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Comparative Factors and Income Share of Power Tille
and Draught Animal Power in Rice Production

M A Quayunt and Amin Muhammad Ali

ABSTRACT

This study takes an attempt égsess the differences in income distribution antbegparticipants in modern
rice (MV) production using power tiller (PT) andadight animal power (DAP) in 2003 in some selecreds
of Bogra, Comilla, Chuadanga and Manikganj disdriat Bangladesh. The highest share (43%) was atdrye
the current inputs of Boro rice followed by humabdur (32%) under PT users. In case of DAP usetsehi
shares were attributed to current inputs (46%)ofedld by human labour (35%) for Boro rice cultivatio
Human labour earned the largest share of outpcése of both PT users and DAP users for MV T. Anaaual
T. Aus cultivation but the share accrued to the &itabour was always lower in mechanized farmsygars)
largely as a result of the decline in use of fanhllgour. The larger shares were attributed to tedidn PT
users’ farm compared to DAP users’ farms for gllety of rice such as MV Boro (8%), MV T. Aman (24%),
and MV T. Aus (17%). The income share analysisdatgis that hired human labour earned higher incirase
under PT users (both owner-users and hirer-uskes teogether) than that of DAP users (both owneraiand
hirer-users taken together). Similar results werenfl in case of pure owner-users and pure hirasudeboth
PT and DAP. The imputed total cost of a factor asaportion of total value of the crop grown was trighest
for human labour irrespective of cultivation methesed. Share of farmer in total value added inditop
production was higher when DAP was used for ricedpction. Share of hired labour in total value atldas
greater for PT than for DAP in MV rice production.

!Senior Scientific Officer, BRRI, Gazipur afrofessor, Department of Economics, Jahangirnagaetsity, Savar, Dhaka.

INTRODUCTION

Traditionally a pair of bullock is used for landeparation in Bangladesh. In the 1960s power tillgese
introduced from Japan and later on from Chinadodlpreparation due to shortage of draught animakp In
1988, the government withdrew duties and sale taxegower tillers. As a result, the number of potikers
increased and the farmers of Bangladesh are ctitgvgéheir land by it. The area cultivated by pouidler is
increasing with the increase of power tiller. Tleqentage of area cultivated by PT was about 70%eofotal
cultivated land and the estimated number of powers was 1,94,460 in 2006 (Quayum 2009). Theslate
Livestock Census quoted the number of working aliinas 11.2 million (BBS, 1996). There are many
advantages of PTs over bullock power for land praten. Draught animal power requires 147 hours &I
requires only 22 hours for tilling one hectare ahd saving 125 hours (Quayum, 2003). In spite ef th
advantages, farmers of Bangladesh use both drauglier and power tiller for land preparation in rice
production. These two methods of land preparatiemat used by the owners only but by the hirersibaer-
farmers also.

Duff (1986) showed that in the Philippines, thegkst share of output accrued to the residual reptieg
the farmer’s share under PT both in Boro and T. Amee cultivation. Residual means net return dhdost
basis, which goes to the farmer as an entreprettenay be either positive or negative. Residuals® called
operator’s surplus or farmer’s surplus. The rediteran is a balance term showing farm’s profittifs positive
or farm’s loss if it is negative. If some producticesources such as management skill, are notdedlin the
production function returns to those resources tl included in the residual (Kikuchi, 1991). Duiiso
showed that a factor share analysis for West Javeet season indicated that labour had slightihé&ighare of
total earnings on mechanized farms than on non-amézéd farms. He also showed that hired labour&sesh
also increased while family labour’s earnings desdi under PT users compared to DAP users.

Human labour earned the highest share of outputMidrand LIV T. Aman rice in both Noakhali and
Chittagong districts (Quayum et al, 1992). Thedweal was found to be higher in case of MV rice careg to
LIV rice in the coastal areas affected by salinithe income share of the LIV farmers was lower ttaat of
the MV farmers, because the higher portion of ttoeine of the former was spent on hired labour.

In factor share analysis human labour earned thkelst share of outputs for MV T. Aus (41%), MV T.
Aman (27%) and MV Boro (36%) rice cultivation respreely (Quayum and Jabber, 2005). On the othedha
farmer earned 49, 73 and 61% of the value of thel foroduct for the above mentioned three rice srop
respectively.

There are many factors of crop production such @sent inputs (seeds, insecticides, manure etc),
irrigation, fertilizers, land, human labour andraal labour/power tiller etc. Proper use of thesedies of rice
production used by PT owner-users or PT hirer-uaats DAP owner-users or DAP hirer-users increalses t



productivity and it is essential to know the cdmtiition of each input used by different users/fasmarrice
production to make the appropriate policy by thigyanakers in agriculture particularly in rice jhaction.

We tried to assess the contribution of factors mfdpction and the differences in income distribatio
among the participants in crop production usinggPDAP. A simple way of analyzing this issue isetmploy
the concept of factors shares. Factor share afpaut is the ratio of the input cost used in thedpiation process
to the total value of output produced by that inplaing with other inputs using a given technololggome
share is the income ratio received by a participaptoduction to the total value added.

The earlier studies analyzed factor share and iecsimare only on MV Boro rice with a limited numlaoér
samples in a limited area. They analyzed powertilsers or DAP users. They did not analyze PT owsers
or PT hirer-users. Thus, in this study we trieccdoer a larger areas for different MV rice cropshva larger
samples.

Therefore, the present study was conducted to-

@ Examine the factor share of different rice cropdurction by PT users and DAP users (both ownersuser
and hirer-users as well);

@ Assess the differences in income distribution agnibre participants in crop production using PT B
(both owner-users and hirer-users as well).

METHODOLOGY

Sampling procedure and data collection

Four upazilas namely Chandina, Nandigram, Chuadaagtar and Singair were randomly selected from
Comilla, Bogra, Chuadanga and Manikganj distridt®angladesh respectively. Two villages were ranigom
selected from one agricultural block of the seldatpazilas. Selected villages were Rushulpur andalof
Chandina, Nandigram and Chakalma of Nandigram, §ternhandra and Manikdihi of Chuadanga sadar, and
Luxmipur and Beguntahary of Singair. A sample franas developed from the comprehensive farmerofist
the Department of Agriculture Extension (DAE) farcé village. Sample farmers were stratified intorfstrata

by the help of DAE and key informant farmers of thepective villages. The strata were- (i) PT owlaemers
(those who both own and use PT), (ii) PT hirer+daemers (those who hire and use PT), (iii) Draugtimal
power owner farmers (those who both own and use)Deid (iv) Draught animal power hirer- user farmers
(those who hire and use DAP). Farmers those whad heth power tiller and draught animal power ia $ame
plot for land preparation were identified and nohsidered as sample. Stratified random samplingnigae
was followed for selecting sample farms proporttehafrom each stratum. Structure questionnairesewsed

for collecting data from the farmers of the develdpstratum (eg, PT owner- users, PT hirer- useriodk
power owner- users, and bullock power hirer-uséample size was 267. Among those 180 were polienr ti
users (41 PT owners and 139 PT hirers) and 87 ludleck power users (58 DAP owners and 29 DAP kjrer
shown in Table 1. Survey was done during April 26@®ecember 2003.

Method of measuring factor share and income share

There are two general measures of income distabutfi) functional income distribution and (i) penal
income distribution. Functional income distributioeasures the distribution of income to factorprofiuction,
such as land, labour, capital and current inpuisore distribution determined in this way is calfadctional
distribution of income. This link in basic econontlieory that makes factors share an important gunice
analyzing economic issues such as resource albwcafficiency and income distribution (Hayami aniuc<hi,

1981). Factor share and income share are analgzedamine the comparative factor share and incdrageof
different production participants under power tibend bullock power cultivation.

Estimation of factor shares of inputs.Factor shares are defined as the ratio of costs of
factor inputs used in the production process to tttal value of output (Shahid, 1982;

Kikuchi, 1991; Quayunet al, 2004). In case of production of paddy, for insggnc
Factor share for ith input = ( Pi Xi) / {8,+P,Q,) or cost of ith input/GR (Gross Revenue)

Pi = price of ' input

Xi = Quantity of " input

Q: = quantity of output (paddy)

P; = price of output (paddy)

Q. = quantity of output (straw)

P, = price of output (straw)
Factor shares were estimated for current inputsnalriabour, human labour, power tiller, and lawnd éach
stratam. Current inputs include cost of seeds, lsgpdaising, manure, insecticides and interestoperating
capital etc. Interest on operating capital wasuated at the rate of 10% for four months (assuieedth of
crop season). The numerators are the farms’ factsts and the common denominator is total revepaddy
price multiplied by output quantity plus price afav multiplied by quantity of straw). Factors caste
payments for inputs purchased and are also calledrfpayments.
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Estimation of income shares by the participants ofrop production. Income share is defined as the ratio of
income received by the production participant ® tibtal value added in the production processHi8ha982).
That s,

Income share, | =/V

Where, | = income received by a production participant, tbtal value added.

Total value added = Total value of output-curremut costs. In fact, the difference between tatabnue
and current input cost is the value that is adaedrt economy by a production process, and is catkbae
added. Value added by a farm is equal to the tetanue earned by the farm minus total cost ofiméeliate
goods purchased and used by the farm. It shoulabbed that a partcipant (like the owner or ownegrafor)
may provide more than one factor of production @hilgroup of participants (like hired workers) npagvide
one factor (labour service) (Shahid, 1982).

RESULTS AND DISCUSSION

Factor share analysis in production of MV rice crofs

Factor share and income share analyses were dotakipg PT owner-users or PT hirer-users separaety
also by taking them together as PT users. Tablo®'s that PT users accrued the biggest share (43%hp
current inputs of Boro rice followed by human lab@§82%). DAP users for Boro rice cultivation wergher
share to current inputs (46%) followed by humarolat(35%). It might be due to less number of fantalyour
used by PT users. The result is consistent withfitidings of Duff (1986). The higher share is &itiied to
animal labour in case of DAP users compared to faegaration by PTusers (Duff, 1986).

Human labour earned the largest share of outpatge of both the PT users and DAP users for MV T.
Aman and T. Aus cultivation but share accrued &otthman labour was always lower in mechanized fgBwms
users) largely as a result of the decline in uséaofily labour. The second largest share was’jlaited to
current inputs for both the MV T. Aman and MV T. Awhereas the larger share was attributed to DA&PRsUS
farms compared to PT users’ farms for MV T. Amage rcultivation. It happened due to higher costwfent
inputs spent by DAP users. The higher share wabuttd to the residual on PT users’ farm compaoeDAP
users’ farms for MV Boro (8%), MV T. Aman (24%),caMV T. Aus (17%) (Table 2). Similar findings were
reported by Qauyurat al, (2004). Residual is the net return on full costiband it was more in case of PT
users’ farm for all rice crops. This is why the B3ers’ farm was found more profitable. Convershg
residual share found negative for MV Boro rice (35&tder DAP users because the net return was found
negative in case of DAP users’ farm. A factor staralysis indicated that share of human labourhigiser for
DAP users’ farms than that of PT users’ farms. &infindings were observed between PT owner —useds
DAP owner-users (Table 3). The shares of mosheffactors were found higher for DAP owner-useasirf
than those of PT owner-users’ farm for MV Boro, MV Aman and MV T. Aus rice cultivation. It was dte
the higher cost of most of the input factors inecab DAP users’ farm. Only the share of residuakvigher
for PT owner-users’ farm than that of DAP ownerfgséarm for MV Boro (10%), MV T. Aman (31%) and
MV T. Aus (21%). It also indicated that the PT @musers’ farm was more profitable than DAP ownserg’
farm. Table 4 shows shares of factors in the pridin®f different MV rice crops by PT hirer-usensdaDAP
hirer-users where the percentages of shares aédla different factors such as current inputsnan labour,
PT/animal labour and land were higher for DAP hireers compared to PT hirer-users for MV Boro, MV T
Aman and MV T. Aus rice cultivation. In this casemas also found that only the share of residuad higher
for PT hirer-users’farm than that of DAP hirer-usdarm. Therefore, it indicated that PT hirer-issefere more
benefited than DAP hirer-users for growing MV rioeall three seasons.

Income share analysis in production of MV rice crog

Production participants sharing the income incltie farmer and the hired labour both in case of dwiend
PT/DAP users (Table 5). The farmer earned 57% efttital income of which 32% generated by land (land
owned by the farmer), 42% by family labour (bothman and PT), and 26% as residual for MV Boro rice
cultivation under PT users while in case of DAPrsisthe farmer earned 71% of the total income dtiwR8%
generated by land, 85% by family labour (both huraad animal labour) and the residual was foundeo b
negative (-12%). The residual was negative bectheséotal cost of MV Boro rice production was foumdre
than the total return in case of DAP users andluadimeans net return on full cost basis or profit.

On the other hand, the farmer earned 72% incontheototal income of which 24% generated by land,
33% by family labour (both human and PT) and 43%ea&iual for MV T. Aman rice under PT users wihiie
case of DAP the corresponding figures were 7872Gnd 5%.

However, for MV T. Aus rice, the farmer earned 6B8%tome of the total income of which 31% generated
by land, 36% by family labour (both human and Rar¢ 33% as residual under PT users but under DAP th
corresponding figures were 81, 24, 63 and 13%. ilbeme share analysis indicated that hired humbauia
earned higher income share under PT users (botlkereugers and hirer-users taken together) thanoffl@AP
users (both owner-users and hirer-users takentegetiue to more hired labour was needed and moreeyn
was spent for hired labour for PT users farm. didgated that more employment opportunities for dhineman
labour was created and hired labour would be mereefited if PT was used. Table 6 shows similar ltesu
found in case of pure owner-users. The farmer eahigher income of the total income than that o&dhi



labour for MV Boro, MV T. Aman, and MV T. Aus foroth PT owner-users’ farm and DAP owner-users’ farm.
Hired human labour earned higher share of incomease of PT owner-users than that of DAP ownersuser
because PT owner-users spent more cost for hitemitaThe income share generated by residual wasdfo
higher for PT owner-users’ farm than that of DAPnewusers’ farm for MV rice production in all three
seasons. It indicated that PT owner-users’ farmeweore benefited. The farmer earned higher incofrteeo
total income than that of hired labour for MV BoMY T. Aman and MV T. Aus for both PT hirer-usefarm
and DAP hirer-users’ farm but for MV T. Aman PTdriusers’ farm obtained higher income share (63%4i t
that of DAP hirer-users’ farm (60%) (Table 7). Tiheome share generated by residual was found higine
PT hirer-users’ farm than that of DAP hirer-useagfih for MV rice production in all three seasondntticated
that PT hirer-users’ farm was more benefited comgbao DAP hirer-users’ farm.

CONCLUSION

Factor share analysis revealed that share of hdatmur was higher in case of DAP used for riceicaiton
than that of PT. It indicated that hired labourtsare increased and family labour earnings declioed
mechanized farms. Thus farmers would be in a bptsition for growing crops under PT compared toFDA
Though the shares of different production factorsrewvhigher in non-mechanized farms than those of
mechanized farms share attributed to residual wgbeh in case of mechanized farms than that of non-
mechanized farms. An income share analysis indiciat farmer earned higher share of the totalimeas PT
owner-users and hirer-users than that of DAP owsers and hirer-users for cultivation of all tymdgice.
Similar results were found in case of both familyrtan labour and family animal labour. The incomarstof

the farmers’ generated by residual was higher fougers (both owner and hirer) than that for DAErsigboth
owner and hirer) for cultivation of all types otei Hired labour earned higher share of incomeheftotal
income when PT was used than that of DAP. Thuspfahare and income share analyses indicatecctbpt
production was more profitable under PT from theawi point of farmers and hired labour.

Table 1. Distribution of sample farmers in the sected villages.

Location PT owner- PT hirer- | PT DAP DAP DAP Total
user user user owner- hirer-user | user
user
Chandina (Rashulpur and Long),7 33 40 8 5 13 53
Comilla
Nandigram (Nandigram and 18 37 55 21 7 28 83
Chakalma), Bogra
Chuadanga sadar (Sangkarchanfr@ 38 46 16 9 25 71
and Manikdihi), Chuadanga
Singair (Luxmipur and Beguntahary), 8 31 39 13 8 21 60
Manikgan]
All/total 41 139 180 58 29 87 267
Table 2. Factor share of different MV rice crop praluction under power tiller and draught animal power in the study areas, 2003.
Factor Value (Tk/ha) Factor share (%)
Power tiller user Draught animal use Power tillser Draught animal user

MV Boro rice
Current inputs 17698 16716 43 46

a. Fertilizer 4196 3997 10 11

b. Irrigation 9449 9231 23 25

c. Other inputs 4053 3488 10 10
Human labour 13088 12996 32 35
PT/Animal labour 2401 4703 6 13
Land 4279 3958 11 11
Residudl 3437 -1638 8 -5
Total value of output 40903 736 100 100
MV T. Aman
Current inputs 6720 7786 22 27

a. Fertilizer 2937 3643 9 13

b. Irrigation 1009 958 3 3

c. Other inputs 2774 3185 10 11
Human labour 10469 11423 34 40
PT/Animal labour 2297 4505 7 16
Land 4242 4143 14 15
Residudl 7506 813 24 3
Total value of output 31234 6268 100 100
MV T. Aus
Current inputs 7172 5772 26 21

a. Fertilizer 2922 2113 11 8

b. Irrigation 1160 240 4 1

c. Other inputs 3090 3419 11 12
Human labour 9041 10761 33 39
PT/Animal labour 2385 874 9 17
Land 4316 4208 16 15




Residudl

4567

2346

71

Total value of output

27481

7828

100

100

Source: Field survey, 2003

®ncludes cost of seeds, seedbed, insecticides, rmamd interest.
PResidual = Total value product- amount (Taka) peigurrent inputs, human labour, animal labour/potifier, and land “Average land

rent for the season.

Table 3. Factor share of different MV rice crop praluction by PT owner-users and DAP owner-users in #hstudy areas, 2003.

Factor share

Value (Tk/ha)

Factor share (%)

Power tiller | Draught animal| Power tiller owner-| Draught animal powe
owner-user power owner-user user owner-user

MV Boro rice
Current inputs 17183 16416 42 44

a. Fertilizer 3965 3906 10 11

b. Irrigation 9472 9106 23 24

c. Other inputs 3746 3404 9 9
Human labour 13547 13072 33 35
PT/Animal labour 2325 4865 6 13
Land 4273 3951 10 11
Residudi 3989 -994 10 -3
Total value of output 41317 330 100 100
MV T. Aman
Current inputs 6432 7708 20 27

a. Fertilizer 2632 3643 8 13

b. Irrigation 1152 849 4 3

c. Other inputs 2648 3216 8 11
Human labour 9494 11716 30 41
PT/Animal labour 2003 4628 6 16
Land 4276 4222 13 15
Residudl 9979 643 31 2
Total value of output 32184 928 100 100
MV T. Aus
Current inputs 6837 5898 24 21

a. Fertilizer 2598 2056 9 7

b. Irrigation 1105 296 4 1

c. Other inpufs 3134 3546 11 13
Human labour 9108 10958 32 39
PT/Animal labour 2139 391 7 17
Land 4567 4080 16 15
Residudl 6077 2372 12 8
Total value of output 28728 8221 100 100

Source: Field survey, 200&Includes cost of seeds, seedbed, insecticides, mmamd interesPResidual = Total value product- amount

(Taka) paid to current inputs, human labour, aniaiabur/power tiller, and landAverage land rent for the season.

Table 4. Factor share of different MV rice crop praduction by PT hirer-users and DAP hirer-users in the study areas, 2003.

Factor share

Value (Tk/ha)

Factor share (%)

Power tiller hirer-| Draught animal| Power tiller hirer-| Draught animal powe
user power hirer-user user hirer-user

MV Boro rice
Current inputs 17823 16657 44 47

a. Fertilizer 4264 4177 11 12

b. Irrigation 9442 9183 23 27

c. Other inputs 4117 2997 10 8
Human labour 12952 12845 32 36
PT/Animal labour 2423 4379 6 12
Land 4282 4630 11 13
Residudl 3301 -2925 8 -8
Total value of output 40781 3658 100 100
MV T. Aman
Current inputs 6829 8092 22 29

a. Fertilizer 3053 3643 10 13

b. Irrigation 955 1206 3 4

c. Other inputs 2821 3243 9 12
Human labour 10840 10757 35 38
PT /Animal labour 2410 225 8 15
Land 4229 3963 41 14
Residudl 6565 1070 12 4
Total value of output 30873 28107 100 100
MV T. Aus
Current inputs 7315 5485 27 20




a. Fertilizer 3060 2246 11 8

b. Irrigation 1184 111 4 1

c. Other inputs 3071 3128 12 11
Human labour 9012 10305 33 38
PT/Animal labour 2491 4341 9 16
Land 4209 4505 16 17
Residudl 3920 2286 15 9
Total value of output 26947 26922 100 100

Source: Field survey, 20032includes cost of seeds, seedbed, insecticides, immamdl interestResidual = Total value product- amount
(Tk) paid to current inputs, human labour, anirahldur/power tiller, and lan8Average land rent for the season.

Table 5. Income shares of different participants irthe production of MV rice under alternative methods (PT or DAP ) of cultivation
in the study areas, 2003.

Production participants angd Value (Tk/ha) Income share (%)
value addet| Power tiller user Draught animal powerPower tiller user Draught animal
user power user

MV Boro
Value addetl 23205 20019 001 100
Farme? 13271 14281 57 71
Hired labour 8063 4278 35 21
Hired PT/DAP 1871 1460 9 7
Farmer® 13271 14281 100 100
a. Land 4279 3958 32 28
b. Family labour 5025 8718 38 62
c¢. Family PT/animal labour
d. Residual 530 3243 4 22

3437 -1638 26 -12
MV T. Aman
Value addetl 24514 20884 100 100
Farme? 17597 16262 72 78
Hired labour 5171 3334 21 16
Hired PT/DAP 1746 1288 7 6
Farmer® 17597 16262 100 100
a. Land 4242 4143 24 25
b. Family labour 5298 8089 30 50
c. Family PT/ animal labou
d. Residual 552 3217 3 20

7505 813 43 5
MV T. Aus
Value addetl 20309 22056 100 100
Farmef 13915 17863 68 81
Hired labour 4650 2881 23 13
Hired PT/DAP 1744 1312 9 6
Farmer® 13915 17863 100 100
a. Land 4316 4208 31 24
b. Family labour 4391 7880 32 44
c¢. Family PT/animal labour
d. Residual 642 3428 4 19

4567 2346 33 13

Source: Field survey, 2003Value added= Total value of output- Cost of curtieputs.’"Farmer = value added- hired labour (both human
and animal/PT labour).

Table 6. Income shares of participants in the prodction of different MV rice crops by PT owner-usersand DAP owner-users in the
study areas, 2003.

Production participants angd Value (Tk/ha) Income share (%)
value addet! Power tiller owner-| Draught animal powet Power tiller owner-| Draught animal
user owner-user user power owner-user
MV Boro
Value addetl 24134 20894 001 100
FarmeP 15653 16471 65 79
Hired labour 8481 4423 35 21
Farmer® 15653 16471 100 100
a. Land 4273 3951 27 24
b. Family labour 5066 8648 32 52
c. Family PT/animal labour
d. Residual 2325 4865 15 30
3989 -994 26 -6
MV T. Aman
Value added 25752 21209 100 100
Farme?f 20243 18107 77 85
Hired labor 5509 3102 21 15
Farmer® 20243 18107 100 100
a. Land 4276 4222 21 23
b. Family labour 3985 8613 20 48
¢. Family PT/animal labour
d. Residual 2003 4628 10 25




9979 643 49 4
MV T. Aus
Value addetl 21891 22323 100 100
Farmef 16831 19466 77 87
Hired labour 5060 2857 23 13
Farmer® 16831 19466 100 100
a. Land 4567 4080 27 21
b. Family labour 4048 8101 24 42
c. Family PT/ animal labou
d. Residual 2139 4913 13 25

6077 2372 36 12

Source: Field survey, 2003Value added= Total value of output- Cost of currieputs.’Farmer = value added- hired human labour (in
case of owner-user).

Table 7. Income shares of participants in the prodetion of different MV rice crops by PT hirer-users and DAP hirer-users in the
study areas, 2003.

Production participants angd Value (Tk/ha) Income share (%)

value addet Power tiller hirer-user| Draught animal powgrPower tiller hirer-| Draught animal
hirer-user user power hirer-user

MV Boro

Value addetl 22958 18929 100 100

FarmeP 12595 10563 55 56

Hired labour 7940 3987 34 21

Hired PT/ animal labour 2423 4379 11 23

Farmer® 12595 10563 100 100

a. Land 4282 4630 34 44

b. Family labour 5013 8858 40 84

c. Residual 3301 -2925 26 -28

MV T. Aman

Value addetl 24044 20015 010 100

Farme? 16592 11926 69 60

Hired labour 5042 3864 21 19

Hired PT/animal labour 2410 4225 10 21

Farmer® 16592 11926 100 100

a. Land 4229 3963 25 33

b. Family labour 5798 6893 35 58

c. Residual 6565 1070 40 9

MV T. Aus

Value added 19632 21437 100 100

Farme? 12667 14159 64 66

Hired labour 4474 2937 23 14

Hired PT/animal labour 2491 4341 13 20

Farmer® 12667 14159 100 100

a. Land 4209 4505 33 32

b. Family labour 4538 7368 36 52

c. Residual 3920 2286 31 16

Source: Field survey, 2003Value added= Total value of output- Cost of curieputs.”Farmer = value added- hired human labour and
hired animal labour/PT(in case of hirer-user).
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Effect of Post-anthesis Drought on Photosynthesis,
Respiration and Associated Parameters of
Modern and Traditional Rice Varieties

M S | Mamint, A Hamid®, M M Haqué, N | Bhuiyarf and A Karin?

ABSTRACT

This study evaluates one modern (BR22) and twatioadl rice varieties (Lalmota and Matichal) intp@t Bangabandhu Sheikh Mujibur
Rahman Agricultural University (BSMRAU), Salna, Gar, Bangladesh, during T. Aman 2000 to measucgqsynthesis (Pn), respiration
and associated parameters such as leaf water jphtéaf water content, stomatal conductance, piggbconductance under post-anthesis
drought at milky and dough stages. Portable phatbggis measuring system (LICOR-6200) was useboratory. Yield and yield
attributes were recorded. Water stress markedlycedi Pn. BR22 displayed larger Pn than two tratifiovarieties under both optimal
irrigated and post-anthesis drought conditions. dgegll conductance was also drastically reduced tdudrought and paralleled Pn.
However, stomatal conductance was slightly affe@tgdirought. Leaf intercellular GQroncentration became higher under post-anthesis
drought because of less utilization of £f0r Pn and hence diffusion pressure deficit framta leaf intercellular spaces was decreased.
However, BR22 maintained higher diffusion pressieécit than traditional varieties, because it vaéde to run its Pn more actively than
the traditional varieties by maintaining its bettaesophyll conductance even at drought. Drought rdit alter leaf respiration rate
appreciably and were inconsistent among the vasetieaf water potentialp] in three varieties were significantly decreases do
drought. BR22 maintained relatively highprthan Lalmota and Matichal. Leaf water content (d)alleledy. Pn had positive and linear
association with leaf water potential?é®.91-0.98). Mesophyll conductance also had pasitiad linear association with Pn*R.97-
0.99). But the relationship between stomatal cotahee and Pn was weak and inconsisteftqR4-0.45). Averaged over the varieties,
drought caused a grain yield reduction of 57.50%auDht significantly reduced the number of filledhigs per panicle, increased sterility
percentage, reduced the grain size (1000 grainhtjeigtraw yield and HI.

INTRODUCTION

Drought is considered to be a major environmemteldr limitingplant growth and productivity of many crops
worldwide (Chaves, 2002; Ober and Luterbacher, RPOReyield is often substantially reduced due to
periodic droughin the rainfed lowland ecosystem in South and SzaghAsia (Cabuslagt al, 2002). Drought
induces many physiological, biochemiaad molecular responses in which photosynthesiagsof theorimary
physiological targets (Chaves, 1991; Lawlor, 19¥8sically stomatal closure in response to drowgglgss
restricts CQentry into leaves thereby decreasing,@BSsimilation. There is evidence that the decrea&O,
assimilationrates found in drought-stressed leaves cannotrplyireversedy increasing the external GO
supply, showing that drougbktress must also affect mesophyll metabolism (Lewi895,2002; Cornic and
Fresneau, 2002).

