings:
4.1 Growth parameters
4.1.1 Plant height

Plant height is an important parameter reflecting the vertical growth of a crop
plant. In general, the plant height continued to increase with the advancement of age till
harvest under various treatments (Table 6). Different in-situ soil moisture conservation
techniques significantly influenced the plant height of maize at all the crop growth stages
except at 30 DAS where numerical increase in plant height was observed among the
different treatments.

Table 6: Effect of different in-situ soil moisture conservation techniques on plant

height of maize

Treatments Plant height (cm)
30 DAS 60DAS 90DAS At harvest
T, FlatBed 61.45 15055  188.82 190.65
T, Broad Bed Furrow (BBF) 62.1 14257  180.33 181.79
T; Flat Bed + Mulching with in-situ raised Dhaincha 63.5 160.63 198.75 200.17
T, Broad Bed Furrow (BBF) + Mulching with in-situ 65.7 17281 21281 21457
raised Dhaincha
Ts Flat Bed + Mulching with in-situ raised Sunhemp 63 159.8 195 196.35
Ts Broad Bed Furrow (BBF) + Mulching with in-situ 64 16855  207.35 208.33
raised Sunhemp
T, Flat Bed + Mulching with Leucaena prunings 63.1 158.33  196.33 198
Ts Broad Bed Furrow (BBF) + Mulching with Leucaena 64.45 17035  210.35 2121
prunings
To Farmer’s practice 57.3 132.33  170.15 172.52
SEm(z) 1.91 1.65 091 1.10

CD (P<0.05) NS 4.98 2.75 334




Among the different in-situ moisture conservation treatments at 60 DAS, the
treatment (T4) Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded
significantly higher plant height of 172.81 cm which was found to be statistically at par
with the treatment (Tg) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings
and the treatment (Ts) Broad Bed Furrow +mulching with in-situ raised Sunhemp with
the corresponding values of 170.35 cm and 168.55 cm, respectively which was followed
by the treatment (T3) Flat Bed + mulching with in-situ raised Dhaincha (160.63cm) which
in turn was found to be statistically at par with treatment (T;) Flat Bed +mulching with
Leuceana prunings (159.8 cm) and treatment (Tg) Flat Bed +mulching with in situ raised
Sunhemp (158.33cm). However, the treatment (T,) Broad Bed Furrow recorded plant
height of 142.57cm followed by Flat Bed (150.55 cm). However the lowest plant height
was recorded in Farmer’s practice (132.33cm). Almost similar trend with respect to plant
height was observed at 90 DAS and at harvest.

4.1.2 Dry matter production

Data recorded at various period of growth as influenced by different in-situ soil
moisture conservation treatments presented in Table 7 reveals that dry matter
accumulation continued to increase steadily with time till 60 DAS and thereafter showed

a sharp increase up to 90 DAS and followed by a marginal increase up to harvest stage.

Different in-situ moisture conservation treatments significantly influenced the dry
matter accumulation of maize at all the crop growth stages except at 30 DAS where

numerical increase in dry matter was observed among the different treatments.



Table 7: Effect of different in-situ soil moisture conservation techniques on dry

matter accumulation of maize

Dry matter accumulation (g/plant)

Treatments
30 DAS 60 DAS 90 DAS At harvest

T,  FlatBed 6.1 24.90 100.00 100.70

T,  Broad Bed Furrow (BBF) 6.5 31.20 113.70 116.75

T, Flat Bed + Mulching with in-situ raised 7.27 39.40 132.20 136.28
Dhaincha

T,  Broad Bed Furrow (BBF) + Mulching 8.2 48.30 149.20 155.20
with in-situ raised Dhaincha

Ts Flat Bed + Mulching with in-situ raised 6.68 36.42 125.80 130.25
Sunhemp

Te¢  Broad Bed Furrow (BBF) + Mulching 7.55 45.39 143.50 147.35
with in-situ raised Sunhemp

T Flat Bed + Mulching with Leucaena 6.98 38.56 129.75 134.22
prunings

Tg  Broad Bed Furrow (BBF) + Mulching 7.9 46.45 146.35 150.85
with Leucaena prunings

Ty Farmer’s practice 49 20.47 85.80 90.24
SEm(z) 0.65 1.88 3.04 3.59
CD (P<0.05) NS 5.68 9.20 10.87

Among the different in-situ moisture conservation treatments at 60 DAS, the
treatment (T,) Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded
significantly higher dry matter of 48.30 g/plant which was found to be statistically at par
with the treatment (Tg) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings
and the treatment (Ts) Broad Bed Furrow + mulching with in-situ raised Sunhemp with
the corresponding values of 46.45 g/plant and 45.39 g/plant, respectively followed by
treatment (T3) Flat Bed + mulching with in-sizu raised Dhaincha (39.40 g/plant) which
inturn was statistically at par with treatment (T7) Flat Bed + mulching with Leuceana
prunings (38.56 g/plant) and treatment (Ts) Flat Bed + mulching with in situ raised
Sunhemp (36.42 g/plant). However, the treatment (T,) Broad Bed Furrow recorded dry
matter of 31.20 g/plant followed by the treatment (T;) Flat Bed to the tune of 24.90
g/plant. However the lowest value of dry matter was recorded in Farmer’s practice
(20.47g/plant).

By and large similar results were obtained with respect to dry matter
accumulation reported at 90 DAS and at harvest.



4.1.3 Leafarea index

Leaf area index (LAI) is an important component which determines the amount of
solar radiation intercepted by the crop canopy to be utilized for normal metabolic
activities of the plants. A perusal of the data presented in the Table 8 reveals that in
general the leaf area index continued to increase with the advancement of crop age up to
90 DAS and decreased gradually afterwards, while maximum leaf area index was
observed at 90 DAS. In-situ moisture conservation treatments significantly influenced the
leaf area index at all the growth stages except that observed at 30 DAS, where different
treatments failed to show any significant effects with respect to leaf area index.

Table 8: Effect of different in-situ soil moisture conservation techniques on leaf

area index of maize

Leaf area index

Treatments
30DAS 60DAS 90DAS At harvest
T Flat Bed 0.93 2.57 38 2.56
T, Broad Bed Furrow (BBF) 0.97 238 4.04 2.69
Ts Flat Bed + Mulching with in-situ raised Dhaincha 111 3.2 44 3.11
T, Broad Bed Furrow (BBF) + Mulching with in- 1.25 3.52 48 3.52
situ raised Dhaincha
Ts Flat Bed + Mulching with in-situ raised Sunhemp 1.03 3.06 4.28 2.96
Te Broad Bed Furrow (BBF) + Mulching with in- 1.15 3.32 4.64 33
situ raised Sunhemp
T; Flat Bed + Mulching with Leucaena prunings 1.09 3.14 4.32 3.02
Tg Broad Bed Furrow (BBF) + Mulching with 1.2 3.45 4.71 34
Leucaena prunings
Ty Farmer’s practice 0.81 2.22 35 2.48
SEm(z) 0.088 0.07 0.07 0.05
CD (P<0.05) NS 0.19 0.22 0.15

Among the different in-situ moisture conservation treatments at 60 DAS, the
treatment (T,) Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded
significantly higher leaf area index of 3.52 which was found to be statistically at par with
the treatment (Ts) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings and
the treatment (Ts) Broad Bed Furrow +mulching with in-situ raised Sunhemp with the
corresponding values of 3.45 and 3.32, respectively which in turn were significantly
superior to leaf area index values obtained with treatment (T3) Flat Bed + mulching with
in-situ raised Dhaincha (3.2) which inturn was statistically at par with treatment (T-) Flat



Bed + mulching with Leuceana prunings (3.14) and treatment (Ts) Flat Bed + mulching
with in situ raised Sunhemp (3.06). However, the treatment (T,) Broad Bed Furrow
recorded leaf area index of 2.80 followed by Flat Bed to the tune of 2.57. Significantly

lowest value of leaf area index was observed in Farmer’s practice (2.22).

