COMSERVATION AGRICULTURE includes minimum tillage
previous crop residue retention and crop rotation. Minimom
tillage is the first option to establish crops. It is well
established that crops other than rice can be grown under
minimum tillage pracnces CA based machinery are
developed and nparatf:d in the different parts of the country
to-establish wheat, maize, pulses, ete. Now it is crucial to fit
the CA technology in transplanted rice based cropping
sequence. Dr AKM Saitul Islam has written a demand driven
book. He strives hard to succmttl}r present the research find-
mgh on the appilﬂatmn of conservation agriculture concept
in fice fdrmmg systems in our soil type and agro-climat-
ic condition. Dr Islam dest:nbca and analyses the establish-
ment of various crops under minimum tillage, improvement
of soil health and energy consumption pattern. The find-
ings of the CA based investization will be helpful to the
researchers, academics, extension agents and pﬂliL} makers
to move forward the technology and to fit into rice based
Cropping systems,.
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Preface

Conservation agriculture {(CA) based crop production technologies are: of
growing concern to the farmers as they save resources and improve soil
health without sacrificing crop }m!l:i CaA technologies are proven in the
cstablishment of the non-rice crops elsewhere in the worll, whercas
reseatchiers are trying to accommaodite these echnologies in transplanted mice
based cropping system. Rice-rice; rioe-wheat and rice-maize ane the major
cereal based cropping. sequence in Bangladesh and rice seedling  are
tramsplanted manually i puddled land, which requires ot of water, fuel,
energy and tme, Bice 45 water loving plants and non-rice crops need little or
bess water during crop cultivation. Land fzets soft if fce is grown in puddled.
condition and difficalt to grow next crop especially wheat: Soft land hinders
the movement of seeder maching, The researchers are trying to fit the CA
technologios in bvo opposite situations, There is a dearth on the CA refated
research books based om the seil type and agro-climatic condition of
Bungladesh, The: book summarizes the research findimgs of €A based
activitics and  establishment - of different crops wnder mimmam Gllage
practces, It ois divided: into six chapters; which describe different CA
methods, machinery development, ficld operation, possibilities of unpuddled
rice vstablishment; soil health improvement and erivrgy consumption. Italso
discusses the comstraints in the establishment of crops under. mindmum
tillage practices. The book has written based on the rescarch results
condducted in Bangladesh and some of the research findings published
elsewhere in the world, The book will be useful to the readers to anderstand
the CA practices and will serve a5 a. reference o0 the policymakers,
reseirchers and extension agents inthe nabional and imternational arena, This
book may alsg be helpful o academics and post-graduate students of the
relevant fields, The readers are enoouraged to: provide apinion for further
impravemnent of the book,




Foreword

Comservalion Agricullure (CA] implied the judicial
infegrativn of minimam dllage, crop residue rebention
and crop rotation te get maximum  benefit  of
sustainable agriculbure, It s & well  established
technology in many countries for the crops other than
rice, Churs s a country of agriculture dominating rice
and we have, still, & few relevant technelogies related
to this crop. But we are sure that CA might be a good option for establishing
transplanted rce i an eoofriendly sustainable agriculture, So we shoulbd
hawve the practice in cur country in cur medern day agriculara. Scientists are
in progress o revive the technelegy with svme innovative ideas, That 13 why
they are in progress to develop some tools and technigques very relevant a
specific azea. Some of the sclentists from BRRI had a considerable works an
CAL D ARM Saiful lslam; an Agricaltural Engineer by profession, 15 one of
them. Lam glad to-see that D Saifol has accumulated all the issues related 1o
CA with respect to different agrosclimatic conditions and soil fypes in a hoak,
It iz indeed a hard work and he deserves a bunch of felicitations from me.

L hope this would be-a reference work for the scientists, academics and policy
makersaswell,

D Jiban Krishna Biswas
Director General, BREL
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Padidy /Rice cultivated in Summer season (May to August)
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MACHINE DEVELOPMENT
Improvement of planter

Akbstract

Suitable planting machine is one of the important tactors for timely
sowing and swccessfol crop establishment. Versatile. multizcrop
plamtar (VM) was modified to improve s performance for crop
establishment during 2000, The development in YMFP nvalved the
rupl.'ll.'l."m.i'nt of round robary b |[u$l.:' shaft with sguane shaft onowhich
tynes can be flexibly attached at variable row spacing and Hilage
reoddes, replacerment of press wheel with raller, option for appending
verbical seed meter in addition to flute seeder meters and
replacement of haditional hexagonal bolts with allen socket. The
plasber has very good opfions for closing the slit of strip and zero
tillage sesding systems: Seed and fertilizer defivery was separsted
am the back of the furmmer LpeERer o minimize seed and fertilizer
combact after placement. The spare parts are locally available and any
kind of repaly can be done ai the villagefupaxiia level, Locally made
Flube gy 4, 8 and 16 Mube) sedd and fertiliner meters are available
For seeding rice, wheat, lentik chickpes, Blackgram, msurgbean, ebc;
aned alsey for appl}rin's n-:m-h}ndn:rq'wpic fertilizers. Vertical  <eed
maetering, device can be  dispensed seed  precisely in hill
configuration. Chinese made Dongfeng or Sifeng nvodels (12 HP) 2-
WT have suitable hitching paint 1o attach the Flanker.

Keywords: Furrow opener, seed meter; hill dispensing, press wheel,
seedling emergence

Introduction

The application of machines to agricultural preduction has been one of the
outstanding developments in the developed  countries (Osunbitana ef al;
2005). Farm ma.c'hinm‘y plays an important role to Teduce drodgery of farm
work and sustain crop production at mere economic levels. The use of twa
wheel tractors (ZWT) has become widespread in Bangladesh, but originally
used primarily for full rotary tillage. Thise are ideal for use in the small elds
of the country and there are estimated to be about Z00000 ZWT in
Bangladesh (Kahman, 2013 and performed 0% of agricultural activities
(Rashid, 2007} even though the average land holding size is only 105 ha
(DAE, 20043 Light tillage implement like power tiller, prepare land swistly
and timely for the next crop. In Bangladesh, most of the agricultural
implements are being used by the service providers. The land siza is small
and fragmented, cropping systems are diversified. Thus the owner/ operators
will get benefit if they are able fo change the crop establishment cptions
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{zerestrip/ bed planting). Different types of small Rolder CA machinery and
resounce. conservation technobogies have been developed and utilized in
Bangladesh and other parts of the world (Joharsen of @, 2005, The
International Maize and Wheat Improvement Centre (CIMMY T} intrduced
Chinese seeder in 1995 in Bangladesh, This seeder accomplished three
operations Le. filling, seeding and leveling in a single pass operation, In
Bangladesh, 70% of wheat growers grow wheat after harvesting monsoon
rice. In conventional agricultire, land preparation takes about two weeks,
With this seeder, timely sowing of wheat was possible (Miah Monayem of ol
2000, [F sowing of wheat atter rice harvest was delayed, the yield of wheat
was reduced by 140 1.5 per cent per day of late sowing (Hobbs and Mehta,
20037 At present, more than 1000 units of Chinese sveders are being gsed in
Bangladesh (Johansen et al, 2002}, Roy of al; (2004} studied Chinese seeder for
sowing wheat immediately after harvesting the monsoon rice without prior
tifling soil. It redoced the turmarourd Hme between two crops-and ensures
timrely sowing of seeds, which is very essential for wheat Hague of ol (2004)
studied the performance of two wheel tractor (Dongferg type) operated zero
titl seed and tertifizer drill attachment for cultivating wheat and maize: The
cffective feld capacity of the machine was found to be 038 ha hit for
simultancou: seeding and: fertilizer application. Planting cost of wheat and
miaize were 83 and 9% less than that of conventional methed. Matin [2008)
tested the power tiller operated inclined plate planter (IPP} for maize
establishmient in three districts of Bangladesh, The average field capacinr was
0.1% ha hr' saving 32.8% total cost and 79.2% labor costs over conventional
practice, Wohab (3010) developed power bller cperated combined tillage bed
former and seeder to make bed, seed sowing, covering and soil compaction in
single pass operation. The seeder can be calibrated for smaller seed rate (3 kg
b for sesame to 130 kg hat for wheat), Field capacity of 60, 70 and 120 em
bed formers were (1T, 0,15 and (220 ha hr' respectively.

Bost of the CA implements in Bangladesh performed single operation (like
zero, strip fillage, bed planting or conventional tillage). Recently, versatile
multi-crop planters (VMP) were develaped with a provision te multiple crap
establishment options including zero tillage, strip tillage, single pass shallow
tillage on the flat together with bed planting (both new and permanent beds),
and even conventional tillage, sceding and fertilizar application options
(Haque et gl 2011 and Haque ef al. 20016) It was the [ollow-up of past
machinery of Bangladesh and beyvond, those were used mostly Tor rice ased
cropping systems. In the first prototype, while incorporating different tvpes of
tillé.ge made in a single machine, some mechanical fanlts were detectad
diuring fHeld testing of the machine. An exlea gear bie was needed 4o attach
the machine with powaer tiller. It increased the total length of the machine and
the turning radius. The machine was imbalanced due to being overveight.
Operator faced difficalties to apeeate the machine due o excess weight. Time
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holder was fixed, so interchangeability of tillage tyne for different tillage
practices (zero, strip and bed) was absent. The planter needed a thorough
investigation to ‘observe the performarce for variows ceep establishments
under different tillage options, Thus, the résearch program was undertaken to
improve the planter for use in farmers” fields,

wlaterials-and methods

The modification and field testing wiorks were done inthe research workshop
and research farm, Farm Machinery and Postharvest T-_u:hm:-]ng}ﬁ Thvision,
Bamgladesh Rice: Fesearch [Institute, Gazipur and Alam - engineering
warkshop, Dhaka during 2010,

Protlenrs denttfication fn the first version of plamter The first version of
planter was aimed at single pa:: shallow tillage (SPST) with a press wheel
added for covering seeds inostrip and zero tillage, Press wheels {Phato 1)
caused excessive sead breakage in case of dry field condition or pushed seed
deeper in case af wet 201l conditron, Extra gear Box was needed t atkich the
machine with PT (Phato 2). 1t increased-the length and weight of the machine
consequently its furmng rading. There was maneuverability problem duoe fo
imbalanced weight.  Round rotary shaft - was attached  for SPST and
conventional tllage, Tyne halder was fived so interchangeability of tillage
tyme for different tilage practices was difficult (Fhoto 3). Extra tvne holder
wars needed o adpust the row spacing based oo agromomic requarcinent of the
crop {Photo 4}, Seed box was fitted with fluted typeseed meters-having 4, 8
and 16 flutes for comtinuous seeding (Thote 5)

Phoka 1 Press wheels Phoko 2 Extra gear box




Machine development

Phobo 3 Round rotary shaft with Fxed Photo 4 Square shaft for strip
tvne holder tilkage and bed forming

Phato 3 Fluke type seed meter

Description of plaster The planter has the provision o use adjostable row
spacing of crops for zemo tllage (ZT), steip illage (5T, single pass shallow
tillage [SPSTY and bed' planting (BF) to apply seed and fertilizer in a single
pasa operation-and even o use for conventional tillage. Rice, lentil, chickpea,
whiat, Blackgram, numghezin, matze and even amall seed like jute, mustard
cat be seeded successfully by this seeder. Two types of seed metering Facility,
vertical seed metering device for hill dropping and flute type seed metering
device for continuous seed placerent were incorporated in the machine, Both
Dongfeng and Sifeng models of 2WT have a subtable hitching point ta attach
the planter.

Toalbar framme Toclbar ftame was covstructed with locally avatlable mild steel
materials. Seed and fertilizer boxes are mounded énthe toolhar fraime.

Rofary shafl Round rotary shaft was covered by mild steel sheei with a

clearance of 10 mm from the tip of the tyne. Eight brackets can be
accommodated In the square shaf? and maximum four tvnes can be belted in
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each bracket. Therefons maximum 32 tvnes can be attached to the rotary
shaft. Adjustable tyne bolder was vsed to change the tillage spacing for

different crops.

Attachment of rotary blades The number of blades attached to the rotor shaft
varied from wight tor 320 The number of blades was decided considering the
dptimum width of seedbed necded for seeding and fertilizing,

Poiper trassmission system The power transmission’ svstem was located an
the beft side of the planter, The ratary shaft was operated through a chain and
gear mechanism, The power for the fertilizer meters came fram: the 2WT
differential shatt. through a chain driven by a 1%teeth sprocket and was
refaved to the seed meter shaft through a chain and sprocket; Seed and
fertilizer meters can be disergaged from the power sowroe by shifting a lever.

Seed und ferfilizer box Seed: and fertilizer box was made from the same M5
sheet and has the same extermal dimensions as the seed box. Seed box was
attached to a shaft of 1,120 mm long with 17 mm diameter and fertilizer box
was attached to another shaftof T, 20 mm length with 16 mm diameter,

Seed and fertilizer delivery tube Seed and fertilizer delivery tubes were made
of 37 mm diameter clear polypropylene pipe joined behird the furrow opener,

Furreze operer Furrow openers were made from 2 mme steel sheet with a
round feading edge to belp stubble clearance, The furcow opener had 63.5
mm - width, Welded to the base of the furrow opener wax a solid 3 mm wide
knife point sharpened n its leading edge, Bach of the formow openers was
attached on the toalbar by two Lclampe, bolts and plate,

Press roller A prossing roller 670 oim lomg and 127 mim diameter, made of 2
i inon sheset, was attached: behird the furrow epeners bya paic ofF armes 564
mm lorg. The arms were made from fron with L= 460 mm and W= 40 mm
with @ mim thickeess flat bars:

Bed shaping Bed shaping capabifity was added by bolting to each side of the
pressing roeller with beea runeated cones: (voter side 320 mm and inner side 140
mim iameter with 180 mm length) made from 2.0 mmiron sheet amd set with
aflat bar frame,

Depth control lever Depth control lever with 10 hobes wias attachied at the rear
af the planter to adjust the seeding depthand provide maximom cléa mnice for
transportation of the planter, The roller arms have 10 holes at the end
attached to the main body of the planter and that can be selected to set
seeding depth by shifting the rolter upward ‘and downward,
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..";ﬁ_lll-‘ci:fl'{“#ﬂﬂn of e plaester Table 1 presents the specification of the planter,

‘Table 1 Specification of planter

ltem Specification
Lemgth, mim )
Width, mum 120
Heaght, mum 240
Weight, kg 158
Rotan speed, rpm
Specd
High, rpm 250
Lowe: rpm 13
Be, of strips |
Mo, of tynes 32

Speed patic Speed ratic of planter was calculated based on the following

frmula
[ N
5 ratg = —=—L 1
peed 1y R =% (1}

Where,

0 = diameter of the drive shaft, mm

My = number of teath of the drive shaft
I = diameter of the deiven shalt, mim
Bz = number of teeth of the driven shafl

Tune ﬂrmugém.mr Figures 1-4 prasent ihe tyme arrangement of planter in BF,
BT, 5P5T and ZT mnde.
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f

/

Fig. 1 Tyne arrangement of planter Fig. 2 Tyne amangement of planter
in BF mode in 5T mode

I

Fig. 3 Tyne arrangement of planter Fig. 4 Tyne arrangement of planker
in SPFST maode in 2T maode

Calibwation of seeder Before seeding, Aute tvpe seed meters were calibrated
For each trestment to get the recommended and uniform seed mte. In each
trial, sample. was collected from the seed dispensing tube in polythene bag
from 10 revolution of drive wheel, Sample seeds were spread on g sheet to
count the damaged seeds and taken weight. Unitorm seed rate in each flute
tvpe seed meter was maintained by adjusting gap of seed meter, Seed
adjusting kevel was placed in such a position so that the recommended rate 15
maindained. The seed rate of different types of seed for seeder machine was
caleulated vsing the following formulas

. 1 Seids obtained by 10 revolution of drive wheel, g
Setdrate kg ™ = — : B : — (2}
Width of seeder; m « Circumfzrence of drive wheel, m

Sevdling emergencr Seedling emergence was delermined by daily counting the

niurnber of - newly - emerged seedlings v lm length cof “powr with thres
replications.
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Results and discussion

The press wheets were replaced by a roller to cover and press the seed (Fhoto
). The gear attachment svstem was modified by removing the extra gear box
(Fhoto 7). Mow, planter can be attached directly to the power tiller. The round
rotary shaft was replaced by the square shaft with attachable brackets to
clamp onto the shaft by bwo bolts to attach tynes('hotos 8 and 9). This permits
rapid adjustment between tillage modes and row spacing. This was designed
to minimize the time in changing shafts as well as reducing cost. Seed and
tertilizer delivery was separated on the back of the furrow opener (FPhoto 10)
to minimize seed and fertilizer contact after placement. Traditional hexagonal
bolts were replaced with allen sockets for easy and quick adjustment of tillage
tvnies and other parts {Photo 11} Wheels of 2WT were replaced with try cycle
wheels to make shorter width of bed and furrow {Photo 121

Photo & Fress roller Photo 7 ¥ MP attached without
extra gear box

FPhoto § Square shaft Photo 9 Tyne holder with bracket
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[ Seed delivery
l the

Fortilizer
dilivery

Photo 10 Seed and fertilizer Photo 17 Allen sockets
delivery line

Photo 12 Try cycle wheel

Pawer fransnrission systerm

Figures 5 and & show the power transmission system of planter and Chinese
soeder: Power comes from 2WT to VME. Speed ratio of planter was compared
with Chinse seeder and Table 2 presents the results, The planter had both
high and low position to adjust the speed, whereas Chinese seeder is operated
in singfe speed only. The Chinese seeder has higher speed ratio than VAP,
TI'he width of planter tillage was almost half of the Chinese seeder
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Table 2 Comparison of speed ratio in planter and Chinese seeder

; Speed rabio S
B .th..iarh:m ! Elg]'l “Low o ﬂ:{.,t'."'mh “!.Ij..l.].‘l:.'ll?'l'l’l
VAP 1.51 1.1& a6 &3-70
Chinese seeder 205 48 120
Secd hox

The seed box has & volunve of 12 litre, For chickpea, wheat, mungbean,
blackgram, lentil and rice of 20, 14, 18, 18, 30 and 12 kg seed vespectively can
be fillad wp in the seed box for safe dispensing of seed (Table 3). Based on the
seed vate of various crops.a 30°% full seed box of chickpea, wheat, mungbean,
blackgram, benbil and rice seed can cover (R340, 0,16, 061, 061, 067 snd 040 ha
of Jand, respectively.

Table 3 Area coverage per full seed box of the planter with different seed
sizes and seed rabes

Species Sed rate Lapacity of Area coverage per e fill of
(kg ha) seed box* (kgh seed box (ha)
Chickpea 40 il .50
Wheat 14 1% 01e
hungbean -G 18 .61
Blackgram Al T8 {I.E_-]
Lentil A0 . i} 067
Rice Atk 12 .40

*Eighty percent of the seed box was filled with seeds to nvoid spillage due b vibration
Seed meter dest

Flute type seed meter

Flute bype seed meter for four and eight fhate was tested for chickpea, lentil,
mungbean, rice and wheat siown in bed by planter (Fig. 7). The graph shaowed
that Four fute seed neter performed better in chickpea (Fig, Ta) as the seed
size was bigger. Foor fute and eight flute seed meters performed the same for
fentil, munghean, cice and wheat seeding,

o

—— 3 Vi

B —+—d Pty Ty | e
g_ ¥ =& Pt Chickpes ‘E i
Em E: 5 full Feniil
E 5 1
& 1
E 1} E
o L 1] 3 4 8 & 1
i 2 ] 3 & (]
Dhaws aller seeding Ehns after-eodding.
{a) (&
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Fig. 7 Flute type seed meter test for seeding different crops

Vertical type seed meler

Hill spacing

Wertical seed metering device was tested to dispense rice seed in spaced hills
(Fig. 8). Tillage treatments were taken a5 5051 and - ZT. About 49-52 and 21-
doth seeds were dispenged within 16-20 and 21-25 cm hill spacing, which
satrsfy the apronomic reguirenient of rce planting.

Seedling density per hill

Three seedlings per hill were emerged i 49-55% of hills (Fig. 9. Two to four
seedlings per hill were emerged in 1B-21% of hllz. Single seedling was
emarged in 2-16% of hills. The Tekults indicated that veviical seed meler is
suitable to dispense rice seed in hill configuration.
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EXiscussion

Planter can bé attached directly to the power tiller without using extea gear. 1t
reduced the leagth of machine and consequently decreased the turning
radius, The square shafl wilh attachable brackets to clamp outo the shafl by
twa bolts o altach tvies permits rapid adjustment between tillage modes anid
row spacing. This was designed to minimize the time In changing shafls
comsequently reducing cosl. Seed and ferlilizer delivery was separated on the
back of the furrow opener to minimize seed and fertilizer contact after
placerment. Close contact of soed and [ertilizer creates lmci;:'il}', eapecially with
soluble fertilizers {espacially I, P or K fertilizers) on sandy or silty soils (Kabir
chal, 2000y, but this depends on the rate of a.p‘pliuzatim, plant species and the
soil mpisture levels al spwing.. Allen sockets helped for easy and quick
adjustment of tllage tnes and other parts: In potato seeding, shorter width of
bed and [wrrow can ke made by adding try cvcle wheels.

Spead ratio of Chinese seeder was higher than that of planter. Because of itz
higher speed ratic, Chme*se seeder causes tremenidous soil disturbance on the
top soil in single pass. operation. Herwe, it cannol be reated as- minimun
fillage planter rather reduced tillage planter. Similar firu:,ling was observed by
Johansen el al, {2012). Four Huled seed meter performed better in chickpea as
the- seed size wasg, bigger. Lentil, mongbearn, rice and wheat seeding were
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suitable in eight fhite seed meter due o smaller size of seed. Seed box with
full capacity - increased: the: weight of -the machine and in addition. seed can
spill over the box due to vibration. Lid can help to avoid spill over grain.
About 49-53% seeds were dispensed wilhin 16-20, cm which satisfied the
agranomic requirentent of rice seeding. The results indicated that vertical seed
meler was suitable to dispense seed inrequired space.

Conclusion

The VM had limitations of press wheels, fixed Lyne kolder, extra gear box
and close contact of seed and fertilizer defivery tbes. The problems were
eliminated by removing press wheels, extra gear box and round rofary shafl.
In addilion; tri-cycle wheel was added for shorter Bed width, verlical seed
metering device for more precise’ seed  placement,  minimized seed -and
fortilizer contacl through separaling seed and fertilizer delivery syslems,
replacing hexagonal bolts with-allen socket for easy and quick adjustrent of
tillage tynes and other parts and adding square shaft in place of round rolary
shaft with flexible attachmenl of byne for u'at'_',"iﬁg row spacing and Hllage
made.
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CHAPTER I

MACHINE PERFORMANCE
Direct seeded rice in minimum tilage

Albstract

P'roper [.ﬂn{\‘:nu’:lll of seed and  ferkilicer at disired dupt:h it
Pr\er\clqui.:i!l: af F!ﬂnl‘il'l.& marhinr.'ry b preabe favorable snvircrimsent
of sdedling establishment, This experiment was conducted in the
farmer’s  fiekd, high barind 1ract, Rajshahi to evaluate: Lthe
perlormance of medified planter machine theough - establishing
direct seeded sice during Aman and Aus Sedson (0] with four
fillage treatments, such as: {5 conventional tillage (1) ) stip
tillags (5T, {ifi} bed formation (BF) and (iv) zero tillage (2T, Inclater
thres - Iréatments, seeding and fertilizer - application was  done
sirmuitanecusty in a single pass operation by planter, Flute type seed
metering device was pested ko study e seed dispensing fabe,
placerent of seed amd fertilipers. Minimum Hilage saved fuel
oomsumipion. by almnst 35-46%, and could represent o 27-48% cost
saving in land preparation compared te CF In addition to fuel
savings, substantial fire savings and additional bencfits tan be
resalicd. Seedling emergence was nof affecled by tlage oplions,
which dictated that seeds were placed at proper depth. Seed meter
worked well to dispe-.nm'- raoe seed I,T_\r rn.'l'imai,ni.ng achual secd rate.
Seeds were not brokien due fo e of Hute type seed metering device,
Yield was not statistically significant under miniroom tllage and CT,
BE showed the lowest benefif-cost ratio due to higher inpul cost as
well a= proes margin was lower comiparad toother Hllage treatment.
Strip tillzge performed better than the other two minimuem Sllage
rnctl'rpds Conpi rsd oo copventonal method: Planter redneed
seeding time, saved fuel and labor costs compared fo convengiomal
method and helped timely - sowing, Minimum  Hllage may be
adapted o establish dey seeded fice in High Barind Tract.

Keywords: Fuel consumption, labor, seedling emergence, wieeding,
yiald, oot

Introcduction

Dy direct seeding has been the principal method of rice establishment since’
the 1950s ‘i the developing countries (Fandey and Velasoo, -2XG). After
harvesting Aman rice, lands _drlcq- at a faster rate leaving. very short
trnarourd time for land preparvation of the next Rabki crop. Reduced tiflage
practives can be usefol after Aman rice harvest in areas of high water scarcity
{Rashid and Islam; 2007}, Hice seed can be broadeast after plowing, following
ondy 150 mm el cumulabive rainfall (Saleh and Bhuiyan, 1995), Earlier planted
direct seeded rice (IP5R) matures 1-2 weeks before transplanted rice, thus
reducing the risk of terminal drought and allowing earlier planting of a
following mon-rice crop (Saleh b 7l 2000, Kokal and Aggarwal (2002
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menticned that both direct seeding (viz. wel, dry or water seeding] and
transplanting had simifar yield. DSR offers several potential benefits as it uses
less water with high efl’]c'l.ern-:".-' incurs Low labor expenses and is conducive to
miechanigation {Bhuivan of al,- 1095, Despite these bersefits, there are several
constraints in DSE such as weed pressune, poor crop establishment, lodging
and lower grain vield, Amaong them, poor seadling stand has heen considered
as the most important one due te bird damage, unever sowing depth, seed
soil contact, seed drmess and beoyance of seed. Farmers use a high seed rate
bieranse of poor plant stand amd severe. weed infestation in brosdcast DSE
fields (Pathinayake ef af, 1990). Timely line sowing ie., sowing a week before
the anset of monsoom rain ey improve germination and plant stamd  of
Aman rice {Kathiresan et al, 1997). At present, 23% of rice is direct-seeded
globally (Racet al., 2007}

Conventional tillage and hand broadcasting of seed is a laborious and time-
consuming operation, Machine sowing permits crops to take advantage of
residual moisture in crop fields. Rickman ef ol (1999) reported that crop
lodiging 15 2 stgnificant problem in dey seeded rice m Cambodia, particularly
with traditional varieties with full conventional tillage systems but machine
drilling of seeds could reduce lodging to less than 10%. Chinese engineers
have developed a twoswhieel tractor operated seeder that provides tillage,
seeding and leveling in one operation (Hobbs el al, 1997). The main
components were shallow  rotovater, sicrow  seeding system and sl
compaction roller. Bell of al., {1999]) evaloated several commercial seeder
systems for reduced and eero-tillage seeding of rice; ncluding the Chinese
seeder, ‘and reported that rice’ seed flow was a problemy for the tractor-
mounted seeders, Many machines have been developed in rice-growing
countries and international institutes suitable for SR For the small farm
holders, the Yersatile multi-ceop planter (VMP) was developed to overcome
somieof the DSR constraints {Tslame et afl, 2000 and Hague of af, 2001}, Residue
managernent was difficult for the tyne based no tillage systems, as none of the
seeders had trash cotters. Many of Bhe seeders sequired a well-leveled and
relatively clean surface to work properly. Crop establishment under
minimum tillage practices are gaining attention throwghouwt the world as it
saves Hme in field preparation and reduces inparts, Therefore, the present
stedy was underlaken o-evaluate the performance of seed metering device
ancl to evaluate the agronomic: pecformiance of direct seeded rice wnder line
sovving by stip tillage, zero tHage, single pass shallow tillage and bed
planting and fertilizer application in single pass operation using the planter,

Material and methods

This experiment was conducted in the farmer’s freld; Godagari, Rajahabi
representing silty clay soil in High Barind Tract during Aus season (2000) and
Aman-season (2000). The teeatments were (1) conventional tillage: {CT), (i)
strip tillage (5717, {iii) bed planting (BFY, (iv) zero tillage {£T) and arrenged ina
randomized complete block (RCB) design with three replications, Table 1
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presents the experimental characteristics. Before seeding, flute Iype seed
meters - were calibrated for each treatment tooget the: recommended amed
aniform seed rate. Seeds were poured into the hopper. In each tiial, sample
was follected. from the seed dispensing tube i polvtbene bag from 10
revolution of drive wheel. Sample seeds were spread on a sheet to count the
damaged seods and taken welght, Uniforim seed rate ineach Muke type seed
meter was maintained by adjusting gap of seed meter. Seed adjusting level
was placed in such a position to get recommended rate.

Table 1 Experimental characteristics to establish direct seeded rice

Seazon Wariety Date of seeding Date of harvesting
Aus BRRI dhand2 24 April X010 7 Aug 200
Arrin ERIT 17 June 2010 12 November 200

Fuel tonsumption wias measured by filling the fuel tank twice, before and
after each operation. Refilled volume was the actual fuel consumption. In.CT
treatment, land was prepared with two passes Hllage by IWT Followed by
leveling. Seeds and. fertilizer were hand broadcast in C1: In 5T, BF and 2T
miethod, land preparation, seeding and basal fertilizer application were done
simultaneausly in single pass aperation by the planter: In BP, the width of bed
and furrow were 38 cm (top) and 20 cm, respectively. Row o row spacing in
CT, 5T; BPand There 25; 20, 25 amd 20 em, respoctively. The amonnt: of
human labor involved in each operation was investigated through field
measurements, In Aus season, rice wias grown after harvesting pogato,
Farmers usually uwse excess fertilizers in potato cultivation. Farmers did not
apply bagal op lop dressed fertilizer after potato cultivation to-grow Aus rice.
In Aaman season; fertilizers were applied at 175, B0, 110, 100 and 10 kg hat as
urea, triple super phosphate (TSP, muriate of potash (MP), gypsum and zine
sylphate, respectively. In Aos season, Jand was irvigated at night and excess
water was drained out in the morning due to high ambient femperatare.
Same crops were damaged dae to high' water femperatiine in Aus season.
Subsequent irrigations were applied as and when required uniformly in all
plots. In both the: deasons, isvigation waler was applied five times in all the
plits. In Aman season, non-selective herbicide glvphosate was applied & 751
hal ane day before seeding in all the plots. In Aus season, pre-planting
berbicide was not psed and the weed infestation was severe inall plots. Hand
weeding was dome on 26 davs after seeding ([S) to keep e field weed free.
During Aman season, weed infestation was less due to application of pre-
planting herbicide. In addition, hand weeding was done twice at 35 amd 60
DAS. Insecticide was not applied during Aus sexson. During Aman: geason,
stem borer was controlled by a single application of diazinon 100 at vegetative
stage. Number of tillers in the sebected aren was counted at each growth stage.
Tiller mortality was calculated based on successive tiller count data as:
e : <2 : -2

b Dyl L e o To of penlclest Sy (i

Manimum smber o fillers ™%
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Crop condition at maturity and panicle initiation stage in different tillage
practices during Aoz and Aman seasons and shown inphoto 1 and 2. Grain
vield was recorded: from pre-sefected 10 m® area and was adjusted to 14%
moisture . content. A simple economic analysis was dong based on total
production, Production cost included rental charge of the fand and input cost,
Price of the produce was collected from the local markets to compute total
production cost, gross return, gross margin and benefit-cost ratio. Statistical
anabvsis a4 a one way analysis of variance was done according to Gomves and
Comez (1984). Data were analysed by using statistical software Mstat-C
Means were compared with least significant difference (LS1) test.

Zero tHilage

Conventional tillage

Strip tillage Bed planting

Photo 1 Crop condition at maturily stage in Aus season
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Conventional hllage

Zero HElage

| i .
Strip tillage Bed planting

Photo 2 Ceop condition at flowering stage in Aman season
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Results

Enel consnmption

Fuel consumplion varied significantly among. the tillage options (Talble Z).
Fuel consumption was found to be the highest in CT due to bwo passes of
tillage operabion and the lowest was by 5T, follawed by ZT and BP: Sarip
tillage saved (25-46%] fuel in seeding nperdi.iﬂn compared with CT.

Lirbre reqpuavément fon Tid proparvalion aund secding

Tallage treatments showed significant differences: in labor requirement for
land preparation and seeding (Table %), In both the seasons, CT showed the
highest labor requirement m Jand . prepacabon. Labor reguoivetosnt an Lingd
preparation was at par between BP and 2T in Aus sepson, whereas in Aman
season, it was similar in ST and 2T, Labor reéquirements for seed sowing by
planter was decreassd by 37-55% compared fo hasd broadcasting,

Letnil pregaration and seeding cost

Tillage treatment showed significant effect on land preparation and seeding
cost (Table 2). For both the seasons, land preparation cost was the highest in
case of CT and the lowest in 51, 5T incurred the lowest cost due to its single
pass  operation;  seeding, fertilizing, dand leveling simultaneously that
decreased upte 27-48% cost compared to CT.

Weeding cost
Table 3 shows the weeding cost under different tillage options in Aus and
Aman seasons. In Aus season, tillage options showed significant effect on
weeding cost. Weeding cost was the highest in 5T followed by OT, ZT and BF,
respectively. In Aman season, tillage treatneent showed insignificant effect on
weeding cosl..