The debate as to whether drought mainly limits psgthesisthrough stomatal closure or through
metabolic impairment haseen running since the earliest reports (Chave8l;1Bawlor and Uprety, 1993;
Lawlor, 1995; Cornic, 2000; Flexas and Medrano,200uringthe last decade, stomatal closure was generally
accepted tdoe the main determinant for decreased photosymsthewier mildto moderate drought (Chaves,
1991; Cornic 2000). Recently variatioims mesophyll conductance due to drought have bdentified and
proposed that drought limits photosynthesis throvgghucedmesophyll conductance (Massacci and Loreto,
2001; Centrittoet al, 2003; Ethier and Livingston, 2004; Manter and ri¢gm, 2004; Flexast al, 2004). The
inhibition of Pn under water stressed conditionss wlae mainly to reduced mesophyll conductance (non-
stomatal factor) rather than stomatal factors.4&mardelet al, 2004; Jiret al, 2004).

Under waterstress, a good correlation is often observed betweaf waterpotential and stomatal
conductance (Flexasat al, 1999). The complex regulation of stomatal conductis related to important
differences among species and genotyipethe response of stomata to leaf water potentegtive water
content, ABA and other parameters, making it diffitco define a pattern of photosynthetic responsesdaaght

(Chonest al, 2001).
PSO, Adaptive Research Division, BRRI, Gazipur 17Bangladesh?Former Director General, BRRFProfessor, Department of
Agronomy, Bangabandhu Sheikh Mujibur Rahman Agtigal University, Salna, Gazipur 1706.
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Generally, leaf rolling is an adaptive mechanisntissue water conservation and resulted benefidatiot
in situ under depleting soil moisture conditions (Sing dath, 2000; Sing and Sing, 2000a). In additioe, th
ability of maintaining higher leaf water potentidliring drought stress is one of the mechanismsradght
tolerance (Fukai and Cooper, 1995; Fu&aal, 1999). Drought at flowering stage is more detritabthan at
tillering stage (Saxene al, 1996). Genotypic variation in photosynthetic @#ncy under post-flowering water
stress was evident in rice (Raissac and Raiss@2)19

In Bangladesh the rainfed lowland rice usually swgffrom water stress at their reproductive andniipg
stages when rainfall is minimal or none during ®@etoand November. Increasing photosynthetic ratg (P
under post-anthesis drought, especially of flafjsbauld be one of the most vital issues in ousent breeding
programme while developing varieties for droughdr@ rainfed lowland environments. Because, the l#ag
plays the most vital role in post-anthesis growtidl grain development processes (Regihal, 1994) and
contributes about 73.4% of the total amount ofrgganass (Qiet al, 1993). On the other hand, the lesser will
be the maintenance respiration for the amount anbss produced, the higher will be the net incréaggain
dry matter accumulation after flowering (Saitital, 1998; Saitotet al; 2000 and Swaiet al, 2000).

Hence, investigation of stomatal and nonstomatahmpaters limiting photosynthesis (Pn) under water
stressed conditions may provide a means to understee physiological basis of drought resistanoespite of
numerous reports about the effects of water deficidryland plants, drought tolerance and respoofese as
a wetland plant remain poorly understood.

Therefore, the present study evaluated the photlosgis and respiration along with their associated
parameters of modern and traditional rice varietieder post-anthesis drought to identify poterdifibutes
controlling photosynthesis and respiration. It vebbe a scope to be considered in the breeding samge to
develop varieties that would increase grain yi¢ltha drought prone environments.

MATERIALS AND METHODS

The experiment was conducted in pots with five iogplons at the Bangabandhu Sheikh Mujibur Rahman
Agricultural University (BSMRAU), Salna, Gazipur42 09’ N latitude and 90° 26’ E longitude with an
elevation of 8.4 m from the mean sea level), Bashegh, during wet season 2000. The soil used ipatewas
silty clay of shallow red brown terrace soil undéadhupur Tract (AEZ 28), Salna series (Haideal, 1991).
The chemical properties of soil were: soil pH 6.8/yanic matter 1.2%, total N 0.09%, total P 0.1%y100 g
soil and exchangeable K 0.136 meq/100 g soil. patitontained about 15 kg soils. Fertilizers weppliad in
the soil of the pots @ 80:60:40:10:3 kg NOB K,0O, S Zn h# (1 ha soils = 2 x 10kg) respectively, as urea,
triple super phosphate (TSP), muriate of potash)(MiPpsum and zinc sulphat (ZngOExcept urea, all the
fertilizers were uniformly mixed in the soil befofiling the pots. The urea was uniformly top-dredsn four
equal splits up to panicle initiation stage.

We evaluated two traditional varieties, Lalmota (AU germplasm Acc no. IPK3001) and Matichal
(BSMRAU germplasm Acc no. 3003) and one modernetgriBR22, developed by BRRI, Gazipur. All three
varieties were late maturing and selected to reptethe varieties those usually encounter watessstduring
post-anthesis period. Two seedlings per pot wesevgrunder uniform management and cultural conditidkt
heading stage pots were grouped into two. For nggsphotosynthesis, one group of plants compriding
pots for each variety (5 x 3 varieties=15 pots) e@stinued with irrigation water, while irrigatiomas withheld
in another group having same number of pots afadimg and excess water was removed. In additom, f
extra pots for each variety under each group wemdd alike and used for destructive samplingdasure leaf
water content, leaf water potential and soil magsitontent over time.

Within few days of withdrawing irrigation the hilshowed the leaf-rolling symptom. The hills showthg
leaf-rolling symptom during the day were keenly efyed in the next morning whether the leaf rollings
stable or not. If the leaf rolling was existed omgght till the next morning, it indicated the eieisce of severe
drought stress in the soil (Asasial, 1955). At that condition, if life saving water meenot applied, the plant
would run to permanent wilting point and ultimatelig. Therefore, it needed life saving water arelamount
of life saving water was calculated as follows:

Amount of life saving water (ml) #r’h

Where,

1= (Constant) = 3.14

r = 15 cm (the radius of the circumference of gtahe base of the hill)

h = 0.5 cm/day (the approximate evapo-transpinaiothe period of Nov-Dec).

The amount of evapo-transpiration (ET) of wet seaste at greater Dhaka areas (the experimentaliare
situated under that area) in November was suggeste?l31 mm/day (Karim and Akhand, 1982). However,
during calculating the life saving water for thet paperiment at BSMRAU, Salna, Gazipur, ET was take
approximately 5 mm/day, because the ET at drougiposed pots, supposed to be higher than that of the
optimal field soil condition. Accordingly, the calated life saving water that applied to each audiht treated
pots was (3.14 x 5 0.5) = 353.25 ml.



At milky and dough stages, soil water content atudht imposed pots was measured (after appeardince o
leaf rolling symptom). Soil moisture in the drougimposed pots was kept at about 14-15% (dry weigisis)
(Fig. 9). Leaf water content was measured at datape. Leaf water content was calculated as follows

Wi-W,
Leaf water content (wet basis) % = -------- *%-100

W
Where,

W; = Fresh weight of five leaves

W, = Oven dried weight of five leaves.
Leaf water potential f) was measured at dough stage by pressure bombimaadhhotosynthesis and
respiration rates of flag leaves were measured iltynand dough stages using portable photosynthesis
measuring system (LICOR-6200) between 11.00 an@01#rs. at a uniform light intensity (around 1550
quantum) provided artificially in laboratory. Resgion rate (u mol i s') was measured at zero light
intensity. During measurement period the maximuntehnperature ranged 29.7-B1.69°c and the minimum
ranged 19.20°-23.91°c and the relative humiditygesh77.26-80.16% at 9:00 hrs and 53.90-70.38% &014
hrs (Plant Physiology Division, BRRI, Gazipur, abfive km away from BSMRAU lab).

The data recorded were net photosynthetic rate ¢ m? s%), stomatal conductance (mol”ns?), leaf
intercellular CQ concentration (CINT) (ppm), mesophyll conductagmel m? s%), as Pn/CINT (Kubota and
Hamid, 1992), C@concentation gradient or diffusion pressure defioPD) (the driving force from air to leaf
intercellular spaces) was calculated as, €&ncentration in air-CINT, and the Respiratiorergt mol n¥ sb).
Grain weight hilt* (g), straw weight hilt (g), filled grains paniclé, sterility %, 1000-grain weight and harvest
index were recorded following the standard methogiels.

Analysis of variance (ANOVA) of concerned variablgas performed using IRRISTAT windows version
4.0 (1998) and means separated by LSD.

RESULTS
Photosynthetic rate

Water stress markedly affected Pn both at milky dadgh stages although the magnitude of variatioRn
among the varieties narrowed down dramaticallyast4anthesis drought (Fig. 1). BR22 displayed latgaf
Pn than the other two traditional varieties at boitky and dough stages under both optimal irrigated post-
anthesis drought conditions. Irrespective of sailisture regime, Matichal had consistently lowerrBies at
both the stages.

Stomatal conductance (mol if s%)

Rate of entrance of GOrom air to leaf intercellular spaces (stomataidctance) was decreased from milky
to dough stage irrespective of varieties undernagitiirrigated condition and it was much higher imtidhal
(Fig. 2). Under post-anthesis drought the trend siaslar in the varieties except for Matichal tliasplayed
similar rate in both milky and dough stages. Stainedtnductance was reduced due to affect of pdbiais
drought irrespective of varieties at both milky addugh stages and the reduction was much in Maticha
irrespective of the stages.

Leaf intercellular CO, concentration (CINT) (ppm)

CINT became higher under post-anthesis drougtgpeetive of varieties in both milky and dough s&(fég.
3). The modern variety BR22 displayed lesser CINantthose of traditional varieties at both optiimagated
and drought conditions.

Mesophyll conductance (mol nf s%)

Rate of entrance of GQrom leaf intercellular spaces to mesophyll céfiresophyll conductance) drastically

reduced under drought. BR22 displayed higher faa those of traditional varieties at both milkydatough

stages. Mesophyll conductance paralleled the piotossis rate. (Fig. 1 and Fig. 4).
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CO, concentration gradient (the diffusion pressure de€it from air to leaf intercellular spaces) (ppm)
The diffusion pressure deficit from air to leafdntellular spaces was decreased under post-anthresight in
all varieties (Fig. 5). BR22 was able to maintaigher diffusion pressure deficit at both milky addugh

stages than those of Matichal and Lalmota irrespectf moisture regime.

Respiration rate (i mol ni? s%)

It is discernible from Fig. 6 that drought did radter respiration rate appreciably except for thgety, Lalmota
that showed much higher respiration rate than therovarieties at dough stage. The changes inreg&pi rates
among the varieties were inconsistent. BR22 exdubitigher respiration rate at dough stage unddr dyatimal
irrigated and drought conditions than that of miitgge. But it was reverse in case of Matichallaalthota.

Leaf water potential (MPa) and leaf water content %)
Drought stress imposed at post-anthesis stage ¢amsFmous variation in leaf water potentigl).(All three

varieties were severely affected by drought showiggificantly lowernp (Fig. 7) BR22 maintained relatively
higher  than Lalmota and Matichal under both optimal irggh and drought conditions at dough stage.
Matichal showed lowesp and Lalmota being intermediate. The leaf watetexnwas reduced under drought

stress irrespective of varieties. Leaf water canfés) paralleled leaf water potential (Fig. 8).

Relationship among parameters associated with Pn

Pn had positive and linear association with leafewotential at optimal irrigated {80.91) (Fig. 10) and
post-anthesis drought $80.98) (Fig. 11). Mesophyll conductance also hasitpve and linear association with
Pn at both milky stage (R0.99) (Fig. 12a, b) and dough stage’s®97-0.99) (Fig. 13a, b). But the
relationship between stomatal conductance and Pnweak and inconsistent %0.04-0.45) (Figures not

given) at both milky and dough stages irrespeativeoisture regimes.

Yield and yield components

There was marked reduction in grain yield due taudht (Table 1). Yield reduction ranged betwee®6% (in
BR22) and 62.41% (in Matichal). Averaged over tlagiaties, drought caused a yield reduction of 5%50
Table 1 presents water stress induced changeeg iyigld components and agronomic traits. Droughteel to
reduce the number of panicles fibbut the reduction was not statistically signifitafhis was rather expected
because panicles had been formed and developadptite imposition of water stress. It might besgible that
severe drought impeded panicle exertion or causathdof some of the panicles that eventually redube
number of panicles hillt Most pronounced effect of drought was on the remat filled grains per panicle. The
affect of drought was further amplified in the diio increase in unfilled grains per panicle orriktg
percentage. Drought seems to reduce the grainB-grain weight), traditional varieties markedéguced
straw yield and HI. Traditional varieties had lowd#irthan BR22.

DISCUSSION

Photosynthesis is a complex and inter-related pead very much sensitive to water stress espeeigl
flowering stage. As a result, Pn was drasticaljused at post-anthesis drought (Fig. 1). The resudtre in
agreement with the findings of Machaglal, 1996; Wanget al, 1996 and Scartazzehal, 1998.

Generally rice plants try to adapt with the wateess by leaf rolling and closing of stomata. Ledling is
an adaptive mechanism in tissue water conservatihresulted benefits to plant in situ under damesoil



moisture conditions (Tanimote al, 1999; Choiet al, 1999; Sing and Jain, 2000; Sing and Sing, 2008ah

result of leaf rolling and stomatal closure, staahabnductance was decreased in all varieties sttathesis
drought (Fig. 2). The rate of reduction was higimeMatichal than those of other varieties that oaded its
more sensitivity to water stress. Stomatal condwegidas a determinant of how much £i® entering into the
leaf intercellular spaces.

The lower stomatal conductance at drought indicéitedless entrance of Gnside the leaf but at the
same time CINT was increased that indicated the Wéiization of CQ from leaf inter cellular spaces. Due to
less Pn, mesophyll conductance (mof m') was reduced by feedback inhibition. Therefore sopéyll
conductance paralleled Pn (Fig. 4). It seems thegtaphyll conductance was one of the major detemtsria
the variation of photosynthesis (Scartaezal, 1998). However, at drought, stomatal conductrfd@R22 was
not varied much with other traditional varietiest Iit$ higher utilization of intercelluar GQOncreased the
mesophyll conductance and theirby higher Pn. Algioleaf water potential was decreased due to affect
drought irrespective of varieties (Fig. 7), BR2Aibited relatively higher Pn irrespective of morgtuegime
(Fig. 1), which was contributed by its ability taamtain higher leaf water potential and leaf waientent (Fig.
8) than those of traditional varieties. These itssukre in agreement with the findings of Machatdal, 1996;
Fukai and Cooper, 1995; Gometsal, 1997; Fukakt al, 1999.

The reduction of the diffusion pressure deficitnfrair to leaf intercellular spaces at drought (Bigin all
varieties was due to increase of CINT that resuftedn the decrease of mesophyll conductance. BR22
maintained higher diffusion pressure deficit theaditional varieties, because it was able to renPih more
actively than the traditional varieties by maintaiits better mesophyll conductance even at drowgp the
higher diffusion pressure deficit in BR22 could remhance the stomatal conductance because stomatal
conductance was perhaps associated with otheraddaetors. Thus stomatal conductance exhibitegt werak
association with Pn, while mesophyll conductancewsd a very strong linear positive relationshiphwitn
(Fig. 12a, b and Fig. 13a, b). Similarly, leaf wapmtential showed positive linear association with
indicating its influence on Pn (Fig. 10 and 11).dxbught the reduction of respiratory losses isadaptive
mechanism of a rice genotype. However, in the mtesteidy none of the genotypes was found poteintitiis
regards. Because, after flowering, the lesser éllthe maintenance respiration for the amount ofmbss
produced, the higher will be the net increase inrdatter accumulation in grains (Saitethal, 1998; Saitotet
al, 2000 and Swaigt al, 2000).

Photosynthetic production in flag leaves after ngdontributed about 73.4% of the total amoungmafins
mass (Qiuet al, 1993; Reginaet al, 1994)). Due to drought, the flag leaf Pn was uited and drastically
reduced and resulted in marked reduction in graldyDrought affected Pn more severely than ahgiotraits.
Hence post-anthesis Pn contributed little to gemelopment. As a result number of filled grainsrdased,
sterility % increased, grain size (1000-grain wéiglecreased. The results were in agreement wétHitlings
of Saxeneet al., 1996; Islamet al, 1997; Chauhaet al, 1999 and Parkt al, 1999. The extent of difference in
optimally irrigated and drought-imposed plants émnts of straw yield was perhaps due to higher odite
remobilization of pre-heading shoot reserve (drgshainder drought stress (Chauksal, 1999).

CONCLUSION

Post-anthesis drought markedly reduced grain yied$pective of modern and traditional varietiesdRction

of photosynthesis rate due to drought is one ofuited causes for lower grain yield at terminal dgbt.
Stomatal conductance was slightly affected but mlegd conductance was severely affected and hence
mesophyll conductance was found as the major detannfor reduction in photosynthesis rate undeugdht.
Both modern and traditional varieties were not ableminimize their respiration rates. However, BR2&
some genetic potential to maintain relatively higimesophyll conductance than traditional variediesn under
drought. So, more studies should be conducted usioig late maturing modern and traditional vargetie
identify potential genotypes having capability o&imtaining higher mesophyll conductance at postesis
drought in order to use in the breeding prograneneléveloping drought resistant varieties.

Table 1. Yield and yield components of three ricearieties evaluated for photosynthesis under optimaitrigated and post-anthesis
drought during wet season 2000.

No. of Filled Sterility 1000- Grain Straw Harvest
Variety panicles grains (%) grain weight wt index
hill™* panicle* wt () (g hilh) (g hill'®) (%)
Optimal irrigated
R22 28.6 84.0 17.55 19.66 47.15 53.40 42.60
Matichal 26.6 45.3 22.84 27.42 32.65 80.19 29.02
Kamargachikon 25.8 50.8 21.05 28.16 36.90 89.73 2909.
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Leaf Photosynthesis, Respiration and Associatednaters
of some Modern and Traditional
Rice Varieties

M S | Mamint, A Hamid®, M M Haqué, N | Bhuiyarf and A Karin?

ABSTRACT

This study evaluates four modern and four tradiiaice varieties in pots at the Bangabandhu Shiikfibur
Rahman Agricultural University (BSMRAU), Salna, Gam, Bangladesh, during wet season 2000 to compare
some modern and traditional varieties in relatiorphotosynthesis (Pn), respiration and specifiempid! leaf
characteristics such as stomatal conductance, mgoponductance, specific leaf weight (SLW), leaf
chlorophyll and leaf nitrogen content. Photosynithemd respiration rates with associated parameters
measured at panicle initiation (PI), booting, floimg and dough stages using portable photosynthesis
measuring system (LICOR-6200). Yield and yieldiltttres were recorded. The modern variety (MV), BRRI
dhan32 exhibited the highest flag leaf Pn amonghal varieties at booting and flowering stages. BRRI
dhan32 showed lower Pn than other varieties atagjes(on fully expanded top leaf) which might bigilatited

to the differences in characteristics of the leasascted at Pl and reproductive stages (flag ieaf@lation to
leaf chlorophyll and nitrogen contents. The traditil variety, Bunsha exhibited better Pn at allfeasuring
stages than the other traditionals except Kamaikachonly at booting stage. Mesophyll conductance
paralleled leaf Pn and BRRI dhan32 displayed mughédn rate than those of the others from booting to
flowering. Very strong linear positive relationshigas observed between Pn and mesophyll conductance
different growth stages (R0.95-0.99). Varieties highly differed in stomatainductance and the respiration
rates were quite inconsistent at different suceesgrowth stages. However, the respiration ratabree MVs
such as BR10, BR11 and BRRI dhan32 declined shafy booting, which is a good character of those
varieties, contributing their maximum dry mass taigs. Among eight varieties BRRI dhan32 providbd t
highest grain yield and harvest index. The relathims between flag leaf N % at flowering and Pbaiting,
flowering and dough stages were linear but gragiumcame weaker (R0.6, 0.5 and 0.3 respectively). Similar
trends were observed in relationship between fldgrophyll-a and Pn (20.68, 0.65 and 0.40 respectively)
and between flag chlorophyll-b and Prf£B.71, 0.62 and 0.41 respectively) at booting, #cmg and dough
stages. The linear relationship between Pn at fimgeand grain yield (0.62) and filled grains hifl
(R?=0.52) reveals that the greater was the Pn, tHeehigas the grain weight and filled grains hilkmong the
tested varieties, flag leaf of BRRI dhan32 was fbumore potential in respect of chlorophyll and oggn
content and photosynthetic capacity. Mesophyll catahce might be one of the most potential attebut

controlling the photosynthetic rate.

INTRODUCTION

The yield of rice has been doubled in the last ugnthrough genetic improvement, managenyactice,
control of pests and diseases, and a greatly isetdartilizer application rate (Evans, 1993; Kush, @po0
However, it is predictethat further improvements will be required to méet demand of growing populations
(Sheehy, 2000). Evidence suggests that many aihtdehanisms used to impronee yield in the past, such as
canopy architecturand harvest index (HI), are now close to optim@atand that future improvemensl|
arise from an improvement in total biomass produrcfiCassman, 1994; Yirg al, 1998, Mann, 1999, 1999a;
Horton, 2000; Sheehy, 2000; Loergal, 2006). A useful parameter is radiatisse efficiency (RUE), which is
the amount of biomass producpdr unit of radiation intercepted. Comparison dfedent C; crop species
showed that rice has one of the lowREIE (Mitchell et al, 1998). It is strongly predictatiat raising the leaf
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photosynthetic rate in rice will raise the RUE, ass production and yield. Evidence exists dmaincreased
photosynthetic rate forms the basis for an increasanopy CQ fixation rate and productivity; for example,
growthof crops in elevated CQevels often results in a higher biomass producéind yield (Ainsworttet al,
2004; Longet al, 2006). It seems likely that leaf photosyntheéte will exert a higher degree of control on
grain yield onlywhen the effect of other factors such as partitignnutrientresponsiveness and LAl have been
minimized (Longet al, 2006). Sinc& Al is generally high in most crops, the increassgimilateproduction
must come from improved photosynthesis.

However, still there is a question, whether thersewr the sink is the yield-limiting factor (Egli998),
and it is incorrecto consider that source and sink operating indepethd Indeed, the concepts of source and
sink are redundatérms in the context of considering regulation &imitation of the biochemical processes that
determine crop yieldFor rice, there is clearly great promise in maragioh ofthe pathways leading to starch
deposition in the developirgrain. Photosynthesis in rice plants during thengfilling period contributes 60-
100% of the final grain carbon content (Yoshida81)9 To achieve yield potentiahetabolic activity within the
grain must coincide with maximuumtctivity of source leaves, especially the flag I@dfrchie et al, 1999).
Because, the flag leaf plays the most vital rolepast-anthesis growth rate and grain developmentgss
(Reginaet al, 1994). Photosynthetic production in flag leavéieraheading contributed to 73.4% of the total

grains mass in rice (Qiet al, 1993).
'PSO, Adaptive Research Division, BRRI, Gazipur 17B&ngladesh’Former Director General, BRRFProfessor, Department of
Agronomy, Bangabandhu Sheikh Mujibur Rahman Agtizal University, Salna, Gazipur 1706.

Yang et al, (2000) identified different pattermd grain filling among rice cultivars. The increagesink
activity may permit a greater export of carbohydritom theeaves and relieve any end-product inhibition of
photosynthesis (Windest al, 1998). However, there is disagreenmento whether improving sink size alone in
rice crops will alsaesult in an increase in leaf or whole plant phgttisesis (Horton, 2000; Reynolds al,
2000; Richards, 2000).

Besides, an adequate supply of N stimulates leaftiy via cell growth and division and G@ssimilation
and related processes (Lawlor, 2002). Higher plyotbetic rate is achieved by higher leaf chlorophghtent,
stomatal conductance and N concentration in leaddd (Miahet al, 1997). Stomatal conductance can be used
as a trait in breeding programme (Richaetisl, 2000). Recently, variatiorie mesophyll conductance, have
also been proposed (Ethier and Livingston, 2004ntetaand Kerrigan, 2004). Therefore, more undedsten
of the factors regulating grain filling and photo#yetic activities is importambr improving rice yield potential.
On the other hand, after flowering, the lesserrttantenance respiration, the higher the net ineeas dry
matter accumulation (Saitodt al, 1998; Saitohet al, 2000 and Swaiet al, 2000). Therefore, the pattern of
respiration during grain filling is important. Bstill the regulation of photosynthesis and respratiuring the
grain-filling periodin rice is poorly understood. A recent study (Mastoret al, 2004) suggested tha.
rufipogon can be used as a source of germplasm to enhaacghtitosynthetic capacity @. sativa. It is
therefore, needed to study whether traditional daltivars have the traits that may be used patiytio
increase photosynthetic capacities of modern rigeties. The present study compared photosyntteasls
respiration characteristics of some modern andtioadl rice varieties along with their associapstameters in
relation to grain yield and biomass productionthére is any potential attribute that may be cargd in the
breeding programme to break the yield ceiling.

MATERIALS AND METHODS

The experiment was conducted in pots following CRith 4 replications at the Bangabandhu Sheikh Mujib
Rahman Agricultural University (BSMRAU), Salna, Gar (24° 09’ N latitude and 9026’ E longitude with
an elevation of 8.4 m from the mean sea level),gBatesh, during wet season, 2000. The soil usédkipots
was silty clay of shallow red brown terrace soidenMadhupur Tract (AEZ 28), Salna series (Haieteal,
1991). The chemical properties of soil were: séil §.34, organic matter 1.2%, total N 0.09%, toted.P57
mg/100g soil and exchangeable K 0.136 meg/100g Baith pot contained about 15 kg soils. Fertilizeese
applied in the soil of the pots @ 80:60:40:10:3P.0s, K,O, S Zn ha (1 ha soil = 2 x 10kg) respectively,
as urea, triple super phosphate (TSP), muriateotafsh (MP), gypsum and zinc sulphat (Zns@&xcept urea,
all the fertilizers were uniformly mixed in the kbefore filling in the pots. The urea was unifoynbp-dressed
in four equal splits up to panicle initiation stage

Four modern varieties (MVs) (BR10, BR11, BR22 andRB dhan32) developed by Bangladesh Rice
Research Institute (BRRI) and four traditional etigs, BSMRAU germplasm code no. IPK3001 (Lalmota),
IPK10002 (Bunsha), IPK1021 (Kamargachikon) and I1BKB (Bashfulchikon) collected from Jhalakathi,
Khulna and Chittagong districts of the country Imavidiverse agro-ecological environments, were atatl
The traditional varieties were selected mainly Hase their wide cultivation in those areas duringt weason.
Thirty-six-day old seedlings were transplanted 6nJ8ly 2000 at the rate of two seedlings per pogdtion
and other intercultural operations were uniformiye.

Specific leaf weight (SLW) was determined as leafight/leaf area (mg cf) and chlorophyll a and
chlorophyll b were determined as per Arnon (194%) keaf nitrogen was determined as per Cateldd, 1974.
Photosynthesis and respiration rates together wagbociated parameters were measured using the fully
expanded upper most leaves at panicle initiatidh \{pile the flag leaves at booting, flowering addugh



stages using portable photosynthesis measuringray&tiCOR-6200) between 11.00 and 14.00 hrs atifarm
light intensity (around 1550 quantum) provided faniilly in laboratory. At the time of measuremethie
maximum temperature ranged 29-81.69c and the minimum temperature ranged 19289 c and the
relative humidity ranged 77.26-80.16% at 9.00 hrd 53.90-70.38% at 14.00 hrs (Plant Physiology $diwi,
BRRI, Gazipur, about five km from BSMRAU lab).

The data recorded were net photosynthetic rate gt s?), stomatal conductance (molng?Y), leaf
intercellular CQ concentration (CINT) (ppm), mesophyll conductafic®l m? s*) as Pn/CINT (Kubota and
Hamid, 1992). C@concentation gradient or diffusion pressure defioPD) (the driving force from air to leaf
intercellular space) was calculated as,@0ncentration in air - CINT and respiration raterfol m? s) was
recorded. Grain weight hitl(g) and vyield attributes were recorded. ANOVA anfil were employed by
statistical package IRRISTAT windows version 4.998.

RESULTS AND DISCUSSION

Photosynthetic rate

At Pl stage, Pn of traditional varieties (Bunshd &amergachikon) were found better than the modarieties
except for BR22 (Fig. 1). The lesser Pn was reabideBR11 and BRRI dhan32 at Pl stage. At bootitage
BRRI dhan32 exhibited the highest Pn followed bym&agachikon while the other varieties showed drasti
reduction of Pn. Although BRRI dhan32 registereddo Pn at flowering than earlier booting stage, the
reduction was rather minimal in BRRI dhan32 maimteg much higher Pn than the other varieties. At
flowering, in general the MVs found better thardttimnal varieties and BRRI dhan32 showed the rsgtin
followed by Bunsha. At dough stage the differeniceBn among varieties were reduced but Bunshatezgis
the highest Pn followed by BRRI dhan32.