By and large similar results were obtained with respect to leaf area index reported
at 90 DAS and at harvest.

4.1.4 Crop growth rate

A perusal of data presented in Table 9 reveals that different in-sizu moisture
conservation treatments of maize with respect to crop growth rate showed non-significant

results at all the growth stages except that at 60-90 DAS.

Table 9: Effect of different in-situ soil moisture conservation techniques on crop

growth rate of maize

Treatments Crop growth rate(g/m’/day)
30-60 DAS 60-90 DAS 90- At harvest
T, Flat Bed 0.627 2.503 0.123
T, Broad Bed Furrow (BBF) 0.823 2.750 0.102
Ts Flat Bed + Mulching with in-situ raised Dhaincha 1.071 3.093 0.136
T, Broad Bed Furrow (BBF) + Mulching with in- 1.337 3.363 0.200
situ raised Dhaincha
Ts Flat Bed + Mulching with in-situ raised Sunhemp 0.992 2.979 0.148
Te Broad Bed Furrow (BBF) + Mulching with in- 1.261 3.270 0.128
situ raised Sunhemp
T; Flat Bed + Mulching with Leucaena prunings 1.053 3.039 0.149
Tg Broad Bed Furrow (BBF) + Mulching with 1.285 3.330 0.150
Leucaena prunings
Ty Farmer’s practice 0.519 2.178 0.114
SEm(z) 0.04 0.12 0.06
CD (P<0.05) NS 0.37 NS

Among the different in-sizu moisture conservation treatments at 60-90 DAS, the
treatment (T,) Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded
significantly higher crop growth rate of 3.363 g/m*day which was found to be
statistically at par with the treatment (Tg) Broad Bed Furrow (BBF) + Mulching with
Leucaena prunings and the treatment (Ts) Broad Bed Furrow + mulching with in-situ

raised Sunhemp with the corresponding values of 3.330 and 3.270 g/m%day, respectively



which in turn were significantly superior to crop growth rate values obtained with
treatment (Ts) Flat Bed + mulching with in-sizu raised Dhaincha (3.093 g/m%day) which
inturn was statistically at par with treatment (T7) Flat Bed + mulching with Leuceana
prunings (3.039 g/m?day) and treatment (Ts) Flat Bed + mulching with in sizu raised
Sunhemp (2.979 g/m*/day). However, the treatment (T,) Broad Bed Furrow recorded
crop growth rate values of 2.750 g/m?day followed by Flat Bed to the tune of 2.503
g/m?day. Significantly lowest value of crop growth rate was observed in Farmer’s
practice (2.178 g/m°/day).

Almost similar trend with respect to plant height was observed at 90 DAS and at

harvest.
4.2 Yield attributes and yield

Table 10: Effect of different in-situ soil moisture conservation techniques on yield

attributes of maize

.of
Treatments No. of 2 ljgb:/ No. of Test
plants/m lant Grains/cob  weight (g)
T, Flat Bed 6.07 1.00 360.33 194.67
T, Broad Bed Furrow (BBF) 6.08 1.00 398.33 203.33
Ts Flat Bed + Mulching with in-situ raised 6.15 1.07 417.00 215.67
Dhaincha
T, Broad Bed Furrow (BBF) + Mulching with in- 6.37 1.20 451.33 234.00
situ raised Dhaincha
Ts Flat Bed + Mulching with in-situ raised 6.07 1.00 408.67 210.33
Sunhemp
Te Broad Bed Furrow (BBF) + Mulching with in- 6.15 1.13 441.67 230.33
situ raised Sunhemp
T; Flat Bed + Mulching with Leucaena prunings 6.07 1.00 412.33 212.00
Tg Broad Bed Furrow (BBF) + Mulching with 6.30 1.13 448.67 232.67
Leucaena prunings
Ty Farmer’s practice 5.93 1.00 348.33 190.33
SEm(z) 0.11 0.05 7.21 3.83
CD (P<0.05) NS NS 21.79 11.59

4.2.1 No. of plants/m*

The data presented in Table 10 reveals that different in-situ moisture conservation
treatments showed non-significant results with respect to number of plants/m?. However,

numerically higher number of plants/m? were recorded in the treatments (T4) Broad Bed



Furrow + mulching with in-situ raised Dhaincha, (Tg) Broad Bed Furrow (BBF) +
Mulching with Leucaena prunings and the treatment (T¢) Broad Bed Furrow +mulching
with in-situ raised Sunhemp. Whereas lowest number of plants/m® were recorded in

Farmer’s practice.
4.2.2 No. of cobs/plant

The data presented in Table 10 reveals that different in-situ moisture conservation
treatments showed non-significant results with respect to number of cobs/ plant.
However, numerically higher number of cobs/plants were recorded in the treatments (T)
Broad Bed Furrow + mulching with in-situ raised Dhaincha, (Tg) Broad Bed Furrow
(BBF) + Mulching with Leucaena prunings and the treatment (Tg) Broad Bed Furrow
+mulching with in-situ raised Sunhemp. Whereas lowest number of cobs/plants were

recorded in Farmer’s practice.
4.2.3 No. of grains/cob

The data presented in Table 10 reveals that among the different in-situ moisture
conservation treatments, the treatment (T,) Broad Bed Furrow + mulching with in-situ
raised Dhaincha recorded significantly higher number of grains/cob to the tune of 451.33
which was found to be statistically at par with the treatment (Tg) Broad Bed Furrow
(BBF) + Mulching with Leucaena prunings and the treatment (T¢) Broad Bed Furrow +
mulching with in-situ raised Sunhemp with the corresponding values of 448.67 and
441.33, respectively which in turn were significantly superior to number of grains/cob
values obtained with treatment (T3) Flat Bed + mulching with in-situ raised Dhaincha
(417.00) which inturn was statistically at par with treatment (T7) Flat Bed +mulching
with Leuceana prunings (412.33) and treatment (Ts) Flat Bed +mulching with in situ
raised Sunhemp (408.67). However, the treatment (T,) Broad Bed Furrow recorded
number of grains/cob to the tune of 203.33 followed by Flat Bed to the tune of 194.67.
However the lowest value of number of grains/cob was observed in Farmer’s practice
(190.33).

4.2.4 Grain yield

The data presented in Table 11 reveals that among the different in-situ moisture
conservation treatments, significantly higher grain yield to the tune of 32.81 g/ha was



recorded in the treatment (T,) Broad Bed Furrow + mulching with in-situ raised
Dhaincha which was found to be statistically at par with the treatment (Ts) Broad Bed
Furrow (BBF) + mulching with Leucaena prunings and the treatment (Te) Broad Bed
Furrow + mulching with in-situ raised Sunhemp with the corresponding values of 32.35
g/ha and 31.75 g/ha, respectively which in turn were significantly superior to grain yield
values obtained with treatment (T3) Flat Bed + mulching with in-situ raised Dhaincha
(29.1 g/ha) which inturn was statistically at par with treatment (T7) Flat Bed + mulching
with Leuceana prunings (28.75 g/ha) and treatment (Ts) Flat Bed + mulching with in situ
raised Sunhemp (28.12 g/ha). However, the treatment (T) Broad Bed Furrow recorded
grain yield of 27.05 g/ha followed by Flat Bed with the corresponding grain yield value
of 25.45 g/ha. However the lowest value of grain yield was observed in Farmer’s practice
to the tune of 20.5 g/ha.