Secdling mrgrgaice

Figures la-and Th show the emergence of seedling from direct seeded rice
under different bllage ophions.at 12338 davs affer seeding (TDAS). Samilar seed
rafe was nsed in both the seasons. Seedlings started to emergs on 12 and 13
DAS dn all tillage treatment during Aus and Aman. seasan, respectively,
Tillage freatments had oo ssgmficant effect on seedling emergence at-different
DAS,
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Table 2 Tillage effect on fuel consumption, labor requirement and cost in

land preparation

Parameter Treatment  Aus Aman Mean b
decreass
refakive
o

Fuel consumiption ol b | 36 2% -
{1l hact) 18 1 i | 16 4
B 15 2 a2 5
21 12 24 18 37
V. % n 14
L5 i 7B
Labar requirement in land L 15 48 50 -
preparation and seeding =18 15 18 17 B
{man-hr ha'") Bl . 20y 23 7
T i 18 19 48
CN.% &2 I1p
15Dhis 33 0.5
Land preparation and Cr 1629 2975 2302 =
seeding cost 5T 21 Ld4s#. 1,195 48
{Tk khr) BP 1LHE3 R0e0 1677 7
) 1,149 Le24 1387 40
v, % 25 a5
L5 22 4

M, Values are the marans of three replicates

Table 3 Weeding cost (Tk hr!) under different tillage optons

Treatment Aus MAman Mean Peroent change
relative to OT
cr A58 1329 2109
ST 8,556 L340 #9048 20
e 6167 1,306 3737 0
AT 0,712 1,315 4,019 2
OV ) 1.34 195
LS50 192 NS

" N:B. Valugs are thiemeans of three replicates
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Fig. 1a Effect of tillage on seedling emergence of Aus rice
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Fig. 1b Effectof til [aﬁe on seedling CmergeEnce of Aman rice

Tillering pattem

Figures: Xa and 2k show the effect of tillage on tillering pattern of divect
seeded rice. Tillage treatment significantly influenced the plant poputation
throughout the crop cyele in both the seasons except at the maturity stage in
Aus season In both the seasons, CT produced 10-40% more tillers than the
other treatments; At maturity stage, tilage options showed significant effect
o tiller production in Aus season. However, tillage options did not show
significant effect on tiller production in Aman season {Table 4},



Machine performance
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Fig. 2a Effect of tillage ontiller production of Aus rice
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Fig. Zb Effect of tillage on tiller production of Aman rice

Panicle density

Table 4 showes the panicle densily as influenced by tlillage method v Aas and
Aman seasons. Tillage  freatments. showed i.nsiguifi.cant effect o panicle
density and CT produced maximom number of panicles in both the seasons.
In Aus season, althongh tillage realment showed significant effect on plant
population al maturity slage, panicle inlensily was nol affected due lo
wvariation in the number of nion-bearing tillers. The lowest number of panicles
was obsarved in BF (292 mf) and 5T (219 md) in Aus amd Aman:season,
respectively.
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Table 4 Yield contributing character of divect seeded rice

Teoatment MMumber of Hler{m=) MNumber af pamiche {in-)

Aug Admarn Aus Adnan
T 40 2R3 345 2600
=1 420 258 3534 i )
BFP 308 243 292 221
T 335 68 35 238
CV (%) 127 i) 138 0.5
18D 97 NS NS NS

MB ‘;-'alu.eb are the means of three repii-v.:;h'-s

Grain yield

Table 5 shows the grain and straw yield of direcl seeded rice in Aus and
Arian seasen. Druring both the seasons, rice and siraw yield were similar
across all treatments. In Aus season, the highest grain: vield was inoCT
followed by 5T, ZT and BE. In Aman seascn, the highest grain yield was
obtatned in 5T, ZT, CT and BF. Mininoum tillage had no effect on rice vields in
either seasom.

Table 5 Grain amd straw yield

Grain vield (& hat) Strawr vield (f hac?)
Feeakment Aus Aman Aus Aman

T A1z 335 b s 362
ST 543 a5 02 377
BF 246 28 27 283
£T 267 548 2.5 341
TV 174 9.3 333 133
[ B B i b NS NS =

ML B, Walues are the means of thres replicates

Eronomic analysis

Table & inchudes all inputs {fuel, labor. machine rental charge and other
expenses) from land preparation to harvesling operation incliuding
transportation. Same amount of seed {30 kg ha?), and irrgation waler was
applied in all the piots. Tillage treatment showed significant effect on input
cost but no significant effect on- gross return. gross margin and benefit cost
ratio {BUR) in both the seasons. In Aus season, gross margite was the highest
in €T ard the lowest in BP. Minimuom tillage indicated the low gross margin
compared to CT. Grain yvield was kigher in CT in Aus season whereas higher
in 5T in Aman season, which led to increase gross teturn. In Aman seasor,
gross margin was the highest in 5T and the lowestin BP. BCE was the highest
in €T and 5T in Aus and Aman season, respectively. BCR was the lowest in
BP-in both the seasons.
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Table & Econpmic productivity of direct seeded rice as affected by Hllage

options
Tk Akis AL
aphon Input Lrass Groas R Imprut Gromr Croms BCR
oost et mirgin ot retLrT Takrgin
Thkhal]  {TEha'}  (Tkha) ha®  [Tkhat]  (Tkhal)

T IFEED OSAUFE S IRPM. 1500 SLAd0 R1059 9119 18

ST IEEED 456 ISHE4 141 48560 RADFS 14512 133

BP B0 453 BAZY 1325 LFHE 31389 LEdd 103
_EV BRI ATTHS A04FF 16T dUAR)  BLGES  T3MZ 137
M.B. Valwes are the means of three replicates
Dizcussion
Fuel cotsumption was influenced by o number of fBctors incluading
equipiment bvpe, operation speed, hllage depth, soill type, crop resicdoe Tevels,
sl mansture content, feld shape arad the number of bllage operations, Fuel
econsumption was higher in Aman than Aus seasen, because Aus rice was
stn pfter harvesting pofate. and the ol was loosened; whereas in Arman
seasen e soll surface was harder, The lowest fuel consumption in case of 5T,
eompared to ZT may be die to negaiive deaft and comparatively kigher field
capacity. Steip tillage saved 25-46%. fuel compared to CT, Simikar cesult was
obtained by Hossain of al, (2005). Fuel contumiption was the highest in BP
amang the maanmum bllage prachices due to ute of 24 teomes o blF and throw
thoe 5ol inweard for bed Formation indicating that more energy was needed fo
accomplish the task of bed shaping, Th&'fﬁgh@st cost in CT was due o mire
tllage and hand browdoast seed amd fertilizers, which mereased the fuel and
labor requirement, 5T was-the highest cost saving tillage fechnology for TSR
establishment, Weed infestation is a common problem in direct séeding of rice
Jwhich: results i lower graincvield (Singhoetal,, 2001). Weeding cost-wag lower
in Aman season than Aus seasin due to application of herbicide before
seeding, There are many pric and post emergence herbicndes available in the
market (komatsabaca of ol 2 Zahan ef o, 2004}, Proper selection and
application of lerbicide at right time and right dose effectively control weed.
Irrespective of the fillage reatmoent, Gllering pattern followed increazing rend
upbe 353 and 95 DAS v Aus and Aman seasons, respectively and then it
decreased gradually due to Hler morkility and leaf senescence, The yield
attribubes of rice crop showed that pandcle intensity was higher in CT than the
ather treatment but the compensating bebavior of various vield components
such a2 100-granny weight pram weight per pivacleor number of sprikelets
per panicke et resulied in similar grain vields for different tllage options. in
both the seazons.
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Thee number of passes angd operation. charges in terms of Fael consumption
wnd fask time were different in Gllage options, T Aus season, ST shiived the
highest input costs, which was due tomoere weed infestation although
savied fusel, time and Labor consumption in seeding operation. Gran yield was
higher in CT and 5T in Acs and Aman season, respectively which led to
incroase gross teturn, The insignificant difference in gross macging among the
treatments could rof be explainid on the différence in their vields only as the
et returne are affected by variabde cost also, Minimum tillage indicated the
o gross i compared fo CT. The gross macgin for ©T was e highest
dige o the Bighest gross return compared veath other Blloge svsbeims, In Aug
season, BOR was higher incall the tillage treatment as fertilizer wias not
apphied in the field. Malhi of ¢f, (1988} and Hoffman efal, {1999 reported that
net ecompmic returns were lower and Itle or no vield advantage for redueced
tillage, This shady also reflected the same trend, Profitability of estaldishing
direct speded rice in ST was higher than that of planting seeds in CT. Divect
seeded rice established i BP wag less profifabbe in hogh barimd teact,

Limitation
= Machine vibrabion creates uneven seed dispensing
s Seediogs ocurred doring headland turming
= Sopd was noteovered properly due to undulated Jand

Conclusion

Seeds were not-broken due to use of flute tepesead metering device, Flanter
redugced seoding time, saived fuel and labor costs compared to conventiconal
method, ields were nob sigrificantly diffecent uider minmm bllage and
CT. BE showed the lowest benefit=oost rabio compared to otber tillage
breatments, Strip llage performed better than the other o minimuam bllage
methods compared to comventional method,. AMinimomy Gllage ensured the
timszliness of operation in seeding operation. 5T may. be adapted to establish
dry seeded tce inhigh barind tract,
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Planter for ceveals and pulses
Abstract

Minimum tillage planting machinery s needed. for suecessful

adeption of - conservaiion. titlage. Five  dlkage  mcthiods: -namely

comveniiomal Iil]ns\e' (CTh, sin\]._;lc' it shallow ﬁtla!.\c iﬁl?ﬁ'i'.l_.w'm

tillage (£Thbed planting (B and strip tilage (ST} were comparsd to

study the performance and econpmics of planting machine in

establishing pulse and wheat in High Barind Tract, Godagar,

Rajshahi: Vertical seed metering device was used o assass the- seed

dih‘an:sinB rare. The fuel consumption for I!i|l:|g\n wperabion in

TINUTIIM til'lﬂ.gl: E‘&;;l,h’iﬁ”}' SPET, 2T, B and ST accomnted for loss

tiran 15-48% compared to CT, Labor requirement in land preparation

was signiflcantly peduced in pulse and wheal cultivation under

sanaroum tillage. The highest Babor-and fuel input resultoed frem CT

when compared with mindmum Gllage systerns because of the high

number-of field |.1pc'mtmrr in lamd 'pln-p'l-'r.l.tn:ln,. Depending on fhe

tillage intenisity. minimom Gllage swved 26-46% land preparation

and seeding cost; Seedling emergence rate was found satisfactory

all minisom  Hilage ogrlions. Furrow operers gave better crop

ermergence and establishment, which was due fo improved depth

comtrol and sesd to soil contact. The tillage practices revealed that

wlwx and wheat oMW under mimimiam Hllng:' npdinns could nok

provide vield advantage over conventional tillage. Mindmum tllags

resulied in the Jeast cost becowse of less fuel, time and. labor

consurmption. The gross margin was the highest in minimwm sllage

due o the highest geoss dncome compared with other tllage

sysbiems, The h'ighn-.‘:l berafit cost rafio was observed 0 minimoam

fillage operaticn compared to CT, Uniform seed placement and

proper depth can-be ensured in machine sowing, which facilitates

sewdling emsergenice. The: planter shows porential for mechanized

establishment of a range of crops wider mininwm tllage and-also o

TR F\u’l:ﬁhbﬂil:{ of ks andd cereal crops.

Keywords: Ship tllage, sero tillage, bed planting, fuel, labos,

seedling smergence, yiekd

Imtroduction
Winter ‘pulses (chickpea and lentil) and wheat are: grown: after harvesting.
Aman rice by using residual moistare. Summer pulses (mungbean and
blackgram) are cultivated after harvesting of Aman, wheat, mustard and
lentit. Successful stand establishment is achieved by providing the seed with
an environment, which wﬁumgﬁ early germination and emergence. Gan ef
al, {F99Z) reported that plants that emerge early contribute more o crop yield
than those that emerge later. Thus, desirable crop vields are achieved by
providing seeds with an envirenment that encourages early germination and
emergence. Seed quality, soil conditions, seeder design, and. the skill of the
operator play a vital role in determtmng the fimal pJaut stand (Karayel and
Ommerzi, 2001). Chaudhuri (2001} reported that the soil resistance was a
critical factor affecting uniformity of sowing depth of the furrew. openers.
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Several authors have emphasized the importance of analyzing the stand
citablishrment process and have shown that the main fectors “affecting
germingtion, seedling emergence and plant establishment are associked with
the mechanical characteristics of the seedbed, The mechanical charackeristics
of seedbeds are influcneed by tillage practices. Tillage influences bulk density,
perstration  resistance, aggregate mean oweight  dismeter amd - surface
ronghness (Carman, 1997 and  was praciiced o indece 3 congendal
enviromment for- crop o establishment,. Traditionally, seeds and fertilizer are-
Broadeast after 143 passes of Gllage by power tiller, Additional tillage i
provided after seeding  followed by leveling: Hand  broadiasting lacks
uniform placement of seed at o proper depth, Conventional tillagze and hand
Broadeasting of seed i5 o laborious, input intensive sl Hime.conguming
operation, Researchers developed oifferent types of planter that provides
fillage, sesding, fertiliver apphcation, soil coverage and leveling in single pass
operation, The versatile malt-crop planter (VMP) wias developed o overcomie
some of the constraintz of divect seeding, The VRP has facilities: o sow seed
and place basal fertitizer sinulianecosly in o single pass operation umder
different Hllage systems, Mintmum bllage fechaclopes are mew gamng
popularity throughout the world tosave time in field prepamtion and reduce
inputs. The fabar inpat, energy input, cipacity and vosts are different For each
of these systerms, Therafore, the present shiady was uridertaken b svaluake e
Field: performance of planter too establish pulse and wheat under different
Hlkage options,

Marerialsand mathocds

The experiment. was conducted in the farmers! Belds at Godagary upazila
urier Rajshahi district of Bangladesh duning ool winter Rabn seascn of 3010
and Bt and dry ¥harfl season in 2001, Lenbl (Lews pulfnorts Medik),
chickpes {Caer richrnm L) mungbean (Vienr radiato (LR Wilseek),
Blackgranm | Vigma mngo (L) Hepper), and wheat were established with these
Hikage options using VMP ot fve locations in Bangladesh (Table 1), The
freatments were arranged inconventional tillage (CT), single pass shallow
Hllage (SPST), sera tillage (2T bed planting (BE) ansd steip fillage (ST). The
randeanized complete block degign was followed waith thiree rephications, In
CT, lerwl was prepared: with two passes tillage by 2WT followed by leveling,
Seeds and fertilizer wers hand broadeast n CT. In SPST, 2T, BP and 5T
miethod, land preparation, seeding and basal fertilizer application were done
simulianeously in single poass operation by the planter (Phote 1 to 6), Before
seeding, seeder should  be calibrated for each  meatment b get the
recommesiced and vnform seed rate, Inoeach trial, sample wag colfected from
e seed dispensing tube in polythene bag from 10 revolutions of drivewhedd,
Sample seeds weere spread om g sheet to count the damaged seeds and weight
wars ken, Uniform seed rate in each flute type seed meter wis mainkained by
adpusting gap of seed meter.
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Table 1 Experimental characteristic to establish pulse and wheat

__Crop’ Variety Seading date _Harvesling dale
Winter pulse

Chickpuss BINA cholad 4 D 2000 £ AP0

Lematal BARDmasurd 15 Mo 2030 10 M 2011
Surmmer pulse

Munghbean BRI mungs 253 Teb 2011 10 May 2001
Blacksram BARLE mash3 28 Feby 2071 7 My 2011

Cereal

Whoat Satabdi 20 Mow 2010 24 Mar 21

R * { e ] i
Phato 1 Strip EHllage planting of Photo 2 Bed piantlna of wheat
blackgram

Fhoto 3 Chickpea seeding i strap Phote 4 Chickpea seeding in zern
tillage (seeds and fertilizer) tillage [seeds and lertilizer)
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e e

Photo 5 Lentil seeding in strip tillage . Photo 6 Lentil seeding in zero tillage
{weeds and fertilizer) {seeds and fertifizer)

Fuel comsumption was measured by filling the fuel mnk twice, béfore and
after each operaticn. Re-filled volume was the actual fuel consumption. Data
on labor requirentent, operational time, time losses due to turning, clogging
and operators personal necessity were recorded during the field operation.
Field capacity was determined following Humnt {1995 as:

S
L, == ft
S 1
Cy =; iz
P
=S 00 [
L

Where,
€, = theoretical field capacity, ha hrt
;= effective beld capacity, ha hr
e = field efficiency
5= speed of travel, ko hr?
W = rated] width of tillage, m
A = total area planted, ha
T = total tamve far planting operation, br

Table 2 presents the fertilizer application fates of different crops: For puises;

the entive amount of urea, triple super phosphate, muriate of potash and
gy psum was applied into the soil at Fimal Taned preparation. For wheatl, urea
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was top dressed in three equal installments. Seedling emergence was
determined by dailv counting the number of newly emerged seedlings in 1m
bemgth. of row with three replications. Irvigation water was only applied four
limes i wheat cultivation. Bul pulses relted entirely on stored profile water:

_Table 2 Fertilizer application rates in pulse and wheat production

Crop LUrea M TSR Ciypsum
gha')  (kgha')  (kgha)  (kgha)
Wheat 7 T glL1] 110
Mungbean a5 a0 90 a5
Blackgram a5 ol 1] 55
Lentil 35 ) af 30
Chickpea A5 S0 100 55

The cost of operating the plaster was compubed vsing the f:uﬂw.rlng erpuation
imvolving the fined and variable cost items.

A= FC W (4]

Where,
AC = annual operaling cost, Tk yr!
FOC = annuil fised cost, %
W= variable cost; Tk yr

Fixed cosl (FC) is independent of machine use. Fived cost was calculated on
the: basis of capital mn;_iumpl.iuu {EC) method. A capital recovery factor (CEF)
was used to combine the total depreciation and inlerest changes inle a series
of equal annual payments at compound interest. The capital recovery factor
can be interpreted as the amount of equal fer uniforny) payments to be
received for n vears such that the total present value of all these equal
paymeils s equivalent boa pa].'Tnen't of one taka al present, if interest rate is .
This payment is used to estimate the capital consumption for farm machinery
[Hunt, 1995},

O = (PSICRF +5% (5
i+ 1"

P 1) Lo A (a

147" =1 @

Where,
CC = Capital consumyion )
= purchase price of the VAP, Tk
5 = gahvage value, Tk
CEFE = Capital recovery factor
i= interdst on mvestment, %

1= Life of machine, ve
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Variable costs (VO] ave associated wilh use of the machine and calculated on
the asis of the following equation (Huowt, 1995),

4
J'L'l.=£_—"[{.ﬁ&.w.]:-e.r-’+ Lo+ H| iy
il

Where,
A= annual tllage area coverage in j tillage mode, ha
C = effective field capacity of the VMP in j tillags mode, ha e
B &l = repair amed maintenance cost, %
L = labor cost, Tk he?
H = power tller bire price, Tk hre!

The breakseven point (BEF) is that peintat which neither-profit i€ made nor
Igms ammourred, The tudal Costs of the farm enterprise waold be the same as the
gross incoane, Tt i important to continuously inveshpate the cast of operation
of the farm machine, The Earm's fixed costs have to be covered by the incomes:
the Jugher the fixed costs, the longer it will take for the business to reach
break-even and make o profit, Therokore, it maporfant o keep fixed costs
down to s minimupm, The following formula was used to estmate the BEF of
ther machine,

BEF —FC-'
'R ~KE, i
Where,
BEPF = breakeven poing, ha yr!
FC = Fised cost, Th yrd

WiC = variable coat, Tk ha?!
T =custom hire rate, Tk ha-t

Grain yield was recorded from pre-selected 10 m® area and was adjusted to
14% misture content. Botder aneas of all sides of the plot were excluded from
samples o avoid edge effects. A simple econoniic analvsis was done based on
total preduction. Production cost included rental charge of the land and input
cost.. Price of the produce was oollectad from the local markets to compute
total produection cost. gross relurn, Eross margin and benefit-cost ratio.
Statistical analysis as a ane way analysis of variance was done according bo
Comex and Comez {1984). Data were analysed by using statistical software
Mstat-C. Means were compared with least significant diffevence (LS50 test.

Resulls

Field capacily

Table 3 presents-the field capacity of 2WT and VMP to establish pulses and
wheat. Tillage treatment showed significant. effect on field capacity in land
preparvation. Field capacity of 2WT and planter under i tillage
operations varied in different crep cultivation
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Table 3 Effect of tillage on field capacity (ha het) of 2WT and VMFP

Ireatrent  Chickpea  Lentil  Mungbean  Blackerans  Wheat . Mean

L .08 ooy i oz 01l .08
SPET 005 O 0.0 (.06 0.06 .06
T 1106 0.06A 005 (LRI 0.06 LAY
B 0oE 4RI 005 BRI 0.5 a5
5T 0.0 05 0.09 .05 .06 (LRI
CV. % LR 1206 406 294 nA3

L5Dos LS ool 0.1 0.0 11671

MLB. Valuses are the means of Hiree replicates

Frel consimplion

Table 4 presents fuel consumption under different tillage operations in
chickpia, lentil, wheat, Blackgram and mungbean. Tillage treatment showed
significant cffect in fuel consemiption for land preparation. Fuel consamption
varied in different tillage modes in pulse and wheat caltivation: Mirimum
tillage-saved 21-34% diese! fuel compared fo CT.

Table & Effect of tillage on fuel consumption (1 ha') in pulse and wheat

cultivation
Treatment Ehickpef _]__Enti[ Mungbean I?_ia_c'kEa m Wheat Mgﬂr}"
Cr 30 L] 55 4 20 40
SpPaT 27 41 an 3 1 L
2T 24 21 23 32 21 24
BE 28 43 3 L7y 29 M
ST 16 21 Pl 24 i 21
CV %) 6.2 129 rgek 112 58
LS50y 2189 5.2 11.44 215 228

ML.B. Values ane the means of three replicates

Labaor reguirement b land preparalion and seeding

Table 5 shows the Tabor requirernent In lard preparation for each tillage
system in pulse and wheat cultivation. Tillage options showed- significant
effect on laber reguirement in lamd preparation and seeding. Labor
requirement in CT was almost bwi times higher than minimoem illage
treatment. . On average five crops, SPEST, ZT, BP and 5T saved 30-60%% labor
requirement in land preparation compared o CT in pulse and wheat
cultivation, respectively. '
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Table 5 Labor requirement {man-he ha') in land preparation and seeding
. sinder different tilfags sychems
Treatment  Chickpea  Lentll Mungbean Blackgram  Wheat Mean

T 3 58 a7 # a7 #3
SPST 18 23 12 15 17 18
ZT 18 17. 15 i 16 18
BP 1# 21 0 27 22 21
5T 16 2 1z 19 16 17
OV (%) 5.20 i S 9.1z iy

LA 20 P T | a3 344

NB. Values aré the ieans of Burss seplicaies

Lawnd preparation and seeding cost
Table 6 shows the sum of fabor, fuel and seeding cost inchuded in the land
preparation’ cost in cach tillage, Cost of land preparation and seeding was
higher in CT and the lowest cost wae obtained in ST, On average five crops, in
comparizon to T, land preparation cost was neduced by 37, 41, 26 and 46'% in
SPST, 2T, Bl and 5T, respectively,

Table & Cost {Tk ha*) of land preparation and seeding under different

tillage svstems
Treatmen:  Chickpea.  Lentil  Mungbean  Blackgram  Wheat  Mean
Cr 3426 5426 4,570 5,002 RO 44K
5P5 2,708 3607 2,286 346l el 2838
ZF 3554 2095 AR 3,653 a3 b4
BF 2665 3592 28R4 4.353 3,054 3,310
T 2,034 2715 2,233 3,303 1723 2402
V%) R .1 75 g4 4.7
LS50 158 05 A7 [ A

MBS Waloes are the misans of thress m[ﬂimm

Seedling emergence
Figure 1 shows seedling emergence with respect to days lo seeding of pulse

and wheat. Emergence rate of chickpea was the highest in ST and the lowest
in CT (Fig. 1a). Emergence rate of lentil was the highest in 5T followed by
SPST, CT. ZT and BF (Fig. 1b). Emergence rate of mungbean was favored
miore in CT than the methods of minimum tillage {Fig. 1c). Emergence rate of
Blackgram was the highest in ZT followed by SPST, 5T, BF and CT (Fig. 1d):
Emergence rate of wheat was the highest and statistically identical in CT, ZT
amd SPST whereas, the lowest in BP and 5T (Fig. la).
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Graen yrehd

Tabie 7 shows the yield comparisen of winter and summer pulse and wheat
under different tillage options. Grain yield was quite similar toall tillage
ophens in puise and wheat production, Minimum tifllage showed mo yield
advantage cverconventional tillage in pulse and wheat cultivation,
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Table 7 Grain yield (tha') of pulses.and wheat as affected by tillage aptions
Treatment Chickpsa Lentil  Mungbean Blackgram Whaat

cT 113 050 077 .6l 173
SP5T 1.13 0.5/ 76 LAl 4.0
7T 1.05 0.52 071 .60 324
BFP 1.15 [ERTS 735 a2 3.9
ST 111 (.58 0,74 .41 375
CV (%) 33 93 1.8 44 5.2
| ] B ™S NS (LK NS NS

NE. Walues are the medns of three replicabes

Econonic analiysis )

Table 8 presents the total inpuol costs {laber, land preeparation and other
expenes) from seedbed  preparafion to harvesting  operations including
transportation. ‘Seed, fertilizer, chemical and labor input for cultivation
practices during the  prowing period were same, In polse and. wheat
cultivation, O incurred the frighest costs and the lowest cost in minimum
tillage. Minimum Hllage had the highest gross retuen and BCR.

Tahle 8 Economic productivity of pulses and wheat under different tillage

Crop Tillagu Total production Gross Grag BCR
apticn gt imcommia MArgen
_ = [Tk ka-1) [T ha) _i'll'kl ha1y o
Chickpea €T 32550 52808 )25 162
=IReTY 31,620 52840 RN 166
ar 31,5600 49,159 174 1.35
Bl 3750 35,501 e Lot 1.7
=1 5 ) 5203 21,083 .68
Lentil T 670 43124 BAS3 125
sPal 3550 AlS08 0.7 .M
fra i 32,330 A7 Dal 5634 117
ar 35T 40,118 . 347 (H LA
=1 #E70 42137 L2564 132
Mungbean: T A3650 44,550 11,470 1.33
SPET 31,350 4140 12,780 141
| 31,550 AT 80 rar 14
Ar 31,560 41,940 TELHD 1.31
aT 31.290 43,060 11770 138
Blackgram LT B4 30,455 T34 1.25
SPET In,FR0 35,60 BA25 ]
T 27,000 5455 8367 141
R 7.6 36,445 .53 1.3
5T 7150 35,000 B.T6T 1,32
Wheat T 41,240 31040 9657 1.24
SPET 394001 54,700 15300 .39
ET 5D 4,380 1816 1.12
B 0,380 33,670 13,200 135

st £ Y I S

020
LB Values are She means of three Tcg:hca-!l:‘:-. Us3]=Tk 50



Machine performance

Break-even analysis

Figure 2 shows the break-even peint of planter in seeding operaton. The
break-even area under -5PST, 51, £T and BF was 8, 8 11 and 7 ha,
respectively. [Lmeans that the seeder machine sheould 'I>e-'|.';-pa.=n'abed o ab beast 7
hix per year to produce break-even outceme with neither loss nor profit,

21000

%

15000 -
12000

Cost of seeding, Tk ha™

LEEE

8] ¥ 4 & B 10 12 14 1&
Yearly land use, ha
Fig. 2 Breéak-even analysis of planter for pulse and wheat cultivation

Discussion

Field capacity of ZWT in CT was the highest due to riding type facilibe with
high running-speed and the lowest was of VMP in 5T, BF and £T due to
walking ‘type with moderate munning speed. CT requited two  passes
operations o complete land preparation whersas, minitnum tillage by planter
required single pass operation to complete tilling, seeding, fertilizer
application and leveling. Among the minimum tillages, field capacity of SPST
and 5T was the highest compared to ZT and BF. It was doe o negative draft
and more energy was needed to till and throw the soil inward to make bed in
BIY. Winter pulses and wheat consumed the lowest fuel under €T systemns
possibly due to optimum moistare content in-the soil. [n case of lentil, fuel
consumpticn in akl ti'I]age misdes was,higher than chickpea and wheat because
the soil was dry compared o chickpea and wheat field. Summer pulses
consumed. the highest fuel in all tillage operation due to dry soil. BF required
almost similar fuel to CT due to more bymes fted to make the bed. The fuel
savingsin SPST, ZT. BF and ST accounted for 28, 40, 15 and 48% compared to
(T. This result was consistent to the findings of Herndnz et af. (1995) and
Sijtsma ebal (1998). They reported that a decrease in tillage intensity resulted
in significant fuel savings: Variable seed placement oocurred due to jerking of
the planwr during DF;gEt;aIiIII'L Emergence rate iaf chickpea was the highest in
5T and the lowest in CT. Proper séed depth and high mdisture content of Eoil
might be the reasons for reduced number of seedling emergence. Moisture
gradient was obeerved in.CT and SPST plot compared toather plot due b low
elevation and rainfall did not ecour during chickpea cultivation: Soil moisture
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was depleted rapidly due 1o high temperature and il restricled the emergence
of chickpea seeds. Emergence rate of lentil was the lowest in 2T anid BP
possibly due to-cooler and wetter sobls [Gupla ot al, 953 and Kasper ¢ ai;
199, Emergence rale of mungbean was favored more by CT than by
mittivnum tillage. Poor emergence in minimum fillage may be albributed bo
Iower seed bed lemperaturce {Gupta ef. gl 1985 and Hayhoe el -gl, 1993)
Emergence rateof blackgram was the highest in 2T miay be due to tvpical trap
and retainy more moigture than CT svstem (Boygard 2f al, 2002 Delaved
emergence due Lo Increased seeding depth has been observed i wheat
{Mahdi el al, 1998} In some cases seedling emergences were low and patchy
i CT. Uneven seed distribution and seed- depth variation may be attribuled
o reduced seedling emergence in CT (Tessier et al, 1991 and Eshraghi f ai,
2007}, Shallow planting may have led to maoisture sivess ‘that resoited in
seedling maortality and decreased vigor. Emergence rate was the highest in5T.
It might be due o tilling only in the row encourages more favorable soil
temperature, Toisthure and aeration (Pierce st o, 1992)_ Placement-of seeds in
shallow depth may result easy access bo bird damage. Furrow openers of
planter gave better crop emergence and establishmenl, which was due to
improve depth control and seed to soil conlact [Ascodar and Barzegar, 2006).
Mo hnear relationship was found Lo exizl between crop yield and tillage
intensity. The soils of Rajashahi regions arve deficient in nitbogen fixing bacteria
{Riizokium spp.). which caused poor yield of lentil (Khanam ef ol 1999). Grain
vield of mungbean under 2T was low might be due 1o greater soil strength of
surface soil that caused unfavorable soil conditions (Azooz-ob gl 1995) In
wheat cultivaltion, the superior vield was abtained it SPST followed by BFP, 5T
and CT. The lowest vield was eblained in ZT, These resulls ave in contrast ko
those who found increased vields for minimum tillage as compared Lo Lthe
comventional tillage systems. Hossain ! al., (2005) found. that wheat yield in
raisad-bed planting was significantly greater. The tillage: praclices revealed
that pulses and wheal grown under minimume tillage options could mot
provide yield advantage owver conventional tllage. Although, seedling
emergence was differed in tillage options, bot yield difference was not
significant. Hajabbasi and Hemmat (2000} observed that moldboard plowing
increased 3-F% yield in comparison with reduced tillage systems in central
Iran onva clay-loam soil. In minimum tilage, the lower sodl lemperature and
inadequate plant p&]:lu]alfmm may recuce the grain vield (Mallarina of al,
1999). These types of adverse effects are more commaon i Sandy clay loam to
sandy loam soils [Carter et al, 1988} However, Karunatilake e al., (2000}
reported a similat or ‘even higher vield under 2T than with CT. Theretore;
comsistent benefit of increased grain vield from minimum tillage was not
observed In pulse amd wheat production in high barind tract. Imput cost
varied among five fillage systems. CT resulted in the highest costs due to
miore fuel and labor requirement in land preparation. Minimum tillage
resulted in the least cost, because it has jess number of field operations for
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land preparation and resulted with savings. of fuel, time and labor use. This
can ba expliained by’ the fact that more Fuel per unil area is necessary in CT
that charges high rates for lillage operations, Minimum tillage. gave the
highest gross margin compared e CT due to the highest gress income.
Mareoier, costs particularly in land preparation were the lowest in minitiumm
tillage compared to CT. The highest BCR was ohserved in minimom tillage
operation compared o CT, Some researchers feg. Abu-Hamdeh, 2003
Fentner of ol 199%) roported that net cconomic returm was higher in
minimum tillage than in comventicnal tillage as in the case of SPST and 5T in
this study. Some resegrchers (e.g., Malhi ef of, 1988; Hoffman et ol 1999 also
reported that net economic returmns were lower for reduced tillage svstems as
incase of ZT and BF in this study.

Conclusion

The mrinimoum fillage for seeding pulse and wheat substantiatly reduced fuel
consumption. Crops grown under various minimum tillage aptions: did not
reduce yield compared. o the conventional ifllage}. Minimum tillage b_l,: WP
reduced turn-around time and timely planting in addition o the reduction of
Foet and. labor cesta. VMEP appeared as reliable mechanized planter with
capability for seed and fertilizer application by SPST, 5T, ZT, and BP, A
preliminaryestimate indicated that the endreprenaur of plander can get their
return-on investment with annual cultivalion of 7-11 ha through providing
remdal service,

References

Abu-Hamdeh NH 2005 Effect of weed control and tillage system on net
veturns from bean and barley production in Jovdan. Can. Biosystens
Erg 45 223728,

Asoodar MaA, Barzegar AR 2006: Effects of differant tillage and rotation on
crop performance. Sth International Conference. on development af
drylands. February 25-28, Beijing, China.

Aroc?, RH. Lowery B, Daniel TC 1995 Tillage and vesidue maragerment
influence on corn growth. Sol and Tillage Fes, 33 215227,

Carman K 1997 Effect of different fillage svsfems on soil properties and
whiat vield in middle Anatolia, Sof gl Tillage Bes, 40 201207,

Carter “ME, [ohrston HW and Kimpinski | 1988; Direct driJ.Ij'rlE and soil
loosening for spring cereals ana fire sandy loam in Atlantic Canada,
Sorl ana I'ji!l'a;_qr Fes. 12 365-384.

Chaudhuri B 2000: Performance evaluation of various. types of formow
apeners.an seed drills. fernel of Agricrlticral Enginecring Resenrch TH2:
125-137.

Eshraghi L, Barbetti M}, Hua L. Danchlowipour B, Sivasithamparam, B 23007
Resistance in oilseed rape (Brasdioo mapes] and  Indian mustard
(Brmsaics fusncea) booa mixture of Pseudocercosporella capsellae isolakes
trom Western Awstralia. Ficld Crops Besorcl TOT{1) 37-43.



Planter for cereals amd pulses

san ¥, Stobe BEH, Moes ] 1993 Relative date of wheat seedling emergence amd
its impact on grain yvield, Crop 5o 32 1275-1241.