The sharp differences in Pn of BRRI dhan32 at Bl tmoting might be attributed because of differsrice
the characteristics of selected leaves (fully egeanupper most leaves at Pl and flag leaves atirtgpot
flowering and dough stages) in relation to leafoctpphyll and N contents (Table 1). The flag leafBRRI
dhan32 attributed with higher chlorophyll and N tmis than those of fully expanded uppermost l¢dfla
stage. In other studies, changes in photosynth8kM/, chlorophyll and N contents were observedida due
to positional changes of leaves (Sarlaral, 1998; Chenet al, 2000). Varietal difference in flag leaf
photosynthesis was also reported by other worl&agdhet al, 2002).

Stomatal conductance

Varieties also differed in stomatal conductanc®laand booting stages but the differences narrodeadn at
subsequent flowering and dough stages (Fig. 2).dfgathikon and Bashfulchikon both showed much highe
rate of stomatal conductance at Pl stage. At bgositage, Kamargachikon showed the highest stomatal
conductance and then reduced drastically at flowgednd dough stage. Bashfulchikon reduced stomatal
conductance drastically at booting, flowering anough stages. The trend of the changes in stomatal
conductance in Kamargachikon paralleled the chaimgBa over time from Pl to flowering (Fig. 1 angifut in
other varieties, changes in Pn apparently wererelasted with the changes in stomatal conductance. S
stomatal conductance was not the major determivamtigher Pn.

Intercellular CO , concentration

The changes in intercellular G@oncentration (CINT) among the varieties at theseguent PI, booting,

flowering and dough stages were highly inconsis{&ng. 3). CINT was found the highest in BR11, BR22
BR10 and Kamargachikon respectively, at Pl, bogtfliyvering and dough stages. But the higher CINGsw

not related with higher Pn.

Diffusion pressure deficit (DPD)

The DPD among the varieties were also highly isgsient at Pl, booting, flowering and dough stages.
Although, DPD sharply varied among the varietiesPatstage, the variations narrowed down over time.
However, the trend indicated that BRRI dhan32 whals &0 maintain a steady higher DPD in all meagurin
stages (Fig. 4). Also Bunsha had the ability tontean a moderate level of DPD in all stages. Sdntaaing a
higher DPD may be one of the vital factors for neiimng higher Pn.

Mesophyll conductance
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Mesophyll conductance paralleled the leaf photd®masis rates. BRRI dhan32 displayed much higher ot
mesophyll conductance from booting to floweringgstafollowed by Kamargachikon at booting and Buretha
flowering stage (Fig. 5). Lalmota and Bansfulchikemowed the lower rate of mesophyll conductancenfro
booting to dough stages. It was observed that maing a higher rate of mesophyll conductance af is the

genetic ability of a particular variety and appeaas the major determinant governing Pn.

Respiration rate

Change in respiration rates in respect of growtlyes or varietal differences was also highly inistest.
Respiration rates of BR10, BR11 and BRRI dhan32i¢dnto increase reaching a peak at booting stage. |
declined sharply thereafter reaching a minimumcatgth stage. However in BR22 a large degree ofdatain

in respiration rates was observed. Kamargachikah laaimota from Pl to dough stages (Fig. 6). All fou
traditional varieties showed higher respiratioresatompared to MVs at post-anthesis period (dotages At
post-anthesis period if a genotype has the abtlityreduce its respiratory losses; its maximum curre
photosynthesis will be transferred to the grairRRBdhan32 has the genetic ability to reduce thet-pathesis

respiratory losses in flag leaf.

Physioco-chemical properties of the leaves

Leaf chlorophyll and leaf N contents were higheBR22 and Kamargachikon at Pl stage while it waghéi in
flag leaf of BRRI dhan32 at flowering (Table 1).erhigher Pn of BR22 and Kamargachikon at Pl andérig
Pn of flag leaf of BRRI dhan32 at flowering thusnche related with their higher leaf chlorophyll aNd
contents. SLW of flag leaf ranged 3.99 - 5.19 mg @nflowering stage while the lowest and the higibesng
recorded for penultimate leaf were 4.17 and 5.68cm{g respectively. Among the varieties BR22 and Bunsha
exhibited higher SLW for both flag and penultimbgaves.

Relationship among parameters

Pn is plotted against mesophyll conductance aewdifft growth stages (Fig. 7) and very strong linessitive
relationship (B=0.95-0.99) was observed. It seems that mesopbylliectance was the major determinant in
the variation of leaf photosynthesis across théetias. These results were in conformity with tiredings of
Saitohet al, 1991 and Scartazzh al, 1998. On the other hand, Pn is plotted agaimshatal conductance at
different growth stages (figures were not givemyl airtually no relationship was observed$R.005-0.29). It
indicates that with higher stomatal conductanceGH¢T may be higher but higher CINT could not irese Pn
without higher mesophyll conductance. Leaf N wasdeined at Pl (fully expanded upper leaf) and fleaf at
booting, flowering and dough stages. The relatigndfetween flag leaf N % and Pn reveals that leaf N
regulated Pn at all the growth stages. However,réhationship becomes gradually weaker from bootmg
dough stages @R0.60, 0.50 and 0.32 respectively) (Fig. 8). Similends were observed in relationship
between flag chlorophyll-a and Pn’®.68, 0.65 and 0.40 respectively) (Fig. 9) anavieen flag chlorophyll-b
and Pn (R=0.71, 0.62 and 0.41 respectively) (Fig. 10) attimgpto dough stages. Influence of leaf N
concentration on Pn has also been reported by athekers and was relevant with the present studségawa
and Hori, 1996; Mialet al, 1997). So, higher mesophyll conductance and hilgiaé¢ N and chlorophyll contents

are the major determinants for higher Pn.

Yield and yield attributes

MVs outyielded the traditional varieties, with thgghest as recorded for BRRI dhan32. MVs produd2é®
64.51 g hill', nearly 37% higher grain yield than the traditionarieties (27.79-51.84 g hif). Bunsha had
relatively higher yield than the other traditionalrieties but significantly lower than the MVs (Tal®). In
contrast, the traditional varieties produced mudaghér straw yield than the MVs. Stem plus grainldsge



together made up the aboveground total biomasstratiional varieties produced significantly higheomass
than MVs. That higher biomass might be attributex higher Pn of traditional varieties at vegetatstage.
But later on at reproductive phase the Pn of tiauhid varieties reduced and because of higher naggmi rate
and lower partitioning capacity their grain yieldecome lower. That was further observed in theetalri
differences for harvest index (HI). HI ranged 154809, the highest being recorded for BRRI dhaa3@ the
lowest for Banshfulchikon. Magnitude of differenge HI was low among the MVs, but there was wide
variation in HI among the traditional varietiestth@nged 15.92-27.92, a variation of 75%.

The sterility in traditional varieties ranged 16-£23.96% with an average of 35.87% while it diffefesim
20.77 to 29.35% among the MVs with an average 002%. Striking difference between traditional and
modern varieties was observed in filled grains gatiand it was somewhat influenced by their respeajiain
size (1000-grain weight or TGW). Among the varistiéamargachikon, a traditional variety exhibitea th
smallest grain size (TGW was only 9.58g). Exceptniegachikon, TGW in three other traditional vagsti
ranged 22.33-29.14 g and in 4 MVs 19.65-24.17 @ wieir corresponding filled grains panitleiere 43.27-
62.59 and 71.23-85.65 respectively. Magnitude oiaian in the number of panicles Hilbetween the modern
(34.50-39.75) and traditional (31.75-38.50) washeatsmall. It appears that the difference in gryield
between the modern and traditional varieties wamlgnaaused by the difference in sterility perceygtar the
number of filled grains hift (Table 2).

The closer association of grain yield and filledigs per hill with flag leaf Pn at flowering revedhat the
greater was the Pn at flowering, the higher wagthén yield and filled grains hill (Fig. 11). The results were
in agreement with the findings of Reddyal. (1994) and Sharmet al. (1997). The flag leaf of BRRI dhan32
exhibited very potential physioco-chemical propestsuch as higher leaf chlorophyll and leaf N autste
mesophyll conductance those attributed to its highe In addition, its post-anthesis respiratolsslavas also
lower. These all-potential characteristics of BRRREan32 thus contributed to its higher post-anthBsisand
grain yield. Lower yield of traditional varietie®ud be largely attributed to high degree of sitgriind less
amount of current photosynthesis (flag leaf Pn).oAmthe traditional varieties Bunsha was more gakeim
post-anthesis Pn and thus contributed to its highan weight than those of other traditionals.

CONCLUSION

Among the Pn contributing parameters, the mesoptwyiductance of the leaf might be one of the most
potential attributes controlling the photosynthette. The higher was the mesophyll conductandeadf the
higher would be the Pn. The flag leaf of BRRI dhiaaPpeared as the best among eight varietiesatiaelto
mesophyll conductance, chlorophyll a, chlorophydirtd N contents enhancing post-anthesis photossisttete
that ultimately contributed to higher grain wei@é#.51g/hill) than those of other varieties (276897g hil*).

Table 1. Leaf characteristics of traditional and malern rice varieties evaluated for photosynthesis ding T. Aman, 2000.

Pl stage vir#ming stae
Top leaf Flag leaf Penultimate
leaf ag leaf

chlor a chlor b N chlor a chlor b N SLW SLW

Variety (mgd) (mgg) (%) (mgg)  (mgg) (%) (mg cnf) (mg cn)
Modern
BR10 0.98 0.33 1.39 0.84 0.29 1.27 5.06 4.84
BR11 0.94 0.32 1.36 0.89 0.30 1.31 4.17 4.08
BR22 1.02 0.34 142 0.98 0.33 1.38 5.07 5.19
BRRI dhan32 0.99 0.33 1.39 1.13 0.38 151 4.42 54 4.
Traditional

Bunsha 0.94 0.32 1.35 1.00 0.34 1.40 5.68 5.16
Lalmota 0.85 0.29 1.28 0.86 0.30 1.29 4.90 3.99
Kamargachikon 1.05 0.35 144 1.01 0.34 141 5.35 4.34
Bashfulchikon 0.89 0.30 1.31 0.83 0.29 1.26 4.67 4.39
LSD (5%) 0.0461 0.0138 0.04 0.0398 0.0119 0.033 .00@1 0.0000
CV% 3.3 2.9 1.90 2.9 2.6 1.7 0.00000 0.0000

Table 2. Yield and yield components of traditionalind modern rice varieties evaluated for photosynth&s during T. Aman, 2000.

No. of Filled Sterility 1000- Grain Total Harvest
panicles grains (%) grain wt biological index
Variety hill* panicle! wt (g) (g hil wt (g) (%)
Modern
BR10 37.25 71.23 27.81 22.58 56.63 137.09 41.32
BR11 34.50 73.15 29.35 24.17 60.24 143.35 42.04
BR22 39.75 78.89 20.77 19.65 63.97 157.57 40.62
BRRI dhan32 36.75 85.65 22.43 21.48 64.51 143.14 .0%45
Traditional
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Bunsha 34.00 62.59 16.23 26.00 51.84 185.74 27.92

Lalmota 38.50 43.68 31.57 29.14 46.78 204.74 22.89
Kamargachikon 33.25 87.36 48.96 9.58 28.39 157.87 7.971
Bashfulchikon 31.75 43.27 46.73 22.33 27.79 17454 1592
LSD (5%) 4.812 4.643 3.904 0.296 4.86 20.822 1.355
CV% 9.2 4.6 8.7 0.9 6.6 8.7 2.9
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Phosphorus Response and Use Efficiency of Lowlandde
at Different Soil Phosphorus Levels

P K Sah&, M R Islanf, S K Zamaf N | Bhuiyarf and M A Saleque

ABSTRACT

We conducted a field experiment during three coumbex years at the Bangladesh Rice Research Iest{@BRRI) farm, Gazipur,
Bangladesh (AEZ 28) on an aeric haplaquept soh wifferent levels of soil available P (modifieds®h) under Boro-Fallow-T. Aman
cropping pattern. In this study, we wanted to kribe/response behaviour of wet land rice (cv. BEfin29 (Boro) and BR11 (T. Aman))
to rates of added P fertilizers under differenelewof soil available P and to determine P useieficy and P nutrient accumulation during
maturity stage. Results showed that P fertilizefl&kg P ha for each season (Boro and T. Aman) produced 8®'tyn® grain yield,
where soil available P is less than 7 mg kepodified Olsen). Amount of P fertilizer applicati can be reduced to a variable extent for the
same level of grain yield, where the soil P is mtitan 7 mg kg with similar soil characteristics. Phosphorus efficiencies were
significantly decreased with increasing the lewdlsoil available P and added P rates.

INTRODUCTION

The cultivation of modern rice varieties increasieelremoval of P, K, S and other plant nutrientsl eore rice
soils are becoming P and K deficient than befarappropriate P fertilizer management coupled witliéasing
cropping intensity with modern high yielding vayie(HYV) led P deficiency in many alluvial soils of
Bangladesh. Acute P deficiency in soil caused klyieduction in lowland rice by 50% or more (Salegual,
1998). In Bangladesh agriculture among the cheni@dlizers, phosphatic fertilizers rank the sedquosition
after nitrogen. Phosphorus requirement of ricebsua 2.5 to 3.0 kg P per ton of rough rice, whishmuch less
than that of N and K (Dobermann and Fairhust, 2080put 25 kg P haare generally recommended for MV
rice cultivation under wetland rice culture, irrespive of P fertility status in Bangladesh (BAR®BT). But the
response of wetland rice to P fertilization is gafig lacking in many soils of Bangladesh. Thip&rhaps due
to the build up of P fertility in soil because tietrepeated P fertilizer application. The appafiest season
recovery of the added phosphorus from the inorgéaiilizer is usually in the range of 15-25% (Doto@nn
and Fairhaust, 2000), but direct measurementsamee €onsiderable residual effect of the P fedilion the
succeeding crop has also been reported by manyevso(Baha, 1985; Meelu and Rekhi, 1981; Singh aad B
1986 and Dobermann et al, 1998). On the other hamé&merging slogan of the world today is to miaienihe
use of agrochemicals for higher profit and safeviremment. In Bangladesh a huge amount of phosphati
fertilizer is imported in every rice growing seasés a result, the country spends a lot of mone¥ dertilizer.

In view of the above considerations, we conductetudy to determine a realistic P fertilizer recoemalation
for wetland rice cultivation. For this purposejsitessential to know the response behaviour ofandtrice to
rates of added P fertilizers under different levaisoil available P and to determine P use efficye and P
nutrient accumulation during the maturity stage.

MATERIALS AND METHODS

The experiment was carried out in the long-termedency experimental plots under Boro-Fallow-T.ahm
cropping pattern at the BRRI farm, Gazipur (AEZ-ZBe soil was an aeric haplaquept. Initial surfsaié was

a clay loam in texture, neutral in reaction (pH)7ahd had organic C 1.0% and soil available P 8g5knt*
(modified Olsen). Over the previous six years 308, 100, 75 and 0 kg P havere applied using TSP in five
treatments depending on variations in frequendiésfertilizer application. At the end of six yearkcropping,
these variable amounts of added P had resulted/endifferent levels of soil available P (modifi€lsen),
which were 13.5, 9.2, 6.6, 6.3 and 4.8 md kegspectively. In Boro 1993, a P response trial inéifated on the
same layout to evaluate P response of rice unddr lexel of soil available P, so that a rationafeRilizer
recommendation based on soil available P could &gemiThis study was continued up to 1995. The éxpeeit
was laid out in a split-plot design with three fealions. Each plot was divided in to three sultgplén main
plots were the soil available P levels. In the pldis three rates of P fertilizer (0, 15 and 3(Pkga’) from TSP
were applied randomly under each level of soil labdé P. In Boro and T.Aman seasons two MV rice BRR
dhan29 and BR11 were tested respectively. All Blifer as per treatment was applied as basal laoebtighly
incorporated with soil before planting. A blankeisé of NKS @ 140-35-20 and 120-35-20 k¢ has applied
for Boro and T. Aman respectively. Appropriate ngeraent practices were followed during each growing
season. At maturity, grain (14% moisture) and stfaven dry) yields were also recorded from eachtinent
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2Senior Scientific Officer, Soil Science DivisionRRI;
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following the standard procedures. Data on gragtdyparameters were statistically analyzed follaptime IRRI

STAT version 4.1 (IRRI, 1998). A portion of graindastraw samples was oven dried at 70 °C for thdeges

and then ground in a Willey mill. These samplesenaamalyzed for determination of P content by diggsiith

tri-acid mixture (Yoshidaet al, 1972). Total P uptake was calculated. Agronomiiciehcy (AE) (kg kg') and

apparent P recovery (%) were calculated followimg formula described by Dobermann, A and Fairhrsd,

(2000). The formulas are as follows:

@® Agronomic efficiency (AE): Agronomic efficiency of aradded nutrient. Grain yield increase per unit
nutrient added. It is expressed in kg'kg

@® Recovery efficiency (RE):Apparent recovery efficiency (%) of an added nultrie increase in nutrient
uptake per unit nutrient added x 100. Also sometimnés referred to as uptake efficiency. It is egsed in
percent.

RESULTS AND DISCUSSION

Grain yield (Boro rice)

In the first year (1993), grain yield increasedngfigantly with increasing rates of P fertilizer @jzation only

where soil available P was 4.8 mg'k@Fig. 1). But at higher levels of soil availablg623 mg kg and above),
application of P fertilizer at any rate did notiiease grain yield. It is surprising to note thathat highest level
of soil available P (13.5 mg Ky P fertilizer application gradually decreased grain yield and the yield
decrease was significant at higher rate (Fig. 1 Badle 1). This might be the reason that due tddnid?

concentration in soil as well as higher rates @fpplication. Saha et al, 2006 reported that highabsorption
by rice plant was not utilized for higher grain guction and this can be considered as luxury coptomof P

due to its higher availability.

In the second year (1994), up to 9.2 mg' lepil available P level, application of P @ 15 kgh&*
significantly increased the grain yield. Howevdie benefit from P application was not observedda grown
on the soil with 13.5 mg Kgsoil available P; rather there was a negativeceffa the plot with 4.8 mg kgsoil
available P, increase in grain yield was dramagiajn yield in P control (§ plot was only 1.34 t hj while
application of P @ 15 kg P hancreased the grain yield to 5.12 t'h&ut further addition of P ie P @ 30 kg P
ha® did not increase the grain yield. In other respanglots (soil available P content 6.3 to 9.2 nuf)k
application of 15 kg P heincreased grain yield by 27 to 41%.

In the third year (1995), the application of P ifexér increased the grain yield in all soils cdniag 4.8 to
13.5 mg kg available P initially (Fig. 1). Like the second yem the plot with 4.8 mg K§ soil available P,
grain yield increased dramatically. The yield ofntrol (R, plot was only 1.67 t h§ which increased
significantly to 4.32 t hawith the application of 15 kg P HiaBut further addition of P ie P @ 30 kg P'tdid
not increase the grain yield. In other plots (sweifilable P 6.3 to 9.2 mg Ryapplication of 15 kg P Haalso
significantly increased the grain yield but in cage30 kg P ha application the grain yield was unchanged.
Although not significant, a consistent yield incseavas observed by P application of 15 kg P ihasoil with
initial available P content of 13.5 mg kg The yield level of Psub-plots of the plots containing 4.8 and 6.6 mg
kg™ P were significantly lower than those obtainedrfrplots containing 9.2 or 13.5 mg k¢-SD ¢ gsfor two
soil means at P each level was 0.84).

Grain yield (T. Aman rice)
In the first year (1993), the grain yield was irmsed significantly with 15 kg P Happlication only where soil
available P was 4.8 mg RgAt the higher levels of soil available P (6.3 kg and above) application of P
fertilizer at any rate did not increase grain yieldioreover, P fertilizer application @ 30 kg P*relightly
depressed the grain yield (Fig. 2). The grain y@ldecond year (1994) was increased significanitli 15 kg
P ha' application in the plots where soil test P we® 8.3 and 6.6 mg kg(Fig. 2). Phosphorus at 30 kg P'ha
produced lower grain yield than that of 15 kg P irathose plots (Fig. 2). At the higher levels ofl svailable
P (9.2 mg kgor above), like the first year, added P showedgatiee result. In the third year (1995) there was
a similar trend like the previous Boro rice (199%).plots with soil available P 4.8 to 9.2 mg“kghe
application of 15 kg P Hasignificantly increased the grain yield. The apafion of 30 kg P h&did not give
any positive result, but in some instances it deged the grain yield (Fig. 2). Like the previousd@arop, a
non-significant consistent yield increase was oke#rby P application of 15 kg P “han soil with initial
available P content of 13.5 mgkdt indicated that the soil P level i Plots may have came down very close
to the critical level after four to five crops.

From the above discussion it is observed that flifer application @ 15 kg P Hdor each season (Boro
and T.Aman) produced 8- 9 t'hgr™ grain yield, where soil available P is less thang kg" (modified Olsen)
(Figs. 1 and 2).

Phosphorus uptake and use efficiency

A relationship between P uptake and grain yieldowofland rice in both seasons was determined (BigTBe
relationship was significant and linear in both tseason (R= 0.60 and 0.65 for Boro and T.Aman,
respectively).



Agronomic use efficiency (AE) (kg K and apparent P recovery (%) were calculated €Eabland 3). AE
was significantly decreased with increasing thelgwf soil available P and added P rates (Tabl&R)varied
from 83 (mean of three years) at 30 kg P leael to 150 (kg kg) at 15 kg P héalevel in Boro season and in T.
Aman season it varied from 29 at 30 kg P level to 78 (kg k@) at 15 kg P halevel in the plot where soil
available P was 4.8 mg RgTable 2). Comparable results were reported byebmlannet al (1998). At higher
levels of soil available P it decreased graduallath levels of applied P. Similar trend was dtaand in case
of apparent P recovery (Table 3). Apparent P regovaried from -9 to 75 %.

CONCLUSIONS

Based on three years experiment, it is concludat Rhfertilizer application @ 15 kg P héor each season
(Boro and T. Aman) would be enough to produce &&'tyr* grain yield, where soil available P is less than 7
mg kg* (modified Olsen). An amount of P fertilizer appliion can be reduced to a variable extent for &#mees
level of grain yield, where the soil available Rrisre than 7 mg kfwith similar soil characteristics.

Table 1. LSDogsvalue for two P means at each soil level for graigield (tha™).

Year LSDg svalue

Boro T. Aman
1993 (Y1) 0.32 0.66
1994 (Y2) 0.68 0.21
1995 (Y3) 0.67 0.58

Table 2. Agronomic efficiency of BRRI dhan29 (Borojand BR11 (T. Aman) as affected by rates of P fetiker application in soil
with different levels of available soil P contentin a Boro-Fallow-T. Aman cropping pattern, BRRI, Gazipur, 1993-95.

Soil P Agronomic efficiency (AE) (kg k)
g g

(mg kg*) Application P levels (kg h§

15 | 30 15 [ 30

Boro T. Aman
1993
4.8 21 32 53 28
6.3 -2 -7 -1 -8
6.6 -13 -3 7 4
9.2 -15 0 5 -12
13.5 -15 -13 -28 -15
1994
4.8 252 123 55 10
6.3 77 47 15 10
6.6 96 55 47 11
9.2 73 28 10 3
13.5 -45 -32 -6 -2
1995
4.8 177 93 125 50
6.3 51 35 45 40
6.6 110 71 114 56
9.2 69 30 63 38
13.5 41 19 25 18
Mean (3 yrs)

4.8 150 83 78 29
6.3 42 25 20 14
6.6 64 41 56 24
9.2 42 19 26 10
13.5 -6 -9 -3 0

Table 3. Apparent P recovery efficiency of BRRI dan29 (Boro) and BR11(T. Aman) as affected by ratesf P fertilizer application
in soil with different levels of available soil P ontents in a Boro-Fallow-T. Aman cropping pattern,BRRI, Gazipur, 1993-95.

Soil P Apparent P recovery efficiency (RE) (%
il pp y efficiency (RE) (%)
(mg kg Application P levels (kg h§
15 | 30 15 [ 30
Boro T. Aman

1993
4.8 31 32 35 25
6.3 7 6 19 8
6.6 13 12 21 19
9.2 -9 4 11 7
13.5 -6 -6 -3 -1

1994
4.8 75 48 38 27
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6.3 41 42 20 15
6.6 57 38 21 21
9.2 56 32 17 13
135 11 6 12 13
1995
4.8 39 35 71 37
6.3 33 28 39 40
6.6 46 29 59 33
9.2 30 22 45 29
135 25 20 31 19
Mean (3 yrs)
4.8 48 38 48 30
6.3 27 25 26 21
6.6 39 26 34 24
9.2 26 19 24 16
135 10 7 13 10

Grain yield (t/ha)

Grain yield (t/ha)
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Fig. 1. Phosphorus respose curve of Boro ricefdrdnt levels of soil available P during 1993-95.
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Fig. 2. Phosphorus respose curve of T. Aman rickffarent levels of soil available P during 1993-9
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Fig. 3. Relationship between P uptake and graild yieBoro and T. Aman rice across the three years.
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Zinc and Nitrogen Interaction in HYV Rice Grown
in Calcareous Soill

P K Sah& M Akter’, M Hossaifl and S K Zamah

ABSTRACT

This study takes an attempt to assess the interaeffect of Zn and N on the yield of HYV rice grovin
calcareous soil. For this we did a field experimanthe Bangladesh Rice Research Institute (BR&Jjonal
station farm, Rajshahi (AEZ-11, HL) during Boro ahdAman seasons of 2008-09. In Boro season, foses

of N (0, 40, 80 and 120 kg fgand Zn (0, 2.5, 5.0 and 7.5 kg havere used as treatments while in T. Aman
season, doses of N were 0, 30, 60 and 90 Rgahd the residual effects of Zn were studied. Adlase of P K S
@15-50-10 kg ha was applied. The experiment was laid out in a RQ@Hattorial) design with three
replications. The result showed that application Z0f and N significantly increased grain yield, Zn
concentration in the grain and total Zn uptakehef tice varieties. In Boro season, the highesihgyald was
obtained when 120 kg HaN was applied along with 7.5 kg han, where as in T. Aman season the highest
grain yield was found in 90 kg Ha\ with 2.5 kg hd Zn treatment. In general, it may be concluded that
application of Zn in calcareous soil along withiyrsficantly increased yield of HYV rice.

INTRODUCTION

The Zn content of agricultural soils and crops anBladesh has attracted attention at present smaeresult of

a growing awareness about environmental and foatitgissues among the producers and consumersieNut
deficient agricultural soils in Bangladesh haverbeemedied especially through the application ofiligers
containing NPK. The demand of the use of Zn fesils in low land rice is increasing day by day. In
Bangladesh, about 30% of rice soils are zinc daficiBARC, 2005). Continuous use of high amount of
nitrogenous fertilizers and intensive cultivatidrhigh yielding cereal crop varieties during thetleew decades
have resulted in widespread Zn deficiency especialcalcareous soil in Bangladesh. Ozanne (198pdnted
severe Zn deficiency in subterranean clover witlhieasing N supply due to formation of Zn-proteimgdex in
the roots. Langiret al, 1962 observed that fertilizer N through MND; enhanced the Zn uptake despite
substantial dilution caused by yield increase fidnapplication. Conversely, Millegt al, 1964 reported that
applied N at a lower dose did not affect the Zntent) but increased it at higher doses. Howevergtis scant
information about the interactions between Zn andrnNvet land rice. So, the present study was cdrduo
examine the nature of the interaction between ZhNim rice crops as it is a major crop in Bangkide

MATERIALS AND METHODS

The field experiment was conducted in Boro and mafl seasons during 2008-09 at the Bangladesh Rice
Research Institute (BRRI) regional station farmjsRahi (AEZ-11, land type-high land (HL)). The soflthe
experimental field was silty-clay-loam with pH=7.@rganic C, total N, available P, exchangeable ld an
available S of the soil was 1.2 %, 0.13%, 15.0 mi§ K.18 meq /100 g soil and 11.8 mg'kgespectively. The
available Zn (EDTA extracted) of the soil was 11§ kg®. In Boro season, four doses of N ie 0, 40, 80, 12
kg ha® and four doses of Zn ie 0, 2.5, 5.0, 7.5 kg here imposed as treatment. In T. Aman season doses

of N ie 0, 30, 60, 90 kg Haand the residual effect of previous applied Znedosere observed. The experiment
was laid out in a RCB (2-factorial) design withelrreplications. Each plot received a blanket ad$& K and

S at the rate of 15-50-10 kg haespectively. BRRI dhan45 and BRRI dhan49 wegsl s test variety in Boro
and T. Aman season respectively. Forty-five-day{8ldro) and 30-day-old (T. Aman) seedlings of eaatiety
were transplanted at 20- x 20-cm spacing. Full siaseZn as ZnS@ 7H,O and other non-urea fertilizers were
applied as basal during final land preparationrdgien from urea was applied in three equal split3 és basal

+ 1/3 at active tillering stage + 1/3 at 5-7 dag$obe panicle initiation stage). Necessary intdteal operations
were done as required.