Table 11: Effect of different in-situ soil moisture conservation techniques on grain

yield, stover yield, harvest index and RWUE of maize

Yield at harvest FHarvest

Treatments (9/ha) Index RWUE (kg/ha-mm)
Grain Stover (%)

T1 Flat Bed 2545 5599 31.25 400

T2 Broad Bed Furrow (BBF) 2705 60.05 3105 425

T3 Flat Bed + Mulching with in-situ raised 291 5995 32.73 458
Dhaincha

T, Broad Bed Furrow (BBF) + Mulching 3281 67.26 32.77 5.16
with in-situ raised Dhaincha

T5 Flat Bed + Mulching with in-situ raised 2812 59.05 32.26 442
Sunhemp

Te Broad Bed Furrow (BBF) + Mulching 31.75 64.14 3311 4.99
with in-situ raised Sunhemp

T7 Flat Bed + Mulching with Leucaena 2875 6153 3185 452
prunings

T Broad Bed Furrow (BBF) + Mulching 3235 66.96 3257 5.09
with Leucaena prunings

T9 Farmer’s practice 205 47.15  30.30 322
SEm(z) 0.52 1.10 0.68 0.13

CD (P<0.05) 158 335  NS. 0.40




4.2.5 Stover yield

The data presented in Table 11 reveals that among the different in-situ moisture
conservation treatments, significantly higher stover yield to the tune of 67.26 g/ha was
recorded in the treatment (T,) Broad Bed Furrow + mulching with in-situ raised
Dhaincha which was found to be statistically at par with the treatment (Ts) Broad Bed
Furrow (BBF) + Mulching with Leucaena prunings and the treatment (T¢) Broad Bed
Furrow + mulching with in-situ raised Sunhemp with the corresponding values of 66.96
g/ha and 64.14 g/ha, respectively which in turn were significantly superior to stover yield
values obtained with treatment (T3) Flat Bed + mulching with in-situ raised Dhaincha
(59.95 g/ha) which inturn was statistically at par with treatment (T-) Flat Bed + mulching
with Leuceana prunings (61.53 g/ha) and treatment (Ts) Flat Bed + mulching with in situ
raised Sunhemp (59.05 g/ha). However, the treatment (T) Broad Bed Furrow recorded
stover yield values of 60.05 g/ha followed by Flat Bed with the corresponding grain
yield value of 55.99 g/ha. However the lowest value of stover yield was observed in
Farmer’s practice (47.15 g/ha).

4.2.6 Harvest index

The data presented in Table 11 reveals that different in-situ moisture conservation
treatments showed non-significant results with respect to harvest index. However,
numerically higher values of harvest index were recorded in the treatments (T,) Broad
Bed Furrow + mulching with in-situ raised Dhaincha, (Tg) Broad Bed Furrow (BBF) +
Mulching with Leucaena prunings and the treatment (T¢) Broad Bed Furrow +mulching
with in-situ raised Sunhemp. Whereas lowest value of harvest index was recorded in

Farmer’s practice.
4.2.7 Rain Water Use Efficiency

The data presented in Table 11 reveals that among the different in-situ moisture
conservation treatments, significantly higher rain water use efficiency of 5.16 kg/ha-mm
was recorded in the treatment (T4) Broad Bed Furrow + mulching with in-situ raised
Dhaincha which was found to be statistically at par with the treatment (Tg) Broad Bed

Furrow (BBF) + Mulching with Leucaena prunings and the treatment (T¢) Broad Bed



Furrow + mulching with in-sifu raised Sunhemp with the corresponding rain water use
efficiency values of 5.09 kg/ha-mm and 4.99 kg/ha-mm, respectively which in turn were
significantly superior to rain water use efficiency values obtained with treatment (T3) Flat
Bed + mulching with in-situ raised Dhaincha (4.58 kg/ha-mm) which inturn was
statistically at par with treatment (T-) Flat Bed + mulching with Leuceana prunings (4.52
kg/ha-mm) and treatment (Ts) Flat Bed + mulching with in situ raised Sunhemp (4.42
kg/ha-mm). However, the treatment (T,) Broad Bed Furrow recorded rain water use
efficiency value of 4.25 kg/ha-mm followed by Flat Bed to the tune of 3.84. However,
the lowest rain water use efficiency value of 3.22 kg/ha-mm was observed in Farmer’s

practice.
43  Moisture per cent at 15 cm and 30cm depth after every rainfall event

Different in-situ moisture conservation treatments significantly influenced the

moisture per cent at 15 cm and 30 cm depths after every rainfall event.

Among the different in-siru moisture conservation treatments 30 DAS, the
treatment (T,) Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded
significantly higher values of Moisture per cent at 15 cm and 30 cm depths during all the
events which was found to be statistically at par with the treatment (Ts) Broad Bed
Furrow (BBF) + Mulching with Leucaena prunings and the treatment (Ts) Broad Bed
Furrow + mulching with in-situ raised Sunhemp followed by treatment (T3) Flat Bed +
mulching with in-situ raised Dhaincha (39.40 g/plant) which inturn was statistically at par
with treatment (T7) Flat Bed + mulching with Leuceana prunings and treatment (Ts) Flat
Bed + mulching with in-sifu raised Sunhemp (36.42 g/plant). However, the lowest value
of moisture per cent at 15 cm and 30 cm depths after every rainfall event was recorded in
Farmer’s practice. By and large similar trend was observed with respect to moisture per

cent at 15 cm and 30 cm depths after every rainfall event and at harvest.
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Fig. 4.1: Effect of in-situ soil moisture conservation practices on grain yield of maize
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T,: Flat Bed

T,: Broad Bed Furrow

T3: Flat bed + mulching with in-situ raised Dhaincha

T4 Broad bed furrow +mulching with in-situ raised Dhaincha
Ts: Flat bed +mulching with in situ raised Sunhemp

Te: Broad bed furrow +mulching with in-situ raised Sunhemp
T7: Flat bed +mulching with Leuceana prunings

Ts: Broad bed furrow +mulching with Leucaena prunings

Tg: Farmer’s practice




Table 12:

rainfall event (cummulative)

Effect of different in-situ soil moisture conservation techniques on soil moisture per cent three days after every

Event 1 Event 2 Event 3 Event 4 Event 5 Event 6
Treatments (Depth in cm) (Depth in cm) (Depth in cm) (Depthin cm) (Depthin cm) (Depth in cm)
15 30 15 30 15 30 15 30 15 30 15 30

Flat Bed 2560 27.40 2940 3107 2150 2200 17.90 22.03 1150 1355  8.00 8.63
Broad Bed Furrow (BBF) 2710 29.00 30.80 32.62 23.10 2450 2050 22.05 13.80 1560 943  10.25
Flat Bed + Mulching with in-situ raised Dhaincha 3040 3240 3310 3500 2547 2710 2200 2710 16.90 1830 1140 1250
Broad Bed Furrow (BBF) + Mulching with in-situ raised 3243  34.63 3550 37.74 2789 2953 2449 2670 1980 2081 1350 14.70
Dhaincha
Flat Bed + Mulching with in-situ raised Sunhemp 2960 3139 3210 3366 24.70 2665 2195 2320 1590 1740 1080 11.75
Broad Bed Furrow (BBF) + Mulching with in-situ raised  31.90 33,57 3450 3630 27.00 2920 23.75 2590 19.00 2000 1280 1390
Sunhemp
Flat Bed + Mulching with Leucaena prunings 3000 31.78 3270 3430 2510 2680 2155 2355 1630 1790 1125 1200
Broad Bed Furrow (BBF) + Mulching with Leucaena 3280 3460 3489 3690 27.20 2960 24.85 26.00 1950 20.00 13.10 14.10
prunings
Farmer’s practice 2520 2695 2870 30.38 20.80 2120 1640 17.80 10.60 1150  7.00 7.90
SEm(z) 0.49 037 034 046 040 064 054 067 057 055 0.47 0.44
CD (P<0.05) 1.48 113 120 138 148 190 164 189 171 162 1.38 1.28




4.4 Soil fertility changes after completion of experiment
44.1 Changein pH, EC and OC

A perusal of the data depicted in the Table 13 reveals that the soil chemical
parameters after harvest of crop did not show much of variations and thus failed to show
any significant difference among various treatments. The value of pH, EC and OC
obtained after harvesting of kharif maize crop ranged from 6.63 to 6.82, 0.17 to 0.21 ds/m
and 2.8 to 3.0 g/kg, respectively under different in-situ moisture conservation treatments.