Gomez KA, Gomez AN 1984 Stabishcal Procédures in Ageickitural” Researcy,
MNew York, Chichester, ete.; Wiley, 2nd edition, pp. 680,

Gupta S, Larson WE, Linden DR 193: Tillage and surface residue effects on
sail upper boundary temperatures, Senl Sci Soc A, 4712121218

Gupta 5C, Schiveider EC, Swan JB 1988: Planting depth and tillage interactions
o corn emergence. 5o Ser Soe Aner, [52 11220127,

Hajabhasi WA, Hemmat 4 2000 Tillage impacts on aggregate sbabi!_ir}l and
crop productiviey in a clay-loam soil in ceniral Tran. Sail and Tillage
Tips 56 I05-212,

Hayhoe HMN, Dwyer LM, Balehin D Culley JLB 1993 Tillage effects on corm
emwergence rates, Sl and Tillage Bes 20 45-53,

Hermnane JL, Gindn V5, Cerisola C 1995 Long-term energy use and ecomomic
evaluation of theee Gllage systems for cereal and legume production
in central Spain. Seif erd Tillge Res: 35 183-195,

Haffman ML, Buhler DD Cwen DK 199%: Weed population and crop yield
Tesponse to recommendations from weed control decision aid, Agron,
.91 386342,

Hassaan M, Sufian MA, Hossain ABS, Meisner ©A; Lauren JG, Dusbury fM
2005 Performance of bed planting and nitrogen fertifizer under rice-
wheat-rmunglbsan Cropping syEbems in Bangladesh,
www cimnytorg bangladesh /Publications,

Hunt I 1995 Ferme Power and Machinery Manegement, Cost dretermination, S
edition, Iowa State University pross, LISA,

Jensen BRI 1971: Effect of sofl water tension on the emergence and growth of
cotton seedling, Agram, |, 63 Fo0-Tob,

Karayel D, -Ozmerzi A 2002:Effect of tilage methods on sowing uniformity of
ananze, Conadidgn Bivsystems Englmeering. 44,23-26,

Karunatilake U, van Es HM, Schindelbeck KR 2000: S0l and maize response
o plow and no-tillage afber alfalfa-to-maize conversion on aclay loam
soil iy Mew Yorks Sl il Tl Res, 553142,

Kasper TC, Erbach [¥ Cruse RM T#30: Com response to seed-row residme
rermoval, Soil Sci Sec. Am. [, 5411121117,

Khanam 1, Bhuiyan MAH, Rahman MHH, Hossain AKM 1999: On-farm
experience of the spplication and adoption of biological nitrogen
fixation technelogy in Bangladesh. Bongladesh | Agril, Brs 24(2) 375-
392,

Mahdi L, Bell CJ, RByan | 1998; Establishment and yvield of wheat: {Tribicum
Iurgidum L after early sowing at varipus depths in a semi-arid
Mediterranian environment, Field Crops Ressarch 5818719, )

Malhi 55 Mumey G CGullivan P4, Harker KN I9BE. An economic
comparison of barley production under zero ard conventronal bilage.
Soil wrd Tillawe Res: 11 159166,




Machine performance

Mallarina. AF, Bordoli [M, Borges B 19990 Phosphoras and - potassiom
placement effects on early growth and nutrient uptake of no-till corn
and relationships with grain vield. Agron. [ 91 37415

Pierce FL, Fortin MC, Staton MJ 1992 Immediate and residual effects of zone
tillage in rotation with no-tillage en sl physical properties and com
performance, Sl amd Tillage Res: 24 149-165,

Roygard JKF, Alley MM, Khosla B 2002 No-till corn yields and water balance
iny the Mid-Atlantic coastal plain.Agren, [ 94 612-623.

Sijtsma “CH, ‘Campbell A, McLaughlin ME, Carter ME 1996 Comparative
tllage vosts for crop rotations utilizing mindmum tillage o a farm
scale Sell anod Tiflwge Res 39 223-231,

Tesgier 5, Baxton KE, Fapendick RI, Hyde G 1991 Zéro-Tillage furrow
opener cifcts on seed envitonment and wheat emergence, Sofl and
Tillage Fes. 21{3-4) H47-360.

Zeniner RP, McConkey CA, Campbell FB, Selles F 1996 Ecomomics: of
conservation tillage in’ the semiarid prairie. Coe. [ Planf 5o 76 697
705




Sprouted seeded rice in strip planting

Abstract

This experiment was conducted af farmsees” ficld, Codagari, Rajshahi
during Aus and Arman 2000 season to estirnate the darmage of radicle
cand plummule of sprouted seeds In mechankzed sowing by versatile
makti-crop planter (VMPE The seed treatmeants ware: dey sead (T3
s-:mb:inﬁ MLTﬁiEh‘f [Tz2); xLu.’ur.inE 1:-w.'rni§a|: amd 2 hoursfineubation
[T2); soaking overnight and 48 hours incubation (Ta); and soaking
overnight and 72 Kours incubation (Ts), The fluted type seed meter
was ke o dispense incubabed séed in stoip llage condition in dry
sl Flumile and radscle were niot brokan and whobe seed was also
not dumaged. E:lou:pt'i.n Mman eagon, radicle |e|_'|E|:|.1 ol T2 hrs
incubate seed was longer than others: In some ceses, G of radicle
waes broken but total radicle was not defached From the seed during
dispensing seed  through the Auted fvpe seed meter. Seedling
erpefEenoe was not significantly affected by incubation, although,
samme seed rate was used in both Hhe sessons. Population at
maximiem bllering stage was abmast same in bwoo seasons incall
treatments ;lil:hnush s-l.-l_'d!iwﬁ CIMETRETION WS varred, Tilker mnrml-ih
was higher In Aman: season compared to Aus season. AL matenty,
botal tller and effective tiler was mol significantly affected by
Ingubation  period. In Aus  seasom,  cobation  peried  uwnder
“investigation had. shown a wide range of va:rl.ubl.llt'r Ao them in
n.-:prrt fox Emm 1.r:|..-lr| buk im Aman seasom, THY xLEanlra.nt variation
was nhserved on grain vield. Sprouted seed has no effect on the cop
duration bul takes fonger time b sproot. Martly breken plursle in
Arman sgason has oe effect on grain vield, Sprouted seed Ias oo
vield advantage over nom-sprouted: seed indicating that fuke bype
smnprl rrveter ﬂafe-.|y di.wpl.-n.-u:d sprated sl

K-eywvrd:.'. Planter, radicle; p]um!lll:, s;nﬂj!ing PINETRETC, }r.iu!d

Introduction

Wt arw] drt seeding methods are often referced to as divect seeding (Pardey
andd Melasoo, 1999), Wet seeding refers fo sawing of pre-germimated seedls in
wet and puddle seils, Most of the developed countries establish sace. b wrek
seeding because of high wages and scrcity of Tabor (Smith and Shoi, 19%3),
Farmers in developing countries have increasingly adopt wet seeding becavse
of the migration of farm labor to sos-farm jobs and the comsequent labor
shaortage and high wage rates for manuoal fransplanting (Foe, 1995 and Pandey,
1995), Sepds may be broadoast in rows on dey fmoist! puddie seil, whireas
only broadeasting is uzed for seeding on water (Balasubramandan and Hill,
I2)- Sakter and Khan (1994) reported that direct-wetseeded rice was, grown
mitially omder saturated condition and ey could withstand drought betber.
In Bangladesh, direct seeding wsing either broadcast or live sowing gave
stgnificantly higher grain yvield than tansplanting unider proper management
(Elabi of al, 1997 and Hussain et oel, 20000 Khan o ol (2001} and
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Balasubramanian &t al., {2003) reported that dey-seeded rice on flat land with
reduced or zevo tillage produced rice yields similar to higher than that ef
transplant rice on puddled soil. Santhi (1998 eported that crop established
through brogdcasting of sprouted seeds had seven days earlier flowering than
a transplanted crop. The delay in flowering by around a week in ransplanted
rice might be due to pulling and transplanting shock of rice seedlings. Islam
{2008) observed that radicle and plumule length was increased with the
increase in incubation period and, seed rate was reduced when sown by drum
seeder with freubated seed. Islam (2008) also veported that significantly
higher grain vield was obtained with % hours incubated seed, However,
insignificant difference was observed among 24, 45 and 72 hours cubated
steds. Many machines have been developed -in. rice-growing. countries and
internativnal instituteés suitable for direct seeded Tice (DSR). For the smatl
farm holders, the wversatile mulli-crop planter (VMP) was developed ho
overcone -some of the  DSK: constraints.: To-obtain the: direct-seaded. rice
establishment benefits, the planter was evaluated to assess the performance of
sprouted rice seed sowing. Therefore, the present study was undertaken to
estimate the: damage of radicdle and plumule of sprouted seeds during
mechanized sowing and to determine the optimum seed incubation period for
seeding by planter. -

Materials and methods

This experiment was conducted at farmers’ field, Godagard, Rajshahi during
Aus 2010 and Amman 2010, The seod reatments were; dirv.seed (T soalcing
overnight (T:): soaking overnight and 24 howrs-incubation [Tzl soaking
overnight and 43 hours incabation (Ts); and scaking overnight and 72 hours
incubation (T5). The treatment combinations were arranged in a randomized
comptete biock (RCB} design with three replications. Seeds were cleanad by
immersing them in clean water and removing the floated seeds. Seeds ware
soaked in tap water. Equal dry weights of uniform seeds iwere put inte fresh
water, soaked pvermight and remvoved from water in the morning. The soaked
rice seeds were keptin gunny bags at an ambient temperature for incubation.
During Aus season, seeds of BRE] dhand2 were soaked with fresh water in
the evening on 25, 26, 27 and 28th April 2010 and remoeyed from water in the
next morning. Prescaked seeds were kepl in a gunny bag for incubation upko
26, 27, 28 and 29th. April 2010, During: Amnan: season, soeds of BR1T1 wire
soaked with fresh water in the evening on 14, 15, 16 and 17th Tune 2010 and
removed from water in the next morning, Presoaked seeds were kept in &
gunmy bag for incubation upto 15, 16, 17 and 13th june 2000, Before sowing,
seeds were removed. from the gunny bag and air dried in the shade for two
hers. The lengthe of plumule and radicle was measured from 15 randomly
selected rice seeds in all treatment samyples. Slide caliper was used to measure
the length of plumule and radicle from their junction with the seed. Diry
weight of all rice seeds having germination over 93% were taken and put inta
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frosh water for scaking. Final weight of the incubated seeds were taken after
completion of ncabation:. Seeds were sown in- dry land in strip tilled
condition by VMFP as il was appeared as a fuel saving tillage technology in
crop production (lsiam o al, 2000 In Aus season; vice variety BRREIL dhand2
was sown on 29" April 2010 and in Aman rice variety BR1L was sown on 15"
June: 2010, Pressing roller attached with VME was used o cover the seed
(Fhoto 1), Before seeding flute type seed meters were calibrated for each
treatment to get the recommended and uniform seed rate. Seeds were poured
into the hopper. It each trial, sampie was collected from the seed dispensing
tube in polythene bag from 10 revolution of drive wheel,

Phota T Planter in aperation for seeding sprouted seed

In Aws season, rice was grown after harvesting potato. Fanmers psoally use
excess fertilizers in potato culbivation. Farmers did siot apply basal or top
diressad fertilizer after pobabo calbvation b grow Aus mce In Aman season,
fertilizers were applied at 175 80- 110, 100 aned 10 kg ha-! as ure, trnphe super
phosphate (TSP}, mueabe of pofash (MP) gypsum and  zine sulphate,
rospectively. Trrigabion water was applied tothe plots just atker sowing of
sproutes] seeds, In Aus seasan, land was irmigated at mght and excess water
was drained ot in e marring due to high ambient lemperature. Some crops
were damaged due to high water temperatuee in Aus season, Subseguent
irrigations were applied as when vequired uniformly inall the plots, In both
seagons, wrigation water wag appled five times incall the plots, In: Anan
season, non-selective berbickde roundup (glyphosate) was applise @ 7.5 1 hat
one day before seeding i all fhe plots. Tn Aus season, pre-planting herbicide
wag ot gsed and the weed infestation wag sovers in all the plats. Hard
weeding was done on 20 davs after seeding (DAS) o keep the feld weed free.
In Aman season, weed infestation was less due to application of pre-planting
perbicide, o addition, hand wesding was dome bwice at 35 and 60 AS
Insecticide was oot applied in Aus season, In Aman season, Fowever, ingsects
were controlled by oa single application of Basudin 106G at vegetabive skage
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Mumber of tillers i the selacted area was counted at each growth stage. Tiller
mortality was calculated based on successive tiller count data. Grain }':iEll.i
was recorded from pre-selected 10 m? area and was adjusted to 14% moisture
content. Panicle number in each unit area was counted to determine the
panicle number per m?. Border areas of all sides of the plot were excluded
from samiples to avoid edge effects. A simple economic analysis was done
kased on total production: Production cost-inctuded remtal charge of the land
and input cost. Price of the produce was collected. from the local markets to
compute tatal production cost, gross return, gross margin and benefit-cosk
ratic. Statistical analvsis as a one way analysis of varfance was done according
to Gomer and Gernez (1984€). Dala were analysed by using statistical seftware
Mstat-C. Means wera compared with least sighificant difference [LSIY test.

Resulls

Effect of incrbation period on plumule and radicle elongation

Radicle length was increased with days of incubation in both the seasons
(Table 1, Photo 2 and 3} Radicle lénglh was longer in BR11 than in BRRI
dhand2.

Table 1 Effect of incubation period of seeds on radicle and plumule growth
and weight increased affer incubation period

Boaking amd Plurnuke fmm) Radicle {mm) Wedght
incubation period imcreased (%)
Aus Aman Aus Aman Als Amman
(BRRI (BR1l} (BRRI (BRI} (BRRI (BRII)
dhand?] dhanid?] dhardd}
Dy s (T7) - - E - . -
Soaking overnight (Tz) - = = % 9.0 42
Soaking overnight
amul 24 howrs
incubation (Th) 15 1.5 340 29 38.0 5
Spaking pvernight
il 48 hours
incubsition (T4) 25 25 /7 i 500 58
Soaking overnight
and 72 howrs
incubation (T3] 30 3 111 212 400 83

ILB. Values are the means of three replicates
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|:.LI.: r:ll':;' appd 1. l‘-||

{by 24 hrs scaked seed (T2

{c} 24 hrs soaked and 24-hrs incubated seed (Ts)

[d) 24 hrs saked and 42 hreincubated seed [Ty}

1€} 24 hrs soaked and 72 hrs incubated seed (T5)

Phioto 2 Radicle and plumule of incubaked seed in Ans season (BREI dhand2)
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{a) By seed (T

(bl 24 brs soaked 2eed (T2 )

(2] 24 hrd soaked and 24 Tiea incubiated seed (T4}

i) 24 hrs soaked and 42 birs incobated seed (Ty)

(2] 24 hrs spaked and 72 hes incubated seed (15}

Photo 3 Radicle and plumole of incubated seed in Aman season (BR11)




Sproubed seeded rice in strip planting

Effect of incubation period o grad damags

Ereakage was nat_ohierved in plumule, radicle amd whole seed due to
rofation of seed metering device, Except in the Avan seazon, in case of 72 hrs
of incubation, very few radicles were Droken from the Hp due to rotation of
sel metering device, Mareover, Heowhale radicls was not detached from the
seedd contact,

Effect of incubalion period on seedltug cmergence

Figure 1 presents seadling amergence ab different DAS. Seadling emergence
started from 7 DAS, In fug season, seedling emergence was significantly
affected by seed incubabion.
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Fig. 1a Effect of incubation period onseedling emergence in Aus scason
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Fig. 1b Effect of incubation period on scedling emergence in Aman season
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Erfect of fmcubation period on ngrononsic performande of rice

Tillering dynamics and plant height

In Aus season; tilkering pattern: followed increasing tremd upto 30 DAS and
thven decreased gradually due to tiller mortality (Fig, 2. Masimum tiller (487
) s prodeced at 30 DAS in dey seed, At matarity, ancubabon peried had
na effect oo tiller production. In Aman scason, tillering pattern followed the
inereasing end wpko 73 DAS, Tiller production was not significantly affected
by meubation period throughout the production evele, Maximom tiller (597
mr?) was ohserved 24 hrs-incubated seeds Tilker: produdtion decreased
praclually after 75 DAS doe to tiller mortality (Figs 2h), At maturiy,
incubstion period did reok have significant effect on filler production. Figure 3
shwws plant height as affected by seed incubation. Plant height was not
significanthy affected by seed incobation m both the seasons

e T] el T2 my=T] i T i 75

E o0 -

4] T T T

i} 0 an G0 .80 100 120
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Fig. Za Effect of incubation period on tiller production of Aus rice
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Fig: b Effect of incubation period on tiller produckion of Aman rice




Sprivuted seeded rice in strip planting

| =Tl ==T? —i=T3 ==T4 —%=T5

5l 4]

B0
Days after Seeding _
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Fig. 3b Gffect of tillage on plant height of Aman rice

Tiller and panicle production

Table  shows tiller and panicle production at the maturty stage, Incubation
of seed did not significantly affect tller prodoction amd panicke intensity ot
msaturity stage. The highest tiller was prodouced dn diry seed followed by 24
and 48 hrs incubation of seed in Aus season. Tn Aman seasan, the highest bller
nurmber was praduced in dry seed followod by 24 and 48 hrs incubated seed.
Thers was no stabistical difference on pamicle intensity among the freatments
in both the sepsons: In Aus season, the Righest aumber of pamicle was
observed in ey seed (35T o) followed by 48 birs (319 007) incusbation of seed.
The Jowest panicle number was obiained in 24 hes incubation of zeed, Tn
Aman season, the highest number of panicle was observed in 72 hes (256 me)
irsubation seed followed by 48 hrs (232 me2). Papdche intensity was the lowest
1193 s} i ey seed.
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Table 2 Tiller and panicle production in Aus and Aman rice ag affected by
different soaking and incubation period

Treatnyent Tiller Panicle
[0 e} [P m)
Aus  Aman  Aug  Aman
Drry seed (1)) e 198 /00 193
Soaking overnight {Tz} 256 (B0 <X 3

Scaking overnight and 24 hours incubation (T3) 227 217 207 206
Soaking overnight and 48 hours incubation (T2 288 234 373 132
Soaking overnight and 72 hours incubation (T:) 248 258 211 256
W) 113 196 117 213
LSDgo NS MG N5 M5

M B Walues are Hwe means of three replicates

Geradn yield

Table 3 shows grain yield of Aus and Aman rice, [erespective of seed
mcubation period, crops were matured 0 100 days in Aus season, Grain vield
weas signdficasithe affected by imcubation period, The highest grain vield was
obtained in 72 hrs incubation seed. There was ne statistical différence on yield
between drv seed and 72 hrs dncubation seed, Tt wag also poticed here that
there was noostatistical difference among 24 bes soaked seed, and 24 ancd 48
hes incubated seed. [n Aman season, irrespective of incubation periad, crops
were matured in 145 days.

Table 3 Grain yvield of Aos and Aman rice

I iwatimnenl sk B! Ao (L i)
Drey seexd (Th) 5 4.4
Soaking evernight (T} 248 325
Soaking overnight and 24 hours meubation (Ts) 225 331
Soaking overnight and 458 Towrs incubation (Ts) 249 3.5
Seaking overnight and 72 hours inculration (T3 180 357
V(%) 1@ 124
5D E S

MB. Values are the means of three replicates

Ecomomic analysis

Table 4 shows the economic productivity of sprouted seed from land
preparation to harvest cperations including transportation. Seed, fertilizer
and irrigation was applied equally in all the plots, Variable costs were similar
in ait the treatmeent plots due to equal inputs. In Als season, Sross Margin was
the highest in 72 hrs incubation of seed and lowest in 24 hrs soaked seeds. The
gross margin: for 72 hrs incubation and dry seed was the highest' due to the
highest grain yield compared with other treatment. BCR was the highest in 72
hrs sewd incubation and the lowest in 24 hrs incubation. In Aman season,
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gross margin wias the highest in dey seed and the Jowest In 2hes soaked
seeds. The gross margin for dev seed and 48 hrs incubation was the: highest
due tor thie highest grain yield compared with the other freatrment. BOR was
thie highest indry seed and the lowest in 24 hes incubation:

Table 4 Economic productivity of rice as affected by seed incubation period

Treatmend A Aman TR
Wariabke Grues Cirres Warinkle Ciross e oAne Aman
o retamy wsagin cnl relilm oatgin
kbt (Thhely  (Tehaly  (Vkhaty  (Tkbety  (Fk ) -
T 41,162 6,518 23,157 L5330 TR 50 L5 1
Ts 40,837 4431 .1..311.'-‘ AG0G SHROS 1379, 104 131
T 40,812 43745 A6 44,992 Ba 045 2 il 133
T AL 32,790 1L 785 45141 1402 26,262 129 158
T= ALIES R ELE wm 4573 (il 607 MM L8 148

MU Values are the means of three teplicates

Discussion

During Aos and Aman seasons, plumule length of incebated seed did nat
increase as radicle with the incubation period. Similar results were obtained
by Islam (2008). During Aus season, some seeds might be placed deeper and
buried under soil causing poor seedlings emergence. Similar results were
reported. by Yoshida (1981) and Islam (HN7T). The highest emergence was
found with 48 hrs of incubation (%8 no. m~) at 11 DAS. In Aman season, the
effect of seed incubation on seedling emergence was insignificant although
fiew radicles were broken from the tip due te rotation of seed meter. Fartly
broken radicle did not restrict the FPE‘dﬁ]'IE emergence. Seedling emergence
indicated that flute type seed meter satisfactorily dispensed incubated seed
without damaging plumule, radicle and whole seed. Tiller mortality was
higher in Aiman season than Aus season. [t might be doe to varietal difference
and sometimes mortality depends on water management. Partly broken
radicle in Aman season has noeffect on grain yield. Grain yield was not
significant among the incubated seed. Islam (3007) also observed that seed
incubation had ne significant eftect on grain yield:
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T
Photo 5 Crop condition at panicle initiation stage inAman season



Machine performance

Conclusion

Incubated seod required more davs to sprout bat matared the rice crops in the
same duration. Sprouted rice sped: did net reduce the field duration and could
not provide vield advantage over om-sprouted seed. It can be concluded that
sprouted rice seeds can be dispensed safely through the seed meters of VMT.
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UNPUDDLED RICE TRANSPLANTING
Rice cultivation in minimum tillage

Absiract

Alternate o puddling, wipaddled sive bransplanting is a2 new
concept dnrice Bt crivpping system, '[E|L1E.:E ophitnsin puddied
conditinn (i} conventional ﬁllr.y.\c [T amd i7i) singln_p.nsei wisd I:il'l;lggc_'
(SFWT) and in unpuddied condition [iit) strip tillage (5T} and (iv}
bed planting (B were evaluated to establish rice n the High Barind
Track, Godagart, Kaphahi durisng Avs (2000 and Boaro (2011) seasons
wrigh & view o ux.}'dm'r'ﬂwe pmﬁhbﬂitv u{g:uw‘in.s e I unpuddl’rd
condition. Minimum fillagge (SPWT ST and BP) saved about 3-54%
fuel consumphion among the Gllage treabments in Jand preparation
compared to CT, Minimom Wkage saved {(#0-49%) labor compared to
CT in land preparation: CT provided higher cost cormpared to other
tiltage treatment due o more fuel and labor wsed in land
preparation. Labor did not face difficalties o transplant seediing in
|.|'|'||1u-:!d||."d field 'I.'n'rbt*ding fEme was hi.Hh{-r in ur'lp'uddl-:'d than
puddled ransplanting. Tillage options showed significant effect on
grain: yield in wnpuddled transplanting of Aus rice wheres,
insignificant effect on grain yvield in Boro sice. The present findings
showed Hwat grain vield o moooowm Gllage poddled and
unpudr”nd I:mm:p!mting of rFice was simakar o O ind:'u.'afin;_q that
tiliage inkensity can be reduced to establish transplanted rice without
saetificing grain yield, In both the seasons, €T showed the highest
imput costs due twoomore number of tllage passes’ and  dwel
vequirement in-dasd preparation. The BCR showed the highest in
SPWT. 'I'r:uurplun!ing FicE N i li||aﬂe PmJn:”Dd ST and
unpuddled 5T and BF indicated more profitable than ransplanting
ricein conventional puddling

Beywords: Sarip tllage. bed planting, fuel corsuwmpbion; yield, cost

Introduction

Transplanting rice in puddled soil is a common practice of crop prodection in
fowland rice in the tropies and subtropics of Asia (Cassian and Pingali,
19495} Farmets typically preparve land by two passes of dry tillage followsed by
cexposure b sun for a few davs and then they deal with inundation of the
fiefd, plowing and harrowing with standing water. This tillage practicos is
labarious, fime consuming and capital intensive process. Flowing of pud<dled
sofl afser rloe results in the formation of Jarge clods, having high breaking
stremgth (Sharma and Bhagat, 1993) and very large-amoums of energy and
timwe are consumed in producing fine seed beds. Puddling desteoys. soil
aggregates, breaks capillary pores, and disperses the soils leading to increased
bulk density of surface lavers (Gupta ef-al, 20031 It helps. to contro] weeds
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and facilitate easy transplanting, Puddiing to a greater extent creabes soil
physical condition detrimental to the following crop in rice based cropping
svstem {Hobbs and Morris, 19696). Puddling makes land preparation difficult
for the following wheat or other winter crops, resulting in cloddy soil
structure; loss: of soil moisture, delayed planting and :madequate segd-soil
contact (Sharma et al, 995, Excessive wetness in puddled rice soil can delay
the planting of the following wheat and result in yield reductions of 35-30 kg
ha per day by a delay in planting after November 20 (Randhawa ¢! al., T9EL
and Hobbs, 1987), Puddling should preferably. be avoided as it is an
unfavorable practice for the succeeding upland crops. Minimum tillage was
shiown to have anadvantage ower puddling in a clay loam soil for maintaining
physical condition and saving field preparation time (Brown and Chiantrill,
1973). Sharma ot gl (1958) revealed that rice grown after minimum tillage
produced yields similar to that under conventional puddling with minimised
expenses . on field preparation. Haque (3004) evaluated the unpuddled
transplanting of rice on bed, strip and single pass shallow tillage practices.and
found similar yield compared te conventional puddling with additional
benefits in fuel and water savings. Kukat ef al;, (2005) summarized the results
on the performance of rice and wheat on raised beds from 18 sites in India
and Pakistan. Across all sites, vield of unpeddled transplanted rice on bed
was generally lower than puddle transplanted rice by 20-23%, while. direct
seeded fice on bed yield was generally lower by 30-40%. Islam of al., (2012}
stated that in Aman season, bed planting and strip tillage under unpudd led
condition saved fuel and water usage by 31-76 % and 25-26 % compared . to
conventional tillage, respectively. The authors also observed that unpuddied
I.tanﬁplanﬁng could not provide yield advantage over puddled. transplanking.
Considerable research work has been done on puddle transplanting but
almyost limited data are available on l.[npl.uidlad rice trarsplartivg in Aus and
Bore season, Therefore; a rice transplanting experiment meeds to be conducted
o explore the possibility of avoiding field puddling through unpuddled rice
transplanting under mininwum Gliage options.

Materiaks and methods

The: experiment was conducted in the farmer's bield, Godagari, Kajshahi
during Aus (May-Aogust) 2000 and Boro {December-May) 2011 season. In the
High Barind Tract {HET) Grey terrace soils are predominant (Bramimer, T906).
These: soils are mostly of silty clay surface horizons: Agre-climatic (rainfall
and thermal condition) data were collected from the nearest weather station
{Fig. 1) The treatrenits were i puddled condition (i) conventional puddiing
(CT; (id) single pass wet tillage (SPWT); and in unpuddled condition (1) strip
tillige (ST} and; (iv) bed planting (BP). The treatments vere arranged in a
randomized complete block (RCBH) design with three replications. In land
preparation, O consisted of two passes prl.mal}' tillage b‘l.r ZWT and exposed
tovsun for two daye followed by inundating whole plot and puddling by IWT
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with 2 passes b complete land preparation. ITn SPWT, one pass tillage by 2WT
after inundating the fisld. ‘5T and BF were dome by VMP in single pass

operation betore inundating the field. Table 1 presents the . experimental

characteristic. Land was inundated one day before transplanting aperation for
meaking the land soft to transplant seedling in 5T and BP (Photo- 1). In BF, the

width of bed and furrow were 35 cm and 20 cm, mespectively. The seedling

spacing for CT, BF and SI"WT was 25 x 15 convand 20 x 15 cn for 5T,

al
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Fig. 1 Monthly temperature and rainfall distribution pattern in Godagari,

Bajshahi during 2000-11

Bed ' Strip tillage

Photo T Transplanting rice in unpuddled bed and strip tillage plot

Fuel consumption was measured by filling the fuel tank twice, before and
after each operation. Takble 2 presents the fertlizer application rate: The entire

Ralnfall,
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amourit of triple super: phosphate, muriate of potash, gypsum. and zine
sulphate was - broadeast and incorporated into the soil at final fand
pre*paratlnn Urea was top dressed in three equal installments. {_‘n:-!:l condition
at maturity stage in tllage practices {Phote 2}, Grain _'!."bEl.d weas recorded from
pre-selected 10 m? area and was adjusted to 14% mobsture content. Panicle
nurnksr incoeach unit avea was counted to determine the panicle number per
mi. Border areas of all sides of the plot ware excluded from samples & avoid
edge effects. A simple economic analysis was dene based on the total production,
Production cost included rental charge of the land and input cost. Price of the
produce was collected from the local markets to compute total production
cost, ‘gross return, gross margin and benefit-cost ratio. Statistical analysiz as a
ore way analysis of variance was dong according to Gomes and Gomes
(1954). [Mata were analysed by using statistical software Mstat-C. Means were
compared with least significant difference (LS0) test.

_Table 1 Experimental characteristic |

lish transplanted rice.

'-‘»wm Variety Diate of seed & Drateof Drakeaf
transplanting harvesting
Aus Parija 11 May 2018 15 Jure 2001 28 Ang 2000
Bore  BREEldhan2 3 Dec Z010 26 Jan 2011 07 May 2011
Table 2 Ferdilizer application rate in rice produckion
Crop L'rea MFP 158 Zinc Cypsum
(kgha')  (kgha®)  (kgha?).  (kghat) (kg har®)
Aus 175 67 133 - ]
B 27 100 178 7.4 23
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planting " Sivip tillage

Phioto 2 Rice crop condition at maturity
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Results

Fuel consmmption

Tillage treatment showed s.i:gniﬁu:'a nt etfect in fuel consumption in land
preparation. SPWT and 5T saved the highest [51-54%) fuel whereas 30% in BP
in Jand preparation compared to CT (Table 3).

_Table 3 Tillage effect on fwel consumplion

Treatment Fuel consumytion {1 hal)
Aus Boro Mean

CT 33 41 37
SPWT 14 21 a8
5T 18 15 1T
B 0 i 26
V(%) i i

15D 69 4.1

LB Valiees are the means of three replicates

Labor reguivesment in lamd preparation, transplanting ond weeding

Tillage treatmwent showed significant effect in labor mequiremnent for land
preparation i Aus and: Bora seasons (Table 4). CT showed the highest labor
requirement and ST showed the lovwest labor requirementin land preparation,
Minimum tillage saved: (30-49%) labor compared to CT in land preparation
Tillage treatment indicated no significant effect in labor nequirement between
transplanting seedling in puddled and unpuddled conditions in two seasons,
Tillage treatment significantly affected the weed infestation in Bore season,
Weeding time was the highest in ST follovwed by BP, SPWT and CT.

Table 4 Labor requirement (man-hr ha?) in land preparation, transplanting

and weeding
Treatinent Land preparation Transplanhing Weading

Auz Bore Mean  Aus. Boroo Mean Aus fioro
Puddlad
E=E 47 43 43 10k 78 e Pretilachlor 116
SPWT 2 ] v 111 75 a3 applied, 135
Unpuddied e weeds
5T 4 22 ] [E . = 1m EROWT 345
Br & 23 g 1 %2 1 262
CV (%) &2 4.6 AVE ART 9%
L5 38 i NSNS W

BB, Wialwes e the means of three replicabes
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Cost of land preparation, branspianting and weeding

Table 5 shows the cost of land preparation, transplanting and weeding as
affected by lillage options. Tillage tréatment showed significant effect in cost
of land preparation. Land preparation cost was the highest in CT followed by
BE, 5T and SFWT. The land preparation cost under minimem tillage
decreased upte 34-49% compared fo conventional puddling, Tillage treatment
had no significant effect on transplanting cost in puddied: and unpuddlad
cendition: Tillage treatment significantly affected the weeding cost which was
the highest in 5T followed by BP; SPWT and CT, respectively. Weeding cost
increased as tillage passes decreased.