At maturity, the crop was harvested from 5 aneas at the centre part of each plot and 16 \néle collected
for straw yield. The grain yield was recorded a¥%iloisture content and straw yield as oven dryshagie

®Principal Scientific Officer, Soil Science DivisipBangladesh Rice Research Institute (BRRI), GaziF01.
"Scientific Officer, Soil Science Division, BRRI, @pur 1701.

8Senior Scientific Officer, BRRI RS, Rajshahi.
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plant samples (grain and straw) were digested aiidcid mixture (nitric and perchloric acid at ttae of 5:2)
for the determination of Zn and with,8IO, for the determination of N. The Zn was determinedaa atomic
absorption spectrophotometer and N by micro-Kjdldagthod (Yoshidast al, 1976). Data were analyzed as
per standard statistical procedure (IRRI, 1998).

RESULTS AND DISCUSSION

Boro season

Grain and straw yield. In Boro season, the direct interaction effect ofafil N on the yield of rice and some
other parameters was studied. Application of Zmaased N fertilizer use efficiency. The interactédfect of N
and Zn on the grain yield of Boro rice (BRRI dhap#&s highly significant (p<0.01). Fig. 1(a) shothat the
result of the interaction effect of N and Zn onigrgield was inconclusive at 0 and lower level oféven up to
80 kg N hd). This may be due to the reason that the Zn aififlain calcareous soil is low. Brummet al,
(1983) reported that Zn availability is reducedCiaCQ treated soils mainly because of adsorption of itree
on the surfaces of CaG@r on the surfaces of humic acid, amorphous Fefdimkides, and Mn@compounds
in the presence of CaG@Vhen nitrogen at the rate of 120 kg N'haas applied along with 7.5 kg Znha
increased the grain yield of Boro rice (BRRI dhan4&milar results were also obtained by Verma Bhdgat
(1990). They reported that the response of addadgreater with applied Zn than without Zn. Theriaction
effect of N and Zn on the straw yield of Boro r{&RRI dhan45) was not significant (p= 0.257) [Figp)]-

Zinc concentration and uptake.The concentration of Zn in grain of Boro rice iresed significantly with
the increasing levels of Zn [Fig. 2(a)]. In the e@hse of added N, the Zn concentration in grain ofoBrice
increased significantly with increasing levels of [Fig. 2(a)]. Similar trend was also found in {@sence of
added N @ 80 kg N Haln case of added N @ 80 kg Nt increased significantly up to 5 kg Znha

Application of N enhanced Zn concentration in gramt the magnitude of increase was more when N was
applied in the absence of Zn. However, in the pres®f Zn, a slight reverse trend was found in cdssdded
N @ 40 and 120 kg N HaIn the presence of added N @ 40 kg N',haith increasing levels of Zn, the
concentration of Zn in grain gradually decreaseid.[R(a)]. In case of added N @ 120 kg N*hit was
unchanged in all levels of Zn application. From Eigure 2(b) shows that significantly high Zn comization in
straw was obtained with the treatmentdN Zn, 5. It also indicates that Zn concentration in stgow depressed
after 2.5 kg Zn hdand the reduction was significant at 7.5 kg Zr aen compared with other levels of Zn.
Total Zn uptake (kg h by BRRI dhan45 increased significantly up ted\ Zms[Fig. 2(c)]. Addition of 5.0
and 7.5 kg Zn hahad a depressing effect while 2.5 kg Zi' emhanced Zn uptake by rice plant at all levels of
N added. Significantly the highest Zn uptake of12l& ha was obtained with the treatmentNx Zn,s
followed by the treatment b x Zny 5 (2.45 kg hd). These treatments were identical with each offir.
2(c)]. The increase in Zn uptake may be attribtiteithe yield increase caused by increasing N rates.

Nitrogen concentration and uptake.The concentration of N in grain remained unchanded to the
addition of Zn. But there was a tendency of depoassf N concentration in the presence of Zn. Hosvethe
application of Zn @ 5 kg Zn Hadecreased the N concentration in grain signifigantthe presence of added N
120kg ha' [Fig. 2(d)]. Similarly, the application of Zn @3®kg Zn h& decreased the N concentration in straw
significantly in the presence of all levels of add¢ [Fig. 2(e)]. The results are in agreement with the findings
of Verma and Bhagat (1990) for wheat crop. Convgrdbe uptake of N by rice plant increased with Zn
addition to 7.5 kg hain the presence of db[Fig. 2(f)]. This is mainly because of an incre@sgrain yield of
Boro rice under 7.5 kg Zn Haaddition in the presence of,[Fig. 1(a)]. Thus, it can be concluded from the
results of Boro rice that in the absence of addedNconcentration in grain increased [Fig. 2(alleve as in
the presence of added Zn, N concentration in gltagmeased or remained unchanged [Fig. 2(d)].

T. Aman season

Grain and straw yield. In T. Aman season, the interaction effect of residn and direct N on the yield of rice
and some other parameters were studied. The ititanaeffect of residual Zn and direct N on the graind
straw yield of T. Aman rice (BRRI dhan49) was higltdignificant (p<0.05). Fig. 3(a) shows that the
significantly highest grain yield of 4.90 t havas obtained with the treatmengsN Zn, s Addition of 5.0 and
7.5 kg Zn ha had a depressing effect. However, significantlylifghest straw yield of 7.17 t havas produced
with the treatment } x Zn, 5 [Fig.3(b)]. Like grain yield, addition of 5.0 and57kg Zn h& had a depressing
effect on the straw yield.

Zinc concentration and uptake.The concentration of Zn in grain of T. Aman ricerieased significantly
with the increasing Zn levels both in the absenud gresence of added N [Fig. 4(a)]. Like Boro seaso T.
Aman season, application of N enhanced Zn cond@nrin grain and the magnitude of increase wasemor
when N was applied in the absence of Zn. Howevethé presence of Zn, this increasing trend wasdadn
case of low doses of N ie up to 30 kg N'havhere as increasing N level was not found toease Zn
concentration in grain up to 90 kg N"hahere was no significant interaction effect ofideial Zn and direct N
application on straw Zn concentration of T. Amacer[Fig. 4(b)]. The Zn uptake (kg fHgof T. Aman rice
(BRRI dhan49) increased significantly with the ipasing levels of Zn both in the absence and presehc
added N [Fig. 4(c)]. Application of N at differel@vels enhanced Zn uptake and magnitude of thismae
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prominent at O level of Zn. However, the increasirend was similar those in grain Zn concentrafibig.
4(c)].

Nitrogen concentration and uptake.The interaction effect of residual Zn and directapplication at
different levels was non-significant on the graimdastraw N concentration of T. Aman rice (BRRI dé@n
[Fig. 4(d) and 4(e)]. Total N uptake (kgHaof T. Aman rice (BRRI dhan49) showed a significesult due to
the interaction of residual Zn @ 2.5 kg'tend N @ 90 kg h&[Fig. 4(f)]. This is mainly because of an increase
in grain yield of T. Aman rice under residual Zn2@ kg Zn h& addition in the presence ofdand [Fig. 3(a)].

CONCLUSIONS

It may be concluded that in calcareous soil thaiigant highest grain yield was obtained with theatment
Ni29 X Zny5in Boro season and with the treatmenp Xl Zn,5in T. Aman season. The application of N and
increasing level of Zn had a synergistic effecgoain Zn concentration both in Boro and T. Amarssesa. The
grain N concentration remained unchanged due toaffidication of Zn. The application of N and Zn had
synergistic effect on both total Zn and N uptake.
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Fig. 1. Interaction effect of N and Zn on the (ggig yield and (b) straw yield of BRRI dhan45.
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Fig. 2. Interaction effect of applied N and Zn &e grain Zn conc. (a), straw Zn conc. (b), totalufsiake (c), grain N conc. (d), straw N
conc. (e), and total N uptake (f) of BRRI dhan45.
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Fig. 3. Interaction effect of applied N and residzia on the (a) grain yield and (b) straw yieldBRRI dhan45.
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Fig. 4. Interaction effect of applied N and residda on the grain Zn conc. (a), straw Zn conc. tbjal Zn uptake (c), grain N conc. (d),
straw N conc. (e), and total N uptake (f) of BRRbhd45.
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Seed Priming and Seedling Establishment under Anaebic Conditions

K S Akter'®, J K Biswas and H N Barman

ABSTRACT
Three different experiments were conducted to stodfter seedling establishment under oxygen deplete
conditions through different seed priming methotd$kant Physiology Division, Bangladesh Rice Resear
Institute, Gazipur, from July to October 2007. Fhianing treatments were KNQy = -1.25MPa), NaCly = -
1.25MPa), CaGl(y = -1.25MPa) and hydropriming along with a conte studies were conducted with six
rice genotypewsiz, BRRI dhan29, Jahmir, Bashful, Banajira, BRRI dttirand Boro 109/2. At first in aim
vitro study, seedlings were allowed to grow under difiéraerobic and hypoxic condition. Strict anoxic
condition was maintained for the second experimé&he third experiment was conducted under draimat a
lowland conditions. Under hypoxia most of the dmotolerant genotypes had their elongated colessptil
Therefore, the variety should withstand the lowlaodditions. Accordingly Jahmir had elongated cptéde as
well as elongated leaves in some treatments unkiggen depleted conditions. With few exceptions, BRR
dhan28 and BRRI dhan29 were able to produce motessrelongated coleoptile under the oxygen degplete
conditions. Therefore, these genotypes should taeeability to establish seedling under lowland ditans.
But they were not able to establish seedlings uholetand conditions. However, BRRI dhan29 had good
number of seedlings establishment when the seeds twesated with hydro-priming treatments. Under laowd
conditions, CaGl showed some interesting influence of seedlingbdistanent for the designated anoxia-
tolerant genotypes like Jahmir, Bashful and Baaa]im contrast, Boro 109/2 was enhanced by NaCl.

Key words: Seed priming, Seedling establishment, Anaerobialitions.
INTRODUCTION

Improved seed invigoration techniques are beingl usemany parts of the world to reduce the gernmat
time, to get synchronized germination, improvedngieation rate and better seedling stand to achiomteer
seedling establishment in many horticultural (&l, 1996) and field crops like wheat, maize (Farebq!,
2004a). Furthermore, the invigouration persistseungss than optimum field conditions, such asngsli
(Muhyaddin and Weibe, 1989), high and low tempega{Ruaret al, 2002, and low soil moisture contents ( Du
and Tuong, 2002) and drought (Du and Tuong, 20B@n under extreme hypoxic condition, Leteal, 1998
observed enhanced seedling establishment due © @ming. This invigoration techniques or priming
technique include traditional soaking (soakingdp water up to radicle protrusion), hydroprimiray #8 h,
osmoconditioning, osmohardening with KCI or Ca@lsmotic potential of -1.25 MPa) for 24 h, hardenand
priming with growth regulators and vitamins etc.egh treatments are also employed for easier ardr bet
nursery establishment, resulting in the improvedgoemance of the traditional rice production systiBasraet
al, 2005). Wet direct seeding method, a cost effecthethod for seedling establishment might notagst
success until any suitable variety developed foealiseeding under anaerobic conditions. Therefoeeare in
earnest need of an anaerobic tolerant rice vaBatyit would take a long time to develop a varikke this. So,
we could quantify the ability of primed seed toaddish under lowland conditions. Accordingly, weultb
develop some relevant agronomic practices for easié better seedling establishment methods. T/ svas
considered to achieve the following objectives to:
@ Achieve better seedling establishment under hyp¢okygen depleted) condition through differeaed
priming methods.
@ Compare the eligibility of different seed primingthods.
@ Observe the simple mechanism of seed priming iretifncement of seedling establishment under hgpoxi
conditions.

MATERIALS AND METHODS

19 Department of Crop Botany, BAU, Mymensingh.Corresponding Author, Plant physiology Division,
Bangladesh Rice Research Institute, Gazipur 1701.



The research work was carried out from July to At007 at Plant Physiology Division, BangladesheRi
Research Institute (BRRI), Gazipur. Seeds (BRRIn@Ba Jahmir, Bashful, Banajira, BRRI dhan28 and
Boro109/2) were collected from Plant Physiology iBien, BRRI. The genotypes were tolerant to anaerob
conditions except BRRI dhan28 and BRRI dhan29. ifiteal moisture content were in between 10-12.0%.
Germination percentage of these seeds was moes®©6b%.

METHODOLOGY

Osmopotentialy = -1.25MPa), chemical solutions of KNO3 (30.0 g/NaCIl (16.4 g/L) and Cagl(22.2g/L)

were prepared as per Ruanal., (2002) and Farooet al., (2006). The seed priming treatments wege=T
KNO; T, = NaCl, T; = CaC}, T, = Hydropriming, F = No priming. Twenty-five gram of seeds were sahie
50 ml of solutions (Chemical priming) or distilledater (hydropriming) at room temperature (27+2 “Te

seeds were soaked for 24 hours for chemical prinamd)48 hours for hydropriming. The ratio of seezight

to solution volume was 1:5 (g/mL). The seeds whentsurface washed thrice, dried to the previoustome

level under forced air (Fan) under room conditiod atored in a tightly fitted glass bottle at 5f&€the study.

Study 1. Seedling growth as affected by seed pgrtrieatments and growing conditions.
The growing conditions wer&erobic (Seedlings were allowed to grow in the petri dist®cm dia) lined with
moistened filter paper) anHypoxic: Seedlings were grown in a 50 ml Erlenmeyer fladkater column
(distilled water) was 5 ml above the seeds. Fiv@néigctant seeds just after sprouting were putoirthie
Erlenmeyer flask having the hypoxic condition menéd here. The flasks were then kept in a growdmtfer
(growing condition: dark and 30+2 °C with sufficient humidity). Thpreuting was done by 24 hours soaking
under the same growing conditions. The seedlinge wmown for seven days.

The study contained five seed priming treatmerixsgasnotypes and two growing conditions designed in
two replicated factorial randomized complete bldekign (Tablel).

Study 2. Seedling growth as affected by seed pgrieatments and strict anoxic conditions.
The treatments were the same as those with they dtudtHowever the growth conditions were completely
anaerobic. Five sprouted (sprouting was done bys#ie method as in study 1) seeds were put intteite
tubes (100 x 25-mm) having 18 ml of water, equinate a 50 mm water depth above the seeds. A dyierlof
olive oil added above the water surface to mairg#iict anoxia. The experimental design was theesasnstudy
1.

Study 3. Seedling establishment and seedling grawififfected by seed priming treatments and loavla
conditions.

The treatments were the same as the previous stuli¢ the growing conditions were as drained andand
conditions. Plastic cups (size: 70 mm in diamet&5>mm in height) were used as experimental utie dups
were filled with powdered soil (soils were crushett sieved through 40 mesh) from BRRI farm. Thescup
were arranged in two plastic trays (size: 1000 8 50125-mm): one assigned for drained conditiors e
other for lowland conditions. In the drained tréye cups were provided with a whole at the bottamweced
with tissue paper to facilitate water absorptianirthe tray. All the cups were maintained in maréeses a field
capacity conditions. The cups of the lowland cdodig were submerged under water in the tray. Thierwa
depth over the cups was 25 mm. The treated spragieds were seeded (5 seeds per cup) with theohalp
forceps at a depth of 25 mm. The water depth wasitored every day.

There were six genotypes, five priming treatmentsl awo growing conditions. Each treatment
combination was repeated twice. This kind of treattrtombination needs many trays. Due to shortagrays,
only two big trays were used. Statistically, thisaagement could not be considered as a perfeigries
repetition of treatments combination did not sgtisbnditions of replication. However, the data mterpret
were analyzedsaa factorial randomized design experiment.

Seedling establishment and seedling organs werenadxs Percent seedling establishment data were
transformed to root square transformation. Durirandformation 0 data were considered as 0.005 thith
proper consultation with a BRRI statistician.

The raw data were calculated with MS Excel. Statiftdata were analyzed through MS windows based
IRRISTAT (statistical package). Mean separation slaswvn as LSD at the 5% level of significance (Ls3E).

RESULTS AND DISCUSSION

Study 1

Interaction effect for coleoptile length, mesocdgrigth, first leaf length, were significant (P<®)0Therefore,
only these attributes were discussed hereafter. ©Y#%ese parameters ranged from 13.7 to 17.8 appea
be quite reasonable.

Coleoptile. With a little exceptions in NaCl for BRRI dhan2Be other genotypes showed a little response
of seed priming treatments (Table 1). Irrespecti¥genotype, enhanced coleoptile growth in hypasiguite
expected. The land race genotypes showed a list@ation of growth with respect to the control treant.
Some exceptions were observed in Jahmir. It haufgignt coleoptile growth (29.70 — 40.10 mm) comgzhto

- 40 -



the control in priming treatments. Compared to ¢oatrol treatments, BRRI dhan28 was affected toesom
extent by hydropriming treatment. Similarly BRRIat29 was affected when treated with KNO

Mesocotyl. The priming treatments had no effect on mesocatyith in aerobic conditions (Table 2). Hypoxic
conditions appeared to influence mesocotyl growtedme genotypes like BRRI dhan28 and Bashful. @Grow
enhancement was only observed in kNf@ated BRRI dhan29.

First leaf. Irrespective of genotype and priming treatment, s@nhanced first leaf growth was observed in
hypoxia (Table 3). Some exceptions were observéBRRI dhan29 at KN@ There was no first leaf growth at
all. BRRI dhan29 produced 28.70 mm and 26.60 mmeuhgpoxic and aerobic conditions respectively. The
same treatment had significantly reduced first tgafvth (10.30 mm) in BRRI dhan28 in hypoxia conguhto
that of aerobic conditions (29.9 mm).Similar toemdtile growth, significant first leaf growth wabserved in
Jahmir under NaCl and CaQprimed seeds. BRRI dhan28 was able to producefisgmtly longer first leaf
growth in KNG, NaCl, and CaGltreated seeds under the same conditions. {N@CI, and CaGhad the leaf
growth of 46.70, 56.50 and 45.30 mm respectively.

Study 2

Under strict anoxia the seedling experienced arsesteess. The growth of the seedling attributes reatricted
severely. The CV% of most of the attributes wergesrely high. One of the most important seedlinggas,
coleoptile showed only treatment effect (Fig. 1arity and treatment interaction was significatQP@5) only
for mesocotyl growth. The seminal root and varietgraction was narrowly insignificant ag & P= 0.0588).
So the results of the main effect of coleoptiled #re interaction effect of mesocotyl were discdsse

Coleoptile. The enhanced coleoptile growth across the vasiet®s observed with respect to some of the
treatments. KN@ NaCl and CaGlproduced significant coleoptile length of 40.38 p#ii.31mm, and 41.63
mm respectively compared to those of the contrdltaydroprimed seeds. (Fig. 1).

Mesocotyl. Significantly enhanced mesocotyl length was obskmve BRRI dhan28 and BRRI dhan29
when treated with KNg NaCl and CaGl. The hydropriming treatment had a little effecttba growth of the
attribute. The genotypes Jahmir, Bashful, Banaind Boro 109/2 were stimulated a little with thénpng
treatments (Table 4).

First leaf. The main effect of the treatments on first leaf aathinal root was significant. KNONaCl and
CaCl, were able to produce more first leaf lengths tti@ncontrols (Fig. 1). Ca&produced the highest leaf
length (15.6 mm) followed by KN and NaCl which had the first leaf length of 7afid 7.31 mm respectively
(Table 5).

Study 3
The genotype x Treatment x Growing conditions witlspect to seedling establishment and the seedling
attributes were highly significant for all the veties. But under lowland conditions seedling esthbient was
significantly reduced for all the varieties (Talilp BRRI dhan28 could not establish seedling ihegitof the
treatments. BRRI dhan29 had the similar patterh wiat of BRRI dhan28 with an exception in hydrapng.
The hydropriming treatment significantly in seedliestablishment (44.89%) compared to those of ¢iméral
and other treatments. The anoxia tolerant JahnainaBra and Boro 109/2 had better seedling estabbst
under this conditions. Bashful, an anoxia-tolergahotype could not establish under the control EHa€l-
primed conditions. The extremely poor performanceées control conditions is quite strange for BasHbaCl,
showed significantly the best seedling establishmenformance under this conditions for Jahmir, Balsand
Banajira while Boro109/2 had its best performantemtreated with NaCl.

First leaf. First leaf growth followed the similar pattern alsserved in case of seedling establishment
(Table 7). The drained conditions had little effe¢tseed priming. Despite similar seedling estéintient,
KNO; showed significantly quite elongated leaf length.

DISCUSSION

More recently, seed invigoration techniques suchyasopriming, osmoconditioning, osmohardening letwe
been successfully applied to accrue optimal segdistablihment in rice (Faroatal, 2006). The invigoration
thus achieved could be translated as better sgeditablishment and crop performances under marteof
extreme conditions like drought (Du and Tuong, 2008poxia (Ruanret al, 2002) etc. Therefore, it was
expected that some of the seed priming treatmentddrenhance seedling attributes under differentitiro
conditions (aerobic, hypoxic and anoxic) considarethese studies. The enhance growth of an at&riluith
respect to treatment and genotypes was observednie of the cases. But it is very hard to find ecHjc
treatment effect with respect to certain seedlitigbaite. Elongated coleoptile produced under hyphould
have the ability to produce better first leaf growthnder hypoxia most of the genotypes had theingated
coleoptile but not elongated leaves. However, ipdxya Jahmir had elongated leaves as well as eledga
coleoptile in some treatments. Seed priming withQsNshowed some negative effect on some attributes.
However, BRRI dhan28 and BRRI dhan29 showed thigyatn produce elongated coleoptile under the @tyg
depleted conditions. Accordingly, these genotygesikl have the ability to establish seedlings uridetand
conditions. But in reality, it is observed that BR#han29 and BRRI dhan28 in most of the cases coatd
establish under lowland conditions. The exceptioas VBRRI dhan29, which had a number of seedling



establishment when the seeds were hydroprimedhénsame study, beside hydropriming effect on BRRI
dhan29, CaGlshowed very significant effect of seedling esttitient for the anoxia-tolerant genotypes like
Jahmir, Bashful and Banajira. In contrast, Boro/208as enhanced by NaCl. Thus it appears that ringiny
treatment needed to enhance seedling establishmdat lowland conditions is very specific.

Primed seeds usually exhibit increased and unifgermination rate (Bastet al., 2005) which are attributed to
metabolic repair during imbibition (Brast al., 1989) to build up of germination enhancing metiibs (Basra
et al., 2005), osmotic adjustment (Bradford, 1986), &ordseeds that are not redried after treatmenimnals
reduction in the lag time of imbibition (Bradford986). Seed priming ensured the proper hydratidrichv
resulted in enhanced activity of a-amylase actithiigt hydrolysed the macro starch molecules intallemand
simple sugars (Farooet al, 2006). When the seedling has to come up fromatheerobic conditions, the
biochemistry from the aerobic condition must bdedént. One of the primary effects of anaerobicditions is
the reduction in respiratory activity resulting iaduction in levels of ATP and accumulation of NADH
Ethanolic fermentation enables the pyruvate todmed through an alternative pathway causing |desegls of
ATP production and concomitantly, regeneration &Nfor the continuation of respiration, of course low
level (Groveret al, 1995). There is, of course, genotype variatioretbfanolic fermentation to compensate
energy under the stress. Some of the priming treattmiaving better seedling establishment might modate
the ability to synthesise more energy through aliolfermentation. Biochemical aspects of seedfanigne
with respect to the treatments might satisfy mafythe interesting queries. From the above resultd a
discussion the conclusions are as follows:

@ Seedling establishment of some of the genotypeisfjano tolerance to anoxia could be improved.

@ The ability of seedling establishment of some aadglerant genotypes could also be improved.

@ The priming agent and its matching partner genctympeared to be very specific.

These were the very preliminary studies of thisdkin Bangladesh. More study is needed to expla@ th
mechanism and to find more matching seed-primiregtsy

Table 1. Coleoptiles as affected by seed priming dmgrowing conditions.

Priming treatment

Genotype Lo
KNO; NaCl CaC} Hydropriming Control
Aerobic (Growing condition)
BRRI dhan29 11.50 12.70 11.10 10.20 12.70
Jahmir 15.80 15.0 16.60 9.10 15.50
Bashful 17.90 20.10 20.60 11.40 20.10
Banajira 11.50 14.30 15.40 10.80 14.80
BRRI dhan28 15.0 28.50 17.30 10.50 15.80
Boro 109/2 14.30 12.70 15.0 13.0 15.50
Hypoxia (Growing condition)
BRRI dhan29 17.30 32.10 32.20 26.30 33.70
Jahmir 3.80 34.80 40.10 29.70 21.0
Bashful 30.0 36.90 35.60 26.40 40.10
Banajira 29.40 LSD .05 33.20 28.40 33.30
BRRI dhan28 34.70 32.20 29.0 36.70
Boro 109/2 40.50 4s.1U 39.90 33.0 40.0
LSD g05— 6.55
LSD g5
Table 2. Mesocotyls as affected by seed priming atmglowing conditions.
Priming treatment
Genotype
KNO; NaCl CaC} Hydropriming Control
Aerobic (Growing condition)
BRRI dhan29 0.95 1.50 1.50 1.10 1.30
Jahmir 2.0 1.60 1.80 1.30 1.50
Bashful 2.0 2.10 2.0 1.40 2.30
Banajira 1.50 2.0 2.0 1.20 1.50
BRRI dhan28 2.30 3.40 4.60 1.70 2.0
Boro 109/2 1.40 1.40 2.10 1.20 1.40
Hypoxia (Growing condition)
BRRI dhan29 5.40 2.90 2.60 1.90 1.80
Jahmir 1.80 2.70 2.70 1.40 2.30
Bashful 3.0 3.60 4.20 2.10 5.30
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Banajira 2.10 2.30 2.90 2.60
BRRI dhan28 4.50 4.0 4.0 4.0
Boro 109/2 2.30 3.0 2.90 1.90
LSDoos—1.12

Table 3. First leaves as affected by seed primingnd growing conditions.

Priming treatment

Genotype
KNO; NaCl CaC} Hydropriming
Aerobic (Growing condition)
BRRI dhan29 14.20 23.90 25.20 23.0
Jahmir 34.20 30.90 30.70 26.50
Bashful 26.0 28.40 27.90 22.60
Banajira 32.60 33.70 37.20 30.90
BRRI dhan28 34.50 33.40 28.0 27.40
Boro 109/2 32.60 29.40 32.60 30.70
Hypoxia (Growing condition)
BRRI dhan29 0.0 34.40 36.70 31.30
Jahmir 36.50 45.30 56.0 26.20
Bashful 17.20 36.10 40.50 43.10
Banajira 33.40 37.70 43.80 26.10
BRRI dhan28 46.70 38.40 27.20 29.50
Boro 109/2 54.10 56.50 45.30 47.20

LSD¢05-12.94

Table 4. Mesocotyls as affected by seed priming atmglowing conditions.

Priming treatment

Genotype
KNO; NaCl CaC} Hydropriming

BRRI dhan29 4.60 4.50 3.10 2.40
Jahmir 2.40 2.30 3.10 1.70
Bashful 2.70 4.0 3.60 2.70
Banajira 2.80 3.30 4.0 1.90
BRRI dhan28 5.40 7.30 6.30 4.10
Boro 109/2 3.0 3.0 2.60 2.30
LSDoos— 1.5

Table 5. First leaves as affected by seed primingnd strict anoxic conditions.

Priming treatment

Genotype KNO; NaCl CaC} Hydropriming
BRRI dhan29 12.10 0.0 0.0 9.80
Jahmir 6.80 24.30 16.50 6.60
Bashful 3.60 0.0 0.0 0.0
Banajira 3.40 2.80 12.50 0.0
BRRI dhan28 10.20 4.20 4.0 0.0
Boro 109/2 10.20 12.60 60.60 0.0

LSD ¢.05- 36.50

Table 6. Percent seedling establishment as affectbg seed priming and growing conditions.