Table 13: Effect of different in-situ soil moisture conservation techniques on pH,

EC and OC in soil after harvest of maize

Treatments pH EC oC
(dS/m) (g/kg)
T, Flat Bed 6.81 0.21 2.78
T, Broad Bed Furrow 6.82 0.211 2.82
Ts Flat Bed+ mulching with in situ Dhaincha 6.79 0.205 2.86
Ta BBF+ mulching with in-situ Dhaincha 6.68 0.174 3.0
Ts Flat Bed+ mulching with in situ raised Sunhemp 6.65 0.175 2.83
Te BBF + mulching with in-situ raised Sunhemp 6.75 0.181 2.9
T7 Flat Bed +mulching with Leucaena prunings 6.77 0.186 2.84
Tsg BBF+ mulching with Leucaena prunings 6.63 0.194 2.96
Ty Farmers practices 6.71 0.201 2.76
SEm(z) 0.233 0.014 0.119
CD (P<0.05) NS NS NS
Initial status 6.9 0.17 2.7
4.4.2 Available N, P and K

The available soil nutrient status data presented in Table 14 reveals that among
the different in-situ moisture conservation treatments the available N, P and K content of
soil after harvest of kharif maize crop showed that P and K were not significantly
influenced by different in-situ moisture conservation treatments. However, available
Nitrogen showed significant differences. Among the different in-situ moisture
conservation treatments. highest value of NPK contents were recorded in treatments (T4)
Broad Bed Furrow + mulching with in-siru raised Dhaincha with the corresponding
values of 213.72 kg/ha, 19.96 kg/ha and 128.3 kg/ha, respectively followed by (Ts)

Broad Bed Furrow (BBF) + Mulching with Leucaena prunings having NPK values of



211.63 kg,18.84 kg/ha and 127.5 kg/ha, respectively and the treatment (T¢) Broad Bed
Furrow + mulching with in-sifu raised Sunhemp having NPK values of 196.96 kg/ha,
17.93 kg/ha and 125.6 kg/ha as compared to rest of the treatments. However, the lowest

values of NPK were observed in Flat Bed treatment.

Table 14: Effect of different in-situ soil moisture conservation techniques on

availability of N, P, K in soil after harvest of maize

N P K

Treatments kg/ha  kg/ha kg/ha

T, Flat Bed 177.68 1559 1235
T, Broad Bed Furrow 180.20 16.43 125.8
T3 Flat Bed+ mulching with in situ Dhaincha 192.77 14.95 124 .39
Ta BBF+ mulching with in-situ Dhaincha 213.72 19.96 128.3
Ts Flat Bed+ mulching with in sifu raised Sunhemp 184.39 15.73 1229
Te BBF + mulching with in-situ raised Sunhemp 196.96 17.93 125.6
T; Flat Bed +mulching with Leucaena prunings 186.48 1559 1240
Tsg BBF+ mulching with Leucaena prunings 211.63 18.84 1275
Ty Farmers practices 183.76 16.57 125.1

SEm(z) 7.08 1.103 3.16

CD (P<0.05) 23.73 N.S. N.S.

Initial status 167 14.95 116

4.5 Nutrient uptake
4.5.1 N, P and K uptake by maize grains

The data presented in Table 15 revealed that the nutrient uptake by grain in kharif
maize was significantly influenced by the different in-situ moisture conservation
treatments. There was a profound increase in nutrient (NPK) uptake by maize grains due
to the different in-situ moisture conservation treatments as compared to Farmer’s
practice. Among the the different in-situ moisture conservation treatments, significantly
higher NPK uptake in grains was recorded in the treatment (T4) Broad Bed Furrow +
mulching with ir-situ raised Dhaincha with the corresponding values of 69.81 kg/ha,
9.84 kg/ha and 35.60 kg/ha, respectively which was followed by the treatment (Ts)
Broad Bed Furrow (BBF) + Mulching with Leucaena prunings having NPK uptake
values of 50.05 kg/ha, 7.11 kg/ha and 23.67 kg/ha , respectively and the treatment (Te)
Broad Bed Furrow + mulching with in-situ raised Sunhemp showed NPK uptake values

of 49.64 kg/ha, 5.44 kg/ha and 30.15 kg/ha, respectively while significantly lowest



values of NPK uptake to the tune of 22.56 kg/ha, 3.84 kg/ha and 18.12 kg/ha were

observed in farmer’s practice.

Table 15: Effect of different in-situ soil moisture conservation techniques on uptake

of N, P, K in grains of maize

N P K

Treatments kglha  kg/ha  kg/ha

T, Flat Bed 30.03 4.92 21.63
T, Broad Bed Furrow 40.23 491 19.77
Ts Flat Bed+ mulching with in situ Dhaincha 46.56 7.86 12.50
T, BBF+ mulching with in-situ Dhaincha 69.81 9.84 35.60
Ts Flat Bed+ mulching with in situ raised Sunhemp 32.89 5.72 27.99
Te BBF + mulching with in-situ raised Sunhemp 49.64 5.44 30.15
T, Flat Bed +mulching with Leucaena prunings 34.20 3.96 18.72
Ts BBF+ mulching with Leucaena prunings 50.05 7.11 23.67
Ty Farmers practices 22.56 3.84 18.12

SEm+ 1313 0.342 1.92
CD(P<0.05) 3.971 1.034 5.814

4.5.2 N, P and K uptake by maize stover

The data presented in Table 16 revealed that the nutrient uptake by maize stover
was significantly influenced by the different in-situ moisture conservation treatments.
There was a profound increase in nutrient (NPK) uptake by maize stover due to the
different in-situ moisture conservation treatments as compared to Farmer’s practice.
Among the the different in-situ moisture conservation treatments, significantly higher
NPK uptake in stover was recorded in the treatment (T4) Broad Bed Furrow + mulching
with in-situ raised Dhaincha with the corresponding values of 44.64 kg/ha, 10.95 kg/ha
and 49.91 kg/ha, respectively which was followed by the treatment (Tg) Broad Bed
Furrow (BBF) + Mulching with Leucaena prunings having NPK uptake values of 54.92
kg/ha, 12.40 kg/ha and 40.38 kg/ha, respectively and the treatment (Te) Broad Bed
Furrow + mulching with in-situ raised Sunhemp showed NPK uptake values of 47.49
kg/ha, 11.96 kg/ha and 42.53 kg/ha, respectively while significantly lowest values of
NPK uptake to the tune of 24.85 kg/ha, 5.33 kg/ha and 32.78 kg/ha were observed in

farmer’s practice.



Table 16: Effect of different in-situ soil moisture conservation techniques on uptake
of N, P, K in stover of maize

N P K

Treatments kglha  kgha  kg/ha

T, Flat Bed 23.60 7.19 29.81
T, Broad Bed Furrow 24.20 8.02 36.10
Ts Flat Bed+ mulching with in situ Dhaincha 26.22 9.51 4924
T, BBF+ mulching with in-situ Dhaincha 44.64 10.95 4991
Ts Flat Bed+ mulching with in situ raised Sunhemp 41.32 7.48 32.00
Te BBF + mulching with in-situ raised Sunhemp 47.49 11.96 4253
T, Flat Bed +mulching with Leucaena prunings 38.95 6.24 36.77
Ts BBF+ mulching with Leucaena prunings 54.92 12.40 40.38
Ty Farmers practices 24.85 5.33 32.78

SEm(z) 2.03 0.77 1.46

CD (P<0.05) 6.12 231 442

4.6  Relative economics of Kharif maize

Relative economics of various in-situ soil moisture conservation treatments were
worked out to evaluate the most beneficial in-situ moisture conservation treatments in
maize. The detail of cost of various inputs used in the experiment is given in Appendix-II
and the data of gross returns, net returns and benefit: cost ratio as influenced by different

in-situ moisture conservation treatments are depicted in Tablel7.