Table 5 Cost {Tk ha?) of land preparation, fransplanting and weeding

Troatment Lamd ]:ln:pu'rn.ti,un Tmn‘.\»:pl.'mting_ Wcﬂdh'lg

Aus Borg: Mean:  Aws Boro Moean Aus Born
el liscd
T A5 44% 46T 240 19097 2% TPretllachler 250
SPWT TMe 2410 23M ZFTROASTT 2328 apphied, 3155
Unpuddled no werds
sr Ta03 ZEB A0S RFENC 2MFC ZA30 e B.A1E
[E 317 3004 3063 A7AE 2305 rhRx 0,550
L5 OEITRE R e o il Q822
CY. % 9.53 297 11157 1672 907

MLE. Valugs are the means of three replicates

Gritdae ideld

At maturity stage, plant population anii number of effective tflers per sjuane
meder did not vary sigraficantly amang Gllage reabments i both the seasons
(Table 6). Tillage options showed significant effect. on grain yield in
unpuddled transplanting of Aus rice whereas, insignificant effect in Boro rice
cultivation, '

Econgmic amelisis

Table 7 shows ecomamic productivity of uapiddbed transplanting of rice as
affected By tillage options, In both the seasons, CT showed the highest input
costs due B moee number of tllage passes and fuel requiremsent in land
preparation, BCR was the highest in SPWT followed by ST, CT and BF,
respecively in the Bao seasons.
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Table & Yield and yield attributes of unpuddled transplanted rice

Trizatmient Tiller Effective tiller CGrain yield
o [, T} {f b}

Aug Boro Aus Rara Aus Barie
Puddied
ol I8 4H) B2 348 43 410
SPWT 477 Bl 445 455 446 3497
Lnpuddled
ST 413 462 568 in 4.0 414
i o 204 482 kil ELd] 33 £
CV (%) 128 17.5 138 210 51 5.7
L5Dgn NS i) NS NS 072 NS

I4.B. Walwes are the means of three replicates

Table 7 Beonomic productivity of unpuddled transplanted rice as affected

by Hilage options
Tilkage A Baro BCE
VIpaiT It Liroes it Cornes s Boro Migan
ol retuTn el Fesuarn
T (T hat),  (Thohaty,  [Thohat)

T 1550 Ta560 SO0 FLA53 T4 (1] 145
SPWT A0 RIl,770 48520 LLEE 1.63 46 1.56
5T 49,630 2540 BT ok el 147 1.56 152
BE 43630 £1,400 48,630 TE0H 124 161 143

MoB.Valwes.are the means of three seplicates

Discussion

Minimum tillage reduced fuel and labor in land preparation due to limited
number of tillage operations. Labor did not encounter any - difficulties to
transplant seedlings in unpuddled field due to soil softness as water applied
before transplanting and soil was silty clay. The soil type may interact: with
the length of wetting in order to facilitate unpuddled tranzplanting, Weeding
was net needed in Aus season. This might be due to short duration variety
and crop canopy suppressed the weeds, In Boro season, weed infestation is
severe in unpuddled plot, which incurred the highest cost than puddled plot.
‘This gan b attributed te dry zene on the top of bed and in the strip tillage that
aided weed emergence. Ladha et al, (2009) stated that the shallow soil tillage
may be sufficient for weed control Applying ron-selective  herbicide
(alyphosate) before land preparation might be helpful to control weed in
unpliddled plot asin the case of wheat (Omoet al, 2006}, direct seeded ticé
(Subramanian gt al; 2008) and bansplanted’ rice  {Natarajan and
Kuppuswarmy, 1998} There are many pré and post emergence’ herhicides
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available in the market (Komatsubara of sl 2009 Zahan of ol 2014}, Proper
sedection and application of herbicide at right time and right dose effectively
control weed, BI' showed the lowest grain vield. Tt was due to the lowest
number of ‘plant pepulation and chective tllers. This lower number of
ctiective tllers was attributed to poor establishment of the crop. Grain yield
was statisticallv similar among CT, SPWT, 5T and BP in Bero season, Sharma
b nl. (2005) reported: that similar vield was ohtained i transplanted e after
one pass-in- wet soil and conventional puddling, All tillage treatments
provided similar grain yield of tioe as was reported with many stiedies on
mindmum Gifage cven though most of this research was on rainfed crops
iSharma ¢f sf, 2001} rather than transplanted rice. The present: findings
showed that grain vield in minimoam tillage puddled and unpuddled
transplanting of rice was similar to CT indicating that tillage intensity can be
reduced fo establish transplanted rice without sacrificing vield, The present
resulfs contradict the seggestion by Baker and Saxton (2007), Input costs
imcloded fuel, labor, machine rental charge and ether expenses from seedbed
preparation o harvest operations including ransportation. Same: amount of
sed, fertilizor, pesticides and irrigation water was applied inall the plots, The
number of passes and operation of cests in terms of fuel and  time
consumption were different among fllage options. In bothy season, CT shiowed
the highest input costs due to more number of tillage passes and fuel
requirernent in land preparation, In both seasons, minimum tiflage decreased
input- cost. This was coincided with Eaper of al, (1994] shoo stated that
minimum tillage decreased the input costs for labor, fuel; tractors, and. other
cquipment, In Aus season, gross refurn wiss the highiest in SPWT due to the
highest grain vield. In Boro season, tillage options did not show significant
eifect on gross ceturn due to similar grain vield, The benefit cost ratio was
found higher in SPWT, becawse of the higher gradn vield and lower input
costs, BIY showed the lowest BCR due te the fact that input cost was higher as
wiell as gross margin was lower compared to other tiflage treatment,

Limitation

= Difficult tofind out the strip b transplant scedling manaally doee to
pusor visibility in muddy feld

= Aovement of fanm machinery immeist ficlds creates s and
compacts =il

= Asa new technobory; farmers showed the reluctanoe to ransplant
seediing in unpuddhed plot

s Weed infestation 35 severe in anpoddied than poddie plot

Conclusion

himimum tillage unpeddied transplanting reduced fuel consumption, time
arnid labor cedquirement in busd preparation, Tillage intensity G be reduced o
citablish tronsplanted rice’ without sacnficing vield, Single. pass wet tillage
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could be promoted in the traditional poddled rice cultivation aress in High
Barind Tract. Transplanting rice in unpuddled strip and bed was also
promising in Ausand Bore season,

Recommendation
«  Itis nevded to find out the weed management practices in unpuddled
traneplanting )
*  Transplanting can be done using mechanical transplanter in
unpuddled fetd

= [bis needed to change the mindset of the farmers to transplant
seedling in unpuddled field
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Abstract

The mcp-cerirnunf wits  comducted b dvaluabe the unFHu.idled
transpianting of rice in high baring tract in B season daring 2010,
Four tillage treatments such as CT (Conventional puddlingsillage),
ST (Strip tillage), BP (Bed planting) and DPFDT (Dooble pass dry
tiflage) were considéred in this experiment. The sod of barind tract
was” slb elay loarn. Lands were inundated  before cone day of
I:ra.ns;pkmrins amdd 52 dﬂ}'s g\uﬂinﬂs werne tra r|.:.'|:||.'|r11r4.'.| in Fnuiv;flmi
condition for CT and unpiddled condition for 5T, BP. and DPDT,
Minimum tillage 5T and DPDT considerably saved fuel and fabor in
land - prepacation: 5T and DPOT saved 43-68% fuel in- Jand
preparatien compared b OT. Mo tillage ke ST and DROT
indicated  environment friendly tllage  technolegy  bat labor
Tequirement is Righer in transplanting dwee o anpuddied  Land.
Minimmam tiMage could not providé vield advastage over
comventional tllage. Minimum tllage (5T, BP and DPDT) may be
adaptable toestablsh vopuddléd ransplanting of dev seasoa fice in
high barind track.

Kaovwinrds: Minimuom tilage; fucl; labor, weed, yield

Introduction

Puddling makes land preparation difficult for the toliowing wheast or other
winter crops, resulting in cloddy soil structure, loss of soil moistune, delayed
planting. and inadiguate seed-soil contact (Sharma et al, 1995). Puddling
should preferably be avoided as it is unfaverable practice for the succeeding
upland crops. Transplanting. of rice in unpuddled soils do not change
agronomic and crop management practices significantly for getting the higher
rice vield: Rice grown after minimuom tillage can produce vields similar to that
under conventional puddling with minimized expenses on field preparation
(Sharma ef el 1988). Minimum tillage in production systems can improve soil
physical, chemical, and biological properties (Rice and Smith, 1954 and
Franzluehbors of al, 1994) and decrease the input costs-for labar, foel, tractors,
and other equipment (Raper of al, 1994), Minimum tillage has been evaluatad
in rice in the United States {(Watkins of al, 2004 and Linguist ef eil, 2008) and in
the Philippines {Mabbavad and Buensosa, 1967). These authors teported
similar: yields in some seasons but not in others between minimum and
conventional tillage. One of the reguirements of an efficient rice based
production system is to decrease energy inputs, Plowing of puddled soil after
rice. results in the formation of large clods, having high breaking strength
[Sharma and Bhagat, 1995) and very large amounts of EMETEY and time are
consumed in producing fine seed beds. Bhagat of al. (20M3) have indicated
that energy input in a conventional tillage was about 276 KWh mere than that
in a no-til system. There is a peed for finding suitable rice establishing option
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that avoids field puddling Considerable research works have been done on
direct rice seeding: but there is aimost limited: data available on unpuddled
tice transplanting, Therefore, this experineent was conducted. to explare the
possibility of avoiding figld puddling through unuddled rice transplanting
under minimum tillage options in Boro seasomn,

Materials and methods

The experiment was conducted in High Barind Tract (HET) at the farmwer’s
fiedd, Khejurtala, Codagars, Rajshahi in dry season during 2080, In the BT
grey terrace soils are predominant (Brammer, 1996}, These soils ave mostly of
silty  clay sarface horizoms, The  study area bies at 24931'040°N  andd
HE*2214.16"E. The unit plot size was 128 m? Initial bulk density in. 0-7.5 cm
depih was 1.23 (g em ™) ab 146 % gravimetric water content and bulk density
in 7.5-15 cm depth was 149 (g om®) at 14.29 % gravimetric water. content,
Properties of soil from upper 13 cm were pH.7.75 and organic carbon 7.15 &
kgt The treatments were as in puddle condition (i) conventional puddling
({CTand in unpuddled, condition (i} strip tillage (ST) {iii} bed planting (BF}
and {iv) dodble pass dry tillage (DPDT), Treakosents were arranged inva RCB
design with three replications. Conventional puddiing consisted of primary
tillage using bwo paages by two wheel ractor (WT) and exposed o sun for
two days followed by inundating whele plotand puddling by ZWT with two
passes. 5T and BP were done by versatile multicrop planter (VM) in-single
pass operation, BPDT was done two passes drye fillage by 2WT (Photo' 1)
Diwring final land preparation all cares were taken for uniform leveling of the
Tamd, Seeding was dore in seedbed on 10 December 2008 and transplanting
was done on 2 February 2000 Fifty-two-day-old seedling of BRI dhan28 was
hand trarsplianted in mows dunng dey season: Seedling age was higher:.due to
excessive cold in January, Swdhnhs were transplanted into puddled
conditions in CT wheraas in unpaddled condition in 5T, BP and DPDT {Photo
2} Land was inundated before one day of transplanting cperation for making
the land soft to transplant seedling in 5T, BP and DPDT. In BF, the width of
bed and furcow were 35 and 200cm respectively. The seedling spacing for
CT, BF and DPDT was 25 % 15 covand 20015 cmfor 5T, Fuel consurnption
was measured by filling the machine's fuel tank twice, before and after each
operation, Carben dioxide emission was calculated from fuel consumption in
tillage aperation using the conversion factor of 2.6 kg of OOk per kg of dicsel
consunmed (Grace, 2003). Postemergence herbicide pretilachlor was applicd at
sevien days. after transplanting in all the plots to control weeds. Farmers
applied fertilizer dose of 118, 174, 73 118 amd 12 kg as diammonium
phosphate; urea, muriate of potash, gypsum’ and wine sulfate; respectively.
Photos 3-5 show the crop condition under tillage practices at-different days
after transplasting (DAT). At maturity, 12 hills were sampled diagonally to
determine above groand total biomass, harvest index; and yietd components.
Panicle number of each hill was counted to determine the panicle number per
i Plant samples were separated into straw and panicles. The drv weight of
straee was determined after oven-deving at F0°C o constimt weight, Grain
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yield were recorded Brom B0 m? sampling area within each plob and adjusted
toe moisture content of 14%. The data were analveed: by statistical software
Mstat-C. Least significant difference (L5D) hest was performed to determine the
significant differences among the reatments, Frice of the input and produce was
collected  from the local market. Land value and interest o investment was
considered to caleulate the total input cost.

 Bed formation: Irrigation in bed
Photo 1 Bed formation and imigation before transplanting
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Strip Hllage Deuble pass dry tillage

uen.tindul plot
Photo 2 Manual transplanting in puddled and vnpuddled field
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Strip Hllage Bed

Photo 3 Crop condition st 20 DAT
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Conventional Hilage Drouble pass dry FHilage

Sirip tillage
FPhoto 4 Crop condition at 35 DAT
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Conventional tillage Double pass dry tillage

Strip tillage Bed
Photo 5 Crop condition at 80 DAT

Besnlis and discussion

Fuel comsimption awd labor requirerment

Tillage treatment  showed  significant  effect on feld. capacity,  fuel
corsumption, labor regquirenent for land . preparation and fransplanting and
cost of land preparation {Table 1) Field capacity of two wheel tractor in CT
was the highest due to riding type facifity and the lowest of VMP in ST and
BI* due to walking type. 5T showed the lowest foed consumption among the
tillage treatments: The lowest fuel consumiption in case of §T, compared to B
miay bedue to negative - draft and comparatively higher field capacity, Fuel
consumption was the highest in BT among the mininmum tillage practices due
touse 24 types in rototiller to till and throw the soil inward for bed formation
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ndicating more eneriy is nesded to accomplish the task, 5T and DPDT saved
&8 and 43% fuel in Jand preparation compared e CT, OO ermission 15 directly
praportional to the fusl consumption; therefore, B incurred the highest Oy
ermggion in Jand preparation and the lowest m ST: 5T reduced 69% COy
emission compared too U7, Labor requirement for land preparation in 5T was
&2% less than in CT. The highest time was required b transplant seedlings in
ST e almost double the tme needed compared o CT. BF and DPDT due o
ifficulties to Jocate the steipin muddy fiefd, Labor did oot face any problem
o bransplant seedlings in unpuddled feld,

Weed infestation

Iy CT-amgl DPDT, weed infestation wag very low throsghout the grodving
period due to-better efficacy of pre-emergence herbicides, Therefors weeding
wits naf required im those Gelds (Table 1), Weed infestabion was the highest in
ST and BP due to the fact that, in ST, surtace of blled porbon was drey. aod
stubble was present and in BP surface was dry and indicating that minimiam
Hillaige created favorable environment ko grow weed, Preblachior worked wefl
in et condition,

Table 1 Tillage effect in land preparation, transplanting and weeding

Parameter Lo | =11 B OPET  LSDae  CWS%
Field capacity;, fa hrl Ola MdFe  085c.  @10b 002 45
Fued conssmpbion, 1 hat A 11k Fa b 1506 167
O einssicn, kg hal 054 ElY W2 a 54b 54 167

Lalwor regaeiresmenstin land Hra 1l 19h b fd 104
praparation, man-hr ha

Land preparation cost, Tk 2358a BiS1b  XBdae 152 b 7ils 131
baL

Lalsor requoirednent in b 23 a 102k 113h a7 1389
tranmsplanting, man-hr had

Labsor requirementin - 386a 182 b - 185 650
weeding, i hal

Weeding cost, Tk ha-! = G6iFa A5EF D a6l [N
Plant hedght

Flant height was not significantly affected by tillage options at different DAT
[Fig. 1. Plani height followed the incréasing. frend with DAT. Plant height
increazed progressively overtime abainimg the  bhighest at 85 DAT and
thereafter decreased at maturity stage due o leaf semescence. Plant height
followred vapid growth lvem 55to 85 DAT.
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= (T ~B-5T
W0 i DPLT

Plant height, cm
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20 40 55 65 75 BS ]
Days after transplanting

Fig.1 Effect of tillage on plant height at different days after transplanting

Titlerirny pafiern

Figure 3 shiews this effect of tillage on tillering pattern of dry seasen rice,
Irrespective of the tillage treatrment, tillering pattern followed increasing trend
upto 73 DAT and then it was decreased  gradually due to tiller mortality,
Tilkage treatment showed significant effect on- tiller production throughout
the crop oycle. 5T produced remarkabdy higher Gillers than the other
freatmemnts:

700
600
S0
400
300
200
100 =4=CT —l=5T =—d—BF —=DPOT
|:| T T T T
40 ‘55 65 75 BL L]
Days after transplanting

Tillers per m®

Fig. 2 Effect of tillage on Hller production at different days after
transplanting

Stwge-toise Hiler production

Figure 3 shaws the stage-wize tiller production under different treatments. 5T
produced the highest tllers at all the growth stages and ib was move
pronounced at maximom tillering stage and flowering  initiation stage.
Irrgspective of Lilage treatment, tiller number was reduced at fowering stage
and maturity skage due bo leaf senescence.



Resource saving brvdry season rice cultivation

Yield soad _m'q.'fa! :!m:h'l'i:mh'frg charneter

Tabhbe 2 shows data on yield and vield contributing character, At matority,
tiller production and effective filler was significantly affected by tillage
aptons 5T produced maximumn mumber of bller and panicles whale the BP
gave: the Jowest number of panicles, Groon ad. straowe vield was not
significantly affected by bllage ophions although effective dller was the
highest in ST, Grain vield in anpaddled DPDT is more comparable $o CT
imdicating that tillage intensity can be reduced o establish transplanted tce
witheuk Sim.'rifif_"mg yield.

BOD 4
o0
| ®CT mST mBF mDFDT
”Eu' 0
= 500 |
B 400 -
W
& 30
= a0 :
= 100
{I
Active Mazirmum Flu-wmng- Maburity
Tilkering tillering initiarkio
Growkh stage

Fig. 3: Effect of tillage on tiller production at different growth stages

Table 2 Yield and yield contributing character .
Tillage eption Tiller, Effective tiller,  Gramnvield,  Straw yicld,

ne. no, m that that
5 Mo b 255 b Rz e
5T 457 a HFa AR 524
BP 352D 240 b 517 497
DPET 362 b 254 I By R4
LSDhps B2 T nS &
VL AT e — i B

Econronric anmiasiz

Econumic productivity of unpuddied transplanting of dry season rice is
shown in Table 3 Inputs cast included fuel, labor, machine rengal charge and
other expenses from land proparation to harvesting . operation |nc|ud:|n[=;
transportation, Seed, fortilizor, intectivide and irrigation water were spplied
eopually i all the plots, The number of passes and operation charges in teoms
of fuel and time consamption are differént in tillage options, Land walee and
interest on mvestment was considered o caloulate the total iput cost Total
input gest was: the highest 0 8T due o higher transplanting time and the
lonwrest in DPDT. CT and DPDT showed the highest gross margin due fo low
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input cost, BCR was similar and the highestin CT and DPDT due to less fnput
cost, higher grain and steaw yield, Rice grown in onpoddled transplanting
ungler DEDT is more profitable tan 5T and BF,

Table 3 Ecopomic productivity of unpuddled transplanted Boro rice as

affecked by Hllage options
Tilkage opkicn Economic productivity
Input cost,  Gross return, Gross margin, BCR
Tk ha? Tk ha Tk ha

T 59,173 3315 34042 1.58
aT FnEra 85,268 14389 1.20
B 0Le74 Bm2 19,338 13
BEOT ST R R 61 5] 1.35
Limitation

»  Difficult to find out the strip to:transplant seedling maneally. due to
poor visibility in muddy field

# Asaneéw technology, farmers showed the reluctarice to transplant
seedling in unpuddled plot.

»  Weed infestation is sévere in unpuddled than puddle piot

Conclusion

Minimum tillage like 5T and DPDT saved 43-68% fuel and 31-62% labor in
land preparation. DPDT provided lower cost compared to other tillage
teeatment due to less fuel and labor used i land preparation: Minimum
tillé.ge could mor provide yield advantage ever conventional tillage. BCR
obtained the highest in €T and OFDT whereas lowest in 51 and BF. The
resilts of this study indicated that minimum tillage (ST, BP and DFFDT) may
be adaptable to establish unpuddied transplanting of bore season rice in this
region.

Recommendation
o It is needed to find ont the weed management practices in unpuddied
transplanting

* Transplanting can be done using mechanical transplanter in
unpuddled feld

* It is neaded to change the mindset of the farmers to transplant
seedling in unpuddled feld

#  This experintent should be carried out in’ Aus and Aman season and
in other location to make final conclusion
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Mechanical rice transplanting

Abskract

This experiment was. comducted to evaluate the performance  of
mechanical rice  transplanter in unpuddied  condition  under
minumum  Hllage practices: in dronghl prone Zone representing
sandy loam soll tn wel season 2012 Tillage ireatments were (i)
comventional puddling (C1) in puddled condition and (i) no illage
(W) {hii} e pham:ins {BF) [i1:'] and strip I.'i!l.!p;r {STh in un‘pudrﬂl*d
condition. Results indicated that unpuddled transplanting saved
fuel, Hime and labor remarkably In lamd preparation, Mechanical
wansplanting  reduced  farmers'drudgery. and  ensured  trmely
operation. Transplanting time was higher in unpaddled plob than
puddh'd e, Flunl'inﬁ hill was also !Lig)ner in 1.|.|1Fmdn:i|-:*d p!s:t due to
increase in soil hardness and umable o provide proper anchorage
and- gripping force fo - seedlings, Grain vield of - unpuddled
transplanting . was - simdlar o puddled tansplanting.  Water
productivity was: the  lowest i dnpeddled  than  puddled
transplanting. Input cost was higher m conventivaal puddling than
!rnpqndr.!l,qd I;r.;:nsp:lnnrin-!;. Wechanical l'r.'m.spl.'lnﬁng averopme the
consfraints of manual Wwansplanting in unpuaddled condition. It
might b an effective lechnofogy n rice production with fimited
seedling Boating (9-17%) in sandy leam soil.

Keywards: Bed planting, strip tillage, fioating hill, yield

Introductan

Puddling makes land preparation difficult for the following wheat or other
winter ceops, resulting in cloddy soil stracture, loss of soil moisture; delaved
planting ard Inadequate seed-soil contact (Sharma ef ol 1995). Continuation
of sbil puddling for rice transplanting will negate the benefits of rinimun
tilage-in other craps in the votation as i3 reported for the rice-wheat svstent
{Sharma & al, 2001} Puddling should  preferably be avoided as it is an
unfavorable practice Ffor the succeading wpland <rops, Sharma of ol {T9E8)
revealed that rice grown after minimum tillage produced yields similar to that
under comventional puddling with minimized expenses on feld preparation.
Alternate. o puddling unpuddled transplanting 15 .a mew concept of rice
cultivation, Transplanting rice in unpuddled condition is an emerging lssue in
crop culbivation. Islam F il {2012y stated that rice grown in unpuddled
condition in bed and strip tillage saved: fuel, labor and time remarkably and
produced. vield similar to conventional puddling. lstam el al, {20010}
mentioned thal almoest doubld Hme was sesded to thansplant seedling in
unpuddled than puddied plot due to poor visibility of strips under mddy
flood waler cavsed difficulties far peaple when transplanting seedlings in the
hard surface of unkilled sofls. Sandy soil mav regain high sirength afler
wetting much faster than clay sotls and this hampered manual transplanting
in unpuddled land if it was delaved (White v? ol 1997). This problem can be
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offsel by using mechanical ransplanter. Moreover, tinreliness of transplanting
iz esgential For apfimizing the yield and this can only be achieved through
mechanical transplanting. Optimizing plant density and  timeliness. of
operation in paddy is considered essenfial for oplimizing paddy yield, which
may be possible if dependence on hired labor is minimized (Chawdbgry ef af.,
2005}, For the opetation of rice transplanter, the soil flow caused b‘l..l sinkage is
the rrost eritical factor affecting the performance of ransplanter. Thas, if the
desirable  sinkage at which a particular {ransplanter work effectively is
kv, eperator can take quick decision regarding machine operalion at any
time {Garg el al. 1997). Therefore, the present study wad performed o
investigate the constraints o operate the mechanical tramsplanter in
unpuddled field and to compare fhe economics of transplanted rice grown in
puddled-and unpuddled condition.

Materialz and Methods

The . experiment. was comducled al the regional station, Bangladesh Hice
Research Tnstitule (BRRI), Rajshahi, Bangladesh representing the sandy loam
sail- during wet ssagon 2012 The study. area lieg al 24°ZXF737 N-and
88°39733.16" E  Agro-climatic {rainfall, evapotranspiration and thermat
condition) data were collected from the BRRI weather station (Fig. 1). Tillage
lreatments in the experiment were {iy conventional puddling by two wheel
tractor (CT) as puddied condition and (i) no Gllage (NT) (i) bed formed by
versatile ultizcrop planter (VMF) in single pass (BP) (iv) strip tillage b VMP
in single pass (5T as unpuddled condition. The treatoents were arranged ina
randomized  complete block  (RCB)  design with three  veplicalicms.
Conventional puddling consisted of primary tllage using bwo passes by bwa
WT and exposad to sun for two dayvs followed by inundating whole plot and
puddling by 2WT with two passes.

&l g 400
— o temp
AT m Min termp i
. e~ Rainifal] 300
e %0 §
2 o
g =
E' 20 150 g
100 5
@ |
=18 50
0+ Tl
Jul Mg Sep 8 Mow
Month
Fig 1 Mean monthly minimum and maximum temperabure and rainfall
during experimental period
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Brtore land prepavation, cores: of undisturbed soil (-7.5 onoand 75415 cm
layers) were taken with a 7.5 om long cylinder made from. cold rodled stew]
tabing hading a 56 cin ingide diameter. Ope end of the cvlinder was
sharpened foa knife edge, The cvlinder was forced into the soil by pounding
on i piece of wood placed over the eylinder when the covlinder could no
longer bemaruatly forced inte the gonl) until the topredpe of the cplinuder was
in level with the adjcent grownd surfaee; The core then was removed with a
tilingy spade, the cutting knife inserted, excess sofl trimmed off the bothom
edge, and the 0 o 7.5 and 7.5 to 13 om cores gently placed. inte: separate
containers, Soil samples were taken randamly in three places in each plat
betwieen rows of crops and top of beds, Weight of wet material of cores was
recorded and placed in dry: clean pan and kept in the aven, The material was
drited ‘e a constant weight Constant weight was achicved when bwo
successive periods of dryingindicate no change in the weight of the material,
Soal samphes wers oven drigd in the laboratory for the calculation of bulk
density  using meethods  deseribed by Blake and  Hartge, 1986 Hand
penetromter was nsed booomeasore the soil penetration resistance [(Madel:
Eikelken, Serial no, 27180909, Netherlands). The apparabas has o mean
deviation of +and - B%, Sedl strengthewas sweasured from the soil surface foa
depth of 15 cm at 2.5 em depth increments from three poings of sach plot,
Penetrometer readings were taken ramdomlby in three places in subplofts
betwesn rows of crops and top.of bed, During final land preparation. all cares
weere tisken for uniform leveling of the land, A fertilizer dose of 19 kg T 33 kg
K, 1kg Sand 3 kg Zn ad tripke super phosphate, munate of potash, gepaam
arl zinge sulfate, respeotively was appled at final laced prepacation, Fuel
consumption was measured by flling the machine's fue] tank fwice, before
arwl affer cach operation, Derived carbon dioxide: emission was - calenlaped
from fuel consumption in tiflage operation using the conversion factor of 26
kg of COx per litre of digsel (Graoe, 2003,

Transplanting was doene by wsing walking tvpe 4-row mechanical transplanter
(Ml DP-480, made 10 Korea), Mechanical transplanting required a spoecial
method of seedling raising, Seedlings were raised in tray. Rice seed BRI was
used in this experiment. In cach tray, 1200 gm seeds were used, Seeds were
soaked om 2% Tope 2002 and seedivg on tray was deme one 260 fune 2012,
Sprouted seeds were spread undformlyon the tray, pressed. gently and
covered with another Tayer of soil, Water wis sprinkled evervday by spraver
until complete emergence of seedlings, Seedhings were ready to fransplant-at
23 Teaf stage, Fifteen-day-old seedling wis transplanted mechanically during
1T July 2002 Lind was inundatid before gne day of transplanting for
mgintaining, seil softness to tracsplant. seedling in - unpeddied plot. The
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spacing was sel as 30« 14 ol Water level in the field was kept al 2 cim only to
avoid fAoating of . seedlings: -Observalions on operation speed, placement
deptl of seedlings, number of seedlings per hill, number of missed hills,
number of floating hill, total fime taken for transplanting, total area covered
and quantity of fuel consumed for the aperation were recorded.

Photo 1 Transplanting rice in unpuddled bed

After seedling establishment, the operations such as fertilizing, weeding
pesticide application and irrigation were performed at the same time and same
dose om all plots to reduce the significance of differential fertility on crop
yield. A knapsack-powered blower (sprayer) was used toapply fertilizer and
pesticides. Nitrogen was top dressed at 60 kg ha as urea in three equal splits
at 10 davs after transplanting (DAT), 30 DAT and panicle initiation (P1) stage.
First weeding was done at 25 DAT, area and weeds wene incorperated to the
soil. Adequate measures were taken o keep the insect infestation o @
minimum, brigation frequencies was counted to caboulate the” volume of
water Teguired for crop production. The number and duration of operations;
the seed, fertilizer and pesticide rates, and the ampunt of humian labor
involved in each aperatioh were investigated through field measurements.
Water use efficiency was caloulated according to Viets (1962} formula.
Mumber of tilers in the selected hills was counted abeach growth stage. Based
on sucoessive tiller count data, tlfering rate and tiller mortality was
calculated, Number of panicle per m® was messured. Crain yield was
recorded from pre-selected 10 m? land area and adjusted moisture content of
4% motsture level. Border areas of all sides of the plot were excluded to
avoid border competition effects, Statistical analvsis was done by using
software Mstat-C. Means. wene: compared with least significant difference
(LS50 test..
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Resualts and discussion
Soil physical properties
Figure 7 shows the soil bulk density under different tillage treatment. It was
observed that bulk density under no tilled plot was higher than the othes
tillage treatment. i
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Fig. 2 Sail Bulk density according to soil depth

Satl penetration registance

Figure 3 shows the. value of penetration resistance of different tillage plots.
Penatration resistance was obseeved the highest in NT plot compared to other
tillage trial plots. In all tillage trial plots, penetration resistance was increased
at a faster rale with the increase in deptlL
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Fig 3 Soil penetration vesistance (MPah
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Frgl consumption

Tillage treatment showed significant difference in diesel fuel consermption in
lamd preparation (Table 1 The highest the feel was required to prepare ihe
fand in CT thiam the other treativents. Unpuddled plat significanthy reduced
the fuel consumption in land preparation fe. 45-100% fuel can be saved in
land preparation compared 10 CT. Minirom llage method dndicated fuel
saving titkage techmology in land preparation.

Labor reqrivement i land preparafion, transplawting and weeding

Table 1 shows the laber requirement in land preparation, fransplanting and
weeding. Tillage treatment showed significant difference in labor requizement
for land preparation, Labor requirement for land preparation was the highist
iy ©T. BP arad ST saved T1% and 83% Tabor, respectively in land preparation,
Tillage freatment showed significant difference in fabor requirement for
tramaplanting. . The highest time was required. for fransplanting i BE: Le,
almost double the time needed compared o CT. The operator Faced
difficilties to operate the transplanter for seedling placement on both edges of
the bed. It was observed that weeding time in unpuddled and puddled field
was statistically similar. Tt might be duee to use of herbicide {glvphosate)
before land preparation as mentioned in MNatarajan and Kuppuswarmy (1999)
for transplanted rice,

Table 1 Tillage effect on foel consumption, labor requirement in land
preparation, lra:ﬁplaﬂhng and weeding

.'I'Jillage Ereel L.nlx:ur reamremeut l[man |1.r ha. '}
opian consumption Land !I'ransplanrm,g 1-"|.-E-m1|ng
1hat preparation
T Al a A a 352 344
MNT (hd nd AR 622
&l b b T5da 433
a7 By 12e 503k 439
CV, % 1.80 362 10.26 Bl
| B (a5 1:81 109 NS
Flowting hills

It was observed that the average floating hills were higher inunpuddled than
puddled transplanting {Fig. 4). During operation of transplanter in puddle
phit, water wave displaced the seedlings which influence the floating hill in
CT. The higher floating hills in unpuddied soil were due to poor anchorage of
seedlings. In N and 5T, it was due by increased bulk density (Fig. 2)and sodl
penetration resistance (Fig, 3) compared to other tillage plots. In case of BF, in
soime. places, pieker was unable 1o touch the edpge of bed due b0 ureven shape
of BP heading o increased floating hill, Desired  planting depth is very
mporant for proper anchorage of seedling and floating hill may be increased
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with the decrease in planting depth. In NT and 51, previous crop residue also
hampered the releagse of seedling from the gripper and proper placement inta
the soil which ultimately increased the floating hill (16-17%) in those Gilage
practices. Unpuddled . soil increased the hardness and could not provide
proper andchorage and gripping force t0 seedlings resulting higher floating,
Flaating hills can be minimized with the optimim period of inundation.
There 15 peed ta quantify the seml beaning capacity to the wrpuddled sodl, Tt
was observed that unpuddled seil provided sufficient bearing capacity to
prevent sinking or floating of transplanter, Gap filling was done after one day
of transplanting,
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Tillage mathod
Fig. 4 Floating hills as alfected by tillage options

Pt height

Figure: 5 shows the changes in plant height of transplanted seedling under
different tllage practices. During the crop cvcle, the highest plant height was
observed in CT, Although the plant height of comventional and bed planting
method over Gme was similar but significantly diffened from strip mithod.
The lowest plant height was fourd in so-tilled plob probably due to lower
roct growth and activity in anpuddled seil condition. Flant beight followed
rapid growth from 42 to 94 DAT.
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Fig. 5 Effect of Hllage on plant height at different days after transplanting
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Tillering pattern

Figure & shows the effect of tillage on tillering pattern of wel season rice:
Tillage treatment did not influesce the plant popalation throughout the crop
cvile, Tillering pattern also. behaved similar ‘pattern throughout  the
prodection period, lerespective. of the tillage, tllering  pattern followed
increasing trend upto 40 DAT. In all the treatments, the tiller production
sharply increased from 42 DAT and the maximum fillering stage reached in
32 DAT then it was decreased gradually due o tller mortality, Strip tillage
produced vernarkably highee tillers than the other treatmients althowgh; the
difference in tiller production at later slage waz not distinguished
significantly by tillage options. The result indicated that seedling
establishment was equally effective both in puddled and unpuddled soil for
tiller production.
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Davs after transplanting
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Tiller per

Fig. 6 Effect of tillage on tiller production at different DAT

Figure 7 shows the stage-wise tiller production unider different treatments. 5T
produced higher tillers at all the studied stages and it was more pronounced
at maximum tiller and panicle initiation stages. Irrespective of tillage, tillar
number was reduced Aatfowering aird maturity stages due to leat senescence.
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Fig. 7 Effect of tillage on tiller production at different growth stages

Percenf productive ﬁHtr_Frmil'uL'Hmﬂ )
Among the yield components, productive tillers are very important because
the finzl vield is mainly a funclion of the number of panicle bearing tillers per
unit area. Figure, 5 presents the percent productive Gller st maturity. stage
under different tillage methods, It was reported that although the tiller
production was higher, but all the Lillers did not produce panlele, AL maluriby
:‘:H.E!-... fller weasg aborted due W ointra L'lhﬂpél;!ll'il.’)ﬁ. AHH{;L:g'h this 'F.-];.'n'lf
population under strip method was higher at both maximom tillering and
maturity stage, percent productive tiller was the fowest in strip method. 1t
might be due o dense population in strip method  resulting  higher
competition within tillers for food and less translocation of assimilates into
panicle: Tillage reatmrent CT, NT, BF and 5T produced 3%%, 44 %, 37%; 36%
].'m.:-l.]ut'l:i'\m H]]E:r. rEﬁpt}l‘:ﬁvn-.l_}'. It indicated a high dq.-g':‘\ﬂﬁ- L)'I: tiller m-::-rta!i.t}-
suggesting that rice varietios produce almost double the tillers than they need
or can support. Data also indicated that biler number was negatively
correlated with percent productive filler which was in-agreement with Zhosyg
o al, (20013,

1000

eCT eNT mBP EST

lascirnamn tiller Effective tiller: % productive tller

Tillers per m*
s B B8 &

Fig. 8 Tillage effect on maximum tiller and percent productive Hiler
production
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Waater figpruts and preoducliiily

Table 2 presents the grain yield and water productivity with respect to
irrigation plus rainfall. The present findings showed that grain vield in
unpuddled trapsplanting of ree was skatistically similar o conventional
puddling indicating that tillage intensily can be reduced to establish
tramsplanted  rice withoot sacrificing yiﬂ]d.. This was colncided with the
fimdings-as stated by Islam ef al, (2000), Total effective rainfall during the
growing season {July-December J0L2) was 862 mim. Irrigation amounts varigd
with tillage. The highest water  productivity occurrad in CT (576 kg
grain/mm water inputh-and the lowest was found in NT with. a water
peoductivity of 494 kg grain/ mm water. In this expprl.menl average grain
wvield was comparable with all the tillage treatments but water peaductivity
was TR, 9%, and 8% Iower in NT, BP and ST, respectively.