Priming treatment

Genotype KNO; NaCl CaC} Hydropriming
Lowland (Growing condition)
BRRI dhan29 0.04 0.04 0.04 44.89
Jahmir 49.42 49.42 58.21 44.89
Bashful 29.05 0.04 58.21 19.98
Banajira 89.68 78.67 89.68 69.55

BRRI dhan28 5.47 0.04 5.47 15.84

5.0
4.50
2.40

Control

26.60
31.70
20.0

32.70
29.90
32.60

28.70

32.30
37.0
44.90
10.30
42.20

Control
2.60
3.80
4.10
5.60
4.40
2.60

Control
3.20

0.0
0.0
4.50

0.0

0.0

Control
0.04
58.21
0.04

79.92
5.47



Boro 109/2 69.55 100 59.90 49.42 59.90

Drained (Growing condition)

BRRI dhan29 100 100 100 100 100
Jahmir 100 100 100 100 100
Bashful 100 100 100 100 100
Banajira 100 100 100 100 100
BRRI dhan28 100 100 100 100 100
Boro 109/2 100 100 100 100 100
LSD ¢.05- 6.56

Table 7. First leaves as affected by seed primingnd growing conditions.

Genotype Priming treatment

KNO3 NaCl CaC} Hydropriming Control
Lowland (Growing condition)
BRRI dhan29 0.0 0.0 0.0 39.40 0.0
Jahmir 72.90 20.0 26.90 21.40 24.70
Bashful 7.40 0.0 17.10 8.20 0.0
Banajira 34.80 29.20 39.0 28.40 27.20
BRRI dhan28 3.50 0.0 2.80 6.0 0.0
Boro 109/2 35.50 36.50 31.80 25.60 41.10
Drained (Growing condition)
BRRI dhan29 26.90 26.20 24.90 2.80 25.20
Jahmir 42.40 42.30 35.0 27.10 36.10
Bashful 31.0 34.20 28.60 25.20 30.80
Banajira 3.70 32.0 31.90 28.60 29.80
BRRI dhan28 32.60 26.30 28.50 2.10 25.50
Boro 109/2 35.50 36.50 31.80 25.60 41.10
LSDgos-18.11
Treatments effect
451 LsD
0-05 [ | KNO3
40
B NacCl
354
O caCh

307
O Hydro priming

254

B Control
201 LSDg 05
151 LSDg 05

10
5 4

Coleoptyl First leaf Seminal root

Seedling attribute
Fig. 1. Seedlings atributes as affected by printiagtments.
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Evaluation of Alternative Direct-Seeded Aus Rice Bsed
Cropping Pattern in Upland Ecosystem

M Hazrat Ali, M Nasim and M A Quddds

ABSTRACT

We conducted an experiment at the experimental fe#frBangladesh Rice Research Institute, Gazipuindufharif-1 season to identify
alternative direct seeded Aus rice based croppaitem for upland ecosystem. Single direct seedesi rice pattern produced the lowest
REY (2.45 t/ha) than the rest of the tested padteline direct seeded Aus rice-Edible podded peterpaproduced the highest rice
equivalent yield (13.05 t/ha) followed by Aus riBeshbean (10.15 t/ha) and DS Aus rice-Chickpeaepett(9.5 t/ha). Moreover, edible
podded pea, bushbean and chickpea produced 2&250t81 t/ha and 3.33 t/ha crop residues respéctiResults of the study suggested
that the upland ecosystem could be diversified imgroductivity could be increased by growing éelipodded pea, bushbean and
chickpea.

Key words: Direct seeded Aus rice, cropping pattern and up&gosystems

INTRODUCTION

Upland rice are grown annually in about 17 milliwe worldwide with 10.5 million ha in Asia, 3.7 niilh ha in
Latin America and 2.8 million ha in Africa (De Datt1975). In Bangladesh, estimated area of uplaed r
ecosystems is about 0.7 million ha (Huke and HU&97) where farmers traditionally grow single crafp
direct seeded Aus rice with yield potential of ab@@® to 1.2 t/ha. Drought, weeds, blast and inpests are the
major constraints to upland rice production (Bemngeal, 2008). These adverse factors cause many farmers to
limit upland rice production to subsistence levi@tercado,et al, 1993). It is critical to the food security of
impoverish communities that do not produce enougtidnd rice to meet their needs. Some authors anelic
that it was used to bridge farmer through the ‘hiymgonth’- a period before lowland crops could lseviested
(Cruz Vera, 2006). Other says, upland rice farmeses farming systems ranging from shifting to pereman
cultivation. According to Guogirgt al, (2008), multiple cropping on upland ecosystemddduing the best
social, economic and ecological benefits, incrgaeeluct yield and farmers' income and promote gusitde
development of agricultural production. Howeveceriyields are generally low from 0.5 to 1.5 t/haAisia,
about 0.5 t/ha in Africa and 1 to 4 t/ha in Latimérica (De Datta, 1975) but average yield is aldotiha in
low input systems that may reach about 2 t/ha énfélvourable uplands. In Bangladesh, musteredsdithean
and line seed are the main oils crops being gravabaut 1.6 lakh ha of land that can supply onlygwi/3 of
edible oil of the total requirement for the countBulses are 20-30% protein by weight, which ishi@uhe
protein content of wheat and three times that oé,riFor this reason, pulses are called vegetablat me
(Schneider, 2002) Pulses have significant nutriticand health advantages for consumers. They arentist
dietary predictor of survival in older people offdient ethnicities (Darmadi-Blackberry, 2004) and study it
has observed that legume consumption was highlseleded with a reduced mortality from coronary hear
disease Nlenotti, et al, 1999). Pulses are especially high in amylose Istanaking them a good source of
prebiotic resistant starch (FAO, 1994). Moreovempared with the stable foods of corn and rice,trobshe
vegetable varieties obtain a higher market valuegd@fmann, 1995). Farmers however, need to be ergsl
to move to new and more profitable crops. Thersfan experiment was designed with several altemat
direct seeded Aus rice based cropping patternvatuate their productivity as well as to diversdgopping
intensity of upland ecosystem.

MATERIALS AND METHODS

We did the experiment at the BRRI farm Gazipur migrKharif-1 season 2005-06. The
experimental plots were laid out in RCB design witree replications. BR21 was grown as
direct seeded Aus rice followed by nine Rabi creps mustard (Tori-7 & SS-75), pea
(Faridpuri), edible podded pea, bush bean, chickpéabin), linseed (Nila 1), soybean
(Sohag) and sunflower (Kironi). DSR BR21 was seedecd May and all the tested Rabi
crops were seeded on 13 November.



YPrincipal Scientific Officer, Senior Scientific @fér and Chief Scientific Officer, Rice Farming 8&yss Division, Bangladesh Rice
Research Institute, Gazipur 1701, Bangladesh.

Fertilizers (kg/ha of N-Fs-K,0-S-Zn): Tori-7: 100-80-50-30-4; SS-75: 120-80-6B4
Pea, Edible podded pea and Bushbean: 30-85-35-2&dybean:30-80-100-20-4;
Chickpea:30-90-60-20-4; Linseed: 35-60-30-0-0; &wmér. 100-100-100-30-4 as per
fertilizer recommendation guide (BARC, 1996). Ather cultural practices for rice and non-
rice crops were followed as per recommendation &RB and BARI. For optimum
germination of the Rabi crops, irrigation was apglone day after seeding and at 30 days
after seeding. All the Rabi crops except bush mahedible podded pea were harvested at
seed maturity whereas edible podded pea and bushwere harvested at 80 and 71 days
after seeding respectively, as green pods. Cragues yield of all Rabi crops and nitrogen
accumulated in the crop residue were recorded. groductivity of the tested cropping
patterns have been expressed in terms of rice alguitvyield (REY).

RESULTS AND DISCUSSION

Yield of direct seeded Aus rice in different crappipatterns ranged from 2.10 to 2.50 t/ha.
The rice equivalent yields varied from 2.45 to13i%a (Table 1). Single rice pattern

produced the lowest grain yield (2.45 t/ha) thae tbst of the tested patterns. The direct
seeded Aus rice-edible podded pea pattern prodineetdighest rice equivalent yield (13.05

t/ha). This was followed by DS Aus rice-bushbearpping pattern (10.15 t/ha) and DS Aus
rice-Chickpea pattern (9.5 t/ha). The yield of Ratwips contributed for achieving of higher

total rice equivalent yields in these patterns. pCresidue yield of Rabi crop at harvest
indicated that sunflower produced the highest dmypcresidue (3.67 t/ha), which was

followed by chickpea (3.33 t/ha) and edible poddeeh (2.25 t/ha). Linseed cake

accumulated the highest nitrogen (60.76 kg/ha)vatid by edible podded pea residues
(35.10 kg/ha). Results of the present study sugdestat the upland ecosystem could be
diversified and its productivity could be enhandgdgrowing edible podded pea, chickpea
and linseed after DS Aus rice (BR21).
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Table 1. Productivity of the tested direct-seeded s based cropping patterns in the upland ecosystenBRRI, Gazipur, 2005-06.

Cropping patterh Yield (t/ha) Total REY*
Kharif 1 Kharif Il Rabi Kharif | Rabi (t/ha)
DSR BR21 F Mustard (Tori-7) 2.50 0.43 4.22
DSR BR21 F Mustard (SS-75) 2.30 0.50 4.80
DSR BR21 F Pea 2.10 1.26 5.88
DSR BR21 F Edible podded Pea 2.15 9.10 (Veg) 0513.
DSR BR21 F Bushbean 2.30 7.90 (Veg) 10.15
DSR BR21 F Soybean 2.20 0.40 2.92
DSR BR21 F Chickpea 2.15 2.50 9.50
DSR BR21 F Linseed 2.20 1.30 5.32
DSR BR21 F Sunflower 2.24 0.80 4.00
DSR BR21 F F 245 - 245

Prices of output (Tk/kg): Rough rice=5; Mustard 1(70):20; SS-75:22; Pea=15; Edible podded pea getable: 6; Bush bean pod as
vegetable:5; Soybean=10; Linseed=12.50; Sunflow@erid Chichpea=15. *REY= Rice equivalent yield; &Hdw

Table 2. Yield of crop residues and N at differentested direct-seeded Aus based cropping patterns the upland ecosystems, BRRI,
Gazipur, 2005-06.

Cropping patterh Crop residue N in crop Total N
Kharif 1 Kharif Il | Rabi /byproduct residue/ accumulated (t/ha)
yield (t/ha) byproduct (%)
DSR BR21 F Mustard (Tori-7) 0.32 (QOil cake) 5.10 6.32
DSR BR21 F Mustard (SS-75) 0.38 (Oil cake) 5.10 9.38
DSR BR21 F Pea 2.15 0.60 12.90
DSR BR21 F Edible podded Pea 2.25 1.56 35.10
DSR BR21 F Bushbean 0.91 2.00 18.00
DSR BR21 F Soybean 1.24 0.58 7.18
DSR BR21 F Chickpea 3.33 0.60 19.98
DSR BR21 F Linseed 0.98 (Oil cake) 6.20 60.76
DSR BR21 F Sunflower 3.67 0.50 19.86
DSR BR21 F F - - -
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Evaluation of Selection Criteria in Premium Quality Rice
Genotypes Through Genetic Variability, Character
Association and Path Analysis

S Ghosdi, M A Syed, M Khaturt, P L Biswasand T L Aditya

ABSTRACT

This study evaluates yield contributing charactass selection criteria after studying genetic patarse
correlation coefficients and partitioning directlandirect effects on yield of 21 premium qualityer genotypes
in transplanted Aman season 2009. All the testathiars were demonstrated significant variation. Siaring
genetic parameters, high genotypic coefficientsvarfiation and high heritability coupled with higlergetic
advance over mean were observed for effective tillenber/m, panicle length (cm) and thousand grain weight
(9). The characters also showed highly significaositive correlations with yield while plant heigfm)
showed highly significant negative correlation wigleld (t/ha) suggesting better opportunity foresting
genotypes based on these characters. Path caefffmialysis revealed that effective tiller numbéréxhibited
higher direct effect on yield (t/ha) followed byniee length (cm). All together with the geneticriedility,
correlation and path analysis revealed that effediller number/my panicle length (cm), thousand grain weight
(g) and plant height (cm) are the most four impartelection criteria contributing higher rice WieFrom the
present investigation, it could be suggested thagihasis should be given on these characters foseleetion

of genotypes for higher yield in premium qualitgei

INTRODUCTION

Rice yield depends on many yield contributing pagters as well as on the environmental factors. iAkl ys
polygenically controlled and also influenced by é@smponent characters, direct selection for yisldften
misleading. Genetic variability, character assamiafpattern and the direct and indirect effect lné tyield
contributing characters on yield are very usefolddor successful selection of desirable genoty@asng high
yield potential. Therefore, we did this study tgpkxe the characters highly responsible for higkld/potential
through yield component analysis.

MATERIALS AND METHOD



Twenty-one premium quality rice lines (Table 1) eevaluated at the BRRI regional station ComilteTi
Aman 2009 using RCB design with three replicatioHsirty-day-old seedlings were transplanted in 162
plots using 2-3 seedlings per hill. Fertilizers avapplied at the rate of 80:60:40 kg N-P-K and @Qyigpsum
per hectare. All other fertilizers, except N, wesed as basal dose and N was top dressed in tved sgjiis at

20 and 50 days after transplanting. Standard crapagement practices were done as and when nece3atay
on plant height (cm), flag leaf area @mneffective tiller number/f panicle length (cm), spikelet fertility (%),
days to 50% flowering, growth duration (day) andusand grain weight (g) were taken from randomlgcied

ten plants from each plot. Yields were taken frohole plot crop cutting and converted it to ton pectare.
Genotypic varianceofg), phenotypic variancecfp), genotypic coefficient of variation (GCV), phewpic
coefficient of variation (PCV), heritability in baol sense (i), genetic advance (GA) were estimated by the
formula suggested by Singh and Chaudhury (1985)06pic and phenotypic correlation coefficients guadh
coefficient analysis were done using Basica sthtveoe. The estimate of GCV and PCV was classifiedow
(0-10), medium (>10-20) and high (>20) (Sivasubraima and Madhavamenon, 1973). The heritability was
categorized as low (0-30), medium (>30-60) and If#f0) suggested by Robinsenal, (1949). Again, genetic
advance was classified by adopting the method lufigkonet al, (1995).

Plant Breeding Division, Bangladesh Rice Reseanstitlite, Gazipur-1701, Bangladesh.

RESULTS AND DISCUSSION

Genetic parameters

The analysis of variance of the present studycateid highly significant variations among the ggpes for all
the characters studied (Table 2). For clear unaedstg of the pattern of variations, the phenotyaidance has
been partitioned into genotypic and environmentatiance. The highest genotypic, environmental and
phenotypic variance was found in flag leaf area’lcifihe lowest magnitude of genotypic, environmeatzd
phenotypic variance was recorded in grain yielda(t/ The PCV and GCV were not very much differeatrf
each other for all of the characters except flag &#ea (crf) which indicated less environmental influence on
the expression of those characters. This resuljesig that selection for yield and yield contribgtcharacters
in present investigation would bring good respoii$® GCV and PCV were high in grain yield (t/hdjeetive
tiller number/ni and thousand grain weight (g) indicated higheree®f genetic variability in these traits but
GCV and PCV were moderate for panicle length (cmd apikelet fertility (%). This finding was mostly
supported by Habibt al, (2005). Growth duration (days) and days to 508«é@ring exhibited low genotypic as
well as phenotypic coefficient of variations in theesent study, suggesting that selection for tichseacters
would not be effective. Heritability estimates iroad sense th) were relatively higher for all the traits studlie
Although high heritability estimates have been fbtm be helpful in making selection of superior gfgpes on
the basis of phenotypic performance bohnsoret al, (1955) suggested that heritability estimates cediplith
high genetic advance were more useful in predidtiegresponse to selection. High heritability alevith high
genetic advance was obtained in effective tillembar/nt followed by spikelets fertility (%) indicating ms
effectiveness in the selection of superior genatype

Character associations

Table 3 presents genotypic and phenotypic coroglatoefficients among grain yield and eight yield
contributing characters for 21 rice genotypes. ®gno correlation coefficients were higher than the
phenotypic correlation coefficients in most of tases, which suggested that character associathndt been
largely influenced by environment in these charact&rain yield was found positively and signifidgn
associated with both genotypic and phenotypic ldeeleffective tiller number/f panicle length (cm) and
thousand grain weight (g). Similar result was akgported by Yolanda and Das (1995) for panicle tlerfigm),
Bai et al, (1992) for effective tiller number/frand Biswaset al, (2000) for thousand grain weight (g). The
results emphasized the importance of these compar@macters as potential contributors to highdyighd
ultimately to enrich the selection criteria in thelection of superior genotypes. However, plangiite{cm)
produced significantly negative correlation witkaigr yield. Similar result was reported by Bisveasl, (2000).
Inter relationships among the yield contributingits showed that plant height had highly significant
negative correlation with effective tiller numbef/npanicle length (cm), spikelet fertility (%) andousand
grain weight (g). Flag leaf area (®nshowed significant negative correlation with sk fertility (%), days to
50% flowering and growth duration (day), which figagave non-significant correlation with grain lde
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Positively significant correlation was observedhwitanicle length (cm), growth duration (day) andutband
grain weight (g) by the character effective tillmsmber/m. Positively significant relation was also observed
between panicle length (cm) and thousand grain ht€ig). Days to 50% flowering showed significansjioe
correlation with growth duration (day).

Path co-efficient analysis

In correlation studies, with the increasing numbgwariables, the indirect associations become dexnand
important. In such situations, path coefficient lgsia is useful to find out direct and indirect sas of
associations. Path coefficient analysis permitstwal examination to specific factors acting tmguce a given
correlation and measures the relative importanceach factor. From the results of path analysiblg@4), it
was evident that the highest positive direct eftecigrain yield was obtained by effective tillef/followed by
panicle length. The correlation coefficient foreeftive tiller/nfis almost equal to its direct effect indicatingttha
it had true relationship with grain yield and dirselection through this trait would be effecti@haudhary and
Motiramani (2003) reported greater contribution edfective tiller/nf and spikelets density in rice. Again,
similar results were also obtained by Rastticl, (2007). Plant height exhibited highly significamtgative
direct effect with grain yield indicating high yiepotential of short stature plant varieties. Sleikéertility and
days to 50% flowering showed negative and negkgiitect effect among themselves but showed infsoginit
positive correlation with yield indicating that iinglct causal factors are to be considered for #eleaf
superior genotypes. Higher positive indirect efigicthousand grain weight and panicle length thioetjective
tiller/m? might be due to highly significant positive coatbn of thousand grain weight and panicle lengith w
effective tiller/nf. The result prescribed that while using panichegte and thousand grain weight as selection
criteria, effective tiller/should be given proper importance.

The residual effect of the present study was (rilicating that 80 percent of the variability iragr yield
was contributed by the eight component charactediexd in this path analysis. This gives an impgmsthat a
few other characters than those involved in thegestudy might also contributed to yield.

The genetic variability, character associations path analysis of the present study finally proveai
panicle length (cm), effective tiller numbefimnd thousand grain weight (g) are the most imporyéeid
contributing characters on which emphasis shoulditsen for the selection of superior premium quyatite
genotypes.

REFERENCES

Bai, N R, R Devika, A Regina and C A Joseph. 19®@relation of yield and yield components in meditice cultivers. Eviron. Ecol.
10(2): 459-470.

Biswas, P S, Biswajit Prasad and S B A Dewan. 20@Biability character association and path analysirice. Bangladesh J. PI. Breed.
Genet., 13(1): 19-25.

Chaudhary, M and N K Motiramani. 2003. Variabildpd association among yield attributes and graalityun traditional aromatic rice
accessions. Crop improvement. 30(1):84-90.

Habib, S H, M K Bashar, M Khalequzzaman, M S Ahraad E S M H Rashid. 2005. Genetic analysis and hmphysiological selection
criteria for traditional Biroin Bangladestte germplasms. J. Biol. Sci. 5(3): 315-318.

Jonson, H W, H F Robinson and R E Comstock. 195Mo0Gpic and phenotypic correlations in soyabeash their implications in
selection. Agron. J. 74: 477-483.

Rashid, E S M H, K M Iftekharuddaula, R Yasmeen Arld Nurunnabi. 2007. Genetic parameter, charazsspciation and path analysis
of hybrid population for grain characters in ana8gmt diallel population in rice. Intl. J. Bio R&¢3): 8-13.

Robinson, H F, R E Comstock and P H Harvey. 1948ntation of heritability and degree of dominancearn. Agron. J. 41: 353-359.

Singh, R K and B D Chaudhary. 1985. Biometricalhmds in quantitative genetic analysis (rev. edglyni Publishers, Ludhiana, India
318 p.

Sivasubramanian, S and P Madhavamenon. 1973. Geaetyd phenotypic variability in rice. Madraj AgriJ. 60: 1093-1096.

Yolanda, J L and L D V Das.1995. Correlation anthanalysis in rice@ryza sativa L.). Madras Agril. J. 82(11): 576-579.

Table 1. List of genotypes used in the study.

Designation Designation
BR7873-*5(NIL)-37-HR4 BR7150-11-5-5-9-14
BR7873-*5(NIL)-37-HR5 BR7878-*5(NIL)-72-HR6
BR7873-*5(NIL)-52-HR6 BR7878-*5(NIL)-37-HR2
BR7873-*5(NIL)-52-HR10 BR7878-*5(NIL)-66-HR15
BR7875-*5(NIL)-52-HR1 BR6817-25-2-2-3
BR7877-*5(NIL)-63 BR6817-75-2-2-3-HR3
BR7877-*5(NIL)-64 BR6818-17-4-3-3
BR7150-11-5-4-2-11 BR6818-25-3-2-3-HR12
BR7150-11-7-4-2-12 BRRI dhan34
BR7150-11-7-4-2-16 Dadkhani

BR7150-11-3-4-2-19

Table 2. Estimation of statistical and genetic panameters of yield and its contributing traits of 21 pemium quality rice genotypes.

Parameter Mean suth Grand Range 6 o’e % h GA GCV PCV

of square mean

Plant ht (cm) 149.61* 108.1 95.7-127 49.32 1.64 .980 96.78 14.23 16.5 16.6



Flag leaf area
(cr)
Effective tiller
no./n?
Panicle length
(cm)
Spikelet
fertility (%)
Days to 50 %
flowering

Growth
duration (day)
1000-grain wt

(@
Yield (t/ha)

402.34**

17.04**

32.37*

273.94**

73.50**

75.58**

139.27*

2.82*

57.07 32.7-96.1
10 5.0-15.0
26.91 21.5-34
80.19 57-96
96.21 88-105
121.57 113-131
22.43 10.99-2.62
3.46 1.65-5.83

113.66 61.36
5.28 1.20
10.50 0.86
88.45 8.60
24.41 0.27
25.12 0.21
46.41 0.02
0.92 0.06

175.02

6.48

11.37

97.05

24.68

25.33

46.44

098 4

64.94 17.7 18.68 23.18
81.47 24.27 22.9 25.46

92.41 16.42 12.04 12.53
91.14 185 .731 1228

98.92 10.12 .145 5.16

99.19 10.28 4.12 4.14

99.95 .034 30.37 30.38
.15 1.92 27.72 28.57

*=Sjgnificant at the 1% levelos’,=Genotypic variances’=Environmental variances’,=Phenotypic variance,2f+Heritability in broad
sense, GA=Genetic advance, GCV=Genotypic coeffisiehvariations and PCV=Phenotypic coefficientsarfiations.

Table 3. Genotypic (g) and phenotypic (r,) correlation coefficients among yield and its
contributing traits of 21 premium quality rice genotypes.

Flag leaf | Effective Panicle Spikelets Days to Growth 1000- grain| Yield
Parameter area tiller no./n? length fertility 50% duration wt (9) (t/ha)
(cnP) (cm) (%) flowering (days)

(F::I;r;t ht o 0.0591 -0.3387** -0.2492* -0.3757** -0.0077 0.0972 -0.3727** -0.4126**

o 0.0336 -0.3185** -0.2353* -0.3634** -0.0112 0.0944 -0.3662** -0.3953**
Flag leaf Iy
area (crﬁ) ) -0.1827 -0.0400 -0.4544** -0.6494** -0.7640** 0.029 -0.0153

P -0.1611 -0.0395 -0.3743* -0.5201** -0.5931** 0.049 -0.0303
Eg?ﬁ;'ve tiller 1 0.6664*  0.1152 0.2061 0.2730% 07968  0.9994*

o 0.5915** 0.1246 0.1995 0.2466** 0.7198** 0.8734**
Panicle Iy
length (cm) ) 0.2366* 0.2257 0.1943 0.8675** 0.7382**

P 0.2103 0.2075 0.1837 0.8333** 0.6944**
(So/p;kelas fertility g 0.1616 0.2090 0.1494 0.0835

(1)

o 0.1501 0.2070 0.1441 0.0645
Day to 50% Iy
flowering ) 0.9458** 0.0348 0.1085

P 0.9362** 0.0352 0.1053
Growth Iy
duration (day) ; 0.0467 0.1382

P 0.0465 0.1349
1000-grain wt (g) J 0.8434%*

o 0.8184*

* and**indicates significant at the 5% and 1% lewélsignificance, § and p indicates genotypic and phenotypic correlationffaent,

respectively.

Table 4. Partitioning of genotypic correlation wih grain yield into direct (bold) and indirect effea of yield contributing traits in 21
premium quality rice genotypes.

. Panicle | Spikelets Days to| Growth 1000- Genotypic
Parameter (IZI;r;t ht erig © rﬁl)eaf Fil{fe?fcrtllg(j P length fertility 50% duration grain wt correlation

' (cm) (%) flowering (day) (9) with yield
Plant ht (cm) -0.1496  0.0049 -0.2625 -0.0527  0.0300 0.0015 0.0143 0.0015 -0.4126%**
Flag leaf area (cf)  .0.0070  0.1051 -0.1380 -0.0080  0.0341 0.1024 -0.1038 -0.0001 8801
Eg%ﬁ“’e tiler 6 5477 -0.0174 0.8397 0.1380  -0.0096 -0.0350 0.0392 -0.0032 0.9994*
Panicle -
length (cm) 0.0351 -0.0040 0.5069 0.2312  -0.0184 -0.0375 0.0285 -0.0036 0.7382
Spikelet
fertility (%) 0.0534 -0.0421 0.0944 0.0490 -0.0745 -0.0271 0.0310 -0.0006 0.0835

0,

ijzri ngto 50% 50012 -0.0597 0.1618 00473  -0.0128  -0.1700 01408  -0.0001  0.1085
gg‘/"s’;h duration 5 5138 .0.0695 0.2086 0.0412  -0.0168 01618 0.1505  -0.0002 0.1382
1000-grainwt (@)  0.0534 0.0026 0.6092 0.1849 -0.0120 -0.0060 0.0070 0.0043 0.8434**

**|Indicates significant at the 1% level of sign#icce, Residual effed®R= 0.20.
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Residual Effect of Fresh Poultry Litter on Rice Yidd and
Some Plant Parameters

J C Biswas and B C R&Y

ABSTRACT

This paper investigates the influence of fresh yditter (PL) and its residual effects at the Bdesh Rice
Research Institute farm in Gazipur. Absolute cdn8d/ha and 5 t/ha fresh PL was applied as Hasfalre three
days of transplanting during first rice crop. Web4glivided the PL treated plots into two during thext
cropping season for imposing N treatments at 8Bi&kddér T. Aman and 120 kg/ha for Boro rice cropkeT
fresh PL significantly improved rice grain yield daise of increased panicle production. In succeedae
crops, N addition significantly influenced panici/ grain and straw yields indicating that there wasy-over
effect of PL application on succeeding crop, esgicat a higher rate. Rice could be cultivatedcassfully by
using residual effect of fresh PL, provided adegitand K is used for mitigation of deficiency.

INTRODUCTION

In general, for each kilogram (kg) of feed consup@dhicken approximately produce one kg of frestmune
with variable water content, while a commercialdaproduce about 20 kg/year (Vestl, 1994). So, one can
easily predict how much poultry waste are produftedh about 80 million poultry in Bangladesh. It as
excellent nutrient source of N, P and K. The PLligption also increases the organic-matter cormémhe soil
and improves soil quality. It can also be utiliZed power generation (Dagnall, 1993).

Broiler litter contains 36-64% total digestible nients, 0.56-3.92% P, 0.81-6.13% Ca and 125-667 pjgn
(Jacobet al, 1997). Cage layer manure contains the major piatrtents of N, P, and K, which depend on age
and diet of flock as well as moisture content agel af manure (Jacolesal, 1996). Nutrient uptake by forages
increased when PL was used as fertilizer along witttient accumulation in soils over time (Pedersbal,
2002).