A perusal of the data presented in Table 17 reveals that the treatment (T,) Broad
Bed Furrow + mulching with in-situ raised Dhaincha registered highest net returns of

(" 40755 /ha) which was immediately followed by the treatment (Ts) Broad Bed Furrow

(BBF) + Mulching with Leucaena prunings, treatment (Te) Broad Bed Furrow +
mulching with in-situ raised Sunhemp, treatment ( T3) Flat Bed + mulching with in-situ
raised Dhaincha, treatment (T,) Flat Bed + mulching with Leuceana prunings, treatment
(Ts) Flat Bed + mulching, treatment (T,) Broad Bed Furrow and treatment (T;) Flat Bed.
However, lowest net returns of Rs.22936 /ha was obtained in Farmer’s practice.



Table 17: Effect of different in-situ soil moisture conservation techniques on

relative economics of maize

Cost of Gross Net
Treatments cultivation returns returns B:C
(/ha) (hay  Cha)  "f0
T Flat Bed 19890 49628 29738 1.50
T2 Broad Bed Furrow (BBF) 20390 52856 32466 1.59
T3 Flat Bed + Mulching with in-situ raised 21240 55930 34690 1.63
Dhaincha
T4 Broad Bed Furrow (BBF) + Mulching 22240 62995 40755 1.83
with in-situ raised Dhaincha
T5 Flat Bed + Mulching with in-situ raised 21740 54272 32532 1.50
Sunhemp
T6 Broad Bed Furrow (BBF) + Mulching 22240 60770 38530 1.73
with in-situ raised Sunhemp
T7 Flat Bed + Mulching with Leucaena 21740 55718 33978 1.56
prunings
T8 Broad Bed Furrow (BBF) + Mulching 22240 62241 40001 1.80
with Leucaena prunings
T Farmer’s practice 17449 40385 22936 131

Among the different in-siru moisture conservation treatments the highest benefit:
cost ratio of 1.83 was obtained with the treatment (T4) Broad Bed Furrow + mulching
with in-situ raised Dhaincha which was followed by the treatment (Tg) Broad Bed Furrow
(BBF) + Mulching with Leucaena prunings, treatment (T¢) Broad Bed Furrow +
mulching with in-situ raised Sunhemp with the corresponding benefit: cost ratio values of
1.80 and 1.73, respectively. However, significantly lower benefit: cost ratio was recorded

in Farmer’s practice (1.31).



CHAPTER-5

DISCUSSION



CHAPTER-5
DISCUSSION

The experimental results emanating from the field investigation entitled “Effect
of different in-situ soil moisture conservation techniques in maize under Shiwalik
Foothils of Jammu and Kashmir” has been described in the preceding chapter. In this
chapter, an attempt has been made to highlight the important findings and to interpret the
effect of different in-situ moisture conservation techniques by establishing suitable cause
and effect relationships in light of available evidences and ancillary data generated
during the course of investigation under the following heads:

51 Growth Parameters

Growth of kharif maize in terms of plant height, dry matter accumulation, leaf
area index and crop growth rate at periodic intervals as reported in Table 6, 7, 8 and 9,
respectively revealed that almost all the crop growth characters of kharif maize showed a
pronounced improvement with the application of different in-sizu moisture conservation

treatments.

Among the different in-situ moisture conservation treatments, the application of
the treatment (T4) Broad Bed Furrow + mulching with in-sizu raised Dhaincha, treatment
(Ts) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings, treatment (Te) Broad
Bed Furrow + mulching with in-situ raised Sunhemp, treatment (T3) Flat Bed + mulching
with in-situ raised Dhaincha, treatment (T+7) Flat Bed + mulching with Leuceana prunings
and treatment (Ts) Flat Bed + mulching with in sifu raised Sunhemp, treatment (T,)
Broad Bed Furrow and Flat Bed increased the plant height, dry matter accumulation, leaf
area index and crop growth rate of kharif maize at all the growth stages which was
significantly higher as compared to Farmer’s practice except at 30 DAS which didn’t
show any significant results. However, crop growth rate and leaf area index increased
during initial crop growth and grand growth period and then declined and reached to a
minimum level at harvest stage. The lowest value of growth parameters were observed in

Farmer’s practice.



However, application of the treatment (T,) Broad Bed Furrow + mulching with
in-situ raised Dhaincha recorded significantly higher growth parameter values which was
statistically at par with the treatment (Ts) Broad Bed Furrow (BBF) + Mulching with
Leucaena prunings and treatment (T¢) Broad Bed Furrow + mulching with in-situ raised
Sunhemp. The increasing trend of growth parameters in terms of the plant height, dry
matter accumulation, leaf area index and crop growth rate of kharif maize might
happened due to the fact that the Broad Bed method and mulching with different organic
materials after 35 DAS maintained the soil moisture in these plots under prolonged dry
spells during reproductive period, better root development and utilization of resources
which otherwise may have responsible for loss of moisture through evapo-transpiration
from the cracked surfaces and weeds if not being mulched. These results are in close
conformity with the findings of Devaranavadgi et al. (2012), Uwah and Iwo (2011) and
Woldetsadik et al. (2005).

5.2 Yield attributes and yield of kharif maize

The significant variations in growth and development of Kharif maize further led
to marked variations in its yield attributes except for number of plants/m? and number of
cobs /plant which showed non-significant results (Table 10). Among the different in-situ
moisture conservation treatments, application of the treatment (T4) Broad Bed Furrow +
mulching with in-situ raised Dhaincha treatment (Tg) Broad Bed Furrow (BBF) +
Mulching with Leucaena prunings and treatment (T¢) Broad Bed Furrow +mulching with
in-situ raised Sunhemp recorded significantly higher number of grains /cob and test
weight due to different moisture conservation practices. This improvement in yield
attributing characters of Kharif maize might have happened because of Broad Bed
method and mulching with different organic materials at 35 DAS maintained the soil
moisture in these plots under prolonged dry spells during reproductive period, better root
development and utilization of resources which otherwise may have responsible for loss
of moisture through evapo-transpiration from the cracked surfaces and weeds thereby
resulting in better growth of above and below ground parameters, which encouraged the
plant to produce more reproductive part and better development of cob. These results are
in close conformity with the findings of Devaranavadgi et al. (2012), Uwah and Iwo
(2011) and Woldetsadik et al. (2005) and Mbah et al. (2010).



However, the lowest values with respect to yield attributes were observed in
Farmer’s practice which might be attributed to application of imbalanced inputs and poor

cultivation practices.
53 Yield and harvest index of crop
5.3.1 Grains and stover yield of kharif maize

Grain yield is resultant of better growth and development of plant, higher net
photosynthesis, better translocation and storage of photosynthetices in ideal source-sink
relationships, better expression of yield attributes like number of plant /m? cob /plant,
grain rows /cob and grains /cob which in this case could have been achieved due to
reduction in evapo-transpiration, better soil condition, greater retention of moisture in the
soil profile, better root development under Broad Bed Furrow method alongwith
mulching with different organic materials especially during the dry spell situations
arised during reproductive stage, thus enabling the crop for maximum utilization of
nutrients, moisture, light and space which had influence on growth and vyield
components. The above results could be corroborated with the findings of Sharma and
Acharya (2000) and Sharma et al. (1998).