Table 2 Water productivity as affected by average grain vield and water

inputs
¥ I ol

Tillagg gi';;:’_‘li‘l' L F e Hio ank i) Water productivity
opticn (ke bty Drrigation  Raifall Towal (kg gEain mmwaters)
T 5365 m B2 L3z 576

T 4420 7 B2 Y5t 49

B 1BER 1] Ra2 waig 527

&1 45 &7 B2 G 531

o B 5.1 - {43 454

E50m NS MNES - ] N5

Cozt af land preparelion and trangplasting, weeding and drvigation wnder
differcil Hilage sysbewis

Table 3 shows the cost of major items in crop production, Tillage teeatinent
showed significant effect in land preparation cost. Land pregaration cost was
the: highest in CT due b more labor requirement and fusl wsage. Tillage
treatment gave significant effect on trarsplanting cost, BP ingurred the highest
bransplanting cost due to @ifficulies o operate the transplanter ofy the bed:
Weeding -and irrigation cost was stabistically similar in puddled and
unpuddbed plot,
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Table 3 Cost {Tk ha) of land preparation and transplanting, weeding and
—irfigitiencuider differedy Hllage systims .
Tillage Larud preparation Teansplarting Weeding  Irrigabion

T 9811 a 1.-03? [ 10333 &
NT td 1.275h 18,676 13
Bl 3839 b 1,822 2 12,867 489
5T 76D ¢ 1,214 b 12,877 591
OV, % 193 1013 801 5.586
L5 n 158 273 NS M5

Trva rom, vnedrss folbowed by acomamon betberfs) ane nod significanly different of 5% Jevel Iy L5D
bk

Econgmic productivity

Input cost-was the highest in BP-and CT due to higherweed indestation (Table
4). The leweest variable cosl was ohaerved. in 5T and NT. The highest BCR was
observed ind CT {ollowead by 5T, NT and BP. This was due 10 leas variable cost,
higher grain and straw yield.

Table 4 Economic productivity of mman rice as affected by tillage aptions

Tillage option Input cost Gross returm Grosa margin' BCR
(Tk haly [Tk hat) [Tk hat)

T 69,237 108083 38,540 1.3

NT B49.570 94,624 24,654 135

B b, 950 FRATH 3,485 14T

=T 65,995 G627 31631 1.51

Eimitation
o Ingandy loam goil, anpuddled Aeld could rot provide proper
anchorage and gripping force (o seedlings resulting highec floating
hilis
= Shape-of the bed damaged due to movement of transplanter
= Dhifficolt to dispense seedling in Tine with strip tilled plot

Conclusion

Unpuddied transplanting ‘saved fuel remarkably compared to puddie
lransplanting: Transplanting cost was higher in- BP. due o difficulties 1o
opetate the transplanter on the bed. Waler productivity was Bigher in
puddled than unpuddled lransplanted rice. Grain yield was statistically
similar in puddled and unpuddled transplanting. Transplanting rice under
no-tillage condition was less prqfitahle than conventional puddling.
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CHAPTER 1Y

CONSERVATION AGRICULTURE
The cost effectiveness of rice-maize cropping systems

Abstract

Conservibion agriculbure practioes i cereal system are gaining
aftention ko the farmers of Bangladesh, Over (he last two decades,
rice (g2 sefing L-maize (Zao s L) cropping svstoms have
Bescoame one of the et dominant cropping systems in Eanﬁlad.m:h.
This has coincided with the m‘pﬂminn in useof twoswheed rachors,
which has facilitated options for minimum tilage. A three-year trial
examined the prospects of conservation agriculture practioes for
Tice-maize eropping in Bangladech, with respock to minimann Hlage
and resichee Tetenbon. Mam plot l'i]lasp treatments of conventiomial
fall tillage, sangle pass wet tillage in rice (rotbed witle zere tllage in.
maize}; bed planking andd sirip filage were combined with' residoe
refention freatments of 0, 50.and 100% in sub-plots, Compared o
conventional tiflage; migimum tillage sanvved B0-86% of fuel and 70-
T4 of labor required for land preparation. Although maniimum
tillage reduced the land  preparation cost - signaficantly theough
sm'inE fued and Tabor, weed  infestation was hiﬁhﬂ' n::rm'p.amd' (s}
conyentional fillage, which influenced the  production cost: Rice
seedlings mansplanted under unpuddled sirip Hilage requoired more
o than o conventional or Singbe pass wet Hilage due o poor
visibility of strips and the hard surface of untilled <ol Bed plarding
incarred the lowest preducton cost. Tillage methods and neaduwe
freabment gave ne significant grain yield differences, Tice grown
with single pass wet fllage arid maize grown with sirip tillage gave
the highest gross margin over time. Despite Lack of treatment affects
on yields, the results suggest that poofitabality of  rice-maize
ﬂl.lp'Pi:n_E coald be increassd with minmomon ﬁllage. 'Pr\c:r\-'.id('d thera
s al.‘laiauﬂ.rr wetd] control ':‘;r\- herhicages.

Keywords: Minimum:  tllage,  residie  eetention,  unpuddled
transplanting, fuel, labor, weeds

Intraduction

Conservation agriculture [CA) Is an approach te cropping that invelves
minimal soil disturbanice for placing seeds and fertilizers, practicing diverse
crop rotations and maintaining permarnent soil cover using crop residues or
plant canopies (Habbs of of, Z008; Kassam «f ol, 20090 It is aimed at
maintaining or improving crop vields swhile improving the sofl Tesoiree base,
minimizing  inputs and increasing profitability (Baker amd Saxton, 2007).
Tillage was questioned for the first time in the Midwest, United States during
19305 when millions of tons of topsoil were blown away by the wind or
washed into rivers, Farmers abandoned the traditional plowing sygtem, left
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the crop residuas on the soll surface and planted the crop divectly. into the
stubble. In South America, farimers sowed cover crops to protect the sol, and
rotated crops in order to mainfain soil fertility, Brazil started no-tillage
farming - in the early 19705 and West Africa alsa tested the no-tillage and
mulching. Seeding machinery developments works sfarted in 19403 to seed
directly without amy soil tiflage. The benefil of CA spread exponentially Broim
farmer to farmer. By the vear 2000, conservation agriculture was practiced on
about 60 million hectares of land waorddwide, mainly In MNorcth and Soath
America (ITRE and ACT, 2005). The key paints of conservation agriculture are
b protect from soil ecosion and 0 develop farm machinery like minimum
tillage seeder, bed planter, zerc-tillage seeder and strip tllage seeder, There
has been widespread adoption of these practices in large-scale commenrcial
farming around the world and  possibilities for use of CA in smallholder
farmming are now emerging (Johargen of al, 202 Y, Table 1 also shows the
widespread practices of CA In theworld.

Table 1 Conservation agriculture’ by country as percent of arable Tand

Country Year of report Area under CA CAas % af

{1041 ha) arable land
Argentina 01 2T TLO%
Paraguay M3 1] HR.0%
Liruguay 2013 172 6L0%
Brazil 12 s 43 8%
Canada 03 18313 30.9%
Aupstralia 2014 17095 A7.6%
LSA 2008 35613 5%
Chile 2008 180 13.8%
Fimbabwe 203 a3z 23%
Colombia 211 127 2%
Sprin 2H3 79z Bd%
hina 2013 HE7) £3%
Fambia 011 20 56%
Mozambigue 201 152 27%
Malawi 2MA 65 1A%
India 2R3 1500 1.40%

(orerce: FAD Consermmbion Agricnliure Progrin-and FAQ AQUASTAT, 2024)
"Conservabon aggiculbure defingd hese as distacbed soll <25% of wopped area
combimed with Er\cmﬁd ever 230%. Arable bind-is lmd under h.'mpcsu':n-f CTUpS and
mieadowes or fallow bess than five YEARS:
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A major cropping system that has evolved in Bangladesh over the: last two
decades s ransplanted monspon season rice followed by irvigated maize in
the winter season (AL, 2008}, Although thas system is high yielding. i§ i3 mput
infensive, exploative of the soil and subject to dcc]iniug factor productivity
and profitability. CA svstem is proven for the establishment of nonsrice crop
elsewhere in the world. The challenge of the rice scientists in Bangladesh is to
fit the CA system in rice based ceopping system as 90% rice is transplanted in
puddbed field, There i a need o evaluabe the variou: munimuam Bllage
options for the rice-maize rotation in Bangladesh, in comparison with the
conventional practice. xlfiesidue retention is alse an important Eampunent of
CA; however, rice and maize straw are usually removed from fields in
Bangladesh at harvest for such uses as Fodder, fuel and bailding maberial,
Mevertheless, the efficacy of retaining at feast: some crop mesidue, in
combination with minimum tillage needs to be assessed. This study was
designed to determine the extent to which minimum tillage options combined
with crop residue fetention affect inpit requirements, yield and profitability
of @ rice-maiee cropping system in Bangladesh over three cropping cycles,

Materials and methods

Experimental site

A field experiment with a tice-maizé rofation was conducted during 2008-
2012 at the regional station of Bangladesh Rice Research Instinate (BRRE,
Raphahi, Bangladesh (247%69°N and 83°30°F). The soil is classified as high
Ganges river flood plainssedl type s calareous dark goey and sodl - textore
samedy loam (Brammer, 1996}, Initial bulk density at 0075 m depth was 1.24
Mg m? abt 397 % gravimetric water content and bulk density at 1.75-L5 m
depth was 1.51 Mg m2at 26,3 % gravimetric water coptent. The soil pH in the
experimental field waz 7.9 and organic carbon was 7.9 g kgt The sodl
exchangeable potassivm (moeguivalent 100 gm soil?), boatal nitrogen (%) and
available phosphorus (myg g soil?) at initiation of the experiment ware (.28,
005 and 15.1. Figure 1 presents the monthly raintall and mean maximuonm and
rimimuy temperatune at the experimental location during the course of the
study.
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Jau Febo Ban fpr Moy e Jal dwog Gep Qb Hov Deg
Mok

Fig 1 Mean monthly minimum and maximum temperabare and rainfall at
the experimental site ab Rajshahi (2009-2072}
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Experiment design
The experiment was laid oot ina strip plot design (Gomez and Gomesz, 1984)
with tillage options as main plot treatments and crop residue retention in
subplots;, with three replications, to explore: the interaction between tiflage
and residue retention. The tillage treatments were:

= Puddled conventional Hllage (CT) for ride; CT for maiee

*  [Puddled single pass wet I:iElaE,e [SPWT} for rice; zero lillage (£T} for

madze

¢ Unpuddled bed planting (BF) for rice; dey BP for maiee

¢ LUnpuddled strip tillage {ST) for riceiand dry 5T for maize
The crop residue retention treatments in subplots were 100 % (CRag), 50 %
{CR&;} and 0 % (CRop.Subplot size was 85 8 m. There was a 1 m wide trench
between blocks to albow irrigation.

Lawd prepiaration

For rice cultivation, CT consisted of two passes of primary rotary tillage by
2WT, nundaling the whaole plot alter bwo days and puddling with bwo passes
of rofary tillage, In SPWT, thire was one pass of ZWT rotary tillage after
inundating the field. 5T and BF for rice were done by VMFP in a single pass
operation, but without placing seed anid fertilizer, before inundating the field.
In maize cultivation, O consisted of twao passes of primary rotary tilage by
2WT and after bwa days, another two passes of secondary tllage. ZT, BP and
5T were done in a single pass operation by VP,
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Crivg agroseoay

The larsd i vinpasddled plots wias folly inundated ome day before ransplanting of
rice seedlings, which were transplanted into both puddled [CT and SPWT) and
unpiiddled (BP and 5T) breabments, beedling spacings wers {om): for CT 25115,
SPWT 25 15, BP 2% x 15 and 51 200 15, Maize seeding was done manually at a
between row spacing of 60 cim and within row spacing of 20 cm. Rice variety
BR11 and maize wvaciety BMEAD were grown in this experiment. Table 2
presents the dates of transplanting, age of rice seedlings, date of sowing maize
send arad harvest of both the crops. As per treatment sequence, previous crop
residue was sproad in bebween yows of rice and maize al 20 days after
tramsplarting /seeding. Regidue treatosents bogan after the first cice crop,

Table 2 Date of fransplanting/seeding and harvesting of rice and maize

Crop Drate of Seedling Drabe of harvesting
transplanting /seeding  -age (day)
1* rice 19 g 2009 e 3l Mo 2N
P maize. 18 Dec 2008 15 May 240
2 rce 8 Jul 2000 25 9 Moy 2010
Inimaize L6 Dac20 25 May 2011
2n! rice 12 Jul 20011 A 171 o 20171
_3% maize T Mov 211 28 Apr 2012

Table 5 presents the fertilizer application rates for rice-and maize following
the recornmendations of BRRL {2011} and Mondal et al, (2001} In both the
crops fertilizer was-applied manually, In tice cultivation, the entire amiount of
I:npbe super phosphate (TSP, muriate of potash [MF;. Eypsam angd zinc
sulphate wag broadcast and wworporated inko #he soil afb fical Jand
preparation. In BF and 5T, tertilizers were broadcast before tillage operation.
Ured was top dressed in three egual nstalloments. Tnomaize cultivation; one
third wrea and full dose of other fertilizors were applied doring last
plowghing. In case of ZT, BP and 5T, ferlilizer was applied carefully in rows
by hanad after seeding af one centimeter. distmee from seed o avoid seed and
fertifizer contact. One third of urea was applied at the 8-10 leaf slage and the
rest at the 20-37 leaf stage. Weed infestation was severe in all the plots doring
first rice and maize crop. Hand weeding was done bwice in rice and maize
crops, Roundupd(ad. F33% glyphosate and 2.9% diquat) was applied & 375 L
ha® from the second rice and maize crop ome-day before land: preparation,
Roundup® reduced the severity of weed infestation in all lillage tials, bul it
didd mot redduge the nomber of weeding eperations inorice amd mates crops, In
the second and third rice crop, pre-emergence weedicide Rifib® (ai 50°%
pretilacklorel was-applied @ 1 L hal at four days after transplanting, The
irsecticide Sabion® {ai 10% diazinion) was applied @ 16 kg ha at the
vegelalive stage fo control stem borer  (Scigpapiliga incertadas) in rice
cultivation. In rice cultivation, irTigation water was applied when needed, in
measured quantities. In maize cultivation, the Gt second and  thind
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irrigation was applied at the 3-5, 310 and 20-22 leaf stages, Tespectively. The
fourth irrigation was applicd 15-20 days after the third irrigation. Photo 16
show the tramsplanling, land preparation for maize, rool developrment and
crop condition at différent growth stages, Grain vield was rocorded after
harvest from a pre-selected, but randomly chosem, 10 m? area and was
adjusted to 14% moisture content for both rice and maize, Bonder areas of alt
sides of the plot were excluded frony samples to avoid edge effects.

Table 3 Fertilizer application rate (kg ha') for rice and maize

Crop Lirea Mol 5P Zincsulphate:  Gypsum
Rice: 175 10 5 0 100
Maize 185 77 277 Iz 185

Econonic analysis

A simiphe economic analvsle was done based onthe total production. Produgteon
cost included rental charge of the land and input cost. The input cost was
cabculated by considering cest of seed; foel, fertilizers, weedicide, hirving
charges of manwal labor and machioe use for lad: preparation and sowing,
irrigation and fertilizer application, plant protection, harvesting, amd
threshing, Fuel consumption was measured by filling the fuel tank twice,
before and after each operation, with the re-filled volume being the actual fuel
comsumption, The gross pcome and net returns werecalculated on the basis
af market price for rice and ‘maize grain, strose and stover, Price of the
produce. was based. on that in the local market to compute tofal production
cost, gross refum, gross margin and benefitcost rafio. The net retums were
calculated by subtracting total variable costs from the gross income. Rice
equivalent vield {REY) is an indicator of the total system productivity of the
cropping svstem and was computed by converting the yield of maize” into
yield of riee on the basis of prevailing market price of the individual crops
with the following equation (1)

REF:MA&{_}"W {1

where, Y. is the vield of maize [t ka), Puie i the price of matze (Th 17);
Wrige 86 thee vield of rice [t ha ) and T 15 the price of rice (Tk t4).

Statistical analysis

Statistical analysis as a one way analysis of variance was done according fo
Gomex and Gomez {I984). Data were analvsed by using statistical software
Matat-C Means were compared using least significant difference (LS.
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Strip tillage Single pass wet Hllage

Bed Conventional tillage

Phaota 1 Rice seedling ransplanting
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Bed Conventional tillage

Photo 2 Rice crop condition ab 70 DAT
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Strip tillage Single pass wet tillage

Bed Conventional tillage

Fhoto 3 Kice crop condition at maturity
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Bed making Zero tllage

Strip tillage Conventional tillage

Photo 4 Land preparation for maize seeding,
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Conventional/bed tillage Lera tillage

Strip tillage Zern HHage
Phuoto 5 Root development
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Bed planting Zere lillage

Strip Hllage Conventional tillage

Phato & Maize crop condition at makuriby
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Resulls

Fuiel conswmprtion

Tllhﬁe treatment showed a significant effect on fuel consumption in land
preparation in rice and maize cultivation over three seasons (Table 4). Fuel
censumption was the highest in CT (38-50 L ha! for rice and 35-49 L ha'? for
migize) andd the lowest in ST (1024 L bat) forcice and ZT (629 L hat) for
maize. Fuel consumption: followed a similar trend in all rice and maize
seasoais,, Averaged over three vears, the fuel consumphion for mindmem
tillage operations saved 66 % compared to CT for ST in both crops and SEWT
in rice and &0 % for FT in maize. BP saved the least amount (38%) of fuel
cempared to CT '

Table 4 Tillage effect on fuel consumption (L ha™) in land preparation in
rice-maize cropping sequences, from 2009 to 2002

Tillage Rice 2008 Maize Rice Maize Rice Maize

2000 MG Wi 2001 2012
o 39 44 37 35 a0 45
SPWT, 2T 4 ] 18 5 i 9
B 27 it 24 20 i 23
5T 10 17 19 5 3 15
CV (%) 104 176 10,6 &3 o T4
LD ol a2 51 15 19 L1

C1 % Crrscedogoal tillage, SPINT = Sagle puass v Hlligge, 215 Zaro Ailla go, B = B planting, ST = Sérip tlags |

Labor reguirenent in land preparation

Minimum tillage procedures significantly reduced labor requirenrent for land
preparation in rice-maize cropping svstems {Table 51 In rice cultivabion, Jakor
requirement was the highest i CT (70-100 man-hr ha™) foliowed by SPWT
(360 ovan-he hal)y, BF (16-20 man-hre ha 1y and 5T (912 man-he hal). In malze
cultivation land preparation included tillage, seeding and leveling, whereasin
rice-cultivation land preparation-included Gllage only: The labor requivenet
for Jand preparation for maize varied between sepsons doe to labor efficiency
and field condition. BF and ST by YMP saved 73 and 6% labor in land
preparation compared o OT, SPWT in dee follewed by ZT o madze saved
mest labor (39%]) compared to CTin land preparation.

Labor requivennert in transploting

Thie time required for transplanting sesdlings inounpuddled ST (174296 man-
hr ha') was almost double the time needed in CT and SPWT {Table 5}
Teansplanting fime was lower i the second and  third seasons. due o
improved labor efficiency,
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Table 5 Labor requirement (person-hr hat) in land  preparation and
transplanting in rice-maize cropping systems

Tillage Face Maize RiedT]  Maize Rice 2011 Maize
2009 F1h 211 2m2
Land preparation
cT 7 lri 100 243 70 354
SPWT/ZT £ 202 ol 114 » 145
B 1 &l 17 o 20 a2
ST 9 71 11 118 1 o]
CW (%) 192 176 7.5 9.1 4 5.6
ESDees 164 Ri& Fel m7 17 MR
Transplanting

351 151 107 12
SPWT/ET 168 167 111
B 01 133 111
5T 290 187 174
CV {5} 23 EX 5
LSDee 157 &9 &1

CT = Comventiond Hilage, SPWT = Sngle paes wel Hikge, &1 = Jero tilage BF = Bed phinting, 5T = Strip tilagy, 35 = Mok s

Labor requirement in weeding )

Weeding Hme for nmize was the highest in {hwe et year as o herlicide was
used {Table &) In the second rice crop, herbicide waz applied during cloudy
weather and rain occureed after applying berbicide, . which resulled in
ineffective weed control | Weeding Hime was the highest in unpudidied BP anid
5T im the rice crop and in ZT and 5T in maize cultivation. Weed infestation in
rice culbivabion was more severs in dnpuddled plots (B and ST than
puddied plots (CT and SPWT). Crop residue retention did mnot significantly
affect woeding time in rice cultivation, whereas In maize culttvation weeding
time decreased as the level of crop residue retention increased,
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Table 6 Effect of tillage and residue retention on weeding time (person-hr
ha} in rice-maize cropping systems

Tillage Year ]
Rie2( Waire 2000
CR: TRz CRy  Mean CRign CRmy  Chy Tlean
Year ]
CT 20 613 G5 [ B53
SPWT/ZT 02 LI LETG 276l 13
R BRI &30 B4T 1025 B
1) 552 916 1as0 2258 1444
Wean BBS  10Al 1683
LS50 Tillage (T} =221.9 Tillage {T) = &17
Residue (CR) = 34,7
R TXCR =1602
CV (%) 18.67 745
Year 2
Rice2(¥i Maize 2011
L i 57H 3Fe 555 570 156 165 175 166
SPWT/ T 599 672 653 Aed 3ad 357 33 389
BI* B &) 614 631 318 25 330 325
ST 659 6835 62 RS9 127 130 126 128
Meat A1 6k 587 M M4 He
LS DN Tillage (T} = NG Tillage {T) = 130
Residue (CR) = NS Residue (CR) = NS
TXCR =85 TXCR =N5
CV (%) Ad 8.7
Yeard
- Rice2(111 . _ Maize 212
T BRI M9 378 ZH3 T S 7 S
SPWT/ZT 46l 446 450 452 25 22 407 2
B 476 477 48l 47 1aa 206 341 25
ST 370 T | 362 1597 ey O < 1655
Mizan au7 407 393 ) 194 A5 Ao
L50hm Tillage (T) = 66,8 Tillage {T) = 26,9
Residue (CR) = NS Residue (C1) = %1
TXLCR =N5 TXLCR =5r3
OV %) 342 17.80

CT = {omvenhiomd ril'l.a‘;e. SPWT = Ei‘irﬁle pass wet Hklae,c. LT = Zero bllage, BE = Bed planting.:
ST = Strip 1i.||.'|5e~,, CRe= Previous crop nssdibe retentiong CRym,-CRan and CRo cormresponds: By OV
50% and 0% previeus crop residue Tetention, NS = Mot significant
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Water productieity

Table 7 presents: watér procuctivity with respect to drrigation: plus. eaiofall,
Tillage treatinent showed an inconsistent effect an water proditckvity in rice
cultivaton, Water productivity for rice was Hw highest in BP and ST in the
fiestyear, in SPWT arl B in the secomd year and i CT arwd $T-inthe third
year. Water produgtivity increased as the tillage passes decreased in maize
cultivation. Waker produchivity in maize was the highest in BFn the first
vesar, and in ST e the second and third vears.

Gradn yield of rice and winize

Theere were no significant effects of tillage treatment or restdoe retention, or
inberacHnn hetween them, on rice of matze vields, or doe equivalent paeld, in
any seazon [Table B).

Table 7 Water productivaby (kg grain mim wiaker!) in rice-maize ¢ropping

syshems
Tillage Tear 1 Yoar 2 Year 3
Rige Wl ke Rice haize Rice Maize
cT 473 SE.0 466 5742 720 .55
SPWTZT 187 Q2T 544 B U] S
BE 54 1024 a9 il oY .50 Beh
a1 Glh 95,84 437 il FE] el

CT = Conwventional tillage, SPWT = Singhe pass wet tillage, ZT = Zero tillage, BF = Bed
planting, 5T = Strip fillage

Economic analysis

Economic analysis of rice-maize cropping svatems under different tillage
practices was done based on the total cost of production and average grain
anad strawe vield (Table 9. The total cost of production was the highost in CT
in the second. and third seasons. Crhver three years, BP incurred the Iowest cost
in the averall rice-maize cropping systemns. Gross Teturn was the highest in BF
in the first vear, SPWT followed by ZT in the second yvear and 5T in the third
year due to higher grain vield. Gross miargin was the highest in BI* in the first
year, and in ST in the secand and third vear. In the third vear, benefit cost
ratic (BCR) was increased in-all the tillage options due to higher yield in that
year. The highest BCR was ohserved in BP (1.43) in the frst vearand 5T (1.41
anad 2.27) in the second and third years because of higher gross return and
Lower botal cost of production.
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Table 8 Rice and maize grain yields and rice equivalent vield (REY) {t ha'} in
rice-nraize cropping syshems

Rl ralze REY
Tillayge Chym CHRa UKo Mean CRim CRw CHi Mean CHpao CHa CRe Moan
Year I
[ 4Bl AR gk 4430 FIDOCE38 0 TETS TS 953 WiW B4z 4R
SPWT/ZT 466 5010 382456 FIF 78 63 700 955 1033 B3 93
i 44 A M 0 3400 455 B4d CER] BN B4R CI0H 110d 955 1033
=T AT S 3D 430 64X TE20 TEL. RIF CRRBS 0 RS9 A
Mdean 480 AHE 105 FAL BDR T4 a5 W36 W
Db T eNS  Tilgei) < iE Tl 77 15
Femdue (CRy = W3 Residue [CK) = NG
T=CR =NS: THCH = NS
SN ) B [
Yoar T _
[} e s TR 7 e ¥ 15 TakoFAss TR o8t BEE 856 ER1
SPAT/ZT 506 437 0 36 a3 TEE TR OTHL O FAG Im3G UATS o0 OGS
e 440 0E o a0d ddP 0 T Tab RIS P 925 W B Al
&7 3ol AT 40 XM TR CTEY OTER FE 9% 0X 43 4
Iudesam 42 A0 3 742 TR T waR 08 BEF
150 Tiflage (TI =G Tilkge (1) = N5 Tillagn {T} = N5
Resadie (CR) = NS Residuc(CR) = 55
TxCR = NS T ow CHom 1S
(2T HR & &7
Yisar 3 !
243 OO ChET EM6BE  113F Il Ha8 127 MFR WM 3 Mdf
SPWT/ZT 6AR 645 EEET RS 1134 i B9 1122 244X 1ail 08t 10
B 657 RI6 620 &M 1L BASG TLAZ  L0SR 0407 1566 13FR 1383
2 0% bR 65T 1200 RFER 4300 13OT 1555 1544 1535 1341
Mean ol N . B 166 1158 a0 (B T G I
15000 B (T = NS Tillkager (1) = NS Tillage {1} = N5
Heszduie (TR = WS Rasitduie [CR) = M5
THCH = NS T=CR=HS
OV} 63 E [

LT = Coreennnal 1ilape STWT = Snle pea s sllagd £T = Zer sllags, BF = Fed Wllhﬁuﬂ' = Sirip iRz, Tl = Privvinus
exves rowidur evbenbion, TR w, TR end CRe comesponads b B0, 35 and I povvigus srop reakion reienlinn, M5 = Moe signifiesst
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Table 9 Economic productivity of rice-maize cropping systems as affected

_______ by Gllags trestoient -
Treatment Tokal cost Ciross return Ciross BCR
(LSS a1 (L1755 hal) margin

(LS5 haty

Year 1
[ 1680 2371 ARl LAl
SFWT/ZET 1,842 2395 353 1.18
BP 1,753 2023 757 143
5T 1841 2270 116 1.23

Year 2
T 1.705 2,157 454 1.26
SPWT/ZT 1,703 236 3 1.58
BP LaTTF 2,220 Rz 1.532
sT 1,627 2,385 H68 1.41

Year 3
i LGg 3519 1541 209
SPWT/ET 1,652 AL 1.829 211
BP Lol4 3368 1.741 208
E“T 1 665 '-'J .-'?I 2 m{, 2 1'.'-"

C"'.I C‘.nmln.nlmm'l 1|l|'|gc= ‘-?P'nT Slnglw‘p.mwm -|1|1|z__\e P Zem tllhg,u. RP = Bud plmbnﬁ
ST = Striptlage. 3WS= Mot significant
TLSE =80Tk

Criscussion

Minimum tillage consumed less fuel compared to CT, Herndne of af {1995)
and Sijtsma of ol (1998} similarly repurted that a decrease in tllage inbensity
resulted. in significant fuel savings, The time required for transplanting
seedlings i unpuddled 5T (174290 poerson-hr ha®) was almast double the
time needed i CT and SPWT, Poor visibility of strips under ity flood
water coused difficultes for labor when tranzplanting seedlings in the haed
surface of untilled soil. Laborers complained that thiey had to apply e
pressure to phve seedlings in unpuddled fields than the puddled ones, In the
first vear, transplanting time was the highest in unpuddied than the podidied
plots due to inexperience in-transplanting seediings in unpuddbed condition.
From. the next rce crep, transplanting fime was redoced due o experiency
gaied  from the First wear: Simifar problems were encountered  when
transplanting seedlings i BE. The whole plot was inundated one day before
transplanting s the soil was nob soft enough o posh the seedling roots inio
the soil easily. Sandy soil may regain high strength after wetting much faster
than clay soils and this hampered manual transplanting inounpuddbed land if
it was defaved (White of e, 1997,
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Weed infestalion was more severe in unpuddled than puddled plots of
rice. Weeds also move severely infested i less intensive lillage [(ZT and 5T) of
maize; Pre-planting post-emergence herbicide was not applied before the first
vice and maize crop: Weed infestation was drastically reduced due to
herbicide application (glyphosate) afler first rice.and maize cultivalion. Crop
residue retention had no significant effect on weeding time in vice cultivation
with application of pre-emergence weedicide (pretilachlore} at four davs after
transplanting. The effect of crop residue retention on weed infestation was
significant in maize cullivalion. Weeding time was decreased as the Teval of
crop  residue retention increased. Crop residue acted as maulch, which
suppressad weeds. Weed control was @ major determinant in conservation
tillage. Proper: selection of herbicide and its application ime might reduced
the weed severity.

Yield variation was inconsistent with no significant treatment differences due
ro tillage it three' rice crops and  there was no significant yield difference
between paddled and unpuddled transplanting. Watkins er al., 2004} and
Lihqujst et al., (2008 reported similar rice yields in some seasons bubnot in
others between reduced/ zero and conventional illage. ield variation was
alse not significantly affected by tillage in three maize crops. Research in
Towa, USA found no consistent difference in maize vields between strip till
and wo-lill {Pierce et al, 1%}, On the other hand, Ghuman and Soar (2001}
reported that maize grain yield increased with minimum tllage and Tesidue
relention after a production period of two vears when compared with
conventional tillage: In the second wvear of the current study, an overall
decrease in grain yield was: observed as compared to the first year. In this
wear, the application of crop residue had variable effects and maize vield
appeared higher in 50% residie retention plot but this was nob significant.
Although residue retention had an inconsistent elffect on maize vield, it had a
positive etfect on rice yield. In'the third vear, rice and maize vield was higher
than in-earlier years in all the treatments. This coutd be atributed to favorable
weathér, increased. soil fertility due 1o residual effecls of previously applied
fertilizers -and fow pest and disease infestation. Maize was EEOWTE
immediately after harvesting rice, which enabled it to escape cold injury.

In: this study, effects of treatment on soil chemical properties were studied
and will be reported in a subsequent publication. lslam (2012} obsérved that
minor changes occurred in soil chemical praperties (arganic matter, nitrogen,
phosphorus and potassium) in minimem tllage with residue retention after
three years trial in rice-maize cropping systems. Xu ef . {2‘5‘.!1:."} found that
crop residue retention as well ds changes in tillage ray alter the availability of
soil M, which could affect the timing and rate of 2 fertilization for an optimal
supply of N to rice.
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The total cost of production was the highest in CT in the bwa latler seasons. In
the first rice and maize-crop, wesd infestation was severe and weeding cost
influenced the tedal productios cost In other seasons, weed infestalion was
drastically reduced  due o application: of  ‘preplanting  post-emergence
herbicide {ghvphosate). It was observed thal minimum tillage reduced the
land preparation cost significantly through saving fuel and labor, whereas the
weed infestation was higher with less  intensive - Gllzge compared o
conventional lillage causing an increase in production cost. Gross relurm was
the highest in BP in-the first year, SPWT followed by ZT in the second vear
and 5T in the third vear: due to higher grain yield. In the third vear, as
campared with previois years, BOR was increased in all tillage options due to
higher vield. The highest BCE was observed in BI in the first year and 5T in
the secend and third years becawse of higher gross return.and lower total cost
of production. Where weeds can be managed by usa of herbicides, mimimum
tillage reatments are gererally more remunerative thar conventional Gilage,
with strip tillage appearing most promising. However, in the third year the
EPWT/ZT and BP reabmentls were not superior bo CT.