Availability of fertilizer at the right time is onef the major constraints now a day for rice prdiurcin
Bangladesh. The cost of fertilizer is also high, Bb could be used under such conditions to supghémlant
nutrients for rice production because it contaim®d) amount of available nutrients (Jacadsal, 1996;
Dobermann and Fairhast, 2000). Fresh and one mdetbmposed PL was successfully utilized for rice
cultivation (Biswaset al, 2008; BRRI, 2005) and thus saving of costly earferdign exchange for fertilizer

Yprincipal Scientific Officer and Senior Scientififficer, respectively; Agronomy Division, BRRI, Gpar 1701, Bangladesh.



import. The positive impact of fresh PL applicatiom our previous studies prompted us to investigegalual
effect of added PL in succeeding rice crops.

MATERIALS AND METHODS

The experiment was initiated during T. Aman 2008Bangladesh Rice Research Institute, Gazipur.alniti
treatments were absolute control, 3 t/ha and 5 FfRh as basal. The treatments assigned in a razddmi
complete block design with three replications. Watmntent of fresh PL was about 65%. The unit piné¢ was
6- x 3-m. After first crop, the plots were sub-died into two parts during the next cropping seafwn
imposing additional N treatments, but lay out remedi same for the next cropping seasons. Nitrogenwas
80 kg/ha for T. Aman and 120 kg/ha for Boro seadtittogen was applied in three equal splits at HAT,
30-35 DAT and before panicle initiation (PI1). Thiday-old seedlings of BRRI dhan49 were transplhme
13/8/08 and 16/8/2009 at 20- x 20-cm spacing. B&RIn45 was used in Boro season and 45-day-oldisged|
were transplanted with above-mentioned spacing30162009. Standard cultural practices were folldvia
growing rice crops.

Data on plant height, panicle/mgrains/panicle, spikelet sterility, grain andastryields were recorded.
Phosphorus and K uptake was estimated consideutngent removal for each ton of grain and strawdoiciion
(Dobermann and Fairhurst, 2000) by the rice crapthen P and K balance after first crop was detgechi The
data were subjected to statistical analyses foliguomez and Gomez (1984).

RESULTS AND DISCUSSION

Plant height and spikelet sterility did not varycaese of being imposed treatments; but additiofresh PL
caused significantly higher grain and straw yieltlging initial year (T. Aman, 2008) because of lgein
increased panicle production as well as numberaifig in a panicle (Table 1). The increase inrgyéeld was
30% and 44% for addition of 3 and 5 t/ha fresh B4pectively compared to control. Bisweisl, (2008) and
BRRI (2011) also reported higher grain yield whénwas used alone or in combination with fertilizers

There were significant variations in paniclé/rgrain and straw yields due to addition of N femér in
succeeding rice crops (Tables 2 and 3). Plant hemyains in panicle and spikelet sterility did nery
significantly among the treatments in the succegdinro and T. Aman crops. These findings indicht N
was only the limiting nutrient for successful ricgtivation and other nutrients were available bsesof initial
PL addition. Pedersoet al, (2002) reported that nutrient accumulation ocdénrsoils over time because of PL
application, which could be used by the succeednogs. Shalet al, (2004) also showed residual effect of P
fertilization in rice. In our study we added fré3h one time only. In this case estimated P andriforal by the
first crop shows that 9 kg P/ha was accumulatedoih when fresh PL was used at 5 t/ha basis (Tdhle
However, there was negative K balances irrespectiteeatments. Although negative K balance andimmim
positive P balance after first crop implied thabishge of P was also initiated from second cropdestfresh PL
might have influenced availability of soil boundaRd K for the use of the rice crop.

CONCLUSION

Thus we conclude that rice could be cultivated sasfully by using residual effect of fresh PL, esaky when
higher doses of PL is used along with adequate pplguand K fertilization for minimizing K mining. Ae
severity of mining would be increased with increhsepping intensity after fresh PL application.
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Table 1. Effect of fresh PL on wet season T. Amariae, 2008, BRRI, Gazipur.
Treatment Plant ht (cm) Panicles| Grains Sterility (%) Grain yield| Straw yield
/m? Ipanicle (t/ha) (t/ha)
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Absolute control 95b 180b 77b 16.11a 3.51b 4.50b
3 t/ha FPL 99a 203ab 88ab 17.32a 4.55ab 5.80a
5 t/ha FPL 100a 218a 92a 16.98a 5.07a 6.31a
CV(%) 3.1 4.5 5.1 10.1 6.1 7.71

Small letter(s) in a column compare means at tb& @vel by DMRT.

Table 2. Residual effect (first year) of fresh PL pplication on succeeding dry season irrigated riceBoro (2008-09BRRI, Gazipur.

Treatment Plant  ht Panicles Grains /panicle Sterility | Grain vyield | Straw yield
(cm) Im? (%) (t/ha) (t/ha)

Absolute control 75a 160b 89%a 11.87a 3.31b 3.50b

3 t/ha FPL 72a 165b 82a 15.39ab 3.35b 3.43b

3 t/ha FPL + 120 kg/ha N 8la 304a 90a 14.05ab 5.48a 6.13a

5 t/ha FPL 76a 153b 87a 10.13a 3.47b 4.01b

5 t/ha FPL + 120 kg/ha N 82a 300a 9la 18.45b 5.50a 6.26a

CV(%) 3.3 4.6 3.7 8.7 6.3 8.1

Small letter(s) in a column compare means at 08 lével by DMRT.

Table 3. Residual effect (¢ year) of fresh PL application on succeeding wet ason T. Aman rice, 2009BRRI, Gazipur.

Treatment Plant ht (cm Panicles| Grains Sterility Grain yield | Straw vyield
/m? /panicle (%) (t/ha) (t/ha)

Absolute control 98a 180b 75a 15.38a 2.95¢ 3.68c

3 t/ha FPL 99a 185b 78a 18.96ab 3.33b 4.26b

3 t/ha FPL + 80 kg/ha N 102a 215a 85a 21.28b 4.13a 5.47a

5 t/ha FPL 100a 198ab 82a 23.57b 3.50b 4.50b

5 t/ha FPL + 80 kg/ha N 101a 220a 90a 20.45b 4.25a 5.67a

CV(%) 25 3.6 4.2 9.8 7.5 8.9

Small letter(s) in a column compare means at 08 l@vel by DMRT.

Table 4. Estimated P and K balance after harvestingf first crop, BRRI, Gazipur.

Treatment Nutrient added (kg/ha)  Nutrient removegli{a) | Balance (kg/ha)

P | K P | K P | K
Absolute control 0 0 20.0 1121 -20.0 -112.1
3 t/ha fresh PL 26.30 34.0 25.9 144.9 0.4 -110.9
5 t/ha fresh PL 43.8 56.7 28.5 159.3 15.3 -102.6

Assessment of the Effect of Climate Change on BoRice
Yield and Yield Gap using DSSAT Model

Jayanta Kumar BasdkV Ashraf Ali*, Jiban Krishna Biswdsind Md Nazrul Islarh

ABSTRACT

The actual yield of different Boro varieties iseftmuch lower than the potential yield (ie, yieldhaut any
water and fertilizer stress), commonly referrecasoyield gap. We investigates the possible impactimate
change on Boro rice yield and yield gap by estintathe potential yield and yield under commonly &yed
crop management practices (ie, irrigation andlieeti application) for the years 2030, 2050 and®Q3ing the
DSSAT modeling system. The model has been usegridicting yields of the BR3 and BR14 Boro rice
varieties for 12 major rice growing locations in rggadesh. Available data on soil and hydrologic
characteristics of these locations, and typicapamanagement practice for Boro rice have been usdke
simulations. The weather data required for the rhédkaly maximum and minimum temperatures, dailjaso
radiation and daily precipitation) were generatedthe selected years and for the selected locatising the
regional climate model PRECIS. The crop model mtedi significantly lower yield of the Boro rice Veties
and increasing trend of rice yield gap in the fatunder the present crop management practice, stilggéhat
among other measures, the currently used agrialilpractices would have to be changed for offsgttime
adverse effect of climate change on Boro yield. ifoelel predicted that under currently employed ficacthe
average yield gap (average of 12 selected locgtion8R3 rice variety would be 30, 43 and 52% tfoe years
2030, 2050 and 2070 respectively. The corresponglzld gaps for BR14 rice variety were predicted®37,
49 and 58%. Increasing atmospheric carbon-dioxaeentrations have been predicted to increaseyridd
gap in the future. Rice yield and yield gap hawmdleen found to be sensitive to transplanting. @&ieh yield
reductions under changed climatic conditions caitphificantly affect food production and food setuin



Bangladesh. Among other initiatives, adaptatioprafper crop management practices could reduceetrerisy
of such adverse impacts. It is also necessary veloe high temperature-resistant rice varieties emudlify
management practices to offset the adverse effécigmate change.

Keywords: Bangladesh, climate change, Boro rice, rice yiglkeld gap, DSSAT model

INTRODUCTION

Most existing rice varieties, particularly moderarieties and hybrids, have a potential yield teatigher than
the actual yield commonly achieved by farmers, drate is considerable variation in the actual yiekels
achieved, even under similar production systemseriial yield is commonly referred to as yield und®
nitrogen (fertilizer) and water stress. Actual gi®bf irrigated rice in Bangladesh are only abotd 8 tones per
ha, while the potential yield of modern rice vagstcould be as high as 10 to 11 tones per h#d Wifferences
among farmers in the same area are frequent beadude different levels of crop management and the
diversity of environments in the area (FAO, 200fhe expert consultation on yield gap and produstivi
decline in rice production, convened by FAO in Roime2000, recognized that there is a sizeable yigp
between attainable and farm-level yields acrosetwdogies, the regions, within ecologies and tiop seasons
in many rice growing countries. The yield gap betwattainable and farm-level yields ranges frontd60
percent. This yield gap could potentially increas¢he future under adverse climatic conditions thuelimate
change, especially if current agricultural practieee continued.

A number of simulation studies have been carrigd@assess impacts of climate change and vatigbiti
rice productivity in Bangladesh (eg, Basakal, 2009; Mahmoodtt al, 2003; Mahmood, 1998; Kariret al,
1996) and some of these studies have predicted loeeeyield under different climate change scessmrBasak
(2009) and Basakt al (2010) reported predicted significant reductioryield of some varieties of Boro rice
due to climate change; yield reductions of overa®@ 50% have been predicted for the years 205@8aind
respectively. This study presents an assessméhé doro rice yield gap (ie, difference betweereptiil yield
and yield under presently employed agriculturatpeca) under future climate scenarios.

In this study, future climate scenarios have beepialed using the climate model named Providing
Regional Climates for Impact Studies (PRECIS). Waeather data requirement for DSSAT (Decision Sujppor
System for Agrotechnology Transfer, version 4) miadelude daily maximum and minimum air temperagjre
daily precipitation and daily solar radiation, afl which could affect rice yield significantly. Trefore, future
climate scenarios, including daily maximum and mmnim temperatures, precipitation and solar radiation
selected locations of Bangladesh have been gedemateused for predicting yield gaps of Boro riEke yield
of two Boro varieties (BR3 and BR14) have been sated in the present study for the years 2008, 206860
and 2070, using the DSSAT modeling system.

Department of Civil Engineering, Bangladesh Uniitgref Engineering and Technology, Dhaka 1000, Bamesh.’Bangladesh Rice
Research Institute, Gazipur 1701, BangladdAARC Meteorological Research Center, E-4/C Agang&ihaka 1207, Bangladesh.

MATERIALS AND METHODS

Selection of simulation locations

The yield (both potential yield and rice yield unda assumed crop management practice) of two Boeo
varieties BR3 and BR14 for the years 2008, 203@%028nd 2070 have been simulated for 12 districts of
Bangladesh, which were selected from among the mmegj@ growing areas in different regions of Bauigish.
Among them, Rajshahi, Bogra and Dinajpur were setefrom northwestern region; Mymensingh and Tangai
were selected from central region; Jessore anchBatitom southwestern region; Barisal and Madaripom
southern region; Chandpur and Comilla from soutteeasregion; and Sylhet district from eastern ragim
addition, the yields (potential and actual yield)tlee rice varieties under varying transplantingedaere also
assessed.

Crop model

The DSSAT modeling system is an advanced physicétlyi based rice crop growth simulation model aad h
been widely applied to understand the relationbleipveen rice and its environment. The model esémgield

of irrigated and non-irrigated rice, determine diora of growth stages, dry matter production andipning,
root system dynamics, effect of soil water and siilogen contents on photosynthesis, carbon balamc
water balance. Ritchiet al (1987) and Hoogenboost al (2003) have provided a detailed description of the
model. In the present study, the Introductory C8mulation (ICSim) of DSSAT modeling system hasrbee
used for all simulations.

Selection of rice variety

The DSSAT model is variety-specific (eg, BR3 Boand is able to predict rice yield and rice plasipanse to
various environmental conditions. In predicting rgrowth and yield, the model takes into considenaof
weather, crop management, genetics, and soil watemd N. The model uses a detailed set of cropifape
genetic coefficients, which allows the model top@wd to diverse weather and management conditions.
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Therefore, in order to get reliable results fromdelosimulations, it is necessary to have the appatgppgenetic
coefficients for the selected cultivars. The twor@®oice varieties BR3 and BR14 have been selectettha
present study because genetic coefficients forethesieties are available in the DSSAT modelingteays
Although these varieties are not widely used asgmg the effects of climate change and variabditythese
varieties provide insights into possible impactiohate change on Boro rice yield gap.

Soil and crop management input

The DSSAT model requires a detailed set of inptid @& soil and hydrologic characteristics (ie, pedal
and hydrological data), and crop management. ldatid related to soil characteristics include sexture,
number of layers in soil profile, soil layer depgiti of soil for each depth, clay, silt and sandteats, organic
matter and cation exchange capacity etc. Requiatal @h soil and hydrologic characteristics for 1Reselected
locations (districts) were collected from Banglddégice Research Institute (BRRI, Gazipur; BARC, 200
Karim et al, 1998) and Soil Resources Development InstituteD[SRhaka). As an example, table 1 presents
the soil profile data used in the model for the @d Meghna Estuarine Floodplain (ie, Agro-ecoladjizone,
AEZ-19) covering Kishoregani, Habiganj, BrahmanharComilla, Chandpur, Feni, Noakhali, Laksmipur,
Narsingdi, Narayanganj, Dhaka, Shariatpur, Modari@opalganj and Barisal districts.

The crop management data (ie, agronomic data) netjuly the model include planting date, planting
density, row spacing, planting depth, irrigationcamt and frequency, fertilizer application dated amounts.
Table 2 shows the major crop management input dsea in all model simulations in the present stutly.
represents typical practices (BRRI, 2006 and Rasti88) in Bangladesh. Using these inputs, theames(of
12 locations) yields of BR3 and BR14 for 2008, restied by the model, were about 5500 kg had 4050 kg
ha' respectively. These values are close to the regoytelds of these varieties (BRRI, 2007). Thesspcr
management inputs were subsequently used in alehsihulations under the predicted weather scesdao
2008, 2030, 2050 and 2070. It should be notedtt@DSSAT model does not count the water requioed f
preparation of land before transplanting (whichaliguvaries from 200 to 300 mm, depending on saill a
weather condition).

Weather data

In this study, a regional climate model named Rtiogj Regional Climate for Impacts Studies (PREGA&5
used to generate daily weather data needed forimgrthe DSSAT model. The special report on emission
scenarios (SRES) A2 of ECHAM4 has been used as PRB@ut. In this study PRECIS was run with 50-km
horizontal resolution for the present climate (2008ing baseline lateral boundary conditions (LBOd)e
model domain was selected 65-1B3and 6-35°N to cover Bangladesh and its surrogxdiim the next step
PRECIS run was completed for 2030, 2050 and 20TgusCHAM 4 SRES A2 as the model input. The
PRECIS outputs that were used in the DSSAT modeludite daily maximum temperature (), daily
minimum temperature (f,), daily incoming solar radiation (Srad), and dakecipitation. These parameters
were extracted at 12 locations mentioned in sulzsecamed Selection of Simulation Locations.

RESULTS AND DISCUSSIONS

Impact of climate change on rice yield and yield ga
Tables 3 and 4 show predicted rice yield (potertia actual yield) and yield gaps of BR3 and BRddoBice
varieties respectively at 12 locations of Banglades2030, 2050 and 2070. These predictions haea beade
using a fixed concentration of atmospheric ,C&@ 379 ppm (the value reported for 2005 in thertfou
assessment report of IPCC) and for planting datéSofanuary. In general, Tables 3 and 4 show gigqunif
reductions in predicted rice yield in the futureedo predicted changes in climatic condition. Thieddes also
show significant change in rice yield gaps in thufe due to predicted changes in climatic condiaod the
predicted yield gaps increased significantly withet from 2030 to 2070 (Fig. 5). Predicted averdge yield
gaps of BR3 variety for the 12 selected locatiamsadout 30% for 2030, 43% for 2050 and 52% forl20he
corresponding changes for BR14 variety are about87and 58% for 2030, 2050 and 2070 respectiBdyne
regional variation could also be observed in tredmtions, with somewhat higher rice yield gapdpted for
northwestern, central, southern and southwestgjinns.Figures 1 and 2 show predicted average yield gaps o
BR3 and BR14 rice varieties for 2030, 2050 and 2070

Increasing atmospheric G@oncentration is likely to have some positive effen rice yield. If rate of
change of atmospheric G@oncentration from 1994 (358 ppm) to 2005 (379 pfie about 1.9 ppm per year)
is used to set the G@oncentrations in 2030 (at 427 ppm), 2050 (at@@i®), and 2070 (at 503 ppm), then the
model predicts slightly higher yield gaps (compategredicted yield gaps at 379 ppm L£ONhen the CQ
levels were increased to 427, 465 and 503 ppm 392P050 and 2070, respectively, predicted ricédyiaps
increased by 0.06 to 7.3% for BR3 rice and 0.04.696 for BR14 rice at different locations (Tableark 6).
Thus, while increasing C{xoncentrations are predicted to increase yiekbtoe extent, thus slightly offsetting
the adverse effects of other climatic parametersicm yield (Basak, 2009; Basak al, 2010), it has been
predicted to increase the yield gap of Boro riceremore. Figures 3 and 4 show effect of increa€ig on
yields of BR3 and BR14 rice varieties for 2030, @@d 2070. It should be noted that the predictetkbse of
potential yield for 2050 is higher than 2030 fom®oselected locations in Bangladesh, which coudd e



explained by the variation in predicted temperatuminfall and solar radiation at these locati¢Basak,
20009).

Sensitivity of rice yield and yield gap to climaticparameters

The climatic parameters used in the model are dadyimum temperature {Ly, daily minimum temperature
(Tmin), daily solar radiation (Srad) and daily precipda (Rain). In order to assess relative importaocthese
parameters on predicted rice yield gap, Basak (R6@8ied out sensitivity analysis by predictiriglgt of BR3
and BR14 rice varieties for a number of locatiosng predicted climatic parameters for 2008 and0207
changing one parameter at a time; atmospherigd@@centration was kept fixed at 379 ppm. Tabladis the
results of the sensitivity analysis for BR3 riceigty in Barisal.

Table 7 shows that L, has the most significant negative impact on rieddy followed by rainfall, and
Tmin; predicted solar radiation, on the other hand, $@m®e positive effect on yield. Analysis of preditt
temperatures showed that averagg, fiuring January-May (ie, rice growing season) f08& and 2070 were
30.73°C and 35.12C respectively; this significant increase ig,Jresulted in reduction of rice yield of BR3 by
about 31% and for potential yield, it was 21%. Aag® T, during this period for 2008 and 2070 were 21°62
and 25.22°C, and the increase in,j}, caused a reduction of 17% in the predicted rieddyand 10% for the
potential yield. Average solar radiation in 2008 @070 are 15.37 and 16.71 M3/day respectively and this
increase in solar radiation actually increasedptteelicted rice yield by about 11% and 18% for ptiédiyield.
Like BR3, similar yield reductions were also prédicfor BR14 rice, both actual and potential yields

Table 7 shows significant negative effect of rdinfen BR3 rice yield. Since a fixed irrigation schae
(855 mm in 14 applications) was used in all modelutations, change in rainfall affected predictedld by
changing availability of water. Analysis of predidtrainfall data showed total rainfall (in JanutryMay) of
144.6 mm and 356.1 mm for 2008 and 2070 respegti&sd, total water available from rainfall was héghin
2070. However, a closer look shows that in 2008i8@ant rainfall (96.3 mm) is predicted in JanuémyMarch,
which represent the vegetative phase and a parembductive phase of rice plant and in which water
requirement is the highest. In 2070 only 21.6 mimfadl is predicted for this critical growth phasen the other
hand, relatively high rainfall of 334.5 mm is pret@d for April-May, when water requirement is nigrsficant.
This variation in rainfall pattern was responsifile the predicted reduction in rice yield in 207@nsequently
increase the rice yield gap during this period. sB8eMity analysis was also carried out for Dinajpur
Mymensingh, Jessore and Comilla (Basak, 2009). §tesalyses yielded similar results, demonstrating
significant negative impact of increasing.fand T, on rice yield. Depending on rainfall pattern, #ffects of
rainfall on rice yield at these locations were elifint (Basak, 2009).

As noted earlier and shown in Fig. 5, the predictee yield gaps increased with time. This was fibtmbe
primarily due to significant increases in kand T,. For example, in Barisal, averagg.lin January-May (ie,
rice growing season) for 2030 and 2070 are 297 and 35.1FC respectively, average,j}, during this period
for 2030 and 2070 are 20.28 and 25.22C. Predicted rice yield gaps for BR3 in Barisal 28230 and 2070
are 43.3% and 68.6%, respectively (Fig. 5).

Effect of planting date on rice yield and yield gap

Basak (2009) and Basa&k al (2010) reported significant reduction of Boro rigeld as transplanting date is
delayed beyond 15 January. BRRI (2011) has recometeh5 December to 1 January for transplanting ofate
BR3 varieties and 23 December to 7 January for BRithis study, the effect of planting date orerigeld gap
has been assessed by setting the planting date ®n16 and 25 January and simulating yield forheease
under fixed CQ concentration. In general, the predictions indicsignificant increase in rice yield gaps for
delayed planting, especially beyond 15 January.pfamting dates of 15 and 25 January, the aveliageyield
gaps in BR3 variety (compared to yield for planttage of 1 January) for the six regions in Bangsadare 28
and 38% respectively for 2030; the correspondingngle of rice yield gaps for BR14 are 35 and 42%
respectively for 2030. The effect appears to beenmonounced for 2050 and 2070. For transplantatgd
beyond 15 January, average yield gaps for theegjions increased more than 40% in 2050 and 50%970.2
Also the predicted yield gaps for both rice vadstappear to be more pronounced for locations iithwestern
and southern regions. For example, for plantingglaf 15 and 25 January, the average rice yield gaBR3
yield (compared to yield for planting date of 1 Jary) for the three locations in northwestern ragioe 48 and
50% respectively for 2050; and 51 and 52% respelgtifior 2070; the corresponding yield reductionsB&R14
are 54 and 55% respectively for the year 2050;5hdnd 62% respectively for 2070 (Figs. 6 andtindy be
noted that Mahmooet al (2003) reported significant reduction in yieldArhan (wet season rice) as planting is
delayed beyond 1 June Thus, the climate changel cmilonly cause significant increase in yield gaBoro
rice, but could also make yield and yield gap nsmesitive to planting time.

CONCLUSIONS

Although currently the BR3 and BR14 Boro rice videe are not widely cultivated in Bangladesh, theded
simulations carried out in this study provide uséfgight into the possible effects of climate charon rice
yield and yield gap. The growth and yield of crogpe directly related to the rate of photosynthesid
phenology and their response to temperature, sathation and rainfall. Optimum temperatures forximaum
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photosynthesis range from 25 to 3Q for rice under the climatic conditions of BangdaH. Increased
temperatures during the growing season cause graiitity. Very high temperatures, sometimes exoep85
°C, have been predicted, especially in 2050 and 2648 to climate change. Although there are sigaifi
uncertainties in the predicted climate parametts, crop model simulation results suggest thatlithate
change causes significant increase in temperatthissmay in turn could cause significant reductinrrice
yield; if the current crop management practicesg@tion and fertilizer application) are continughis could
significantly increase rice yield gap. Sensitivtgalysis indicates that rice yield is also sensitiv CQ levels
and solar radiation. The model simulations alspgsst that changes in rainfall pattern may alsoeesdhly
affect rice yield and yield gap. Simulation reswltso suggest that planting dates could signiflgaadifect rice
yield and yield gap, and this effect could becomerenpronounced in the future. Rice yield gap cdudd
significantly higher if the transplanting date islayed beyond 15 January. In order to assess fthet eff
climate change on the rice varieties currently §ajnown in Bangladesh, it is necessary to deterrtiied
genetic coefficients through carefully controllecberiments. It is also necessary to develop highptrature-
resistant rice varieties and modify crop managempeactices to offset the adverse effects of clincdtange.
Modeling tools, such as the DSSAT modeling systeould be very useful in assessing possible impaftts
climate change and management practices on ritat yibe predicted values of temperature and rdiofd in
the present study have not been calibrated on dadle. Uncertainty in assessing possible impdctiraate
change may also be reduced using high resolutioratd model outputs with ensembles and calibrateplubs.
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Table 1. Soil profile data for Old Meghna EstuarineFloodplain (AEZ-19).

Depth Clay Silt Stones Organic pH in Cation exgfean Total
bottom (%) (%) (%) carbon water capacity nitrogen
(cm) (%) meq/100 gm (%)
5 13 38 0 151 5.6 11.3 0.14
15 13 38 0 151 5.6 11.3 0.14
30 13 38 0 1.43 5.6 11.3 0.13
45 13 38 0 1.22 5.6 11.3 0.11

Soil texture: Silt loam.

Table 2.Crop management data used in the model simulations.

Parameter Input data

Planting method Transplant
Transplanting date 1, 5, 15 and 25 January
Planting distribution Hill

Plant population at seedling 35 plants pér m

Plant population at emergence 33 plants per m

Row spacing 20cm

Planting depth 3cm

Transplanting age 35 days

Plant per hill 2

Fertilizer (N) application
18-day-after transplanting 30 kg'ha
38-day-after transplanting 70 kgha
56-day-after transplanting 30 kgha
Application of irrigation 855 mm in 14 applications

Table 3. Predicted yield and potential yield (kg hat) for BR3 rice at 12 selected locations in Bangladh. (fixed Carbon dioxide
concentration 379 ppm)

Station name Potential yield Rice yield % changede yield gap
2030 2050 2070 2030 2050 2070 2030 2050 2070
Rajshahi 7118 7073 3440 4083 3265 1785 42.6 53.8 .1 48
Bogra 6650 7320 4144 5119 4070 2036 23.0 44.4 50.9
Dinajpur 7535 8058 5643 4824 4364 2692 36.0 458 .352

Mymensingh 6418 7633 5529 5275 4455 2739 17.8 41.6 50.5



Tangail 6749 7201 3799 5160 3874 1938 23.5 46.2 0 49.

Jessore 7276 6946 4103 4432 4583 1997 39.1 340 3 5L
Satkhira 7305 7106 4403 4364 3603 2066 40.3 493 153
Barisal 7067 7217 6649 4006 3972 2091 43.3 449 6 68.
Madaripur 7126 7298 5154 4017 3647 2186 43.6 50.0 765
Chandpur 7092 7253 5684 5455 4039 2772 23.1 443 2 51
Comilla 7418 7578 5804 5987 4456 3075 19.3 41.2 0 47.
Sylhet 5787 6897 6853 5117 5750 3595 11.6 16.6 475

Table 4. Predicted yield and potential yield (kg hat) for BR14 rice at 12 selected locations in Banglagh. (fixed Carbon dioxide
concentration 379 ppm)

Station name Potential yield Rice yield % changede yield gap
2030 2050 2070 2030 2050 2070 2030 2050 2070
Rajshahi 5640 5542 2607 2771 2392 1148 50.9 56.8 .0 56
Bogra 5399 5703 3062 3668 2637 1398 32.1 53.8 54.3
Dinajpur 6021 6281 4014 3374 3023 1656 44.0 519 .758
Mymensingh 5074 5936 4023 3790 3186 1873 25.3 46.3 53.4
Tangail 5382 5641 2937 3883 2565 1297 27.9 545 8 55.
Jessore 5563 5465 3148 3160 3153 1305 43.2 423 5 58.
Satkhira 5578 5513 3332 3171 2434 1377 43.2 559 .7 58
Barisal 5475 5713 4952 2889 2705 1457 47.2 52.7 6 70.
Madaripur 5471 5786 3873 2606 2578 1491 52.4 554 156
Chandpur 5500 5734 4402 3981 2801 1842 27.6 51.2 .2 58
Comilla 5752 5791 4494 4368 3063 1978 24.1 47.1 0 56.
Sylhet 4843 5582 5282 3764 4240 2378 22.3 24.0 55.0

Table 5. Predicted yield and potential yield (kg hal) for BR3 rice at 12 selected locations in Bangladk. (various carbon dioxide
concentration 427 ppm, 465 ppm, 503 ppm).