Among the different in-situ moisture conservation treatments, the significantly
highest grain yield of maize was obtained with the application of treatment (T4) Broad
Bed Furrow + mulching with in-situ raised Dhaincha treatment (Tg) Broad Bed Furrow
(BBF) + Mulching with Leucaena prunings and treatment (Ts) Broad Bed Furrow +
mulching with in-situ raised Sunhemp (Table 11). The possible reason for the higher
grain yield due to different in-situ soil moisture conservation could be attributed to better
combined effects of Broad Bed Furrow method and organic mulches in terms of grain
yield components. This improvement in turn can be ascribed due to maintenance of soil
moisture under prolonged dry spells during reproductive period, better soil condition,
better root development and utilization of resources which otherwise may have
responsible for loss of moisture through evapo-transpiration from the cracked surfaces
and weeds if not being sown on Broad Bed alongwith mulch material. These results are

in close conformity with the findings of Devaranavadgi et al. (2012), Uwah and lwo



(2011), Sur et al. (1992) and Woldetsadik et al. (2005). However, the lowest values with
respect to grain yield were observed in Farmer’s practice which could be attributed to

application of imbalanced inputs and poor cultivation practices.
5.3.2 Harvest index

The data presented in Table 11 reveals that different in-situ moisture conservation
treatments showed non-significant results with respect to harvest index. However,
numerically higher values of harvest index were recorded in the treatments (T,) Broad
Bed Furrow + mulching with in-situ raised Dhaincha, (Ts) Broad Bed Furrow (BBF) +
Mulching with Leucaena prunings and the treatment (Tg) Broad Bed Furrow +mulching
with in-situ raised Sunhemp whereas lowest value of harvest index was recorded in

Farmer’s practice.
5.3.3 Rain Water Use Efficiency

The data presented in Table 11 reveals that among the different in-situ moisture
conservation treatments, significantly higher rain water use efficiency of 5.16 kg/ha-mm
was recorded in the treatment (T4) Broad Bed Furrow + mulching with in-situ raised
Dhaincha which was found to be statistically at par with the treatment (Tg) Broad Bed
Furrow (BBF) + Mulching with Leucaena prunings and the treatment (T¢) Broad Bed
Furrow + mulching with in-sifu raised Sunhemp with the corresponding rain water use
efficiency values of 5.09 kg/ha-mm and 4.99 kg/ha-mm, respectively which in turn were
significantly superior to rain water use efficiency values obtained with treatment ( Ts3)
Flat Bed + mulching with in-sifu raised Dhaincha (4.58 kg/ha-mm) which inturn was
statistically at par with treatment (T-) Flat Bed + mulching with Leuceana prunings (4.52
kg/ha-mm) and treatment (Ts) Flat Bed +mulching with in situ raised Sunhemp (4.42
kg/ha-mm). Therefore, the significant increase in water use efficiency was undoubtedly
associated with an increase in moisture conservation and availability under mulched
condition, especially during the critical growth period of maize as reported by
Woldetsadik et al. (2005).

However the lowest rain water use efficiency value of 3.22 kg/ha-mm was

observed in Farmer’s practice.



5.3.4 Moisture per cent at 15 cm and 30 cm depth after every rainfall event

(cumulative)

Different in-situ moisture conservation treatments significantly influenced the
moisture per cent at 15 cm and 30 cm depths after every rainfall event (Table 12).
Among the different in-situ moisture conservation treatments 30 DAS, the treatment (T4)
Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded significantly higher
values of Moisture per cent at 15 cm and 30 cm depths during all the events which was
found to be statistically at par with the treatment (Ts) Broad Bed Furrow (BBF) +
Mulching with Leucaena prunings and the treatment (Ts) Broad Bed Furrow +
mulching with in-situ raised Sunhemp followed by treatment ( T3) Flat Bed + mulching
with in-situ raised Dhaincha (39.40 g/plant) which inturn was statistically at par with
treatment (T7) Flat Bed + mulching with Leuceana prunings and treatment (Ts) Flat Bed
+mulching with in situ raised Sunhemp (36.42 g/plant). However, the lowest value of
moisture per cent at 15 cm and 30 cm depths after every rainfall event was recorded in

Farmer’s practice (Table 12).
54 Soil status after the harvest of crop
54.1 Change in pH, EC and OC:

The soil chemical parameters after harvest of crop did not show much of
variations and thus failed to show any significant difference among various treatments.
The value of pH, EC and OC obtained after harvesting of kharif maize crop ranged from
6.63 t0 6.82, 0.17 to 0.21 ds/m and 0.28 to 0.30 per cent, respectively under different in-

situ moisture conservation treatments (Table 13).
5.4.2 Available N, P and K

The available soil nutrient status data presented in Table 14 reveals that among
the different in-situ moisture conservation treatments the available N, P and K content of
soil after harvest of kharif maize crop showed that P and K were not significantly
influenced by different in-situ moisture conservation treatments. However, available

Nitrogen showed significant differences among the different in-situ moisture



conservation treatments. Highest values of NPK contents were recorded in treatments
(T4) Broad Bed Furrow + mulching with in-situ raised Dhaincha, (Ts) Broad Bed Furrow
(BBF) + Mulching with Leucaena prunings and the treatment (T¢) Broad Bed Furrow +
mulching with in-situ raised Sunhemp as compared to rest of the treatments. This might
have happened due to addition of crop as well as mulched crop root and shoot biomass
that remained in the soil which was utilized by microorganisms leading to increase in

mineralization process.
55 Nutrient uptake
55.1 N, P and K uptake by grain of Kharif maize

The data presented in Table 15 revealed that the nutrient uptake by grain in kharif
maize was greatly influenced by the different in-situ moisture conservation treatments.
There was a profound increase in nutrient (NPK) uptake by maize grains due to the
different in-sitru moisture conservation treatments as compared to Farmer’s practice.
Among the the different in-situ moisture conservation treatments, significantly higher
NPK uptake in grains was recorded in the treatment (T,) Broad Bed Furrow + mulching
with in-situ raised Dhaincha which was found to be statistically at par with the treatment
(Tg) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings and the treatment
(Te) Broad Bed Furrow + mulching with in-situ raised Sunhemp. The possible reason for
beneficial effect could possibly be attributed to enhanced nutrient availability due to
retention of more soil moisture under prolonged dry spells during reproductive period,
better root development and utilization of resources which otherwise may have
responsible for loss of moisture through evapo-transpiration from the cracked surfaces
and weeds if not being mulched. These results are in close conformity with the findings
of Devaranavadgi et al. (2012), Uwah and Iwo (2011) and Woldetsadik ez al. (2005).

5.5.2 Periodic N, P and K uptake by stover of Kharif maize

The data presented in Table 16 revealed that the nutrient uptake by maize stover
was greatly influenced by the different in-sizu moisture conservation treatments. There
was a profound increase in nutrient (NPK) uptake by maize stover due to the different in-

situ moisture conservation treatments as compared to Farmer’s practice. Among the



different in-siru moisture conservation treatments, significantly higher NPK uptake in
stover was recorded in the treatment (T) Broad Bed Furrow + mulching with in-situ
raised Dhaincha which was found to be statistically at par with the treatment (Tg) Broad
Bed Furrow (BBF) + Mulching with Leucaena prunings and the treatment (T¢) Broad
Bed Furrow + mulching with in-sifu raised Sunhemp. The possible reason for beneficial
effect could possibly be attributed to enhanced nutrient availability due to retention of
more soil moisture under prolonged dry spells during reproductive period , better root
development and utilization of resources which otherwise may have responsible for loss
of moisture through evapo-transpiration from the cracked surfaces and weeds if not being
mulched. These results are in close conformity with the findings of Devaranavadgi et al.
(2012), Uwah and Iwo (2011) and Woldetsadik ez al. (2005).