Constrainks
#  Poor visibility of strips under muddy flood water-caused dilficulties
o transplant

+  Farmers showed reluctance to transplant seedbing in hard sorface of
untilled strip tillage fiald

+  Webd infestation is high in unpoddied bed, strip and zerm tillage

+ Encourage the use of post and pre-emergence herbicide

#  Farmers got pain in leg during transplanting of rice seedling in
unpuddled plot due to existence of previous maize rools in rice-maize
CrOpping svatents

Coniclusion

Rice and maize yield did not differ significantly among varicus tillage and
residue retenlion treatments during the three years of the stody. Minimunt
tillage {SPWT, £T, BP and 5T} with residue retention saved fuel (38-61%) and
labor {38-73%) in Tice-maize cropping systems. Transplanting and weeding
costs  were  highest in inpuddled than  puddled plots. Unpuddied
transplanting of rice did not show a yield advantage -over conventional
puddling. Although, no yield advantage of minimum tillage over conventional
tillage was apparent in this study, production costs can generally be lowered,
and profitability increased, with minimum tillage, provided there is effective
herbicide to control weeds.
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S0OIL HEALTH IN CONSERVATION AGRICULTURE
Soil bulk density

Abstrack

Wt land moe (e sabton L) arsd dry lomed maiee (Zor mes L) ane
aften Bn::wing in riceanaiee (FM_:- rmg:hpi.nE syshems in different
parts of Bangladesh, Tillage and residue management are among tha
impaortant factors influencing the sail physical properties and crop
vield. Bulk density and associabed modsture condent were the pseful
pitrarmebers for evaluating the soil quality wnder various tillage and
residee netention in B ur\crpping systeans, A threu-}wr feeld
experiment with five tillage practices namely conventional fillage
{CT), single pass wet fillage (SPWT) in rice rotated with mero tiflage
{ET) in meakze, bed planting (BP) and strip Uillage (STy comblned with
three-levels of previous crop residee tetemtion (100%, 50% and 0%)
were conductiad b imvestigaabe the affecks of variows tiHuHe prachices
angd residue rebention on sodl Balk densite and water content in BRh
cropping - systems. The axperiment was camied oub in strip plod
design with three replications.. Rice was transplanted in CT and
SPWE as puddie condition” whereas in B2 and ST as unpuddbed
condition. After rice karvest, minimiom tillas:' treatments fended o
devrease bulk density compared to the convertional lillage, Besidue
Tetention showed positive effect on soil physical kealth as it resulted
I decreased bulk density. Downward trend was observed In bulk
density wherens, upward tremd was observed in volumetric water
comtent with the irwrease in level of residoe retention after three
vears of crop cultivation, Bulk density was the highest after
harvesting maize than after harvesting rice, Soil bulk density
Imcreased with increasing depth for all Hlkage systems. Bulk density
values were the lowest o uopoddied than puddled plox. Soil
porcaity i bexed '|:l|unli:n$ of ree and conventional I.'i|i.'|$|': in maize
was higher than the other reptments. Porosity in unpuddled plor
was higher than puddied plot, The porosity was increased by
resice refention, bol the change in porosity due to residoe retention
wirs b senall bo b distinguished,

Keywords: Unpuddled ransplanting, balk density, porosity, muistune
ok

Introduction

Changes in soil physical properties due fo use of reduced tillage depend on
several factors fnichading differences in soil. properties, weather conditions,
history of management, infensity and type of tillage (Fabrized of of, 3005
Oeunhitana ¢ ol, 2008, The physical properties of the seedbed have
considerable effect on seadling emergence, plant stand establishoment, plant
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growth and vield {Oepinar and Cay, 2006). Tillage operations increases aoil
porasity by loosening - and  reduces bulk density and mechanical impedance
(Rizviet ol 1987). Tillage also increases the todal soil porosity by increasing the
pore sire distribution and pores [Linden, 1982% An ideal soil containg about
A% solid parbicles and 50% pore space by volume (Hilled, 1982), Sofl poaresity
characteristics arve closely related 20 soil physical behavior, root penetration
and water movement (Pagliai and Vignoezi 2002; Sasal el ol 2006}, Husnjak 21
@l {2002) menticned that strong direct dependence was found between ceop
wield and total porosity. Pores ave of different size, shape and continuity and
these characteristics influence the infiltration, storage and drainage of water,
the movement and distribution of gases, and the ease of soll penetration by
growing roots {Kay and Vanden By gaart, 2002}, Bulk density s attributable to
the. relative proportion and specific gravity of solid organic and Inorganic
particles and to the porosity of the soil, Bulk density varies with soil structural
corditions, especially related to soil packimg. The hulk density of -a typical
mingral soil 5 about 1.3 Mg m3 (Singh et al, 1992}, A bulk density greater
than 1.2 Mg m? {{‘]a}rf_g,' xuﬂj-, 16 Me m2 (loam seil} and 1.5 Mg =3 (sardy
loam =oil) ‘may adversely affeck the: paddy root growth [Kar ef af, $97a).
Cirpsaman and Berdainer iI 982) proposed eoot limiting bulk densities of 147
Mg ot for clavey and 1.85 Mg ot for sandy ‘soiks o most of the feed and
fiber crops of temperate reglons. Bulk density s nearly always altered by
tillage operations. Seedling emergence and the rabe o épeed of emargence
was influerced by bulk: density and agaregate size of the seedbed. Increases
i buslk density and aggregate size of the seedbed decreased and delaved
emergence. Successiul sland establishment is achieved by providing the seed
with an envirenment, which encourages early germination and emergence.
Early-emerging planis cantribute more 0 crop vield than later emerging
plarts (Gan ef al, 1992}, Bulk density affected emergence through changes in
the velume and continuity of pores in the seedbed [Tasr and Selles, 1993).

Consarvation tillage improved sail properties g, soil water content {(Morenn
et al, 1997) and aggregate stability and aodl aggregation (McQuatd and Olson,
1998). Reduced tillage operations with elimination of ploughing may decrease
soil bulk density due to less soil compaction (Maurye, l%ﬂ} Stram returning
could increase the total parcsity of soil (Lal e al, 1980), while minimal and no
tillage would decréase the soil porosity for aeration, but increase the capillary
porosily; as a result, it enhances the water-capacity of spil (Glab and Kulig,
2008). The effects of tillage systems and vesidue retention on soil properties
are very i':ﬁpnrlan! by be investigated because litte informalion s available on
this subject in Bangladesh. The physical conditions are quite reverse for R
ayatems. Maize is grown in dry conditions and rice 15 grown in puddled
corsdition. Ttwas hypothesized that conservation tillage with residue retention
under dry and wet cond ition changed soil phyysical p:t:pefli.e:a i BN crapping
systemis. Therefore, the present study was undertaken to focus on the changé.-'.
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in soil bulk density, meisture content and porosity due to combined effect of
vartous Hllage and residue retention in unpuddled BM cropping syatems.

Methodology
A feeld experiment with a rice-maize rotabicn was conducted duelng 2005-
22 at the reghonal station of Bangladesh Rice Research Institute (BRRI),
Rajshahi, Bangladesh (26%6%°N and BRP30E). The soil is classified as high
Cianges river flood plain - soil type s caleareous dark grey and soil texture
sandy loam (Brammer, 1995). Initial balk density at 0-0.75 m-depth was 1.24
Mg m?oat 397 % gravimetric water content-and bulk density. at 0.75-1.5 m
depth was 1.51 Mg m~ al 263 % gravimetric waber content, The experiment
was laid out in & strip plot design with Ellage options as main plot teealmeants
and crop residue retention in subplots, with three replications, o explove the
interaction between Hillage and residue retention, The tillage treatiments were:

=  Puddled conventicnal tillage (CT) for rice: CT for maixe

=  Puddled single pass wet tillage (SPWT) for rice: zero tillage (Z1 for

TALRE
= Linpuddied bed planting (BF} for rice; dey BP for maize
= Unpuddled sieip tillage (ST for rice and. dry 5T for maize

The crop residue retention treatments in subplots were 100 % (CRyw), 30 %
{CRan) and 0% (CRa). Subplot size was E5 « 8 m, In rice cultivation, CT
conaisted of two passes primary tillage by TWT and exposed 0 sun for two
days followed By inundating whoele plet and puddling by 2WT with two
passes bcomplete land preparation. In SPWT, one pass tillage by 2WT after
inondating the field. 5T and BP were done by VNP in single pass
operation before mundating the field. The land was folly inundated one day
bedore ransplanting i unpuddled plods: Tnemaize cubivation, CT consisted. of
two passes primary tillage by 2ZWT and exposed b sun for bweo days followed
by two passes secondary tillage by 2WT to complete land preparation. 2T, BP
and 5T were done in single pass operation by VMP: As per treatment
sequence, - previous crop residue was spread in between pows of rive and
maize al 20 davs after transplanting/seeding. Residue incorporafion was
started alter fiest rice crop. Rice vartely BR1T amd maize variefy NEK40 were
Erow i in this experiment.

Cores.of undisturbed soll (0-7.5 cm and 7.5-1F o layers) wers taken with a
7.5 e long cvlinder made from cold rolled steel tubing having a 5.6 cm inside
diameter. One end of the cylinder was sharpenad to a knife edge. The.cylinder
was forced into the soil (by pounding ona piece of wood placed over the
cylinder when it could na longer be manually forced into the soil until it top
adge was-in level with the adjacent ground surface {Phato 1 and 23 The core
then was removed with & tiling spade, the cutling knife inserted, excess soil
trimmed off the bottom edge, and the b 7.5 and 7.5 to 15 .om cores gently



Soil bulk density

placed into separate containers. Soil samples were taken randamly in three
places in subplods between rows of crops and top of bed. Weight of wet
material of cores was recorded and placed in dry; clean pan and kept in the
oven. The material was dried o a constant weighl. Constant weight was
achieved when two successive periods of drving indicate. na change i the
weight of the material. Moisture content was determined with the following
equation.

Werght af wev sl g = Friuchi of do w0l
Wil af oy sodl, g

Minirtur cambent, Yo = Rl )

Photo 1 Soil core Photo 2 Measuring weight of core
sampler with soil
Soil samples were oven dried an the Taborapary for the caleulation of badic
dermaity ard fotal porosity wsing methods deseribed by Blake and Hartpe, 1986,
The total porosity of the soil was obtained From s bulk density and particle
density By the following formiula desoribed by Lowery of al, (1995). Particle
density of soi] was taken as 205 (Mg m?) for caleulation (Freeze and Cherry,
1979,

Bufle drmsity

Parosity, %=1= L]

Parriele dimiity

Gravimetric moisture content was multiplied by soil bulk density to obtain
volumetric moisture content. Statistical analvsis as a one ‘way analysis of
variance was. done according to Gomez and Gomez (1954). Data were
analvsed by using statistical software Mstat-C. Means were compared with
the least significant difference (LS ket
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Results

Bulk density

(a} After rice harvest

Table 1 peresents sail bulk density in - lhree seasons-after rice harvest. The
tillage = residue retention demonstrated no significant interaction on-zeil balk
Li'ensjr_l.-' in all the three seasons afler rice harvest. Tillage showed significant
affect on bulkl density after seconid vice crap at 0-7.5 cov layer only. The non-
significant effect of fillage methods an soil bulk density. may be altvibuted to
low =oil organic matter. Residoe management had no statistical significant
effect on soil bulk density. Irvespective of Lillage and residue management,
bulk density at the 0 - 7.5 cm depth was Iower than ihat at 7.5 - 15 cm depth.
Apparently, bulk density alter third season of rice demonstrated lower value
than the Frst or second season. At 0 - 7.5 cmoand 7.5-13 cm depths, bulk
-.{ensi!_l.-' inthe minimom tillage treatments tended to decrease compared Lo the
conventional tillage consistently in sevond and third seasons. Howeser, Lhe
difference was significant onty in the second season as mentioned earlier. In
the third season, all the tillage treatments had fower bulk density receiving
100% residue incorporation compared. to the no yesidue mcorporation. Data
were averaged over three years alter rice harvest with respect to crop residue
retention and [(Fig. 1). hvespective of tillage, the graphs showed thal bulk
density values decreased with mereased level of residue incorporation at we
layers. The effecl was more visibie at 7.5-15 e depth.

After maize Marvest

Table 2 shows soil bulk density with respect to tillage and residue retention in
three seasong after maize harvest. The interaction of tillage * residue vetention
showed insignilicant effect on bulk densily in all the three maize seasons.
Tillage practices demomstrated insignificant effect on bulk density except in
the thind-season at. two depths: Soil bulk density increased with increasing
cepth for all tillage E}rst}_h:ria. Adfter thrise vears of maize cullivation, neither
tillage nor pesidue incorporation (CRyw, CRsyand CEq) had profound effect on
bulk density. Data were averaged over three years after maize harvest wilh
respect to CR [Fig. 2). In 0-7.5 em depth, the graphs showed that downward
trenud was. observed in bulk densily with the increase in CR level. However,
effect of bulk denzity an CR was inconsistent at 7.53-153 cm depth.
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Takle 1 Effect of tillage and residue retention on bulk density (Mg m-%)

after rice harvestin Aman season at bwvo soil depths

Auman 2K Amman M1 Sman W T
Tdlage: Ol ThHw Ry Meadn CHis TRe CHo Mean CHuoe CRs CHe  Moun
O-T5em depth .
€1 I3 13 133 130 132 124 127 125 126
SPWT ) L3013 13 132 12 125 123 1A
o B i3 L L6 13 179 1 12 TN
5T 137 13 30 L3k 130 121 14 13 13
Ndean I 131 L3¢ 122, 124 124
L5ne  Tillage (1) = N5 Tillage (1] = {14 Tillage (T} = N5
Residoe (CR) = M5 Besiduee (CR) = N5
— Tx CR =MNS =R ENE
CWIR) 253 3403 Lo
7515 om depth ] ]
[ ] 147 T4 14T 145 146 135 1A% 13 13
SPWT 420 T44 1AR 1D 148 1EF 138 13 1ER
filig L4500 14 142 L4 142 1327 155 15% k33
=18 147 L4 14F 150 LAT I3 136 138 1.3
Bdeani T4 TR 148 13 13 13
1500 Tillage (1] = NG Tillage 1Ty = W& Tillage (T} = NG
Ressdue (CR) = M5 Residue [CR) = N5
THCR =S T=CR =Mh5
[STTEA] 5411 FL] ES

T = Comwvertional tillage, SPWT = Sitpehe pass wiet tillage, BE = Bed planting, 51 = Sidp tillage,
CR = Previous crop rosidue metention, CRay CRw and CBe correspoinds o 1000, 50% and
previois crop residie reterdiei. NS = Mon-signilicant
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Fig. 1 Effect of residne retention on bulk density after rice harvest (average
of over three years)

Tahle 2 Effect of tillage and residue retention on bulk density (Mg m-)
after maize harvest at bwo soil depths
Tediiiie 20000 Wadre 2011 e 2012
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CF = Cormeentional tillage, ZT = Zern GHape, BP = Bed- planbng, 5T = Sinp tillage, CR = Previous
crup sesidue petenticn, CRis, SR and U corresponds ba 100%, 300 and 0% previcas cop
s retenbon, M = Non-significant
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Fig, 2 Effect of residue retention on bullk density after maize harvesting
(average of over three years)

Volumelric meistitre content

After vice harvest

Table 3 presents the: effect of tillage and residue retention on volumetric
mdigtire conbent (WMC) 10 thred rice seasons at two depths, The hiHlage =
residue retention demonstrated not significant interaction on VMO in all the
three rice season in bathy the layers, The effect of fillage on VMO was nat
significant. in all the three rice seasons. VMO was the highest in all tillage
during the first rce crop, decreased in doring the second and increased incthe
third, Unpuddled BP and 5T showed the lowest VMO at twoodepths after toe
harvest, This may be due'to lower water holding capacity in unpuddled than
the puddlled plot. Fhe changes in VMC for the 0-7.5 and 7.5-15 cm depths
recordid afber harvesting vice weee the highest in SPWT and CT Followed by
ST and BP. The effect of CR on VMC was also found imsignificant ' at two
depths in theee rice seasons. Dala were averaged over three years with respect
b CR (Fig: 3). In all tillage systerns, there was a tendency kol inceease VMO
with thae ingreage in level of CR in both layers.

After maize harviest

Tiltage and residue retention effect on wolumetric moisture content after
midize harviest in three seazons at two depths (Table 4). The tillage * residue
retention had nesigmificant effect on VMO in all the theee misize seasons at
two depths, The effect of tillage on YMC was significant after first maize
harvest at top laver whereas, insignificant effect in the succeeding years,
During second and third maize crop, 5T showed. the highest VMO at 0-7.5
depths. Crop residue incorporation on VMO was also non-signiBcant m all the
season. Residue etention effect on WMOC was inconsistent in all the maiee
seasons. In all tillage systems, upward trend was observed in VMO with the
imcrease in CR level in the both layers. Data were-averaged over Lhree years
with respect to CR (Fig. 4). Inall I::il'.ag:. systerns, upward trend was observed
in VMC with the increase incrop-residue incorporation inboth the lavers,
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Table 3 Effect of tillage and residue retention on volumetric
moisture content (%) after rice harvest in Aman season at

tweo soil depths
Aman JHE Amman 2F0 Aman 2311
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T = Conventional tilage; SPWT = Single pass wet Lillage, BF = Bad planting, 5T =
Sipip blage, TR = Previous crop ressdue retention, CRye CRz-and CRy corresponds b
B0, 0% and 0% previonss drop sesidug sébentor, NS = Mon-sigrificant
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Fig. 3 Effect of residue retention on viumebric water content after rice
{average of over thres years)
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Table 4 Effect of tillage and residue retention on volumetric
moisture content (%) affer maize harvest at bvo soil depths
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Fig, 4 Effect of residue refention on volumetric water content after maize
hirvest (average of over three years)
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Porosity

Atter rice harvest

Table 5 presents the effect of tillage and residue retention on porosity - at rice
Barvest i bwe depths, The tillage = residue rebention demonstrated na
significant interaction on porosity 0 the top and bottom layer during three
rice seasans, The soil porosity was - nob affectsd  significantly by tillage
practices ab .75 and 7515 cm depths, Crop residue retention had oo
slgn:ifi'mn‘t effect on porosity in-all the years, At 075 cm depth, porosity was
same b all CR fevels in the second rice crop amd the highest in the third,
Porosity wiss same wall levels of CRoafber thard picé arop ak 7.5:15 con - depth,
Huowever, change in poresity due to CR was too small to be distinguished,
[hfferenioe in total porosity ameng CR in three years was nob consistent {Fig,
30 Porastby followed shiphtle smereasing fremd with bhe dnceease in kel of
previous crop restdue retention in both the layers indicating that there might
have somw influence of residue rebention on the poresity,

After maize harvest

Table i presents the soif porosity in three seasons after maize harvest, The
interactive eftect of tillage * residue retention in the topand bottom layer
demonstrated  no ﬂgmﬁcan;:\e in all thrmee maize seasons. The total seil
porosity was not affected significantly by tillage methods at 0-7.5 and 7.5-15
cm depths. Crop residue retention had no significant effect on porosity in ail
the maize seasons, The results of this study showed that the effect of CK on
soil porosity was varied to the depth. Effect of CH on porosity was niot
consistent at three seasons, Figlre 6 shows that poresity followed slightly
increasing trend with the increase in level of crop residue incorporation in
both the layers indicating that residue retention level increases the porosity.



Soil bulk density

Talsle 5 Effect of tillage and residue retention on poresity after rice harvest
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Fig, 5 Effect of residus retention on porosity after ree harvest (average of

“over three years)
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Table 6 Effect of tillage and residue retention on porosity after maize

harvest at- two soil depths
o im0 e a1

Tillage iRpm: CBw  CRa  Mean  CRyw  CRa  CHe. Mean Oy
- Sem depth

or L] ] ] = 52 3| 52 a2 35 1] 34 52
#T s LT £l El s = E¥] LS. - 52
B i 3] L+ 53 i H 5 -4 ] =] 32 M
&T 2. 5 5 3 2 L S | =2 =0 208 51
_Wan 8 =n = 3 51 =8 = T L

ESEye  Jillage (T} o hE Tallige [T} = 05 Tillige {T) = 163

Bezbdoe [CH} 7 MG Foshboe [CR] = WS P it (RS = MG

T =RE TR =NG TelR =RS
=] 142 ERT] 25

T515em chepth

T It T 4F EL] EL R L S | EL R - £
T s 5 + At H 0 1} 3 7 ] i 45
& 47 o 4 4 L T R 47 045 47
51 a5 T | 45 48 48 47 a4 P a5
Mean o n i A9 A 44 47 45 3k
Ll Tillage (T} =5 Titlage (T) = 8 Tillage {13 =214

Residue [CR} = N5 Fesidue [CR] = 85 Resbdue (CRY = b

Te(R alg - TaCR =N& TxlR = hs
EYET] i aar )

CF = Canventional fillage. 2T = o Hllage, BF = Bedd plantmg, ST = Sirp Hllage CR = Prwsivas enop nesidue
retenton. CRea Chis and TRy comesponads o 1000, 3% and I previous coop residue relenbon, M = Non-sigrificant

55 55
5q. g ) - —t— T
Dhepih 7.5- BT
w52 £52 o i BP
isu ] = 850 | e
| ——iT
&4 i P Sag
45 - Pepth TS cm ==3T a6
44 - T T 1 A4
e % SO% 00w
Resldue retenthon

Fig. 6 Effect of residue retention on pordsity after maize harvest faverage of
over three years)
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Discussion

Bulk density values were' the  highest after hasvesting matee than afber
harvesting rice might be due te swelling of pores in wet land rice cultivation:
The BP treatment showed progressiv decrease inc bulk density with the
increse 0 residue amounts, However, the consistent effect of residue
incorparation was too low Lo be significant statistically. Literature suggested
that the setilement of aggregate after puddiing and formation of crust in
puddied laver increase soil bulk density {Schwartz ef gl,, 2005). Shrinkage of
soils after puddling may contribute to the ncrease in bulk density. The bulk
density values in 0-15 om soil layer did oot differ much amongst the
treatments. This may be attributed to-minimum changes in the structure of ST
and maximum in T due o intense puddling and. consequent maximum re-
aggregation m CT. Ishag ef ol (002} also observed no significant effect of
tillage methods on soil bulk density. In the tep Jayer, bolk density was. the
highest under minimum tillage smd the Jowest in CT. Diaz-Zorita (2000)
phserved o decrease in bulk density. with inceease in fillage intensity
especially deep tillage decreased the bulk density. Moreno of al, (1997)
repoarted higher bulk density in conservation tillage than conventional tillage
svstens, However, reduced bilage operations with eliminabon of plowing
may decrease soil bulk density due to Jess soil compaction (Maurve, 19833, In
contrast, Grant and Lafond. (1992) reparted that bulk densily was higher in
conventional tillage than in minimum tillage at a depth of 0-5 ey, but bulk
density was higher in minimum tillage than in comientional tilflage in the
deepet laveérs, The climatic differences (ralrdall distribubion pattern) may
produce. seme contradictory resalts, In the present study, 5T showed the
highest bulk density in all the vears-at 7.5:15 cm depth. Scheiner and Lavado
(199} reported igher soil Bulk density in case of no-tillage. The results of the
present study coincided with Soane (19903 and Felton and Ali {1992), Yy and
Raimbault (1993} reported higher bulk density for no-tillage compared with
moldboard  tillage during eardy  maize growth, The effect of residue
incorporation on bulk density was also found non-significant in all the thiee
seasons after maize harvest. Recelving 100% residue, all the tillage treatments
bl lower balk density compared te ne residoe incorporation. This may be
due toincrease in the erganic matter from decemposition of residue. in top
soil_ Inwveass insoil organic matter usually decreases bulk density {Ishagq af ai.,
2002). A slight increase in bulk density due to incorporation of 50% residue
compared to rio residue incarporation was observed after second and thind
maize crop. After third maize harvest, bulk density value with respect. to
tilfage ranged from 1.22-1.29 Mg m-3and 1.40-1.47 Mg m-3in 0-7.5 con pnd 7.5+
15 cm depth, vespectively. Bulk density values with respect to CR ranged
from 1.25-1.27 Mg mand 141-146 Mg m® in 075 cm and 7.5-15 cne depth,
respuctively. Karef al, (1976) reported: that bulk density greater than 1.6 Mg
m! for loam soil adversely affected the root growth, Erbach {1987} mentioned
Ehal the magnitude of bullk detsity for agriculiural soils commonly varied
from 0.8 to LE Mg m® The present bulk density values were below az
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mentioned in Kar of al., (1976} and Erhach (1987). The bulk density value
obmined feom this stody did nok restrict the root development,

The sodl prr::-:ﬂily after rice and maize harvest was nol alfected significantly by
tillage practices at B-7.5 and. 7.5-15 cm depihis. Similar finding was obtained
from Borresen and Njos (19920, The porosity was the highest in the top laver
compared 1o the bottom layer i all the tillage treatments. Porosity in the top
laver was decreased in the second year and increased in the third. In BE and
5T, similar trend was observed at the boltom Javers. Katsvaira et al, {2002}
raported similar effect of moldboard [51%), chisel (31%) and ridge lillage
{49%]) on soil porosity. Porosity in unpuddled plot was higher than puddled
plat in both the lavers, This might be doe to seflentent of aggregate and
slirinkage of soil pores in puddling. Cassel e gl (1995) reported that the
tillage intensily caused increase in porosity especially chizels and moldboards
plow tllage when compared with n.::--1.1'11:|ge, which s in contrast to this
finding. Conventional and deep tillage have grealer porosity compared with
sritsinum - fillage during early makze growth {Cassel et al, 1995) Tillage
imcreased the lotal sofl pordsily by increasing the pore size distribution and
poves (Linden, 198%). Crop residues are suppesed lo enhance tolal soil
porasity because arganic matter increases the pore-size distribution and pore-
numiber and improved soil agpregation.

Conclusion

Bulk demsity walues were the highest after harvesting maize than after
harvesting rice. The bulk density values in 0-13 em.soil layer did not differ
resch amnengst the reabmentts. Bulk density was the highest under minimum
tillage and the lowest in comventional tillage. Bulk density was the lowest in
onpuddled than the puddled soil. The éffect of residae incorporation on balk
density was also found non-significant in-all the three seasons. All the tillage
treatments receiving 100% residue had lower bulk density comnpared o no
residus incorporation. The bulk density values abtained from this study were
below the critical level and did not restrict the root development. Ferasity in
unpraddled: plot was higher than puddled plot Tillage and residue retention
improved soil porosity in BM ceopping systems. Upward trend was observed
in porosity with the increase in-level of residue vetention after three years of
ceop cultivation in KM cropping systems..

Recommendation

The experiment on the changes in soil physical properties due le tiELa.ge and
rasidue Tetention should-be continued. for more vears to get the consistertt
cffect.
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Soil penetration resistance
Abstract

Sail penetration. resedance may zestrict the oot o e into the
deeper soil layers. However, information on perelration resistatce
in unpuddlui FCE-raieg m:-l:lpin.g :i_'.-'.-sburn i% Jm:k'in.E, 'I'|'|L-:.
experiment was conducted b investigate the effects of various
tillage practioes - and residue retention on soil penetration resistance
in rice-rmatee” choppang system dn this cropping sysken, rice was
transplanted in irfgated conditiore and maiee was sowm in dry
condition. - Sl manipulation swstem & different o ricematee
cropping svatem. ZT plobin maize was converted o SPWT during
rice cultivation, The highest penetration resistance wis obtained
lrom ST and the Jowest was detecked in T, Dowhward tremnd was
observed in penetration nesistaner with the increase in Jevel of
residue ratention after three vears of crop culivabion in rice-maie
cropping systems. Penetration resistanoe increased in ceindmiume
tillage practices. Howeves, residue retentions b litthe effect on
penefcation  reslsfance In° this cropping  svstem. Pemetration
resistanee values under, ditferent fillage residue retention level in
He-taige Cropging svatems were Delow the crttical value reganded
Az sufficient to promote the reot growth,

Keywords: Unpuddled mansplanting, siip tillage, bed planting.
mero Hllage, residue retendion, soll Sremrgth

Introduction

Penetration resistance is & common messure ef soil strength and an indicator
of how easily roots can penetrate into soil, and thus a measure of plant
growth and crop yield (Sirgh et al, 1992). Several studies have negatively
correlated root development with increasing resistance (-lasegawa ot al, 1985
Martino and Shaykewich, 199; Busscher of al, 2000). Soil compaction is
known to restrict plant root growth, reduce water and dutrient uptake, and
thereby impede plant development {Carr and Dodds 1983 Ishaq ef al, 200T)..
These detrimental effects subsequently reduce crop vields (de Willigen and
van Moordwijk 1957). Wilkens et ol (2002} reported similar results for no-
tillage and conventicnal tillage on a silt loam soil, They also reported that the
comvarsion from @ tilled 1o ne-tilled cropping svstem caused an increase in
soil strength significantly. Soil penetration resistance was greater unser
reduced tillage and no-tillage than conventional Hllage (Hill and Cruse, 1933,
it is important that there is adequate seed soil cortact to facilitate: water
movement into the seed, and that there is adequate aeration. Most eommonly,
adequate seed-soil contact is obtained by light packing with rollers or press-
wheels, Flowever, excessive pressure can lead to compaction of the seedbed,
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which may delay germination [Dexter, 19588). Rickman ot al. (1965} reported
that maize growth-and vield potential were well related with sodl bulk density
and penetration resistance. Bauder et ol (1981) reported that penetration
resistance ranked as follows: moldboard plow < chisel plow < spring disk =
ney till i acclay-loam soil. Bewen (1981} mentioned that poor plant growth
and reduction of crop yields due 1o sofl compaction have been recognized as
early as plowing was practiced and encouraged. Morano et al., (1997) reported
higher bulk density and penelration resistance in conservation tillage than
conventional tllage systems.

Sodl strength iz aflected by soil type, clay content, voids, waler content, bulk
density, soil depth, and soil tillage systems, Carter #f gl (1965) found thal
seed cotton vield decreased: lineariy fron 3.6 o 145 Mgz ha® as soil strength
increased from 4.3 10 4 MPa, Penetration resigtance above the 2-3 MI%a level is
generally considered slow for root growth (Bengough and Mullins, 1990
Vepraskas, 1994). Scils with more clay than-sand tend to showe more cohesion
and strengfh (Lat and Shukla, 2004). Several studies have found penetration
resistance increases with depth; whereas the tillage system is less influential
as: depth increases (Erbach eof al., 1992; Unger and Jones, 1998 Vyn and
Raimbaull, 1943}, Shallow hardpans ave very comrnon in the rainfed lowiand
and appear to impede rool peretration (Kundo etal., 199 Wade ot al., 19954,
Mielke ef g, (1984} and Erbach ef al, (1992} obtained the lowest penetration
resistane from moldboard. plow. Many experiments have shown that erop
yields decressed as the strength of soil layvers increased. The reduction of crop
growth and vield is attriboted to penetralion resistance. There is'a need o
combine lllage practices with Tecycling. of crap residues in ENeTEy CONSCious
world, The effects of lillage svstems and residue retention on soil physical
Properties - are very important b0 be imvestigated because there is little
information on this subject in Bangladesh. The physical conditions are quite
reverse for RM systems. Maize is grown indry conditions and rice is grown in
puddled condition. Alternate to inimum tillage comporent of conservation
tillage;, unpuddled lransplanting of rice is appeared -as resource ﬁaving
technology and geining attention Ao the farmers in Bangladesh (Islann of al,
2010 and Haque of al., 20065 It was hypothesized that conservation tillage
wilh residue retention changed the perelralion resistance in unpaddled BEM
cropping systems. Therefore, the present study was proposad o study the
combined effect of tillage and residue retention on penetration resistance in
unpuddled rice-maize cropping system.

Methodolagy

A field experiment with a rice-maize rolation was comducted during 2008-
2012 at-the ‘Bangladesh Kice Research Institute {BERI), Regional Station,
Rajshahi, Bangladesh (24%08°N and 88°30°E) The soil is classified as high
Ganges river ffood plain - =il type is calcarepus dark grev and sedl texbure
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sandy Ioam | Brammer, 1996). Initial bulk density at 0-0.75 m depth was 1.24
Mg me? at 397 % gravimetric water content and bulk density ak (L75-1.5 'm
depth was 1.51 Mg m*al 263 % gravimetric water conlent. The experinment
was laid eutin a skrip plot design with tillage options as main plot eatments
and crop residue retention in subplots, with three replications, to m:p']nne the
interaction between tllage and residue retention.

Thee Rk troatments wers:

*  Puddled conventional tillage (CT) for rice; CT for madze

#  Puddled smgle pass wet Bllage (SPWT) For rice; sero Gllage (2T} for

maiEe

+  Unpuddied bed planting (B} for toe; dry: BP for maize

= Unpoddied strip tillage (5T} for rice and drev 5T for matze
The crop residue refention treatments in subplots were 100% [CRI00), 50%
(CR50) and 0% (CROY Subplot size was 85 % 8 m. Rice was grown inowist
seasor [ Aman) and miize 12 prown in dry season {rabi), In dee cultivation. CT
comsisted of two passes primary fillage by IWT and exposed to sun for twy
days follewwed by inundating whole plot and puddling by 2WT with fwo
passes to complete land preparation, In SPWT, one pass tillage by 2WT abter
inundating the field, ST and BP were done by versatile molti-crop planter
(VM) in single pass operation befere inundating the field, The Land was fully
imundated: one day before transplanting in unpuoddled plots, Seedlings were
travsplanted inte puddied conditions (CT and SPWT) and unpuddied condi-
tioms (B and ST Inomaize cultivation, CT consisted of bwo pesses primarcy
tillage by ZWT and exposed b sun for e days followed by bwa passes
secondary bllage by YW ko complete Tand preparation, ZT; BF and ST wiere
done in single pass operation by VM, As per treatment sequence, provious
crop residue was spread in between rows of vice and maize ab 2 days after
transplanting /seeding, Besidae incorporation was started after fiest rice erop,
Rice variety BR11 and maize variety ME4D were grown in this experiment,
Handperetrometer was used o measure the soil  penetration resistance
{Modek- Ejkelkemao; Serial ne. 27180909, Netherlands), The apparatus bos
mean devistion of +and - 8%, Soil strength was measured from the soil surface
tir a depth of 15 om st 2.5 em depth inerements from three peints of each plot
after harvesting rice and maize, Pepetrometer readings were taken randomly
in three places in subplots betweeen rows of crops and top of bed (Phote 1),
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Fhoto 1 Measurement of s0il penetralion resistance

Result

After rice harpest

Table 1 shows the effect of tllage intensity and residue Tetention’ on: penetration
resds bamce (FRp after rice harvest: Thie offect of tilkage = nsidue nedention on PR b
no significont effect in all the  thiese seastms. Tillage  practices demseovtrated
insdgnilicant effecton PR o all the thuree e seasons upte 15 oo deptly except 5, ¥,
125 cm dwprh after second Fice =i and 3, 7.5 and 10 oo dnapth after third rece TR,
PR value was the highest in unpuddled BEard ST and the lowest in puddied CT and
SMPWT. PR was the lowest in T followed by SPWT, BP and 5T upito 1T cm depth. PR
i puddled O and SPWT increased ot shodw ot upto 7.5 om depth after that PR
increased ab faster rape, CR showed nsigniticant effeck of PR up 15 cm depth i all
three rice crops after harvest. PR value with all levels af mesidue retention was the
lowwest under puddled than unpuddled plot. PR followed the decreasing trend as the
level of residue retenton: increases. upto. I cm - depth, In most of the cases, PR
inensased with- the inereased Tevel of CR. Rate of change in FR was slow upte 7.5 cm
depth, After 7.5 om depth, PR incressed with Faster rabe, Below 125000 PR value wos
alimest aimilar with all levels of CRL The teend s almost similar at all tiblage depth,
Tata were aw\-,r.;;ged BT Ihrw-_-,wm after rice harvest with ruspect bo Cﬂ in {F‘ig, 11
The graphs shiwed: that doswnward trend was abserved in PR with the mereaze in
level of CR up to 10 omn depth. Figures 2 and 3 indicate that. the p-cmm'a.iiuu resistanoe
rodiaad dwe to residoe immw;diun and frcreased in minimom kg after moe
larvisd,
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Table 1 Effect of tillage and residue retention on penetration resistance

{MFajafter rice harvest at different soil depths
.ﬁ.m«nm

: Amran 2005 Aman 2011 Aman 2011
Tibago: CRis CRee ©Re bean CRuo Ry CRs Mean CR CRw GRa  Mesn
T e depth
T 41 03 041 040 DY 0T 0GR 06 023 044 G48 0u5
ST 44 HEE] A5y ke {4 B S [ R L ' [k R ' S [ [ R -t
BP 3% 0% 057 05 07 0 LDZ A8 0dF 03 056 052
ST A0 A4F dd4d DA 085 108 RI3 M2 08P 05T Qe 082
Mesn 03T 647 as0 073 08 s el 030 049
1500 Fillage (1) = M5 Tillgpe [T} =-N5: Tillage {Th = N5
Bresichue (8] = b5 Fecdue (TR} =040 Fesidue CR) = NS
. T*CR = NG T CR = Ma T CR W NS
CVIE] 24.1a 1436 1144
. s et
T b5 DAS 0AS D4R 050 Ode OED 062 D4 044 049 s
ST CDds d4% 062 052 R 09 DST 0 0N 432 495 am
BF 40 0537 05 05 O 0M 0F 0 04 05 0a1 056
5 145 053 Q88 G55 09 1m0 1M dad  Den 07 0T Qs?
Mo Ald& 05T 038 (ke LS [FE» B E. T |k
E  Tillage ([ =85 Tillage {1} = (125 Tillage {17 = (112
el (TR = MG Feslue {CRp = 001 Fesidue [CR) = NS
THOH = NS T CH =SNG TR = hs
VS 414 1553 LT
| TE i depth
T 55 056 057 056 056 08 06 {67 D4l 045 dds 0
ST LA 0500 OB el OEx A8 DUR NSE 050 033 0 Om
BF 043 057 055 DA 0% LIE L06 1M ed D7 08 07
51 % 057 OE  es 119 125 1A 13 hee 1Ak 08 i
Mean  BE0 055 06k a5 s LW [ S T P
1500 Tillage (1= M5 Tillage {T} =137 Tillage (Th=1L11
Resicue (5] = N5 Foskboe (TR} = NS Feskiue TR = NS
THCR.= NG T=CR 5 M TeCR =M
CVE) 254 1438 1%
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Tahble 1 Confinoed
A 2004 Atnar 2010 Aran 2011
Tillge Ww GRw Gy Mean  Giay R CRi  Mean GRm  GHBs Ry Moan
il cm depth
T E6F 0T 092 JRD 0OF g4 ORR EOS. 046 051 085 055
APWT  IkeF AGE AS3 IR M T4 22 14K ALEF UAE O8I Qi
G el 058 0Fe 0AS DEs 125 a8 104 10 LT R
ar ol s C0s D& 13 L3R fak 135 V1S 12% 146 122
M L1701 10 1107 L1& 1 ASE 094
“L0am  Tillsgedl) = Ns Tillage [Th = NG Tillage [T} = 0.2+
Residuw {CR) = WS Rosidue (CRy= NS Rvsidue [CR) = NS
TaCR =hE T=ER = NG TR = NG
O (%) EER ] 1558 HTe
125 e depth
L 0 R A 1 R I . L3 T2 136 133 084 4se 13 1w
SPWT 128 1T 1EY 0 1A T8 13 A L2 132 iz 1as 1
El* BES 12 1@ s L2E 158 1 1352 1.3 {3 128 135
5T T4k 13 115 13 T4 T4 142 143 140 1F 13 13
Mean 125 134 132 LA R 197 126 1% 126
LE Db Tillage (T} = H& Tillage {Th= 1R Tillage [Ty = N5
Sestdue {CR] = NS Fesndue [CR) = NS Fesidue (CR) = NS
TaCR = N5 TxCR =NS TxCR =N5
CW%| D TEE 1765
15emdepth
T 132 132 115 (R L3 B3 OLET 146 lda 145 L6
SPWT LAy 12F 1B k3 I3 OLFE LA 13 14 E 13 13
GF 118 132 13 135 136 1% BS LEF 1de 145 148 1de
SL 142 13 129 13z L4 LT 142 L2 147 I_'Il 1A% 14
M 1 1z 13 T30 1A B 146 T4 1M
S Tiflage (11 = NS Tillage 73 = NG Tillage {Th = M&
Residuc {CR) = NG Residup [CRY= NS Residuc [CH) = NG
TR =NS T = NS T={R =hN&
AW 1738 2.5 .04

T = Corivertonal fillage, SPWT = Single pass veet tillage, BP = Fed planting, 5T = Strep hillage.
CH = Pravioos crop nsdidue mdention, TR, CReae ard TR comesponds o 100%, 506 and (%
prevloes frgqa-n:-sldu&wrulnn, M= Némﬁl.grnl'h'al'd :
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Fig. 2 Effect of residue retention on penelration resistance afler rice harvest
{average over three vears and four tillage)
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Fig. 3 Effect of tillage on penetration resistance affer rice harvest
{average pver three and three levels of residue retention)

After maize larvest

Penetration resistanoe in three seasons after maize harvest i given in table 1.
The combined effect of tillage * residue retention was not significant in all the
three maize seasons. Tillage practices showed significant effect on PR afrer
maize harvest, PR in £T and 51 was detected as:the highest with any levels of
CE than other tillage treatments. Data wene averaged over three vears with
respect to CR-and presented in Fig. 4: The data showed that downward trend
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was observed in PR with the decreasé in level of TR upto 7.5 em depti.
Figures 5 and 6 indicate that lhe penelration resistance reduced duoe toresidue
incorpotation and increased in minimumm tillage after maize harvest.