Station name Potential yield Rice yield % changede yield gap
2030 2050 2070 2030 2050 2070 2030 2050 2070
Rajshahi 7370 7544 3814 4141 3366 1700 43.8 554 .4 55
Bogra 6891 7809 4574 5115 4151 2258 25.8 46.8 50.6
Dinajpur 7804 8586 6207 4868 4593 3011 37.6 465 551
Mymensingh 6647 8135 6080 5459 4590 2973 17.9 43.6 51.1
Tangail 6993 7680 4196 5301 4087 2066 24.2 46.8 8 50.
Jessore 7543 7406 4538 4546 4717 2157 39.7 36.3 5 52.
Satkhira 7571 7582 4875 4463 3815 2283 41.1 49.7 .2 53
Barisal 7317 7659 7332 4097 4140 3453 44.0 46.0 9 52.
Madaripur 7380 7783 5690 4099 3787 2410 44.5 51.3 765
Chandpur 7346 7735 6261 5660 4225 3118 23.0 454 2 50
Comilla 7679 8079 6384 6207 4468 3309 19.2 44.7 2 48.
Sylhet 5994 7350 7521 5301 6063 3920 11.6 175 47.9

Table 6. Predicted yield and potential yield (kg hd) for BR14 rice at 12 selected locations in Banglash. (various carbon dioxide
concentration, 427 ppm, 465 ppm, 503 ppm)

Station name Potential yield Rice yield % changede yield gap
2030 2050 2070 2030 2050 2070 2030 2050 2070
Rajshahi 5852 5930 2902 2912 2478 1216 50.2 58.2 .1 58
Bogra 5604 6104 3472 3772 2813 1467 32.7 53.9 57.7
Dinajpur 6246 6713 4432 3459 3255 1864 44.6 515 957
Mymensingh 5263 6345 4442 3940 3189 2074 25.1 49.7 53.3
Tangail 5585 6036 3259 3847 2744 1341 311 54.5 9 58.
Jessore 5772 5845 3495 3179 3287 1448 41.9 438 6 58.
Satkhira 5786 5898 3702 3250 2633 1527 43.8 55.4 .8 58
Barisal 5675 6108 5481 2952 2808 2257 48.0 54.0 8 58.
Madaripur 5673 6186 4292 2662 2666 1626 53.1 569 2.16
Chandpur 5705 6129 4868 4151 2975 2027 27.2 515 .4 58
Comilla 5962 6190 4963 4256 3053 2249 28.6 50.7 7 54.
Sylhet 5025 5967 5820 3915 4518 2603 22.1 243 55.3

Table 7.Sensitivity of BR3 yield at Barisal on climatic paameters.
Tma=2008 Tna=2070 Tma=2008 Tna=2008 Tna=2008 Tma=2070
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Tmin=2008 Tnin=2008 Thin=2070 Tnin=2008 Thin=2008 Tmin=2070
Srad=2008 Srad=2008 Srad=2008 Srad=2070 Srad=2008Srad=2070
Rain=2008 Rain=2008 Rain=2008 Rain=2008 Rain=2070 Rain=2070
Rice yield (kg h&) 6043 4160 5039 6714 4354 2091
Potential yield (kg hd) 7431 5848 6670 8746 7341 6649
Yield (kg/ha) % change of rice yield gap
8000 - | vield 80+
Potential yie 70
7000 B Rice yield
6000 601
5000 501
4000 401
3000 301
2000 201
1000 101
0 0
2030 2050 2070 BR3 Rice varieties BR14
Year

Fig. 1. Predicted average yield (average of 12 locationsg) an

potential yield of BR3 Boro rice under fixed atmospheric
CO2 concentration.
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Fig. 2. Predicted average yield (average of 12 locationg) an
potential yield of BR3 Boro rice under different
atmospheric CO2 concentration.
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Fig. 3. Predicted average yield gap (average of 12 locatiohs
BR14 Boro rice under fixed atmospheric CO2
concentration.
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Fig. 4. Predicted average yield gap (average of 12 loc3gtionis
BR14 Boro rice under different atmospheric CO2
concentration.
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Impacts of Land Fragmentation on Productivity and
Efficiency of Rice Production

Jayanta Kumar BasjkRashed Al Mahmud TitundirJiban Krishna Biswdsind M Ashraf Alf

ABSTRACT

Land fragmentation is one of the key issues foicagjure in Bangladesh where major part of the djiel
productivity depends on the land pattern, shajze, sioil fertility etc. Various land use pattermsl alynamic
land ownerships, various harmful changes are b&ikgn place over agricultural land. This study hasn
conducted, based on the field data collected flmambrthern region in Bangladesh. It has focusedhamging
pattern of land ownership during 1984 to 2005. Lérafymentation into small plots makes mechanization
inefficient, particularly, the use of power tilleasd tractors, because of the form and dimensibniseoplots.
Analysis on land value and rice yield in local netrprice has revealed that 73 tand was lost per hectare,
which is counted 0.7% for each hectare and on geeshout 2 Kg rice yield was lost per meter sqoéteorder
(ail) for a single growing season. The study also skiaat fuel cost for power tiller operation incredsup to
Tk 0.36 per decimal, while the plot size was 8.86ithal compared to 66.8 decimal and labour coseased
more than 70% for the two sizes of plots. From shigly, it has also been found that more than 38%ur cost
increased due to plow land by country plough arh Gr levelling, which has a significant negatiwepiact on
total production cost. Ninety-six percent of thependents of this study believe that populatiothés main
cause of land fragmentation. Therefore, proper mament and planned use of agricultural land arg ver
essential for increasing population and providinfficient food to meet their demand.

Keywords: Bangladesh, land fragmentation, rice, rice yield

INTRODUCTION

Land is an essential natural resource, both fosthmeival and prosperity of humanity, consequetdlynaintain
the natural ecosystem and crop production. Langirientation is the practice of the farming of a nambf
spatially separated plots of owned or rented bystime farmers. According to Cheng and Wan (200d) an
Binns (1950), land fragmentation is a spatial disjp; of fields into separate and distant parcéls,
fragmentation exists when a household operates thareone separated plots of land. Land fragmemtatiay
arise involuntarily and it is the result of lanchezty and inheritance. A single cultivable lanc&ing divided
into two, three or sometimes more pieces. Thusygéod hectares of land is losing productivity evgegr.
Besides, urbanization, industrialization and adtjais of land by the government for different pusgs have
been causing negative impact on agriculture pradtictas well as socio-economic scenarios and feeclrity
situation of this country. Therefore, proper mamagst and planned use of land is very essentiadetainable
agricultural production and improvement of foodws@y situation in future.

When ex-cooperative fields are subdivided into plsrof 6-8 meters, 5-6% of the surface area petahec
is lost. This is why a significant amount of yielsl being lost every year. Due to land fragmentation
Bangladesh, the main problem which are generatin:se

(1) restricts agricultural modernization (mechatiag, irrigation, agronomic practices);

(2) inhibits improvement of the land and heightdsk of abandonment of some parcels; and

(3) creates economic and production problems becalisicreased time, work, and organization reghire
by the plots’ distance.

Several studies (Binns, 1950; Swinnen, 1999; ClaamtgWan, 2001; Dijk, 2002; Kopeva and Noev, 2002)
have been carried out to assess the impacts of flagdnentation on agricultural production. Rahmand a
Rahman (2008) reported that a 1% land fragmenta#dnces rice output 0.05% and efficiency by 0.03%e
present study has been undertaken to investigatm#in causes and effects of land fragmentatioricenyield,
machine and labour productivity in Bangladesh.

MATERIALS AND METHODS



Selection of study area

The study was carried out in Badalgachhi upazilBlabgaon district which was chosen purposively bseaf
its suitability for the crop production according the following environmental criteria: topograplegology,

land use, intensity of crop production, and amaiénd per capita (Table 1).
Unnayan Onneshan, Farmgate, Dhaka 1215, Banglafsigladesh Rice Research Institute, Gazipur 17a8hgRdesh®Department of
Civil Engineering, Bangladesh University of Engirieg and Technology, Dhaka 1000, Bangladesh.

Data collection

Both primary and secondary data were used in thidys Primary data were cross-section data, whiels w
generated by conducting sample survey as well psrarental test at the farmers’ field. In turn, @edary data
were compiled from Bangladesh Bureau of StatigiRBS) and Directorate of Agricultural Extension (BA
However, a field survey was conducted among 50omepnts having the plot size of 5.01 and 66.80makcin
finding out the main causes of land fragmentationtie aforesaid area. Furthermore, secondaryatatand
ownership and cultivable land were also used teritifly the dynamic pattern of cultivable land. Tssess the
impacts of land fragmentation on plowing and reiucbf rice production, field experiment was conigdacon
different sizes of plots from 5.01 to 66.80 decirdaling Rabi season (15 November to 16 April 20T
plots sizes were chosen based upon the maximummémichum size of areas of plots available in thedgtu
areas.

Measuring techniques

Descriptive statistical techniques were appliedrifer to analyze the collected data. Measuring tegeeused to
measure the plot size as well as the area of bdail¢while oil measuring stick was used to quantifg til
requirement of power tiller in land preparation.

RESULTS AND DISCUSION

Trends of changing land ownership

In Bangladesh, marginal farm (0.02-0.2 ha) was .68 1983-84, and rapidly increased to 11.20% 6520
(Fig. 1). Therefore, proportion of marginal farnearincreased to 8.57% in the last two decadesinBedse of
small farm (0.21-1.0 ha) it was 23.37% (Fig. 2).tB@ other hand, the proportion of medium (1.01338) and
large farm (above 3 ha) was in a decreasing tréigs.(3 and 4). In the 22 years BBS data (19840@6»
showed that the medium farm decreased up to 13%reak for large farm, it was 19%. From the analysis
clear that number of marginal and small farms vieceeasing, while medium and large farms were cesing
from 1984 to 2005.

In 1983-84, the proportion of marginal farm in terwf cultivable land holding was 3%, for small famas
25%, for medium farm was 43% and large farm was 2B 5). But in 1996, corresponding figures wdre
37, 42 and 17% respectively (Fig. 6) and in 20@Bresponding values were 11, 49, 30 and 10% rdspfct
(Fig. 7). The analysis shows that in recent decéldesate of small holding farming increased aigaificant
rate.

From the above analysis, it is difficult to saytteeall holding farm increases land fragmentatiahibis
easy to say that it influences land fragmentati®ecause if the number of small holding increasdade&ates
that the size of 0.02 to 0.2 ha farm holder inceeasd it is one of the main barrier for agricultura
modernization.

Causes of land fragmentation

While identifying the main causes of land fragméota for the selected location, 96% of them (tcB&al
farmers) marked population growth as the main nreaswally. A large agriculture plot subdivided irteo or
more because of population growth. To distribugeafricultural land among the generations to geiosis the
size of agriculture plot is being automatically dExsed. Besides settlement of the huge population,
urbanization, industrialization and acquisitionagfricultural land by the government for differentrposes to
meet the demand for the growing population alstuénfce land fragmentation. Farmers who have a ek

of land try to grow different types of crop in agle plot. For that reason different sizes and ebag borders
are constructed into plot which was one of the noasurring factors of land fragmentation and abot#o of

the respondents had the same opinion. Of intendefaemers, 64% said that Borders were construoted f
distributing irrigation water at a same rate anelén all places due to uneven plot size. Twemtyrfpercent of
them believed that changing land ownership washamatause, because they sold their land part hytpar
different persons and 38% for changing croppindepat(Fig. 8). Due to growing various types of @adp
different growing seasons in a single plot, landasbe prepared different shapes and patterns,hwaligo
influence land fragmentation significantly. A smalimber of respondents (4%) argued that land fraggtien
was occurred because of soil erosion due to riaeklerosion, heavy rainfall, nearer the surfaceembodies
like pondsills, haors etc. It should be noted that the respondents' gaigypercentage may be changed when we
consider the overall Bangladesh but in this sttidgse were the main causes of land fragmentation.
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Effects of land fragmentation on cultivable land al rice production

The consequence of fragmentation, such as lossndfdnd make a new land bordait)(depends on the shape
and dimension and agricultural practices on plodntthe field data, it was found that when a 11d6é8imal (7
kata) plot was subdivided into five decimal Kata) and 6.69 decimal4 kata) by a single border (length of
border 14.2 m an&width 30 cm), then 4.26 Tand was directly lost, which was 0.91% to theltdand area
and nine kg rice yield was lost, which was 7% @ thtal production of the plot at national levetlah6% at
local level. But when a singlal whose width was 15 cm; divides the same plot theumt of land loss was
2.13 nf which was 0.45% to the total land area and 4.6deyyield was lost, which was 3.5% compared to the
total production at national level and 2.3% at ldewel.

On the other hand, when a 28.4 decimal kafa) plot was subdivided into four plots; one plot w85
decimal (5kata) and three plots were 6.69 decimalkéta) each by three border (width 30 cm), then 14?1 m
land was directly lost, which was 1.24% to theltt#tad area and 30.01 kg rice yield was lost, whigts 9.64%
compared to the total production of the plot atamatl level and 6.3% at local level. If bordesslg) width was
15 cm; the amount of land loss was 7.06 which was 0.62% to the total land area and 14@8ce yield was
lost, which was 4.82% compared to the total pradacdf the plot at national level and 3.15% at Ideael.
From Table 2 (taking weighted average), it was tbtimat 70 rland was lost per hectare or for each hectare
0.7% land was lost. It was also estimated thaterame about 2 kg rice yield was lost per meterassof
border &il) which occurred due to land fragmentation. Tableh®dws the effects of land fragmentation on
cultivable land and rice production.

Effects on labour and machine productivity (power iler)

Fragmentation into small plots makes mechanizatione inefficient, particularly, the use of powdletis and
tractors, because of the form and dimensions. Nownseplots from a big plot were the most restricthgewell
as most costly factor to increase agricultural potidn. From the field experiment, it was obsertiedt the
plots were so small that the power tiller and wextfaced difficulty to use and these were notlgasi
maneuverable. It was found that ffigower tiller required 0.41 liter diesel for 8.35ieal (Skata) plot, ie 0.05
liter per decimal. On the other hand, 2.75 litexsel was required for 66.80 decimal (@&a) plot, ie 0.04 liter
per decimal (Fig. 9). It indicates that for largeesplot, fuel consumption rate was significantiyver per unit
area compared to small plot and from analysis;a$ wstimated that additional 10 ml diesel was reguper
decimal for the 8.35 decimal plots compared to B@l&cimal ones (Table 3).

It was also found that for tilling purpose, powdlet required 16 minutes for 8.35 decimalk@a) land, ie
1.92 minutes per decimal. However, for 66.80 deti@#@ kata) plot, power tiller required 74 minutes, ie 1.10
minutes per decimal. It indicates that for largetptime requirement rate was significantly lower pinit area
compared to small ones and from analysis; it wae aktimated that additional 0.82 minute or 48 13880
required per decimal for the 8.35 decimal plots pared to 66.80 decimal ones (Fig. 10). Moreovewas
observed that power tiller could not be used imeos of the plots, so farmers till the corners nadlguBesides,
time and fuel were lost when power tiller was mofredn one plot to another. About two to three masuivere
lost when power tiller moved one plot to anothet alutch and gear the setting.

Effects on labour and country plough productivity

Country plough is a traditional agricultural equigmh which is being used in the rural agriculture i
Bangladesh now-a-days. In this study, it was exdtioh that a medium age farmer (35-year-old) andiaqs
bullock (10-year-old each) required one hour folticating 8.35 decimal (%kata ) plot, ie 7.20 minutes per
decimal; whereas for 33.40 decimal (Rfta) land required three hours, ie 5.40 minutes peindd. It was
indicated that for the large plot time requiremeate was comparatively lower than the small plotnk the
field experiment data, it was estimated that add#l 1.8 minutes were required per decimal, for @b
decimal plots compared to the 33.40 decimal onesvak also observed that country plough practice wa
efficient up to 50.10 decimal (3Kata). Above the plot size, time requirement per detimas gradually
increasing. Table 4 shows that time requirementdaeimal was same for both 33.40 decimal kata) and
50.10 decimal (3kata) plot, because of the over pressure for both lalaod bullock. Similar result was also
found for leveling land before transplanting of ggdTime required to level 8.35 decimal land waslButes,

ie three minutes per decimal, whereas for 33.40nu#cwas one hour, ie was 1.80 minutes per decimal
Therefore, additional 1.2 minutes were requiredgemimal, for the plots size 8.35 decimal compaced3.40
decimal.

Economic loss from land fragmentation

Land fragmentation has a significant negative immaccost of production. The study shows that figst for
power tiller increased up to Tk 0.36 per decim&.83 percent), when the plot size was 8.35 decimaipared
to 66.80 decimal. Fuel cost rapidly decreased f88b decimal (%ata) to 33.40 decimal (2@ata) plot size
and after 33.40 decimal, it decreased graduallg.(EL). It indicates that plot size of cultivablndl had a

2During the field experiment it is found that theximaum width of ail is 30 cm and minimum 15 cm iretkelected location. In this study,
we consider 30 cm and 15 cm width to assess thadtms land fragmentation.

¥power tiller name: Siphon; Horse Power: 12 and rp2@0. Calculation of power tiller is done for twoltivations at a time for both fuel
and time. In Bangladesh, two cultivations are dana time during the first field preparation. Aftee first field preparation, second time
one to two cultivations is needed for final fieleeparation.



considerable role to total production cost. From #malysis, it is clear that fuel cost of powdetiincreased
with decreasing plot size and it was maximum TkL2p2r decimal for 8.35 decimal lands size. Likefusd

cost, labour cost also followed a similar trendgoxver tiller operation. Maximum labour cost wa38decimal
plot size (Tk 0.80 per decimal) and minimum for&8Bdecimal (Tk 0.46 per decimal). Therefore, laboost
increased more than 70% for 8.35 decimal plot @fig. 12). This study suggests that big cultivalbled are
more suitable for power tiller operation. As a ffestuappears as more economically efficient thae small
ones.

Labour cost for cultivating soil and levelling bedotransplanting by country plough, both were also
affected by land size. Labour cost was Tk 3.02efach decimal for 8.35 decimal plot, whereas it waly Tk.
2.26 each one for 50.10 decimal plot and it incedaky Tk 0.76 for every decimal plot. For levelling
increased by Tk 0.50 per decimal for the sizeslof. frrom the field experiment data, it was alsarfd that
more than 33% labour cost increased due to plow md 67 percent for levelling, which had a sigmifit
negative impact on total production cost.

Any additional expenditure would increase the tptalduction cost and reduce farm efficiency as wels
clear from the present study that land fragmentatiever increases the farm efficiency and its effec
significant when the cultivable plot size is smdlherefore, to increase farm efficiency and redpucauction
cost, it is necessary to maintain a proper landtjpes and it must be maximized.

CONCLUSION

The proper management and planned use of agriallamd are very essential for increasing popufatiod
providing sufficient food to meet their demand. igitural land will not be increased with increasin
population. Land use consequence is very importattie present context of Bangladesh. In every yeage
amount of agricultural lands are being lost dudaind fragmentation for huge population growth, gray
different types of crop in a same plot to meetrth@himum food nutrient on their small land, chadgeopping
pattern and land ownership and also the impaatsfral disasters like floods, sea level rise, \&te.found that
population growth is the main cause of land fragtaéon in Bangladesh and the second is to grovewfft
types of crops in a same plot. Therefore, the &irat foremost work is to reduce the land fragmériadand for
this reason, it is necessary to reduce the hugelgtign pressure on cultivable land. Moreover, imat
Bangladesh farmers are subdividing their plots fat or more plots for proper irrigation practicetheir fields
and maintain a equal irrigation water level. leieen found that a small agriculture plots below6@1decimal
are subdivided into two or more plots. As a reguticreased the production cost on the total petidn system
significantly. Additional productive time, fuel adabour are required for small plot, which is cadand it is
considerably higher compared to a large plot. Tioeee government of Bangladesh must be determio@dutry
out its policy of modernization of land managemtnimake it rational, effective and efficient. Gowvarent
must be ensured to rationalize land managememtctease productivity and to ensure optimum utilarabf
agriculture land. It also helps optimal use of lafwd higher productivity where sustainable agrigdt
production and food security become intertwined.o¥d all, public awareness of the impact of land
fragmentation on agricultural production deservésriy.
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Fig. 1. Marginal farmer land distribution (Sour&BS, 2007).
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Fig. 2. Small farmer land distribution (Source: B2807).
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Fig. 3. Medium farmer land distribution (Source: 82007).
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Fig. 4. Large farmer land distribution (Source: BB807).
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Fig. 6. Cultivable land distribution pattern in 1995 (Scairc
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Causes of land fragmentation

Soil erosio

Changing lan
ownership

Changing croppin
pattern

Irrigation manageme

To grow different type
of crops in a same pl

Population growt|

i

1 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90100
Response as percentage

Fig. 8. Main causes of land fragmentation for the selected
location (Source: Authors' calculation based on field
survey data, 2010) (Multiple response from the
respondents).



Fuel consumption rate (liter per decimal) Fuel consumption cost (Tk per decimal)
0.0511 2.31

221

0.0491 229

2.11

0.0471
2

0.045- 1.9- : . )
0.0431 1.81

17 T T T T T 1
0.0411 8.35 16.7 25.05 334 50.1 66.8

Size of cultivated land (decimal)
0.0391
0.037- Fig. 11. Fuel consumption cost for cultivating differentes of
land by power tiller (Source: Authors' calculation based

0.0351 on field survey data 2010).

.35 16. 7 25. 05 33. 4 50. 1
Size of cultivated land (decimal)

Labour cost (Tk per decimal)
Fig. 9. Fuel consumption rate for cultivating differenteszof

land by power tiller (Source: Authors' calculation based 0(')82' 08
on field level data, 2010 27 :
0.754
Time required (minute per decimal) 0.7
21 0.654

0.6 -
0.55-
0.54
0.45-
0.4 r r

1.81
1.61

1.41

1.2 8.35 16.7 25.05 334 50.1 66.8
Size of cultivated land (decimal)

1 E

0.81 . N . .
Fig. 12. Labour cost for cultivating different sizes of laig
0.6- power tiller (Source: Authors' calculation based on field
survey data 2010).

0.41
0.2

0 -

16. 7 25. 05 33. 4 50. 1
Size of cultivated land (decimal)

Fig. 10. Time required for cultivating different sizes ohéhby
power tiller (Source: Authors' calculation based on field
level data, 2010).

Table 1. Area under different rice based cropping ptterns and its share to total cultivable land of Bdalgachhi upazila.

| Kharif 1 | Kharif 2 | Rabi | Cultivable land] Compared to the total cultivable land land|as
Aus Aman Boro 30485 185.27
Fallow land Aman Boro 26485 160.96
Aus Aman Wheat 18050 109.69
Fallow land Aman Potato+Boro 11000 105.74
Fallow land Aman Mustard oil+Boro 5000 30.38

Source: BBS, 2001; Manual of land and soil resousses Badalgachhi, Naogaon and DAE Boro farmeresuf2008-2009) report, 2009.
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Table 2.Effects of land fragmentation on cultivable land aw rice production.

Area Land bordetail) Land loss Yield loss
Land Percentage of yield
Meter Decimal Kata Area Area 0SS Percentage | Yield loss —ae—
square (*B) (m) 2 of land loss | (kg) National | Local
(m?) level level
14.2 m x30 cm 4.26 4.26 0.91 9.00 7.00 4.60
468.30  11.69 7 (4+3)
14.2 m x15 cm 2.13 2.13 0.45 4.50 3.50 2.30
22.5m x30 cm 6.75 6.75 1.26 14.63 10.00 6.53
535.20 13.36 8 (6+3)
22.5m x15cm 3.38 3.38 0.63 7.31 5.00 3.26
15.5m x30 cm 4.65 4.65 0.80 9.38 5.70 3.72
602.10 15.03 9 (5+4)
15.5m x15 cm 2.33 2.33 0.40 4.70 2.85 1.86
16.3 m x30 cm 4.89 4.89 0.61 11.25 5.12 3.34
802.80 20 12 (6+6)
16.3 m x15cm 2.45 2.45 0.31 5.63 2.56 1.67
1338.0 24.5m x30 cm 7.35 7.35 0.55 18.75 5.12 3.33
0 ’ 33.40 20 (10+10)
24.5m x15 cm 3.68 3.68 0.27 9.40 2.56 1.67
15.5 m x30 cm 4.65
15.5m x30 cm 465 14.10 1.24 30.01 9.64 6.30
16.0 m x30 cm 4.80
S 2840 17 (5+4+4+4)
15.5 m %15 cm 2.33
15.5m x15 cm 233 7.06 0.62 14.98 4.82 3.15
16.0 m x15 cm 2.40
24.5 m x30 cm 7.35
24.5 m x30 cm 7.35
27.60 1.03 70.51 9.63 6.30
21.0 m x30 cm 6.30
2676.0 66.80 40 22.0 m x30 cm 6.60
0 ' (11+10+10+9) 245mx15cm  3.68
245 m x15cm 3.68
13.81 0.52 35.26 4.82 3.15
21.0 m x15cm 3.15
22.0 m x15cm 3.30
Source: Author’s calculation based on field levetiadat Naogaon district; *Calculation based on BE®9.
Table 3.Effects on machine productivity (power tiller).
Avnn : Time required
. . Average Fuel consumption rate _. . . .
Fuel (liter ) h ] Time (min Average (min)| (min er
Meter | ocimal | Kata (ten | iter) (liter per decimal) (min) ge (min) éecimal) P
square
334.50 8.35 5 0.39-0.43 0.41 0.050 14-18 16 1.92
669.00 16.70 10 0.73-0.78 0.76 0.046 20-26 23 1.38
1003.5 25.05 15 1.0-1.20 1.10 0.044 29-35 32 1.28
n
1338.0 33.40 20 1.35-1.45 1.40 0.042 38-42 40 1.20
n
2007.0 50.10 30 2.0-2.15 2.08 0.041 54-58 56 1.12
n
2676.0 66.80 40 2.70-2.80 2.75 0.040 70-78 74 1.10

n
(Source: Author’s calculation based on field ledata at Naogaon district) (* Fuel: diesel operateder tiller, diesel)

Table 4.Effects on country plough productivity.

Area Time required to cultivate land Time reqdite level the cultivable land

Time
gﬂqeutg: e Decimal | Kata '(I;r?ne) Average (min) H?ne per éigfr:aelc)j Time (min) | Average (min) [ﬁﬂﬁir%i .

decimal)
33450 8.35 5 55-65 60 (1 hr 0 min) 7.20 20-30 25 3.00
669.00 16.70 10 90-110 100 (1 hr 40 min) 6.00 32-42 37 (0.5 hr 7 min) 2.22
1003.50 25.05 15 135-155 145 (2 hr 25 min) 5.80 585- 50 (0.5 hr 20 min) 2.00
1338.00 33.40 20 170-190 180 (3 hr 0 min) 5.39 55-6 60 (1 hr) 1.80
2007.00 50.10 30 260-280 270 (4 hr 30 min) 5.40 985- 90 (1 hr 30 min) 1.80

(Source: Author’s calculation based on field ledata at Naogaon district)
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Comparative Economic Analysis of BRRI dhan29 andtly
Rice Hira in Some Selected Areas
of Gazipur District

M A Quayunt and M A Salarh

ABSTRACT

We conducted a study in 2008 at some selected are&azipur district of Bangladesh to estimate the
comparative profitability of Hybrid rice (Hira) arBRRI dhan29. The findings indicated that the geation
percentage of Hybrid rice was 3% lower than thaBBRI dhan29. However, the total human labour uessdi
yield were higher for hybrid rice cultivation. Theed cost was found to be eight times higher thainaf BRRI
dhan29. The total cost both on full cost and casst basis as well as the gross return of Hybrid was found
higher compared to BRRI dhan29. In contrast, theetern and the BCR (benefit cost ratio) of hyhiak both
on full cost and cash cost basis were lower thenBRRI dhan29. Partial budgeting analysis made thae
BRRI dhan29 was more profitable by Tk 5,163/ha carag to the hybrid rice in the study area, althotigh
yield of hybrid rice was 13% higher than that of BIRdhan29. Regression analysis revealed that tta to
human labour, fertilizer and irrigation had sigcéfiht contribution on the total return of both tlaieties. High
price of hybrid seeds and low output price were rti@n constraints to grow hybrid rice in the stuadgas.
Thus, farmers might be more benefited growing Wd/bite if cost of hybrid rice production is reducedd
output price remains same as the inbred one.