5.6  Relative economics of Kharif maize

The economic feasibility and usefulness of a treatment can be effectively adjusted
in terms of B: C ratio and net returns. Relative economics of Kharif' maize depicted in
Table 17 Among different in-situ moisture conservation treatments, the treatment (T,)
Broad Bed Furrow + mulching with in-situ raised Dhaincha registered highest net returns
of (Rs. 40755/ha) which was immediately followed by the treatment (Tg) Broad Bed
Furrow (BBF) + Mulching with Leucaena prunings, treatment (T¢) Broad Bed Furrow +
mulching with in-situ raised Sunhemp, treatment (T3) Flat Bed + mulching with in-situ
raised Dhaincha, treatment (T7) Flat Bed + mulching with Leuceana prunings, treatment
(Ts) Flat Bed +mulching, treatment (T) Broad Bed Furrow and treatment (T,) Flat Bed.
However, lowest net return of Rs.21789.00/ha was obtained in Farmer’s practice
(Sharma et al. 2010)

Among the different in-situ soil moisture conservation treatments the highest
benefit: cost ratio of 1.83 was obtained with the treatment (T,) Broad Bed Furrow +
mulching with in-situ raised Dhaincha which was followed by the treatment (Tg) Broad
Bed Furrow (BBF) + Mulching with Leucaena prunings, treatment (T¢) Broad Bed
Furrow + mulching with in-situ raised Sunhemp. However, lower benefit: cost ratio was

recorded in Farmer’s practice.
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CHAPTER-6
SUMMARY AND CONCLUSION

The field experiment entitled, “Effect of different in-situ soil moisture
conservation techniques in maize under Shiwalik Foothils of Jammu and Kashmir”,
was undertaken at the Research Farm of Advanced Centre for Rainfed Agriculture,
ACRA Dhiansar of Sher-e-Kashmir University of Agricultural Sciences and Technology
of Jammu during the kharif'season of 2016 with the following objectives:

OBJECTIVES

1. To find out the most suitable vegetative bio-mass as mulch for in-situ

moisture conservation for improving maize productivity.

2. To find out the most efficient establishment method for in-situ moisture

conservation for improving maize productivity.

3. To workout the relative economics of different in-situ moisture conservation

techniques and establishments methods.

To achieve these objectives, a field experiment comprising of 9 treatments viz. T;-
Flat Bed, T,- Broad Bed Furrow, Ts- Flat Bed + mulching with in-situ raised Dhaincha,
T,-Broad Bed Furrow + mulching with in-situ raised Dhaincha, Ts-Flat Bed + mulching
with in situ raised Sunhemp, Te- Broad Bed Furrow + mulching with in-situ raised
Sunhemp, T7- Flat Bed + mulching with Leucaena prunings, Tg- Broad Bed Furrow +
mulching with Leucaena prunings and To- Farmer’s practice was laid out in randomized
block design with three replications during kharif season of 2016. The soil of the
experimental field was sandy loam in texture, near to neutral, low in organic carbon and
available nitrogen and medium in available phosphorous and potassium. The field was
ploughed twice with disc harrow followed by planking to prepare a fine seed Bed. Plot
paths, replication borders and drainage channels were made manually. The plots were
levelled before planting of kharif maize. However, Broad Bed and Furrow plots were

raised using Bed making machine. Hybrid maize variety Double dekalb was sown in line



on 5" of July using full dose of P and K along with 2/3" dose of N as basal dose at the
time of sowing through inorganic sources of nutrients viz. Urea, DAP and MOP,
respectively as per package of practices and remaining Nitrogen was applied just before
the application of mulches while in farmers practice only Urea and DAP as inorganic
fertilizers were applied in maize sown by broadcasting method without following any
plant protection measures. However, the seeds of the mulch crops viz: Dhaincha and
Sunhemp were also sown by broadcasting method at the time of final ploughing as per
the technical programme. Leucaena prunings (Ex-situ) were taken from the plants

growing in surroundings 35 DAS of maize at the time of spreading of mulches.
6.1 Crop Studies
a) Crop Growth

Application of different in-situ soil moisture conservation techniques had a well
pronounced effect on growth parameters viz. plant height, dry matter accumulation, leaf
area index and crop growth rate at almost all stages of maize crop except at 30 DAS.
Among the different in-situ moisture conservation treatments applied in maize crop, the
treatment (T,) Broad Bed Furrow + mulching with in-situ raised Dhaincha recorded
significantly higher growth parameter values which was statistically at par with the
treatment (Tg) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings and
treatment (T¢) Broad Bed Furrow + mulching with in-sizu raised Sunhemp except at 30
DAS which didn’t show any significant results. However, significantly lowest values of

growth parameters were observed in Farmer’s practice.
b) Yield and yield attributes

The significant variations in growth and development of kharif maize led to
marked variations in its yield attributes except for number of plants/m? and number of
cobs/plant which showed non-significant results. Among the different in-situ moisture
conservation treatments, application of the treatment (T,) Broad Bed Furrow + mulching
with in-situ raised Dhaincha, treatment (Tg) Broad Bed Furrow (BBF) + Mulching with
Leucaena prunings and treatment (Ts) Broad Bed Furrow + mulching with in-situ raised

Sunhemp recorded significantly higher number of grains/cob and 1000 grain weight due



to different moisture conservation practices. However, the lowest values with respect to

yield attributes were observed in Farmer’s practice.

Likewise, Among the different in-situ moisture conservation treatments,
significantly highest grain and stover yield of maize was obtained with the application of
treatment (T4) Broad Bed Furrow + mulching with in-situ raised Dhaincha, treatment
(Ts) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings and treatment (Ts)
Broad Bed Furrow + mulching with in-situ raised Sunhemp while the lowest values with

respect to grain and stover yields were observed in Farmer’s practice.

Non-significant results with respect to harvest index were observed in different
in-situ Moisture conservation treatments. However, numerically higher values of harvest
index were recorded in the treatments (T4) Broad Bed Furrow + mulching with in-situ
raised Dhaincha, (Tg) Broad Bed Furrow (BBF) + Mulching with Leucaena prunings
and the treatment (Te) Broad Bed Furrow + mulching with in-sifu raised Sunhemp,

whereas lowest value of harvest index was recorded in Farmer’s practice.

Significantly higher rain water use efficiency of 5.16 kg/ha-mm was recorded in
the treatment (T,4) Broad Bed Furrow + mulching with in-situ raised Dhaincha which was
found to be statistically at par with the treatment (Ts) Broad Bed Furrow (BBF) +
Mulching with Leucaena prunings and the treatment (Ts) Broad Bed Furrow + mulching
with in-situ raised Sunhemp with the corresponding rain water use efficiency values of

5.09 kg/ha-mm and 4.99 kg/ha-mm, respectively.
6.2 Soil studies

The physico-chemical properties of soil with respect to pH, EC and OC and
available phosphorous and potash after harvest of crop did not show much of variations
and thus failed to show any significant difference among various treatments. Moreover,
the value of pH, EC and OC obtained after harvesting of kAarif maize crop ranged from
6.63 t0 6.82, 0.17 to 0.21 ds/m and 0.28 to 0.30 per cent, respectively under different in-
situ moisture conservation treatments. However, available nitrogen showed significant
differences among the different in-situ moisture conservation treatments. Numerically

higher value of NPK contents were recorded in treatments (T,) Broad Bed Furrow +



mulching with in-situ raised Dhaincha, (Tg) Broad Bed Furrow (BBF) + Mulching with
Leucaena prunings and the treatment (Te) Broad Bed Furrow +mulching with in-situ

raised Sunhemp as compared to rest of the treatments.
6.3 Nurtrient uptake

Nutrient uptake by maize stover was greatly influenced by the different in-situ
soil moisture conservation treatments. There was a profound increase in nutrient (NPK)
uptake by maize stover due to the different in-situ moisture conservation treatments as
compared to Farmer’s practice. Among the different in-situ moisture conservation
treatments, significantly higher NPK uptake in stover was recorded in the treatment (Ty)
Broad Bed Furrow + mulching with in-sifu raised Dhaincha which was found to be
statistically at par with the treatment (Tg) Broad Bed Furrow (BBF) + Mulching with
Leucaena prunings and the treatment (Tg) Broad Bed Furrow + mulching with in-situ

raised Sunhemp.
6.4 Relative economics

Among different in-situ moisture conservation treatments, the treatment (T,)

Broad Bed Furrow + mulching with in-situ raised Dhaincha registered highest net returns
of (" 40744/ha) which was immediately followed by the treatment (Tg) Broad Bed

Furrow (BBF) + Mulching with Leucaena prunings, treatment (Te) Broad Bed Furrow
+mulching with in-situ raised Sunhemp, treatment (T3) Flat Bed + mulching with in-situ
raised Dhaincha, treatment (T7) Flat Bed + mulching with Leuceana prunings, treatment
(Ts) Flat Bed + mulching, treatment (T,) Broad Bed Furrow and treatment (T;) Flat Bed.