Table 2 Eifect of fillage and residue retention on penctration resistance
afler maize harvest at different soil depths -

Mlalpe HITD Belalae 251 Adariae 0T
||||?@= Thyn  CHwm  CRa Whown  CRm TRy Fa Blian - CHisy TR LR Mlean
25 oo chigpth
1 2 B2 B 028 026 026 03 A 04 DX d4 03
ZT meF U5 071 06 041 045 038 041 073 071 07 0
BI B36: DIF 0I5 0F 02 038 032 4 050 044 04 0
57 DEE DEE BT 047 055 036 043 B3 057 052 073 08l
_Mlean D4R D36 52 031 a3 03 56 053 05
LSy Tillage (T} = 031 Tillage {T) = NS Tillage (T) =0.225
Residue {CR) = N5 Fsidoe (CR) = 5 Residue (CR) = M5
T=Ck =NS THCR =N THCR =NE
TV HE 1654 15406
Sam depth
T EAP e BES 047 034 036 040 037 050 049 43 os2
T DR 00 LID 08 0&F 04T Q57 Ge0 100 125 1m 1N
Bl D50 B56 MEX 053 033 042 046 041 063 067 080 072
ST 0% 08 LG 098 035 058 068 060 093 081 120 oo
Mean  DEST DFE D1 046 A48 0 050 T8l D
(500 Tiklage (b} = 035 Tellage (1) = 013 Tillage (1] = .91
Besidie {CR) = M5 Fesidue (TR} = WS Respdue (CR) = &
TxCR = NS T CR = W& TR =S
S 16 T BIAC
o 7 5cm depth
T MEF DAL M &R 039 048 055 a7 08RO 041 DS
7T PR L T 1A 0AT 067 Gk 4a? 108 140 125 1R
&P Med  DES EEE Q47 045 053 057 051 Q&% 088 11F 1w
47 LM 115 122 104 06S 070 o0& 0FS L9 L9 141 13
Mean  DED BB D 055 060 064 100 1 LI
5hn  Tllage (13= (00 Tillage (17 = 020 Tillage (11 = 601
Besichas [CR) = NG Feessiduue |CR) = MG Reskdu (0R) = NG
T=CR =M5 TxCR = NS Tx R =S
CV- %) 1150 11467 1200
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Table 2 Continued
3 i 2010 Madee 21 Mz 202
Td-hgt CRw  CRw  CE; Blewmi-  CRom  CHu . CFa Mian TR - CHa  CFa By
e depth
T BnEE 11 LM IR RS 0T Ose DA BUR O0FS 0 O
1 T 1IF RIS 1A O 050 OB OF TS TAe 1A 1N
By DEk % 090 080 Bee 089 0 OR0 120 1d R4 13
5T D R B e R ) S 1 S {1 L R - T B S )
Mean® L0 133 W e e S = .
L5D0e:  Tiflage (Tj= 0.F Tilkagge (T) = NS Tillage (T) =027
Besidue {CR) = N5 Resdime (CR) = M5 Ruesidue (1) = N5
T={R =N5 T#CR =N5 T*CHE = NS
OV %) 547 1353 1057
12.5¢m depth
i LIy 13 13 1330 071 105 100 D9E CLAR 30 ki 1l
T EN £33 L 1N fm0 106 1M U@ 158 154 1550 150
B B0l 1A LY L9 L6 OS2 1M 101 138 156 154 149
a7 Li3 129 13 12 L3 13 I3 13 16 15 156 1=
Mean 116 LE 1 L L0 Li0 135 148 LS
150 Tillage (Fp= 10 Tilkage (T = .24 Tillago (T} = MG
Roshdis {CRI = NS Rcﬁdueqf‘ﬁlrm Residug (CR) = M
TACR =Mg T+ CR =G T={R = M
TV (%) a0 182 738
15 cm depth
T LE TIOR3 13 1k 13 13 13 1410 180 T4 1
T T 1N O3 1 17 1R 4 im0 148 18 188 184
B TR 13 1R A3 137 148 s 144 15 154 157 15T
ST 125 12 138 128 135 L 145 139 15} 155 157 155
Mean 106 138 1237 EIe 107 540 140 18 153
LSbes  Tiklage (Th= M5 Tilkage (T} = M5 Tillage (1] = NS
Residise {LR) = NS Ressdue (LK) = NS Rezidue (UK} = N5
T2 LR =h§ TR = NS TeCR = NG
C¥.[%) 403 [ 317

CT = iwswnikional Hilage, ¥T = Zoro llage, P = Bl planting. 5T = Stripallagy, CR = Eriviras mp rosEd
retention, CRiw, Claand CRs comesponds o 100%, 505 aod 049, previows aop reddue retention, M5 = Non-dgnificant
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Biscussion

Penetration resistance (PR} in puddled CT and SPWT increased at slow rate
up to 7.5 cm depth after that PR inereased at faster rate: This treénd mright be
progressive settiement of heavier particles at the lower part of the puddle
laver. Previous workers (Painuli ef el 1988; Bhagat of al., 199%4; Painuli, 20040)
reported that PR decreased with puddling and increased with depth. This
may be atiributed to progressive conselidation of the puddled lavers due to a
layer-wise settling of soil particles and re-aggregation. PR in 5T always higher
than other tillage treatrment doe o transplant seedling in less disturbance
unpuddled soil. PR value was the lowest in puddled plot than unpuddied
plot. This might be due to loose particles and saturated soil condition. 'R
changed with depth faster in 5T, Unpuddled BF alsa behaved the sama: Since,
5T and BF were not exposed to puddling thére was no major structural
change in this treatment. Several studies have found thal penetration
resistance increases with-depeh, whereas the tillage svstem was léss influential
a5 depth increasid (Erbach ef al, 1992; Unger and Jones, 1998; Vyo and
Raimbault, 1993) In three yoars study, tillage [puddled and unpeddied) has
profound effect on PR but residue retertion have little effect on PR after rice
harvest Tn muize cultivation; higher penetration resistance in conservation
tll]a-ge than conventional tillage systams was abserved in this study. This was
coincided with the findings of Moreno ef al., (1997) and Wilkens of ai. (2002},
PR in CT and BF increased at stow ratesup to 125 om depth after that PR
increazed at faster rate. PR changed with depth faster in 5T and ZT. The PR in
CT was the lowest due to intensity of fillage during maize cultivation. CR
showad non-significant effect on PR after maize harvest. PR value was the
lowest with 100% residue incorporation tham without residue incorporation.
PR in ZT and 5T was detected the highest with any level of CR than the other
tillage treatments. due to fewer disturbances. of soil. PR with respect to CR
increased at stow rate up to 7.5 cm depth and at faster rate after 10 cm depth.
Murdock «f al, (1995} suggested that penetrometer messurement of 2 MFPa
genetally regarded as sufficient to hinder the. growth and development of
crops. The PR values of the present findingﬂ were below 11_1.e sugiested valoe.

Conclusion

Penetraticn resistance was the highest in unpuddled than puddled plot
Penetration resistance reduced due to residue incorporation and increased: in
minimum tillage after three. vears: KM cropping svstems.. Values of
penetration resistance are befow the critical level and did niot restrict the crop
stard.
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Soil chemical properties

Abstract

Bl organic meatter, nitrogen (W], phosphorus {1 and potassiom (K)
nutrition’ of roe-maize cropping  systems care  dmportant  for
sstaining crop prodiectiviby and foed security. Anexperiment was
contducted o determine the effects of Gllage practees and residue
Tetention on soil chemical pro]wrl:iw. it rice-maise rr\c,q'.!l:!i.nﬁ sysbems.
Conventional tillage, single pass wet tillage in rice (rotated with zero
tilkage in mmaizel, bed planting (unpuddied rice ransplanting). and
sirip tilfage unpuddied rice: transplanting) ine vertical -plots and
rsidue petenlion (0, 50and 100%} in horizontal plob were foested for
thiree: consecutive voars in icemaize I.'IlJPFinH systems n xl:r.iFrpll:ﬂ:
dn-sl:ign.' Rice WIAS EIOMET A5 transp!:mt{'d ;'uTiEat.{-d O and mize o=
npland crop: After third crop, stip tillege increased soil organic
matber compared to bed and zero tillage at 0-7.5 e soil depth, After
three wears, rétention of crop residues, (rrespective. of HElage
tremtrowent, incoeased SOM at 7.5-15.0 cn soll depth, Tillage practces
{puddled. or unpuddled] showed ne significant changes in SOM,
Meither tillage nor residae management had any significant effecton
=0dl pH, fotal nitrogen available phosphores and  exchangeabde
patassium in rice-maiee croppng svshem

Kevwaords: 'I'iliag,l_-, resicoe Tetentsm, p!'L I:IFEEIH.‘iL‘ T, nil'mgtm.
phusph,:-nlﬁ. pnrrﬁinm

Introduction

Organde matber differs in stage of decompaosition and degree of assoctation
with mineral material (Kay. amd VandenBygaart, 2002). These different forms
af soil organic matker (SOM) collectively vepresent a reservoar of nutrients that
are critheal For plan growth, The tiflage impacks one SOM varied due o sodl
type, cropping  svskeny,  residue  management and  climatic  conditions
(Marschner of ol 2008), Tillage systems that reduce soil diskarbance and
résidue incorporation have genevally been abserved to hwreage 50M content
(Mralet ef al., 2001}, lamail ¢f ol {1994) concloded. that conservation tillage
systems results o significant and positive effects on several chemical ol
properbes. SOM content declined when soil was: tiled to a depth of 10 cm
[Stockiisch. ¢ al., 1999, Carter (1992) reported that conservation tillage
practices may lead o high soil prganic carbon (SOC) contents in surface soil
than-conventional tillage system or maldboard plough. The loss of S0M due
toe +i11$|ga.=.h may be considered a function of aeil bype, climatic-condition. and
cropping practice (Lal &t al, 1998}, Short term influence of tillage on transfers af
soal carbon b atmospheric OO0 i semi-arid soil iz small (Ellert and Janzen,
19900y, Therefore, long term conservation tillage practices were highly effective
in improving SO0 umider semi-arid enviconment (Moreno etal, 1997), The
conversion o no-Hll may increase SOC pool by about 10 Mg hatin 5-20 years
[Pastian ef ol 1997} Contlicting vesulls alao sxist regar»r[i.img tillagre practices
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and SOM content in surface seil. Dick (1983} reported higher organic € and N
cantents in ne-tillage than conventional Hllage system. Convenbional tillage
practices have resulied i lower carbon contents of agricaltural soils due 1o
imcreased decotnposition rakes and carbon redistribution [Christensen; 1996).
The SOM Targelv contributes to nutrient oveling and thus supply of N 5 and
cther elements as well (Salegue ef ol 2009). Soil cultivation reduces arganic
matier and alters distribution and stability of soil aggrepates (Six et al.; T99),
The decreased =odl crusting, bulk density, rumnff and ercsion are also
atteibated for increased SOM levels. The most common method to enhance
SOM is crop rolation, residue manzgement and the applicatton of farm
manure {Kirchmann and Witker, 1992). The ability of seil to vefain nutrients is
increased by addition: of organic materials and this play a major. rake in
reducing scil erosion and mainkaining long term sodl heaith and productivity.
Improsed notrient managéement and soil conservation practices are gaining
impaortance inrezearch and policy communities (Khan et al.. 2007). Verma and
Bhagal f“]’-}gi} reporied that the incorporation of rice straw In wheat caused a
slight increase i an availabality of P, Mn and Zn and a marked increase in the
availability of K..There is & need to combine tillage practices with nutrient
management practices, including recvcling of crop residues in energy
consciams world, The effects of Eliage systems and residoe retention on soil
properties are very important to be investigated because there is littke
information on this subject in Bangladesh, Physical condilions are quite
reverse for sice-maize system: Maize is grown in dry conditions, whereas rice
is groven an wiel land conditions. Rice grown iy minimum tllage unpuoddled
transplanting decreased the production cost and inceessed the profitabilily
{Isfam ef al,; 2014). Hnpuddled transplanting is gaining attention to the rice
growing farmers in Bangladesh. It was hypothesized that minimum tillage
with residue retention under dry and wet conditions would change chemical
properties In rice-malze cropping systems. Therefore, the objective of present
imvestigation is to determine the effects of lillage and residoe management on
soil chamical properties in rice-maize ceopping sysiems.

Maberisls and methods

A field experiment wilh-a rice-maize rolation was concducted during 2006
A2 at the regional atation, BRERT, Rajshahi, Bangladesh (24%8°0N and
88°30°E). The soil is classified as high Ganges viver flood plain - zoil type is
calearecus dark grey and soil texture sandy loam (Brammer, 1996). The soil
pH in the experimental field was 7.% and organic carbon 7.9 g kgl The soil
exchangeable potassium (mequivalent 100 g scil!), total nitrogen (%) and
available phosphorus (mg gm soil ') al mitiation of the experiment were (L28,
005 ard 1510 The experiment was Taid ot invca steip plot- design: with tillage
oplicng-as main plot treatments and crop restdue retention in subplots, with
three replications, to explore the interaction between tillage and rvesidue
retention. The fillage treatiments were!



Soil chemical properties

o Puddled conventional tillage (CT) for rice; CT for maize

v Puddled single pazs wet tillage (SPWT) for vice; zero tillage (1) for
iz

= Unpuddled bed planting (BF) For rice; drv BP for maize

= Unpuddled strip tillage (ST} for rice and dry ST for maize

The crop residue retention featments incsubplots were 100% (O, 50%
(CRsa) and 1 % (CEuh. Subplof size was 8.5 x & m. In rice coltivation, CT
consisted of two passes primary Gllage by ZWT (wheel tractor) and exposed to
sun for twao days followed by inundating whiole' plotand puddling by 2WT
with two passcs to complete land preparation. In SPWT, one pass tillage by
IWT after imimdating the field. 8T and BP were done by versatibe muolti-crop
planter (VME} in single’ pass operation before inundating the field. The land
wits flally mundated one day before transplanting in unpuddied plots In maize
evlfivation, CF consisted of two passes primary bllage by ZWT and exposed
te sun for two davs followed by two passes secondary tillage by 2WT to

complete land preparation, ZT, BP and 5T were done in single pass operation
by WM As per treatment sequence, previcus erop residue was spread in
between rows of rice and maize at 20 days after ansplanting seeding.
Residue incorperation was started after first rice crop, Bice variety BR1T and
maize variety MK were grown as indicator crops; Table 1 presents fertilizer
application rates for rice and maize following the recommendations of BRE]
(21} and Momdal ef ., (2017}, I bath crops fertilizer was applicd manually,
I rice coltivation, the entire amount of tripke super phosphate (TS, uriate
of patash (MP), gypsusm and zine sulphate was broadeast and incorporated
into the scdl at final land: preparation. In BF and ST, fertilizers were broadeast
before tillage operation. Urea was top dressed i three equald installments: In
miaize cultivation, one third urea and full dose of other fertilizers were
applied- during last plowing. In case-of ZT, B and 5T, fertilizer was applicd
carcfully in rows by hand after seeding at one centimeter distance from seed
bt avedd seed and fertilizer contact. One third of wrea was applied at the 8-10
lead stape and the rest at the 2022 leafstage, Weed infestation was seovere in all
the plots during first tice and maize crop, Hand weeding: was done twice in
rice and maize crops: Boandup® (o 73.3% glyphosate and 2.0% digquat) was
applied @ 3753 L ha! from the second rice and maize crep.one dav before land
preparation. Roundup® redoced the severity of wieed infestation in all tillage
trials but it did not reduoe thie number of weeding operations in rice and maize
crops, In the second and third rice crop, pre-cmergence weedicide Fifit®: {a.i,
50% pretilachlare) was applicd @ 1 L hart at four days after transplanting. The
insecticide Sabien® (ai. 10% diaxinion) was applied & 160 kg ha! at the
vegetative stage to control stem borer (Seopophage incerhilas) during ioe
cultivation, In rice coltivation, irdgation water was applied when needed, in
mesasured quantities, In maize cultivation, the first, second and. third

e
£
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irrigation was donme-at the 35,810 and 20-22 leal stages, respectively. The
fourth irrigation was done 15-20 davs after the third rerigation,

Table 1 Fertilizer application rate (kg hat) for vice and maize

Crop Lrea Mol 5 Zinc sulphate Civpsum
Rice 173 118 & n 100
hlaize 1585 277 7 17 .5

Soil samiples were taken randomly in three places in subplots between raws
af evops and top of bed at & depth of 0-7.5 cm and 7515 cin before starting
the next crop. Chemical analysis was done i Soil Resowrce Development
Institute (SRDI laboratory, Rajshal,

Measiresneat of 2ol pH i waler

Firat 10 g soil was taken into-a small beaker, 25 ml water was added: anid
frequently stirred for 50 minutes. Then the beaker was left for 10 minutes
without stirring, The pH meter electrode was rinsed with soil suspension and
the eleckrode was immersed insoil suspension and measurement was taken
when display was stable. Foreach 10-scil sample or less; pH meter was
checked In one of the buffér solutions. Calibration procedure was repeated as
and when necessary.

Dretermination of erganic makler

I sodl samples withoot CaCCk, the content of otal carbon was deteriined
with the help of LECO _C—Et'll,'l Analyzer, I sall zamples with a content of
Call(y, a coreection of total carbon content, as determined with LECC C-200
Analvzer, 5 required te obtain the content of organic carbone All soil samples
to be analvzed For organiccarbon were checked for CalOx by adding a small
amount of the scdl b a dish or beaker mﬁ:a:‘ni'ng 10-% hydrochloric aced, 1F
effervescence occurs, the soll containg CaCOs and the content of CalC0k must
b dleterminesd, The content of neganic carbon is calculated as follows.

Soarganic C = % total € - 012 x % CaCly (1
% organic mateer = % organic Cx 1.724 (2]

Dterinination of podassiun

Soil exfraction
First 250 £ 501l was faken inke o dry conecal flagk, Then 25 mil M ammeniam
acetate was added (using o pipettel Shaking for 30 minetes and Left for
avermight, Care was taken to avosd evapomation from the flask, Using Filter
paper whatman no, 42 the extract was flter vsing a dry funnel into.a dry
beaker or fask,
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Calealations

ax23

Crol(+) K per kg soil = meg K per 100 g soil = 3)

# = cmol{+) K per | messured on the flame photomaster,
g = gsoil used for the analysiz

Deterimtuation of phasploris ) )

The content of available P owas determined by Olsen method, Al P owas
determined colorimetrically after neutralization when necessary with dilute
HCT and NaCH anad thee negteal pH o mdicated by the light yvellow calor of the
solition in the presence of Fonitro phenol indicator. Absorbance for [ was
determined ata wavelength of 710 nm by double beam spectrophoiometer.

Lretermination of total witrogen

Three steps processes wene followed to determine total nitrogen;  First
digestions of the soil sample second distillation of the sample and third step
titration of the sample:

Digestion First 3 g soil was taken into a tube. Then ome-gram catalyst mixture
and 3 mil cone, H506 was added to the tube, Digestion was continded for teeo
hours at 3900C temperature. The “exhaust” pump was started and the
regulating valve was epened fully. After about five minutes the. suction rate
was reduced by almost closing the regalating valve. The digester was turned
off, the rack with the tubes was removied from the digester and placed it
beside the digester for cocling, Suction was continued for five minutes, the
exhaust manifold was removed from the tubes, and the exhaust pump was
rarreed of

Distillabion of Samples From a burette or 3 dispenser 20 ml 0405 M HCI was
taken measured into a conical flask, and place the Aask on the platform in the
distill. The platform was pushied up, Twiety-five ml water was added. to the
digestion tubes from the digestion rack. The addition of water was done
carefully while shaking, because the mixture becomes very hot. Then 25 ml
E3% MaDH was dispimsed into the digestion tabe. The content in the flask
which was removed from the distill, was titrared with 0005 M NaOH s
diescribed below,

Titration After removal vf the receiver flask from the distill, four drops of

indicator solution was added to the content in the flask, and titrare w_ith.ﬂ.ﬁﬁ
MalH until the celor changes from viclet fo green,
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Calculations

Q- M —heM
% M in the soil = Mot " N 1401 (£1)
i
Where, _
a = ml HCl measured into the conical Elask in the distill {usually 20,00
mil}

b= il WaOH used for fitration of the content in the conical flazk,
Mliscy = mnlarity of the HCL measured into-the conical flask,
Mloiaie = molarity of the NaOH used for titration,

© = g soil used for the analysis.

1 M= Myeon = 00500 and 3 2000 ml 00500 M HED {s measured into the
conical flask, the calculation will be simplified bo:
{20000 = b x 007005

% N in the soil = i3)
=4

Resulis and discussion

Soil pH

Al the end of three-yvear trial, soil pH was compared 1o initial value for all
tillage practices (Table 2). There was no indluence of tillage practices on pH
due to variations fn 501l depth. Apparently, pH values were the lowest in
unpuddied treatment (BE and 5T) than puddled ones (CT and SPWT). The
effect of residue incorporation on soil pH was also insignificant. In'lop layer,
PH wvalues weéve the lowest with TO0% residue ineorporation than o residue
uge after first maize and second rice crop. However, reverse frend was
ohaerved in second. maize and third rice crop.
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Table 2 Effct of tillage and residue retention on soil pH at twa soil depths
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SPWTET BRL - TAT OTST AN TAT &4 A4k B R
Be LA bl EF CE ) A 40 B8l RM
o BEl 73 79F TRR G743 AR sak. EE RM
M ¥ Thy YAl w4 AR R
5D Tillage {11 = M8 Tillage (11 = K5 Talage 1] =&
B di [CHE = NS R U1 = M5
THER =N THLR =R
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Maize 11 e 11
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SPWTSEL RNl RN H3R O OBE LR kI =P
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T = v entional tilage SEWT = Siaghe pacs et Bllage, ZF = Zovo dllage, B = Hod
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cormespends o 100%, FO% and 0% previoas crop cesidue selmbion, M5 = Mione
T e
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Soil orgawic matter

The effect of tillage on soil SOM was insignificant after crop harvest (Table 3).
There was a dechine in S0 with soil depth irrespective of Gllage practices.
SO increased-in the slmcc'zdinf_; g:rdp_l‘lar{rmt in both the layers,

Table 3 Effect of tillage and residue rebenfion on soil organic matter (%) at

twa soil depths
T A 20F Shake AT A S0
s Oy LRe LRy Mew Ol TRy CR Mhan  IHpy e Cle  Mep
75 en drpth
T L Le R s s B AR M ol
ST (8] 13 L] = LEo 1’8 1 (B L5}
LTl La (£ L3 15 141 L7 127 L7 {2}
a1 LM 14 Lm B [EER T T
Yo L3 L33 14 L&z 148 (5]
LEDem Tk (T} = W5 Tlga:(T] = b5 Tiiksze [T]= &%
Fklon (R = 38 Erabdin N
TCR =5 THCE =N
R A T R
W e 11 Aran ]
B 10 R e TR o
T (I RS - R 5. S TN I [N 1 |
i L 125 LM (=) 117 L LI (L]
=1 L3 14 k41 LH 15 5 17 Lk
] 1= 125 L¥ 15 A2 151
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SET AT aky dEF [IEY] el i 34 wELH (]
H' a4 a8} L) B a7 e L a5 Kin
=1 45 a LEL Brg 255 1 L) (%] (EL]
M OF 0w o7l LB T T
T - Talegn(t] = %5 Tl (1] = 85 Tilwge {11 = .
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Tk = b iR =85
< [N TR ey w17
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oL FIE R S i 1S = EEY 1A K | S
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After thivd crop: strip tillage increased soil organic mather compared 10 bed

ardd zero Hllage at 0-7.5 em seil depth. Initially, soil of the experimental plot

contained fess amount of organic matter, Thevalues measered at the ond of
the trial showed that there was an improvement in soil argamic matter in
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all the tillage trials. Staley et al., (1988) reported that intensive tllage opera-
tions result in more or less even distribution of SOM in topsoil, but in mini-
mum tillage the concentration of erganic matter was in the surface (0-3.cmy)
soil, Paustian et al, {1997} reported increased organic matter content with
comservation tillage. Conventional tillage practices have resulted n fower
carbon contents of agricultural soils due to increased decomposition rates
and carbon redistribution (Christenzen, 1996). Cultivation’ also simulates
snil carbon losses due to accelerated oxidation of soil carbon by microbial
action. In conventionally tilled soils, the organic matter was fairly distribut-
ed throughout the plow layer due to the eveénly: incorporation of crop
residues in the plowed laver. Examining the depth effect under tillage prac-
tices, there was a decline in 308 with depth. Accumulation of organic
carbon in the upper soil layer is evident under long-term no-tillage condi-
tions {Singh et al, 1994). After three vears, retention of crop residues,
irrespective of tillage treatovents, increased SO0 at 7.5-1531F cm soil depth,
Increase in organic matter in the 7.5-15 cm compared. to upper layer may be
attributed to the restricted decomposition. SOM value was the highest in all
the tiflage treatiments receiving H00% residue incorporation than no residue
incorporation: except in second and. fifth crop. 1t was due to the fact that
arganic matter increases due to decompesition of crop residue, Tillage
systems (o tillage or minimum tillage) that reduce soil disturbance and
résidue incorporation have generally been ebserved to increase SO0 (Mra-
betetal , 2001}, The findings of the stady showed benetits by the application
of residue incorporation, Ghoshal and Singh (1995) largely attributed these
beneficial effects to enhanced microbial acivity and soil organic matter:

Miknizen

Table 4 shows the effect of tillage and residue incorporation on soil M-at twa
depths, Interaction effect of tillage and residue retention on Nowas not signif-
icant at fwi depths in all the crop harvest. Titlage practices had insignificant
effect on soil M after all the crop-harvest. The total B eontent was the highest
in top laver than bottom taver. The total M conoentration was fairly similar
in all the tillage treatments. Soil Moavas not affected significantly by residue
incorporation in three years study. After three years crop production,
residue retention showed mo influence on total nitrogen: in the top Layer.
However, residue incorporation increased total nitrogen in the bottom layer.
fricrease in total M omay be explained by increase in soil organic matter.
Balesdent et al. {2000} concheded that mineralizable nitrogen in the surface
soil (-1 cm) was more in-case of no-tillage as compared with CT. The
higher amount af mineralizable nitrogen under no-till than under conven-
ticnal till may be attributed to greater pool of labile nitrogen with a slow
decomposition rate (Germonet al;, 1991; Balesdent et al., 2000) related this to
higher biomass production,
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Takle 4 Effect of tillage and residue retention on sodl nitrogen (%49) at fwo soil

depths "
Anum T Alwze 010 Fireas TUL
il CHo CHe O Sdeaw [ P T CHi  CHe Ty St
= [T - e
T DIE nar am. i T ] i
AT A ww am . ow i ] LE T L0
nr i W oam dE e R RE
& i [ R TR ST T T I ]
N [ 1 T 0 4R
[T Tllggil] sove Tl T 5% Tl 1] o %
(= T A o (T = S
T=ER =g T+Ch =M
=] (B ] 1351
ALaise 001 e 201
[&] DOT W 084 BiE R
ETEET oy ks am Fik e k0 i [T
B o e A Bie il Bar e L
&I L LUl Ll g Ere (L] e
ngn o s it B DM i
Ll Tz Ty =8 Tk 1 1= %5
Bk (TR = 45
TuR =Xp
(=Tl TNES ETIT]
{5 andeth
AL 208 Wiatro AT Araz T0U1
T . T T R T T ST T T T
TWTFET [i¥ T T ST R | aM ass apE n
g ] T T T S g Oty ARy R
ar [ A in B0 ni it a5 Al R
L L i, b s s s an
[ Tl (T =005 Tillaga ] = 12 Tl T = 5
Frwbibine i = B estd e Q0] m b8
Tk =S Trik = K5
[l EECT] FiECH S
'-l.-i.-i]!!l Aara i Tl
i AW o M W dW o a0 am
Ll e O e e s as o A8 0@
B E e L) (L) L) a% dit
=1 [L1C] (1L R i s L L] L
] E R a0
Llim DllggeeTi =25 Frlagr {F) = 15
2 H-thlnﬂ!_l T i R G
THTR =k THR =M=
W ) (TH] iz

CT = Comerniliriad Hilge: SPRT = Single’ pans vt tlage. £T = Zen titlage; B = Bed plantiog. 5T = Senp:
Hilago, CTC = Previons crop mwhd o mofundan; ST, CRe amad C e rzmes ponc e 100, S anad {0 pooviogs
rrop-tesidue ertentiom, 55 = hon-alg ficanr

Phosphorus

Table 5 shows the éifect of tllage and crop pesidue retention on P concentration, Before
hosting the trial, the sofl enjoved poor amount of P oconcentratioh, The data
demonstrated that soll phesplores was not atfected significantly - by the combined
action af Hllage systems and residue relontion ab v depihs dn afl the crop Eanreqt.
Thie procsphoris bevel wiss the hiaghest in the toflayer than the bottom layérs. Effect of
tillage on soll phosphorus. concentration: was not stgnificant aftes crop-hatvest,
Irrespective of Hilage pmcri.c&. phosphorus level was increased from initial condition to
thie end- of the experiment. Effect of CR onaokl ¥ was not signifseant alber crop Rarvest.
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It dhve el of three-vear trial, Peoncentration was alse incredsed irespective of level of
ressi nes incorposation at 275 oo depthe

Table 5 Effect of billage and residue relenhnn on 4ol phosphorus (pg g soil-

at two soil depths
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Potassinm )

Table & shows the eftect of tillage and residue retention on soluble ¥ of soil.
The tlllitge practioe * residue incorporation d.&momhah.-d ‘insignificant fFfecb
an K concenteation, Effect of tillage on soluble K concentration was not
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significant in both the layers. Effect of CB on seil K concentration was not
Ei'gm'ﬁﬁmtat two depths in all the crop-harvest, In each crop season, the.
Jnmtpmatmn of crop residue du:l. rl.o'L‘ErrFluafrmE ‘the swmta‘f:rle Kmnqentraﬁ,‘m'lﬁ
significantly’