However lowest net returns of * 22936/ ha was obtained in Farmer’s practice.

Among the different in-situ moisture conservation treatments the highest benefit:
cost ratio of 1.83 was obtained with the treatment (T4) Broad Bed Furrow + mulching
with in-situ raised Dhaincha which was followed by the treatment (Tg) Broad Bed
Furrow (BBF) + Mulching with Leucaena prunings, treatment (T¢) Broad Bed Furrow +
mulching with in-siru raised Sunhemp. Significantly lower benefit: cost ratio was

however, recorded in Farmer’s practice.



CONCLUSION

On the basis of results of present investigation, it is concluded that among the
different in-situ soil moisture conservation techniques in maize, Broad Bed Furrow
(BBF) + mulching with in-situ raised Dhaincha, provided significantly highest grain yield
with maximum net returns, B:C ratio and Rain Water Use Efficiency under rainfed
situations which not only helped in conserving the moisture in the soil profile but also
enhanced the productivity of maize especially during mid / terminal dry spell situations
which can contribute to food security of kandi belt farmer’s under the Shiwalik Foothils

of Jammu and Kashmir.
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APPENDIX



Appendix-1

Mean weekly meteorological data during crop season 2016

Svw* | Date & Month Temperature (°C)| Relative Humidity (%) Rainfall
Max Min (morning) | (evening) (mm)
26. 1-7 (July) 3420 | 21.89 80.3 67 20.9
27. 8-14 (July) 34.14 | 22.04 87.4 53 70.3
28. 15-21 (July) 3273 | 2224 86.4 73 93.9
29. 22-28(July) 3253 | 20.37 90.3 73 161.4
30. 29(July)-4(Aug.) | 32.7 20.9 90.6 68 59.1
31. 5-11(Aug.) 319 22.06 83.6 69 74.7
32. 12-18(Aug.) 344 21.0 86.1 59 72
33. 19-25(Aug.) 349 224 84.6 64 05
34. 26(Aug)-1(Sep) | 325 19.9 89.6 65 92.9
35. 2-8(Sep.) 34.1 20.6 84.4 62 00
36. 9-15(Sep.) 345 22.3 87.6 64 415
37. 16-22(Sep.) 351 21.2 87.7 56 0.0
38. 23-29(Sep.) 31.8 18.5 85.7 69 13.6
39. 30(Sep)-6(Oct.) | 34.2 20.6 88.6 59 0.0
40. 7-15 (Oct.) 33.0 14.9 77.3 44 0.0

SMW* Standard Meteorological Week
Source: Agromet observatory, ACRA, Rakh Dhiansar.

Dry spells
i Cro Stage of the cro
Duration Dates & months P 8 P
(Days)
12 days 18 Aug-29 Aug
Maize Reproductive stage
9 days 15 Sept-22 Sept




Appendix-11

Operating cost / unit of input used in kharif maize cultivation

. . Rate | Total cost
S. No. Input Quantity/ha Unit (/unit) (/ha)
Double tilling
1 |Land preparation followed by kanal 150 3000.00
planking
2 |Layout
i |Flat Bed 12 Man days 183 2196
ii [BBF 15 Man days 183 2745
3  |Seed
i |Double dekalb 20 kg 128 2560
ii |Dhaicha 30 kg 35 1050
iii  [Sunhemp 30 kg 35 1050
4 Seed sowing and fertilizer
application
i |Flat Bed 10 Man days 183 1830
ii [BBF 10 Man days 183 1830
iii  [Mulched Plots 11 Man days 183 2013
iv  |Broadcast(Farmer’s practice) 01 Man days 183 183
5 |Fertilizers
i |Urea 100 kg 5.68 568
ii |[DAP 90 kg 24.26 2183
iii  |IMOP 33 kg 17.00 561
6. |Herbicide
i Pendimethalin@1kg/ha Pre- 5 85 kg 460 1311
emergence
7. |Herbicide application 2 Man days 183 366
3. Cutting and spreading of 12 Man days 183 2196
mulches
9. |Top dressing 1 Man Days 183 183
10. |Thinning / gap-filling 2 Man days 183 366
11. |Harvesting , Picking and shelling 25 Man days 183 4575
12, Miscellaneous(Carriage, watch i i i i
and ward, rent of land)
Sale price of the produce
Crop Grain ('/q) Stover (/q)
Maize 1510 200




Appendix - 111

Analysis of variance of plant height at periodic interval

Source D.F. Mean sum Squire
30 DAS 60DAS 90DAS AT
frarvest
Replications 2
Treatment 8 18.76 540.74 596.01
581.25
Error 16 10.98 8.13 2.49
3.65
Total 26
Analysis of variance of Dry matter accumulation at periodic interval
Source D.F. Mean sum Squire
30 DAS 60DAS 90DAS AT
farvest
Replications 2
Treatment 8 3.04 280.73 1405.32 1513.46
Error 1% 27 1059 2776 3873
Total 26

Analysis of variance of Leaf area index at periodic interval

Source D.F. Mean sum Squire




AT harvest
Replications

Treatment
0.41

Error
0.01

Total

Analysis of variance of Yield attributes of maize

2

8

16

26

30 DAS

0.06

0.02

60 DAS

0.55

0.01

90DAS

0.58

0.02

Source D.F. Mean sum Squire
No. of Plants/m? No. of cobs/ plant ~ No. of Grains/cob ~ Test
weight (g)
Replications 2
Treatment 8 0.05 0.02 4000.12
780.87
Error 16 0.03 0.01 155.80
44.09
Total 26

Analysis of variance of Grain yield, Stover yield, Harvest index and RWUE of maize of maize

Source D.F. Mean sum Squire
Grain yield Stover yield Harvest index
Replications 2
Treatment 8 449588.58 1041442.83 2.50
1.08
Error 16 8042.96 36867.82 1.37
0.05
Total 26



Analysis of variance of Available Nitrogen, Phosphorus and Potassium

Source D.F. Mean sum Square

Nitrogen content Phosphorus content Potassium Content

Replications 2

Treatment 8 518.54 1.11 9.64
Error 16 184.81 3.65 3.77
Total 26

Analysis of variance of initial status of pH, EC and OC

Source D.F. Mean sum Squire

pH EC oc

Replications 2

Treatment 8 0.33 0.00 0.02
Error 16 0.16 0.00 0.04
Total 26

Analysis of variance of Nitrogen, Phosphorus and Potassium uptake in grain

Source D.F. Mean sum Squire

Nitrogen uptake Phosphorus uptake Potassium uptake

Replications 2

Treatment 8 594 .52 11.62 149.96




Error 16 5.18 0.35 101.41

Total 26

Analysis of variance of Nitrogen, Phosphorus and Potassium uptake in stover

Source D.F. Mean sum Squire

Nitrogen uptake Phosphorus uptake Potassium uptake

Replications 2
Treatment 8 417.80 19.35 158.82

Error 16 12.30 1.76 6.42

Total 26
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