Table § Effect of tillage and residue retention on soil potassiam
[ .rcqu:,v:leﬂr 100 gm suilt) at twa soil depths
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In the erd of the three-year trial, reto fillage increased K concentration at both
the layers: These results supported the earlier findings of Mahboubi ¢ al.,
(19934 of higher available K comcentratioms in rio-till soils. In the present
findings, the K concentration was higher in ZT. Yinand Yyn (2002} also
sheerved moresoil K in case of no-tillage as compared to deep Gllage. The
repeatied mo-tillage has resulted in vertical stratification of sedl K {Holanda of
e 1998, Yinand Vyn, 2002). Only change of the exchangeable K could not
capture the full story of the K history. Becauseincorporation of crop residues
added ahuge amount of K, some of swwhich may have incorporated into the
non-exchangeabie form to maintain K equilibrium in soil,

Canelusion

The values measured at the end of trial showed that tillage practices with crop
residie retertion improved soil chemical properties such as pH, soil organic
maltter, podassivem, phosphorus and niteogen comeentrations.
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CHAPTER VI

ENERCY CONSUMPTION IN CONSERVATION AGRICULTURE
Unpuddled rice-maize cropping systems

Abskract

Energy budimel is essenitial for efficient management of the resources
in agricultural production, The energy balance under different
consrrvation bllage management prackices i rice-maze cropping
systems durir% 20012 was assested by cimmparing the paramsiers:
EIHTRY inpu:. energy output, enengy |'.rr|.1d|:u;ti1.'ir:.-' A ENETRY
cutput-input ratic Energy input in conventional hllage (CT), single
pass wel tillage {SPWT) in rice followed by zero Liflage (ZT) in
matze, bed planting (BF). and skeip. bllage (5T) were 4853, 41.51,
:1.1.!{'-'-' arud 4105 G hat, n£.'|:ﬂ}~.‘:ti.ve|.1.,-' n rice-maise prpi.ng Sy Sbers.
Resulis revealed  that the maximom SOCTRY  Was comsumed  for
chemical fertilizers. Tillage energy ranked second: in conventional
tillage and ranked fourth in minimum fllage options. The lowest
epergy input was requited for malze and the highest for vice due to
Jess drrigaticn water requicernent in maize. The energy cutput under
all tillage options was bwo folds higher inmaiee than e duee to
increased  grain wicld, Energy outpal was. insignificint doe’ fo
insignificant wield difference. Minimum hllage showed 14-17%
increase inoenergy productivity and 19-26%  imcTease In energy
output-input ratio: However, from the energy saving pointof view,
singie pass shallow tillage inrice production followed by cero Gllage
in muaize cultivation may be comsidered bc-‘l‘l‘c'rrrpli-;rrq: dvl:pcnd'ing on
tha resources availability in rice-maize cropping system,,

Keywords: Direct enerjry, direct energy, energy productivity,
eneriy ratic

Introduction

Energy is the key inputs in moderncagriculture. Effective energy use is one of
the conditions for sustiinable agricultural production, since it provides
financial savings, fossil resources preservation and air pollution reduction
{Uhlir; 1998). Emergy use has recently increased in agricoltune in response fo
increasing. populations, limited supply of arable land ‘and desire for an
increazing standard of living: In all societies, these factors have encouraged an
increase 0 energy” inpuls o maxinize vields, minimize labor-intensive
practices, or both (Esengun ef al., 2007). Productivity of agriculture depends
on adequate inputs such as power {farm machines, human labor, animal drafr,
eléctrical), improved sceds, fertilizers and rrigation water. The ridlation
between agriculture and erergy is very complementary to each other. Crop
yield i directly proportional to the energy input {Srivastava, 1982) In
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comparison to conventional culbivation with plough, the fuel consumption
could be reduced for cultivation by two to threefold with a senp-tllage svsteim
ilsbam et al, 2012). Fuel and fertilizers (N and P} account for the largest share
(>73%) of all enerpy expenditures i1 a muxed cropping systeim (Safa and
Tabatabaecfar, 2N, Bockari-Gevac o al, (2005} reported that the highest
average operabional energy consumption was for Bllage (1747 M] harty, which
accounied for about 48.6% of the motal operational energy consumption (35%
BT by, fodlowe] by Tarvesting (1171 MJ hat, 326%) and planting (563 -M]
R, 15.7%) in the low land rce producon system in Malaysia. The energy
saving of 5% and fuel saving of 30% were achbeved by site-specific Hllags as
cormpared o uniformedepth Gllage o loamy sand soil bpe (Alimardan o
ol 2007y, Dhie to dncreasing fuel prices, enecgy eHiciency in plant productien
became an increasing awareness. i:rm.-weﬂ-at'inn tillage requires less total
enery fo achieve approximately the same crop . production levels as
corventional blfage eystems (Smith o al HN2). The priovarvy objectives of
mechanizing crop produckion are 4o reduce human drudgery and o faise the
cabprut of B by edfher increasing the crop vield or inceeasing Hhe anca ander
coltivation. These can only e dare by supplementing the traditional energy
input fe human Eabc:'ut with substantial investments b farm machinery,
irrigation equipiment, ferhlizers, soiland water conservation practices, weed
management practices, etc. The energy and agriculture relationship is
Becoming more and more inportant with the inbensification of the cropping
systems; Energy budgets for agricultural production can be used ag first step
fonwards kdentifving crop production processes, The input elemwents need to be
identified in order fo prescribe the most efficient methods for controlling
themy, The benefits of energy analysis are to determine the energy inwvested in
every stop of the praduction process, bo provide a hagis firr conservation and
byoaid in making sound management and - policy  decigions. For efficient
management of scarce resources for improved agricultural prodection, This
would identify cost effective production practices. Therefore, this study was
undertaken b expedite the dirsct and indirect energy consumption under
conservation tillage practices in rice-maize cropping system of Bangladesh.

Nlabarials and metbuwds
A field experiment with a rice-maize rotabon was conducted during 2009
2012 at the regional station, BRRI Rajshabhi, Bamgladesh (240N and
BR"30°E). The experiment was laid out in-a-strip plet design (Gomez and
Gaomez, 1984) with tillage opbions as main plog treatments and crop residue
retention in subplots, with theee replicationg, 0 explore the interacton
between tillage and residue retention. The tillage treatments were:

o Puddled conventional tillage (CT) for rice; CT for maize

= Puddled single pass wet tillage (SPWT) for rice; zeso tillage (ZT) for

Mhaize
= Unpuoddled bed planting (BP) for foe; dee BP for imaize
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= Unpoddbed strip tillage (5T) for vice and dry ST For maize

The crop residue mtention treatmenis in subplots were T00% (CRyg). 50%
(CRa) and 0% (TR}, Subplof size was 8.5 x B o There was a 1 m owide trench
betwieen blocks toallow for irrgation,

Ini rice cultivation, CT consigted of two passes primary tillage by bwo wheel
tractors [2WT) and exposed o sun for two days followed by inundating
whole plot and  puddling by 2WT with two passes o complete land
preparation. In SPWT, one pass tllage by 2WT atter inundating the field. 5T
and BE were done by versatile. qulti-crop planter (WVMP) in gingle pass
operation before inundating the Aeld. The land was fully inundated one day
before transplanting in unpoddied plots. Seedlings were tranaplanted inko
puddled conditions {CT and SPWT) and unpuddled conditions (BP and 5T),
In maize culbtivation, CT conskabed of two passes peimary tillage by 2WT and
exposed o sun for two days followed by two passes secondary tillage by 2WT
to complete land preparation. 2T, BP and 5T were done in single pass
operation by VME. Az per teeatmient sequence,’ previous crop residue was
spread. in o between  rows  of rice and  maize at 20 days after
eramaplanting/ seeding, Resudue meorporabion. was starked after sk rice crog,
Rice varsety BRI and maize variety NEM) were grown in this expenment.

Table T presents the ferfilizer application rabes for rice amd maize, following
the recommendations of BREI (2001) and Mondal ¢ al., (2001} In both the
craps ferilizer was applied manually. In rice culbivation, the entive amount of
triple super phosphate (TSF), muriate of potash (MP), gypsum and zing
sulphate was broadeast and  inworporated ot the soill at fnal land
preparation.

Tai!h, 1 Fertilizer apphi‘a.hlsm rate i:.[-tg bt} for rice and maize

{'m}'- Urea Muvisteof T riphe -';uper Zine uu!phate Gypsim ]
potash phosphate
Rice 175 110 N} 10 106
Mlaize i85 277 7 17 155

In BP and ST, fertilizers were broadcast before Hllage operation. Urea wea's bop
dressed in three equal installments. In maize cultivation, one third urea and
full dose of other fertilizers were applied during last plowing, [n case of £T,
BF and 5T, fertilizer was applied carefully in rows by hand after seeding at
one-centimeter distance’ from seed to avoid seed and fertilizer contact. One
third of urea was applied at the 5-10 [eal stage and the rest at the 20-22 eaf
stage. Weed infestation was severs in all the plots diring first rice and maize
crop: Hand weeding was done twice in rice and maize crops. Roundap® (a.i
73.3% glyphosate and 2.9% diquat} was applied @ 373 L ha”' from the secomd
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tice andd maize crop one day befage land preparation. Roundup® reduced the
severity of weed infestation incall tllage trials, but & did not reduce the
rumber of weeding operations in rice'and maize crops. I the second. anid third
tioe erop, pre-emergence weediclde R (ad. 50% pretlachlose) was applied
@ 1 L ohat at four days after tramsplanting, The insecticide Sabion® (i 10%
diazinion) was applied @ 16 kg ha'l ab the vegetative stage & control shein
borer (Sciepapiiaga iecertuled) in vice calbivation, In rce cultivation; irigation
wans applied when needed, in measured quantities, Tn maize cultivation, the
first, second amd third ircigation was applied at the 3-5 810 and 20-22 leaf
stapes, tespectively. The faurth irfdgation was applied 1520 davs after the
third irrigation,

The inputs in the form of labor, diesel, seed, chemical fertilizer, plant
prafechon products {nsecticides/ pesticides hedbicides) ased in different
stages of crop production and outpots ehiained o terms of yiekd were taken
inta consideration by appropriate use of energy conversion factors (Table 23,
The energy use was calculated for agronomic operations namely, [ lTand
preparation, (i) puddling, (i) seedling raising and  transplanting,. (iv)
sowing/planting,  (v)  terculture/weeding,  [vi) irrigation, {vii) crop
tnatiagenent, (vii) harvesting and threshing, Energy input was also classified
ain the basis of source, whether it wasdirect or indirect.

Table 2 Energy values used in energy calculation

annm,- aquivalent (B umnit ')

Particulars Llnit Retenoges

A, I'anpul-;

Hurnan Lakor h azd Bialaanct Husaain 19602

Machimery h irdry Erdal ot 2007

Diescd fuel L 5 31 Erdal o &, 207

Chemical fertilizers ke

{a) Nitrosgen (M) &b 14 Esengun et ul, MKI7

[} Mhosphate (FA05) 1244 Esengun ot al. 2007

[y Polassium {00 1115 Esengunet ol,, 2007

() Exne [#Fn) 40 Argire et al.,; 2006

Coveduny, ki 11 Thzla ard Hussado, 19402

i Chemdoats (granular) ki 120 Camnakei ot al. HKI5

te. Chemndcal {liquid) mil [IEN] E‘w.‘dan':ﬂm‘_ 19078 Bimming; of
ar., 193

Wartor'dor |rr1;.}a|.'inn mt 1 ."Lcamﬁ!u ang- Akeoy, W5

Sead {enaize] ky 1500 Birmingef al,, T

Seand {paddd) kg HAF Bala ared Hitesain 15602

B Chatgrubs

Grain paiddy kg 1457 Flaared 1ussain, 1962

Chraln maize k!'- 15,10 Bh'rn.mg el TREY

Shraw kg 1250 Clzhan vl ol 24
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The divect engrgy input i5 the energy consumption of physical energy
resourees: for- physical work in field operations, Energy input-such as human
Laber and fugl consumption have been considered as divect energy input,
Indivect enargy s the energy used B produce equipment and ofher goods and
services thatace wsed in the fann, Physical energy input incterms of energy
frvm the mechanical power source, chemical and Biological dnputs were
considersd as indirect eiergy input. Chemical Fertilizer and pesticide wers
considersd as chemical energy input while seed is considensd as Biological
energy input. Energy productivily was another way of determining the
efficlency of energy wse. Energy productivity was calouwlated from the
fuotient of geain vield to dnedgy input, Enerpy output-ingut ratio [enedgy s
efficiency) was calculated. fromy the quotient of energy value of outputs amd
energy value of the sum of all direct and indirect inpuis,

Computation of energy inpufs, outpuets, produckvity and ratic

The enetgy mnput, autput, output-input ratto as well as  the  energy
productyity B rice and maize cultivation were caleulated based on Hhd
following formula as descrbed in Chamsing et al., [ 2006)-

Ermedgy inpat (Fi)
Energy input {Ef), G hat = Ef + Es (1)
Where,

Ef = epwerigy input in Garm operations, Gl ha?

Es = energy sequestered of machinery, GJ ha
Energy input in farm operations ()
Energvanput in farm operation {G] haty = Phy + Chemn + B (2
Where,

Fhy = Physical engrgy input infarm operation, GJ ha’

Chim = Chemical encrgy-input in farm operation, G ha?

Bic = Bielogical energy input in farm operation, GGf ha'!

Energy sequestered in mechanical power sources; (Es)
Energy seque-.a_t'-pl'ed i machinery was caleulated as l'ath:uwii'ug formula:

Energy segquestered, G] ha® = Mxh (3]
Where,

M = Energy séquestered in manufacturing for machinery, G b
h = Machioe warking hour, h ha-
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H‘nm’gy output {En) \
Energy output was considered of main product and by-product.

E:n;rgg.r output, G hat= {Yield x Eegm} + (By-product:x Eeghb) 4
Where,

Eagm = Energy equivalent value of main product

Eegle = Energy equivalent value of by -produoct

Energy prodactivity {Ep)
Crop vield, ki ba ™

Ererpy producivive, ke Gl = k]
wrproe s Eneroy inputs to crop production, GI ke =
Energy outpat-input ratio {Energy use efficiency)
] E LGl
Erergy guipul - inpel ry =- Lol L A 18

Enerzy inpusts weeop production, G b !

Results
Operafion-wise eneryy distribuiion

Rice cultivation

Cliperational  energy was  computed for the  seedling maising,  tillage,
transplanting, weeding, fertilizing, spraving, barvesting and winnuwing
Table 3,
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Table 3 Operation-wise energy input under different tillage options in rice

cultivation
T SPWT Bl &T
Dyeration Glhaty  IGEhat)  iGfhe) (GIhal)
e
Seedling raising 1452} Q5 (2 45 (2 (el {3}
Land preparation RA0(I5 G162 253012 1138
Transplanting and
werding (08 {0} 0.0 {10y 012 (1) (L1841}
Fertilizer application 9.93 (37) 9,93 (3] 9,93 {44) 9.93 (52)
Plant protection 3315 ASA(IS) 59319 3930
Ierigation EFL(2L)  RTO2)  A20(16)  32WA7)
Flarvesting and
TRV (R {0} LLEIER)] 0040} (.04 {0}
26,754 26.2% .27 1909
Total {1 {100 {10 {100
Ttice 00
Seedling raising A3 {2} 04512y 2432y 060 {3}
Land preparation TOLER) 32115 23743 1.74(8)
Transplanting and
weeding 012 10 016 1) 048 (1) 161
Fiertilizer application 9.95 (40) 9.95 (4] 9,95 (49 995 (48]
Plant protection 3F3(16)  BUA(IH)  A9RQY) BUE(Y
Irrigation 354014) 413019 35717 43821
Harvesting and
winnowing (L0 (i3 0003 (1) 00300
' 25.01%a 2186k Hidse A
=l (100} _{100) i L
Rige 2011
Seedling raising 145 (2) BA5 (B 045 6 {3)
Land preparation 074 (27 32515 281414 235 {1iy
Transplanting and
weeding (08 {0} QL1 (L 0I2 (1) 111}
Fertilizer application 0094 {40 9.9 47) 9.5 {48) 094 (45)
Plant pratection GRS 438{21)  43R4IL) 438020
Irrigation 0712 F11{13) 24T {14) 3R (20
Harvesting and
winioing (.06 {0} LR O [ (.06 -{0
247la 21 3 K172 21.60b
Lok, 1o, {lﬂUi '[1'3“33 e‘mm

O %) = L2 and in Aman 11 ISEJun D.'.I\L‘p‘l, L=
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In puddled CT, energy associated with diffevent operations are: fertilizer 37-
40%, Bllage 25-38%, irrigation 12-21% and plant protection 15-18% of total
energy consumption. Fertilizer ranked first and tillage ranked second as
input énm’g}r nCT.

in unpuddied BT, ensrgy associated with-different nperations accounted as
fertilizer 48-49%, tillage 12-14%, irrigation 15-19% and plant protection 19-
21% of total energy consumption. Fertilizer ranked first and tillage ranked
fourth as input energy in B, Similar pattern was observed in puddled SPWT
andd unpuddled 5T, Three years average data. on rice cultivation showed that
energy input was the highest in CT followed by SPWT, BP and 5T. Energy
input was the lowest in 5T comparned to BF due to the lowest land preparation
energy whereas, irrigation energy was the highest in ST, SPWT, BY and 5T
saved 15%, 20%, and 0% energy input, respectively compared to €T, The
introduction of unpuddled BP and 5T and puddled SPWT in wel season rice
cultivation allows o major reduction in the number of mechanical cperations,

Matee cultivabion

In madee cultivation, energy was computed for all the operations (Tabde 4).
In-CT, emergy associated with different operations accounted fiage T7-19%,
fertilizer 75-T6%, irrgation 1-3% and plant protection 3% of total energy
somsumption. Fertilizer ranked first and tillage ranked second in CT. Similar
tremd was -observed v other tillage operations. Minimum tillage systems
aceounted fertilizer 82-93%, fillage 4-11%, plant protection 3-31%, irigation 3%
of total energy consumption. Tillage praceices showed significant effect on
energy inpub ‘tn maize coltivabion. Averaging three vears data m maiee
cultivation showid that enatyy input was the highest in CT followed by BP,
ST and ZT. The minimum tillage ZT, 5T and BP saved 15%, 12% and 9% af
energy input compared o CT in maize cultivation, Combining the impact of
tillage treatment, energy input in CT. SPWT in vice followed by ZT in maize,
BP and 5T was, 49, 42, 42 and 4T Gf ha-, respectively in ride-maizé coopping
Systens;
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Table 4 Operation-wise energy input under different tillage opHons in

maize cullivation
CT T BP L=
Ciperation (5] haty 2] haly {a) hat) (5] hat)
haize 2000
Land preparation 4.17 (18) 00T {0y 230 (11} 165 (8]
Seeding (27 (1) 025 (1) (23 (1) 02341
Waeding 013 (1) 032 (3 017 1) 0241
Fertilizer application 1777FEN 1777(98) 173784 177IF(EY
Plant protection 0.0y 0y o a4{m
Trrigation 66 {3 a5 {3 a5 {3 061 (3
Harvesting and
shefling (107 (0 (k0 {0y 007 06 [
23.00a 19.07d 2119k bl
Total (L] (1 (10 {1400)
Maize 2011
Land preparation 354017 (151 {4 187 (%) (BT (4
Seading L2613 24-¢1) (23 (1) (.24 (1)
Weeding 03 (0 T (00 a3 0.02 (0]
Fertilizer application 127978y 1770 EN 1770 (B3y 1779 (BB
Fank protection I77 (3 77 (4 0377 4) 77 4
Irrigation (6 {3 (L5383} (uob (3) 053 (3]
Harvesting and
shelling 010 () 0,140 ) LR i) Q100
2352 20420 2145k 20.33d
Total {100 1000 100y {100
Tdaize 2012
Land preparation 4,39 (19 L0 E 233 (11) LAl (7
Seeding 25 (1) .26 (1) 0.24 (1) 026.(1)
Weeding (07 {0 .05 (M 0030 (.06 ()
Fertilizer application 177875 1779 (88) 17.70.08%) 1779 (86
Plant protection 77 (3) .77 (4% (.77 {4) 077
Irrigation (34 1) (3023 (L35 {2) .28 (1)
Harvesting and
shelling (L8 (0 (L8 [0y 00810 (.08 )
23.71a Z13Md 21.58k 20.75¢
Tutal £100) {1000 (100 {100y

Figmires in thwe parintivsi inticabe e prrdentaie. To maize 10, D500 = 51 OV 1) =123, inmaine 173,
1500 =012 GV (%) = 0029 and i nsalzd 1, LS00 = 115, OV ) = 037
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Sourte-wise energy distribution
Rice cultivation
Table 5 presents the source-wise energy distribution in rice cultivation under
different tillage practices. Direct energy included fuel and human labor. Direct
energy consumption accounted for-only a small proportion of the total energy
consumption tanging from around 9-12% in CT, 7% in SPWT, 8-9% in BP and
4-7% in 5T. Direct energy was the highest in CT-and the lowestin SPWT due ko
differénce in fuel use. Fuel is the main contributor of direct energy with 8-11%
i T, 5:6% in SPWT, 7-8% in BF and 3-6% in ST, Indirect energy consumplion
included. seed, machinery use, fertilizing, plant protection and irrigation.
Indirect energy shared 88-91% in CT, 93-M% in SPWT, 91-92% in BF and
B3-961 in ST, '
Table 5 Energy consumption Based on energy sources under different
lillaﬁ{e_ql_:ﬁhmg in rice cultivation

ot

AT B T
il i) haty Gt iRy N
Rive 2002
Lomect enenzy
Fuel LK e B [ ] 5 {3
Fluian 016 (1) AT 250y 035 (1)
Subiotad EN A1 TTh [ V]
It oo rey A
Sapd 0 04413 oA {E 038 3
rachirery L] LB L 5% 5 TR
Fertilizing 093 (37 I I kil
Flant peodection ECENE 29315 83 154 359421
ITigaticn AT1EL i g ] 3218 e By
Szl AL FRER ) 18,51 43 16,3 )
Total 2R75 (100| P ety ] 2027 (1 T&10 {100
Ricwe 2010
vt wmuengy
Fuah bl | 17| D.f"g ™ L.E3{T) L& 50
Hiirm RN 0241 s 34 )
Sl 1.3 LEE 56 {5 13148
Irwdlnect se gy
S G 13 A Rr] [ ] 038 (1)
Maclirery L9320 222104 104 {5 05 3
Feriliizing U4, (a0 e ] WA 403 18]
Flan! pralection 303 (18 IR A0S 343410
Ievigabices 35471 FRETE LT (17 438 4218
Subiotad I3 7 {HE) 206 jlak TR 1544 =)
T'otal i L] B RS (10 s 100 s ]
Rice 207
Damctenenoy _
Fuict EE L2708 15 178 &)
Human BT L AT (21 LR IE R
Smbioial ERELE 14717 (] 1587
Iesdinect oo gy
S A (2] D443 PG E [}
Machirery ZOY(15 1.0 9 LI (L7 ()
Feililizimg o453 4 203 (4T L 5,33 iz}
Hant protection L3815 4520 e ) A3
[rripation T H AR HE LT 438 {3H
Submjal J0.73 ) 15,82 (03 1H‘?‘!{92| 0R393)
=L i 22 LT 1 . . [N - | .1 ML

Indirect €Ty cantributed TNEKIMIEN energy cu::rmpared tor direct. energy. in
fice production. The largest source af indirect energy consumption was from
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fertilizer 993 C:] ha' {37 i 52 % of the total energy consumption). Seed energy
was the higheést in 8T compared to other tillage operation. Machinery energy
was the highest in CT followed by SPWT, BP and ST.

Maize cultivation
Table & presents source-wise energy distribution under different tiflage
pragtices in maize cultivation,

Table & Energy consemption based on energy sources: under different
tiI'iaEe oplions in maize cultivation

CT ar EFP 5T
e i1 bt} 65 Bty i hat [l oa]
Wlai 2000
Direct energy
Fisel ZTENY 200 0 15607} .53 63
Hurnan 026 (1) 043 12) 0,251} B3
Subtotal LY 043 2] 18209 1.26 (1)
Indirect ererpy
Sesen] a2 {1 0220 033 (1) 023 (1)
Marhinery 138 6] (LN fii D74 174 ()
FertilExing el pi] 17.77 193) 1737 () 17 i)
Plait privtisction oo i &} ol
Irrigation G 3 {145 73] (L5 (3 06 (3)
Surbotal I {57) 1864 (%) 14,38 (31} 19,452
Tatal 306 [100) 1907100} 21191000 3061 {1
Watize 20T E
DHeect T
Fusal I E 034702 1153 422
Human 0208 0191} IR [T AT
Sibtatal 2709 =) 153 [3] 133 (4} st ()
Indirect energy
S Az 2:22 (1) 83211} DL
Machinery 194 {5 0155 (% 0L EH 430
Fertilizing 1777 {76) 1777 [B7) 17.77 (A3} 1737 (87
Planit protection 077 3. 077 [4) 07714} 07T {2
[ripgation (et (1) {154 (%) 56 (3 )
Sulrbatal Z1334T) 19,48 197 212 (M} 1971 (070
Tatal AR5 [L00) .42 (100) 21.45 {101} 03T {1
Mnkze 2002
Disect energy
Fusal 252 .51 (3 13718} EE{4)
Himnan (ifek 1] 0230 ®iF 031
Sulrtatal 2751 074 11 LA (7} LTS
Imdirect chergy
Seand 0222 13 d) 22 Ay i)
Wachinery 185 [8) 0,50 [2) 14k (5 RS {3
Fertilizing 177475 A777 158 17.77 (52 17,57 (8
Paid protection 077 3 077 [4) 077 (4} (iR
Irrigtion 034 (F) 030 2) 0.35 (2} L35 (1)
Suhtotal 2 (R 14956 (%) Hh14 095 15,68 (55)
Tokl Z371 0 HL30 [ 21.58 {300} 3055 {1
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Diirect ENETRY consumplion also accounted for onky a small proportion of the
total energy consumption, ranging from around 913% i CT, 2-4% in £T, 6
@4 in BP and 3-6% Gf hatin ST, Fuel is the main contributor of direct energy
with 8-12% in CT, 2-3% in ZT, 5-7'% in B and 2-4% in 5T, Direct energy was
the highest in CT ang thee lowweost in 2T due ko difference in fuel vse, Indirect
energy contributed maximum energy compared to direct energy in maize
pmdu-.ctinn. Indirect energy shared 37-91% in CT, 96-98% in ZT, ¥1-94% in BP
ard 94-97%in 5T, The largest source of indirect energy consumption was from
fertilizer 17.77 G hat (75 to %0 % of the total energy consumption). Mechinery
energy was the highest in €T followed by BE ST and 2T

Energy onfput-input relationship

Rice cultivation

Table 7 shows the energy output-inpat relationship in rice cultivation. Energy
gain was varied acress the tillage treatmment. '

Table 7 Energy output-input relationship under different tillage options for
rice cullivatbion

Tl  _ Tioe 2O e 2010 e 201
practice Esirgy kP FR Freng F¥ ER Enargy EF. FR
cutpel  TRaGH) cutput (ke Gl sutputitl (kg Gl
(5 hiry {5 harty hiarty
=] 125 1% dn 1® ir 44 187 wETh
HET/SIWT 125 171 48 119 bt . i £ T
BF 121 b { B 111 7 55 178 3T Bh
s 13 &S 114 i 55 18 M4 &4
AV B 58 RT 11z s ASL 150 131 177

Ay M5 085 049 .07 M5

EF = Bty produsiinity, Elo= Easrgy eurpabimpat eafi

Bl 00

Differences I energy inpul and similar vield resulted in a large variation of
energy balance in wet land rice cultivation. Tillage treatnvent showed significant
effect on anergy productivily, which was the lowest in T compared to other
tllage treatrnent. Evergy productivity was abmost similar in SPWT, B and 5T.
Emergy productivity was 26%; 20% and 20% higher in SFWT, BF and 5T
respectively compared to CT. Tillage treatment showed significant effect on
energy output-input tatie. Which was found identical among SPWT, BF and
ST. This ratio was the highest in third rice season due to'increased yield in all
the tillage operations: It was 14%, 21 % and 235 higher in SPWT, B and 5T,
respectively compared to CT.

Maize cullivation

Table & shows the energy output-input relationship in maize cultivation. The
energy oufput per it area showed non-significant in ‘miaize cultivation
except in thied year. Tillage practices showed significant effect on energy
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productivity. Energy productivity was significant in the second and third
maize crop whereas, insignificant in firsk maize crop. Energy productivity was
the highest in 5T follewed by £T, BF and CT. Energy productivity was 16%;
I1% and 22% higher in ZT, BP and 5T, respectively compared o CT: Tillage
practices showid significant effect dn energy ootput - input ratio. [t was the
lowest in CT compared to other tillage treatment.

Table 8 Energy output-input relationship wnder different tillage options for
maize cultivation

Tilbgr Mate 3010 Mains 3011 Mate 2011
pretive Eedgy EI" ER Encrgy EL* ER Energy B 53
dutpat kg Gl aukput kg G| wukput g Gpt
o hat (G haty 1G] hay
) 22 EE 108 FIT.] L [+ EET) 47k 147
4 ] = E 131 ] S ne 24 i 172
B 28 4 15y = &y .y ML Sim 158
=13 ch] ol 114 Hi g ns E1ns [y 15
O %) B T T ST 120 5HI [LE:) a3 1]
15T NS hES 14 s £5 1.27 £33 L) L&

EF = Energy preductivily, ER = Energy oultputinput ratic

In comparison to CT, energy output - input ratio was 23%, 14 % and 24%
higher in &1, Bl and ST, respectively.

Rice-maize cropping systems

Yearly energy output of rice-maize cropping svslems varied directly with
gramm vield and energy content of the grain (Table 9. Averaged across the
cropping svstems, there were no differences in energy output amorg the
lillage treatments, However, the energy output for maize was iwo-lfold higher
than that of ree: In docmaize cmpj:ri:ug systems, energy output was the
highest in SPWT foliowed by £T and the lowest in CT. Energy output-input
pathe was the highest in SPWT followed by ST and the lowest in T, 18 was
25%, 19% and 3% higher in SPWT followed by ZT, BF amd 5T, respechively
comipared o CT. ' }

Table 9 Energy output-input relationship under different tillage options in
rice maize cropping syskem (average over three seasons)

llzzge Ko Mlaire CPIPpE SYsheiTe

pricthe Frusrgy v ER Frergy Eneney EE Enemyy Erarrsy ER

Inpust amlpat It (e puk Input nifpt

Gl hat) R Wl hatly Gty i) Wty O ha)
CT 15 140 e ] 6 1.5 @ 405 &3
SAWTLET jod 152 EA S ] st M1 4z 43z 4
1 Hi 137 AT | 0 131 4z 415 55
5T Pl 139 nfH 2 93 14.2 1 431 Tk

ER = Energy outputinput ratio
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Discussion

In rice cultivation, energy input for fertilizing represented the major part of
total inpiut energy (39-52%), which was more than that of percentage energy
utilized in fertiffzing reported by Chaudhary o ol {2008) and Islam ef ol
(2001} In maize cultivation, minimum tllage systerns accounted erergy for
fertilizer &2-U3%, titlage 4-11%, ]:l!alit profection 3-3% and. irrigation 3%,
Clements of al., (1995) reported that the percentage of energy input attributed
to pesticides was 4-7% for maize, which was almest similar te this finding, In
all titlage operations, fertilizing and land preparation contributed mast of the
energy . input. Fertilizer-related energy . input was more important than fuel
consuniption. Similar dose of fertilizer was applied in all the tilage trial. Only
larmidl preparation energy was the major determinant on emergy input. Input
energy requirements in seedling raising, seeding, transplanting: weeding,
irrigation, harvesting, threshing and shelling were lower tham that of enargy
input in fertilizing and land preparation due to the fact that these aperations
were labor intensive and low energy efficiency of labor compared to other
operations. The total operational erergy requirement for rice was higher
because of maore energy consumption in irrigation and plant protection
compared to maize. Plant protection energy was lower i maize than rice due
to less prone to disease, [F was worth mentioning that rice was grown under
irrigated condition and required 15-17 number of irrigations against oniy 3-4
for maize. COn the other hand, fertifizer energy requirement was almost double
in maize than rice cultivation. In soUrce-wise  eénmergy anabvsis, fuel
consumption for both rice and maize varied according to tillage treatment,
Fuel consumiption comprised the lowest percentage of total energy input in
the ZT and the highest percentage of total energy input in the CT. Human
input was low in CT cempared to other tillage operations due to less labor
invelvement in crop  cultivation. The other major forms of energy
comsumption were in irrigation, machinery used i conventionally tilled
systens and plant protection. Minimum tillage decreased direct fuel use and
reduced indirect machinery use in rice-matze cropping systems,

Erergy inpuit in minirmum tillage was bow due to the bowest fuel and labor
requirement in land preparation. The minimum tillage 2T, ST and BP saved
15%, 12% and 9% of energy input compared to CT in maize cultivation. The
energy input for land preparation decreased cm15{de'1'ahl}r with the reduction
in the number and intensity of tillage operations compazed with CT. In-this
study, the iowest percentage of energy input occurred in the minimun titlage
and the highest in CT. These findings supported sevéral investigations that
the energy input for foel consumption can be reduced with minimum tillage
management (Franzluebbers and Francis, 1995 Borin of al., 1997 and that the
highest enersy wee oocurved with CT (Bailey ef al, 2003). In system-based
analysis, the minimum tillage (SPWT followed by 21, BI" and ST) saved 14-
16% energy input compared to CTin rice-maize cropping systems. The use of



Energy consumption in conservation agriculture

minimum tillage practices provided significant energy savings compared to
conventional tillage practices. Zentner gt al., (2004) reported that these savings
were often offset by higher energy requivements for herbivides with
conservation tillage management. Energy used for tillage and  herbicides
depends on the type of weed management system used (Swanton efal., T996).
The energy output per onit area was fairly similar due to 'in51'gm'f[1:an! yield
differances. The erergy cutput for rice and maize exhibited a similar pattern
to-tillage. In contrast, Sentmer of al, (2004) also reported that energy output
was generally lower with conventional tillage {sweep cultivator) than with
minimum or no-till management. Energy cutput-inpat ratio was the highest
in SPWT followed by 5T (10.5) @nd the lowest in CT (3.3). Energy ratio of ZT
and BF was 10:4 and 9%, respectively. Energy output-input ratio was higher by
25%, 19% and 26% in SPWT followed by T, BI and 5T, respectively compared
te CT. Energy output-input ratio fended o increase when soil tllage
operations were redeced. This is in agreement with Borin et al, {1997). Many
researchers reported that minimum tillage maximized the sutput-input ratio
of crop production systems.

Conclusion

The minimum tillage (SPWT followed by 2T, B and SThsaved 14-16% enerioy
input compared to T in rice-maize cropping systerns. Energy productivity
and energy output-input ratio in minimom tllage wene 14-16% and 19-26%
higher than conventional tillage in rice-maize cropping systems. Single pass
wet tillage in puddled transplanting followed by zere Hilage in maize
cultivation, bed planting and strip tillage was more enerey efficient in ferms
of energy costs and energy produced in rice-maize cropping evstems.
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