Key words: Profitability, hybrid rice, gross return, benefipartial budgeting.

INTRODUCTION

Bangladesh has a land area of 14.85 million hestawé of which total cultivable area is 9.10 mitlibectares
(BBS, 2009). About 80 percent of the total ardaled is devoted to rice production, the staple foomp in
Bangladesh. Total cropped area is about 13.88amilliectares whereas rice covered about 77 pert¢otab
cropped area (Jufiquar et al, 2009). The shardcefto the total food grain is more than 90% (BER809).
About 87% of the Boro rice area is planted with M#hmed and Meisner, 1996). Improved seed or high
yielding varieties of seeds are the other vitatda¢o meet the demand for growing population. éased rice
production with MV seeds in a land scarce counikg Bangladesh will not be able to keep pace wiih t
increase in population. Hybrid rice gives 20% highield than the highest yielder of MV rice (TCTTI995).
The average yield of hybrid rice and MV rice is &6a and 4.10 t/ha respectively in the Boro sed8B5,
2008). The highest recorded yield of hybrid ric&/istham was 14.0 metric ton/ha (TCTTI, 1995).

FAO reported that, in 1990, hybrid rice was growrabout 10% of the rice cultivated area. If MV raan
be replaced by hybrid rice then the rice productimuld be double and additional 100 crore peopkaénworld
can be fed with this rice (TCTTI, 1995). Thus, tbed problem or hunger problem can be solved fertthman
kind in the world if the production of hybrid rican be expedited. The target of area coverageyfmidrice is
50 percent of Boro area, 23 percent of Aus area2&ngercent of Aman area by foreseeable futured8D21.
Use of these hybrid seeds can produce additionahtdgy of 2.49 million ton rice to ensure food setu
(Anwar Faruque, 2009). Bangladesh Rice Researthuites(BRRI) has developed BRRI hybrid dhanl, @ &n
for Boro season and BRRI hybrid dhan4 for Aman eed8dhunik Dhaner Chash, 2010).

Farmer’s education, irrigation, seed subsidy amchfsize influenced hybrid rice adoption. Farmerd ta
bear 5-10 percent higher inputs cost than thabafentional MVs but it generated higher profit af, 28 and
40% than MVs in the North, Central and South Vietngespectively as it gave higher productivity (UWida
Hossain, 2002). Hybrid rice is less preferred thvis due to its less taste and flavour. Its pricalso less
compared to MVs. High seed cost of hybrid rice disages the farmers to expand its area under atitiiv.

Therefore, one important innovation could be theettgpment of Hybrid rice varieties,
which is expected to shift the yield potential by-20% or more with the application of
almost same amount of agricultural inputs (Husgial, 2000). Hybrid rice out yielded the
existing conventional high yielding rice varietigdYVs) by 15-20% in India, Bangladesh
and Vietnam where hybrid rice were first cultivatedhe 1990s (Janaiatal, 2002). Husain
et al (2000) found that grain yield of hybrids was 149gher than that of HYVs. But in



Vietnam, hybrid rice produced 21-22% higher yieltbgsainet al, 2003). So Hybrid rice
cultivation could be a possible alternative to @ase food production, resulting to self-
sufficiency in food.

%2g3enior Scientific Officer and Scientific Officerdutlead, respectively, Agricultural Economics Diwisi BRRI, Gazipur 1701.

Hybrid rice cultivation in the Boro season in Baadgsh started in 2001. It has been gaining quickrgt
since then. During the Boro season in 2007-08, MWd Hybrids occupied 75% and 21% area respectively
(Masum, 2009). BRRI hybrid ricel was harvested @a@s earlier than BRRI dhan29 (Bari, 2004).

Expansion of hybrid rice cultivation would have fpiee impact in Bangladesh. Thus hybrid rice
technology is at present a reality to break thetag rice yield ceiling to meet the demand for fieire human
kind in Bangladesh as well as in the world. Themfdhe present study was undertaken to deternhiee t
profitability level of hybrid rice and BRRI dhan2®the Boro season in some selected areas of Gatiftuct.

OBJECTIVES

Specific objectives of the study were to:

® Know the socio-economic conditions of the hybndi aMV rice growing farmers in the
study area;

® Know the existing inputs used and yield perforoef hybrid rice Hira and BRRI
dhan29;

@ Estimate the comparative profitability of hybride and BRRI dhan29 in the study area;
and

@ Identify the constraints to grow hybrid rice iretbtudy area.

METHODOLOGY

Gazipur sadar, Sreepur and Kapasia upazilas inpGadistrict were purposively selected for
the study. Two villages were randomly selected freach upazila and ten sample farmers
from each village for each variety were selectadloanly from a list of growing hybrid and
MV rice farmers. In total, 120 sample farmers otiicla 60 farmers for hybrid rice and other
60 farmers for BRRI dhan29 were randomly seleckadmers were listed with the help of
agriculture extension personnel and data were ateliethrough pre-tested and pre-designed
guestionnaire just after the harvest of Boro rigiiation in 2008. Primary and secondary
data were used in the study. Collected data weatyzed using cost-return analysis and

partial budgeting technique. In addition regressinalysis was employed:

In order to assess the relative contribution diedént biophysical and socio-economic factors ificing
the gross return to hybrid rice production at féenel, a multiple regression model of the followifogm was
employed (Draper and Smith, 1976):

LnY, = B+ BLnX; +e oo (1)
i=1

Where, Y= gross return
Ln =Logarithm

X, = Independent/explanatory variables (1........... 5), wher
X, = Total human labour,

X, = Seeds,

X, = Fertilizer,

X, = Insecticides, and

X = Irrigation

[ P k, (ie number of independent variables),
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J=1.............. n, (ie number of observations),
B = the regression coefficients

B, = intercept
€= error term

RESULTS AND DISCUSSION

The average farm size of Hybrid rice and MV Bowergrowers were found 1.05 ha and 0.92
ha respectively (Table 1). The owned land and\atiid rice area in the Boro season by the
hybrid rice growers were found 0.85 and 1.00 hpeesvely, while in case of land occupied
by the MV rice growers these figures were 0.90 @®d.. The germination percentage of MV
Boro rice reported by the respondents was foundh8$eer than that of hybrid rice in the
study area.

Table 1. Socio-economic conditions of the Hybrid ce (Hira) and MV Boro rice (BRRI dhan29) growers atGazipur area in the Boro
season 2008.

Item/variety Hybrid rice MV Boro rice
(Hira) (BRRI dhan29)

Farm size (ha) 1.05 0.92

Owned land (ha) 0.85 0.90

Rented out (ha) 0.02

Rented in (ha) 0.24 0.14
Mortgage in (ha) 0.08 0.10
Mortgage out (ha) 0.04

Cultivated rice area (ha) 1.00 0.90

Plot size (ha) 0.13 0.15
Germination (%) 83.00 86.00

The seedbed preparation was mainly done by farmidgur and these were 9.65 and 9.20

man-days/ha for hybrid and BRRI dhan29 respectiy&€gble 2). The higher human labour
was needed for hybrid rice cultivation than the BRIRan29 in case of uprooting and
transplanting due to use of more hired labour abtehsive care for this operation.

The total human labour for uprooting and transptentor hybrid rice and BRRI dhan29
were 40.53 and 30.98 days/ha respectively. Taldlko2ved that the labour needed for every
cultural operation for hybrid rice growing were heg compared to BRRI dhan29. The
human labour needed for irrigation was also higfuer hybrid rice compared to BRRI
dhan29. As a result, the total human labour neéalelybrid rice growing was 159.90 man-
days/ha, which was 21.58 man days/ha (16%) hidtaar that of the MV Boro rice growing
(138.32 man-days). Similar findings were found ase of land preparation. The total bullock
power and power tiller for hybrid rice cultivatiovere 82.98 and 7.72 hr/ha while in case of
BRRI dhan29 cultivation these figures were 76.36 @92 hr/ha respectively.

Table 2. Human labour (days/ha) and animal lableours/ha) used for growing hybrid rice and MV Badge at Gazipur area in 2008.

Item Hybrid rice MV Boro rice

(Hira) (BRRI dhan29)

Owned Hired labour Total Owned labour Hired Total

labour labour
Seedbed preparation 9.65 1.93 11.58 9.20 1.22 10.42
Uprooting and transplanting 1351 27.02 40.53 20.48 10.50 30.98
Fertilizing and top-dressing 4.38 - 4.38 3.50 03.5
Manuring 3.86 3.86 3.11 2.08 5.19
Weeding 10.65 23.00 33.65 12.32 18.00 30.32
Pest management. 0.28 - 0.28 0.19 0.19
Irrigation 9.65 3.86 13.51 8.14 2.18 10.32
Harvesting 7.72 19.30 27.02 5.84 21.10 26.94
Carrying and threshing 5.79 5.79 11.58 7.20 2.84 .040
Winnowing and drying 7.72 5.79 13.51 7.42 3.00 10.42



Total 73.21 86.69 159.90 77.40 60.92 138.32
Animal power/Power tiller (hrs/ha): )
Bullock power ?2.98 82.98 46.16 30.20 76.36

! 7.72 7.72 - 6.92 6.92
Power tiller

Farmers used about 14 kg/ha seeds for hybrid ricéeviMV Boro rice farmers used
about 30 kg/ha (Table 3). But the price of hybiakrseed was too high of Tk 200/kg while
the price of MV rice seed was only Tk 25/kg. Farsnef both hybrid rice and BRRI dhan29
used more or less equal amount of fertilizers @irthrop field. The fertilizer price was also
found more or less same for both the varieties.

The total human labour cost for hybrid rice wasniunigher than that of BRRI dhan29
but in percentage of full cost basis it was alneagial (Table 4). The hired human labour cost
was higher for hybrid rice cultivation (21.44%) \enhit was 17.30% of the total cost for
BRRI dhan29 on full cost basis. Similar findingsrevdound on cash cost basis. Animal
labour cost was found a bit more for hybrid ricarththat of BRRI dhan29. The cost for
hybrid rice seeds was eight times higher than BRRiIn29. Fertilizer cost was found more or
less equal but on full cost and cash cost basipéheentage of fertilizer cost (inorganic) of
the total cost for MV were higher compared to hgtice. On full cost basis the inorganic
fertilizer cost of the total cost for hybrid and Mi¢e were 18.25 and 21.95% while on cash
cost basis these were 27.76 and 35.34% respectively

Table 3. Inputs used (kg/ha) for growing hybriceramd MV rice at Gazipur area in the Boro sea2088.

Inputs Hybrid rice (Hira) MV rice (BRRI dhan29)
Owned Purchased Price of inpytfOwned Purchased Price of
(Tk/kg) inputs
(Qty) (Qty) (Qty) (Qty) (Tk/kg)
Seeds (Kg/ha) - 14 200 11 18 25
Urea - 111 125 - 119 125
TSP - 99 55 - 98 55
MP - 69 55 - 68 55
Gypsum - 60 8 - 52 8
Manure 5100 - 0.30 4200 - 0.28
Labour (Tk/day) 73.21 86.69 150 77.40 60.92 145
Bullock power
(Tk/hr) 82.98 - 25 46.16 24 24
Power tiller (Tk/hr) - 7.72 180 - 6.92 172

The insecticides cost was 4.27 % and 6.50% ofdted tost on full cost and cash cost
basis in case of hybrid rice. On the other hand,prcentage of this cost for BRRI dhan29
was found lower both on full cost and cash costsbabrigation cost was found a bit higher
for hybrid rice than BRRI dhan29 in the study area.

Table 4. Comparative cost structure (Tk/ha) for hybrid rice and MV Boro rice production, 2008.

Item Hybrid rice (Hira) MV Boro rice
(BRRI dhan29)
% of the total cost % of the total cost
Cash cost| Full cost| Cash cost
Cost Full cost basis | basis Cost basis basis

Human labour 24000 39.44 19865 39.51

Family 10950 17.99 11165 22.21

Hired 13050 21.44 32.61 8700 17.30 27.87
Animal labour: 2075 3.41 1684 3.35

Family 2075 341 1108 2.20

Hired 0 576 1.15 1.84
Power tiller: 1390 2.28 3.47 1190 2.37 3.81

Hired 1390 2.28 3.47 1190 2.37 3.81
Seeds: 2800 4.60 7.00 725 1.44

Owned 0 0.00 0.00 275 0.55

Purchased 2800 4.76 7.00 450 0.90 1.44
Fertilizer: 0 0.00 0.00

Inorganic 11108 18.25 27.76 11034 21.95 35.34

Organic 1530 251 1176 2.34
Insecticides 2600 4.27 6.50 650 1.29 2.08
Irrigation 9070 14.90 22.66 8620 17.15 27.61
Land rent 4942 8.12 4942 9.83
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Interest @ 10% for 4

1340 2.20 1040 2.07
months
Total cost:
Full cost basis 60855 100 50276 100
Cash cost basis 40018 - 100.00 31220 - 100

Average vyield of hybrid rice was found 13% highieaint that of BRRI dhan29 (Table 5). The gross nstur
were estimated at Tk 94,279/ha and Tk 89,163/h&ybrid rice and BRRI dhan29 respectively resulto®%
higher for hybrid rice. But the net return of BR&lan29 was found higher than hybrid rice both dhdost
and cash cost basis and those were 14 and 6% tiegpecThe benefit cost analysis indicated tha bBenefits
were 12 and 17% higher for MV Boro rice cultivatitiian that of hybrid rice on full cost and cashtduessis
respectively. The production cost for hybrid ricasahigher than BRRI Dhan29 on both full cost anshazost

basis and these were Tk 10.55/kg and Tk 6.94/kchytarid rice while Tk 9.86/kg and Tk 6.13/kg for BR
dhan29 respectively.

Table 5. Comparative average cost and return (Tk/a) for hybrid rice and MV Boro rice production, 2008.

Hybrid rice MV Boro rice

Item (Hira) (BRRI dhan29) Difference
Yield (kg/ha) 5766 5096 670(13)
Price (Tk/ha) 15.5 16.5 1.00(-6)
Straw yield (kg/ha) 4,266 4096 170 (4)
Price of straw (Tk/kg) 1.15 1.24 -0.09 (-7)
Gross return (Tk/ha) 94,279 89163 5116 (6)
Net return (TK./ha):

Full cost basis 33,424 38887 -5463 (-14)

Cash cost basis 54,261 57943 -3682 (-6)
Benefit cost ratio:

Full cost basis 1.55 1.77 -0.22(-12)

Cash cost basis 2.36 2.86 -0.50 (-17)
Production cost (Tk/kg):

Full cost basis 10.55 9.86 0.69 (7)

Cash cost basis 6.94 6.132 0.81 (13)

A simple linear production function was fitted teetcontributions of different inputs on
the total return of BRRI dhan29 and hybrid ricebl€a6 showed the estimated value of the
coefficients and constant term an8vRlue. The total human labour, fertilizer and iatign
had significant contribution on the total returrbofth the varieties.

Table 6. Estimated coefficients of log linear prodetion function for total return of BRRI dhan29 and hybrid rice in the study area,

2007.

Variable(s) Hybrid rice MV Boro rice
Dependent variable: Total return per hectare Hira BRRI dhan29
Constant ¢) 0.212 (4.13) 0.472 (5.31)
Human labour cost (logk 0.56 (2.96)** 0.1 (7.15)
Seed cost (logx -0.0329 (1.51% 0.05 (14.02)
Fertilizer cost (logx) 0.250 (6.7) 0.325 (3.5)
Insecticides cost (logx 0.42 (0.125¥ 0.021 (0.142)
Irrigation cost (logx) 0.26 (2.53) 0.39 (4.7)

R 78 89

Figures in parentheses indicate t values; ***, *ida* means significant at the 1%, 5% and 10% level

respectively.

Table 6 presents the estimated parameters of thé-Douglas production function for
inbred and hybrid rice. The empirical analysis eded that the coefficients of the variables
in the production function are the elasticity ofeege output with respect to the different
inputs used in the rice production as specifiedhm earlier equation (Equation no.1). The
empirical results showed that, the sign and madaguof the estimated coefficient in
majority cases were consistent with prior expegtatiThe elasticity of human labour cost for
MV Boro rice was positive and significant at the 18wel, which indicated that if human
labour increased by 1%, the yield of hybrid ricewdobe increased by 0.1%, whereas the



sign of estimated co-efficient of labour cost figbrid rice was positive and significant at the
5%, indicating that if human labour cost increabgdl%, the yield of MV Boro rice would
be increased by 0.56%. The estimated coefficienhydfrid seed cost was negative and
insignificant while the sign of estimated coeffitieof seed cost of MV Boro was positive
and significant at the 1% level.

The sign of coefficient for the fertilizer was pibpg and significant at the 10% level for
both hybrid and MV Boro rice implying that if thé@mical fertilizer cost increased by 1%,
the yield of both the varieties would be increabgd).25 and 0.33% respectively. The co-
efficient of insecticides cost for both hybrid akyy Boro was positive and insignificant. The
coefficient for irrigation cost was positive andyrsficant at the 5 and 10% level for both
hybrid and MV Boro rice respectively implying thathe cost of irrigation increased by 1%,
the yield of both hybrid and MV Boro rice would becreased by 0.26 and 0.39%
respectively. The Rvalues for both hybrid and MV Boro rice were 78 &9, indicating that
the yield of both hybrid and MV Boro rice would bgplained by 78 and 89% by the adopted
independent variables in the estimated model, otisiedy.

Table 7. Partial budget, Hybrid rice versus BRRI chan29.

Item Debit (Tk/ha) Item Credit (Tk/ha)
Cost of growing Hybrid rice Return from growing Hybrid rice

54573 94279
Return forgone for not growing BRRI 89163 Cost saved for not growing BRRI
dhan29 dhan29 44294
Profit/Loss -5163

138573 138573

Table 7 showegartial budgeting analysis of hybrid rice versusRBRhan29 indicating that
Tk 5,163/ha was found more profitable for growinBM dhan29 instead of hybrid rice. It
might be the fact that the impressive profit wamed as the price of paddy in 2008 was
higher. Another earlier study supported that T853/ha and Tk 4,787/ha were found more
profitable for growing BR14 and BRRI dhan29 respety in stead of hybrid rice in
Bangladesh (Quayust al, 2001).

CONSTRAINTS

Table 8 showed problems and constraints on hybae cultivation. Almost all sample
farmers mentioned that high price of hybrid seddg output price immediately after
harvesting and production of hybrid seed at thenfeavel were major constraints to hybrid
rice cultivation and 100, 98 and 96% farmers resypely passed their opinions about these
constraints. More than eighty percent farmers tepothat lack of adequate capital and
higher input requirements, availability of adequataount of quality seeds and lack of
knowledge were also major problems to hybrid rigkivation. Seventy percent respondents
reported that taste of hybrid rice is not as gaodhbred rice.

Table 8. Problems and constraints faced by the respdents (%) for hybrid rice production in the study areas, 2008.

Constraint % of farmers opined
Availability of adequate amount of quality seeds 82

Seeds are not available in time 65

High price of hybrid seeds 100

Low output price immediately after harvesting 98

Production of hybrid seed at the farm level notsiiue 96

lack of adequate capital and higher input requirese 83
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Lack of knowledge 86

Taste of hybrid rice is not same as Inbred rice 70

Source: Field survey, 2008.

CONCLUSION

The yield and gross return as well as the total obgroduction of hybrid rice were found
higher than BRRI dhan29. The cost of human labodriasecticides were found higher for
hybrid rice than that of BRRI dhan29. But the rettirn and benefit cost ratio were higher in
case of BRRI dhan29. Partial budgeting analysigcatdd that the BRRI Dhan29 was more
profitable than hybrid rice in the study area. Ricithbn function analysis indicated that if the
chemical fertilizer cost increased by 1%, the yigidboth hybrid and MV Boro rice would be
increased by 0.25 and 0.33% respectively. The sfgime estimated coefficient of hybrid
seed cost was negative and insignificant whileestemated coefficient of seed cost of MV
Boro rice was significantly positive at the 1% leudigh price of hybrid rice seeds and low
output price due to low quality of rice and taste #he main constraints to hybrid rice
production. So government should provide subsidyhghrid rice seed and facilitate the
farmers' easy access to hybrid seeds. On the lotimel, scientists should improve the quality
of hybrid rice so that farmers devote their landrento enhance rice production for future
food security for the increased population as aglproductivity of the cropped land per unit.
However, further study in a large scale is needecbnfirm the findings. However, it can be
concluded that if the cost of production of hyhliice can be reduced then this variety may be
more profitable than BRRI variety.
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Anaerobic and Submergence Tolerance of Swarna
Sub 1 and Some other Rice Genotypes

J K Biswas, M A Hasaf and H N Barmah

Plant Physiology Division, Bangladesh Rice Resedustitute, Gazipur 170FDepartment of Agriculture Extension.

ABSTRACT

A genotype with traits of anoxia as well as submeaog tolerance would provide a better opporturaty t
establish and withstand the submergence thrustrulodéand conditions. Swarn&ub 1, a rice genotype
developed through introgression &fb 1 QTL from FR13A (Donor parent) is able to toleratthmergence
stress under flood-prone transplanted Aman envisstinHowever, its potential as an anaerobicallgl#isthed
genotype has not yet been studied. Therefore, kperaments were conducted to study the nature aérbic
and submergence tolerance of Swaala 1, with some other rice genotypes. Swasah 1 showed comparable
seedling establishment under lowland conditionsesfrective of genotypes anaerobically grown, 20-aldy
seedlings could not recover after 10-day of suberg.

Key words: Submergence tolerance, seedling establishment.

INTRODUCTION

In Bangladesh, rainfed lowland rice covers an afe4.5 million hectares (Islarat al, 1997) and is grown as
transplanting Aman (T. Aman) rice from June to 8epier, the peak period of monsoon rainfall. 2ewl,
(1996) reported the abiotic factors like submergesed drought are the two top constraints in rdiffeAman
rice. The poor crop establishment due to submemandthe seedling stage appears to cause subktaelih
loss. Therefore, submergence is an important cainstin T. Aman rice. The shifting of transplantipgactice
toward anaerobic seeding, using genotype tolemanterobic conditions could be a breakthrougtsésing
crop establishment cost (Yamauehial, 1993). Anaerobic tolerance of a genotype isgieded as the ability
of a genotype to establish under lowland conditidfemauchi and Biswas, 1996).The successful devetop
of high yielding rice cultivars with submergencedaanaerobic tolerance may be an effective alteradtr
saving huge losses of food crops in the Aman crop.

BR11 could sustain submergence to some extent whekr water. In contrast, BRRI dhan32 have
some tolerance to the similar stress both undar eled turbid water (Pervit al, 2006). However, the
performance of these varieties across the ecosystégght not be stable as they are not having
submergence tolerant quantitative trait loci (QTdy) gene. Very recently, FR13A (tolerant to
submergencefub 1 locus has been introgressed into widely grown wgialtivar (Swarna) using
marker-assisted selection procedure €Kal, 2006). This variety is now designated as Sw&uial
and able to protect itself against the submergémeest. However, the nature of seedling establistime
under lowland conditions of this variety have net peen understood. Literally, more emphasis has
been given to Swarn@ub 1 as the genotype is enriched with the presenceubflSA, an ethylene-
response-factor-like gene that confers submergésleeance to rice. FR13A was also reported to
establish seedling under lowland conditions (Yarhawt al, 1993). Accordingly, Swarn&ub 1,
progeny of FR13A is expected to establish under game conditions. The exploitation of this
genotype (Swarn&ub 1) as anoxia-tolerant one would yield double bertefiensure crop security for
farmers in a submergence prone rainfed Aman ateaobjectives of the study were as follows to:

e Determine the anaerobic tolerance of Sw&uial;
@ Study the ability of submergence tolerance of g@aotype following as anaerobic thrust in the pescof
germination.
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MATERIALS AND METHOD

We conducted two experiments at the Plant Physjoligision of Bangladesh Rice Research InstitutR ),
Gazipur in 2007.

Experiment 1

Twelve varieties (Table 1) were considered in tkpegiment 1, layed out in CRD with four replicat®rThe
treatments of the experiments were aerobic, hyp@ad anoxic conditions. Prior to go for germinafithe
seeds were treated with 2% sodium hypoclorite ferminutes. Seedlings were grown under aerobic (in a
petridish (100x90-mm) lined with soaked paper) hgpand anoxic conditions. The hypoxic conditionswa
maintained in the test tube (100x25-mm) contair®i@gnm of distilled water with 50 mm water depth abthe
seed. Under anoxic conditions the test tube, coimigil8 ml of distilled water and 2 ml olive oiliveé sprouted
seeds were allowed to grow in each test tube. €be ttibes were kept under 30°C in a germinator. The
coleoptile length of seedlings were consideredfservation.

Experiment 2
Out of 12 varieties (from Experiment 1), five geypets were considered in this study. Except BR11Swdrna
Sub 1, the others were known as anoxia tolerant genofigdem, 2005; Yamauchét al, 1993). Plastic trays
(32x28x13-cm) were used for this study. The tragsewilled with 16 kg clay loam soil (OM = 0.9-1.5%H =
4.5-6) fertilized with urea, TSP, MP, and gypsun8@, 5 g, 5 g and 3.2 g respectively per tray. 3tiewas
soaked, puddled and kept flooded for seven daysdoace the accumulated volatile fatty acids. Thegee two
kinds of seeding; aerobic (seeds were surface dieawl anaerobic (seeds were placed 1 cm belowdihe
surface and the tray was irrigated up to 1 cm defthch tray contained six lines and 10 sproutedisaevere
sown per line. Each variety was replicated thncthiee trays. Percent seedling establishment egsded.

Twenty-day-old established seedlings were submeigedcemented water tank (submergence tank) to a
depth of 70 cm above the soil level. The water masle turbid twice daily by mixing mud (soil paréabf the
water was 1.53 g/L; Perviet al, 2006). After a day of submergence, the trays wenesferred to net-house.
Recovery percentages after seven days were recorded

The percent seedling establishment was analyz&R&swith necessary transformation.

RESULTS AND DISCUSSIONS

Experiment 1

Coleoptile. Coleoptile growth was the lowest under aerobic @@ In contrast, significantly enhanced
growth was observed under hypoxic conditions. Adtay to Takahashi (1976) coleoptile elongation ban
enhanced by high CQand low Q tension. Ethylene plays an important role in cptée elongation also. The
effect of low Q, high CQ and ethylene are additive, and each gas can peogroivth independently of the
others (Raskin and Kende, 1983). So if there i©passisted ethylene activity, G&lone can influence growth.
That might be the reason why significant coleopgifewth was observed in hypoxic condition whereitzkl
effect of both C@and ethylene is possible. Some enhancement inmtillegrowth was observed under anoxic
condition, where ethylene concentration must bey wesignificant as there was no,.CSince, CQ@ was not
absorbed by any absorbent (KOH), whatever growttaroement had been occurred, must be in presence of
CGO, only Biswas (1994) observed genotypic difference in oasp to coleoptile growth. The coleoptile length
in aerobic conditions varied from 10.70 mm to 28mth (Table 1). Under hypoxic condition Bitchi Bakri
BRRI dhan32, were able to produce coleoptile lerd®.0 mm. The coleoptile length of Swafd 1, Bashful
(tolerant to anoxia) were 42.35 mm, 46.20 mm an@3l4nm respectively. They were not significantlffetient
from each other. Apparently anoxia tolerant othenalypes like Banajira, Jahmir, Chaita Boro had the
coleoptile lengths of 27.85, 36.65 and 33.00 mmspeetively under the same conditions. Another &wier
variety Boro 109/2 showed 28.60 mm. Submergeneagdnt FR13A performed the shortest coleoptile lengt
(13.25 mm). BRRI dhan29 performed statisticallyikimto those of some anoxia tolerant genotype Gkmita
Boro and Boro 109/2.

Under (extreme) anoxic condition, similar performas were observed in SwarBab 1 (37.40 mm) and
BR11 (38.90 mm), followed by Bashful (31.85 mm) aBdnajira (30.50 mm). BRRI dhan32, Boro 109/2,
Chaita Boro, Jahmir and FR13A showed also simiéafggmance of around 27.0 mm what was not stagikyic
different from Bashful and the others. Bitchi Bogkiecuted the shortest coleoptile length, simitathbse of
BR5 and BRRI dhan29.

Leaf growth and development.The leaf growth and development is designated tsy leaf length, leaf
number and plant height. Growing condition and efati interaction effect was marginally insignifi¢g® =
0.06) for first leaf growth. But the interaction svaignificant for plant height (ANOVA table not sha).
Hypoxic conditions suppressed Plant height sigaiftty (Table 2). Significant variation was obsensdong
the varieties. Many of the varieties like JahmigsBful and Boro 109/2 had significantly higher plaaight.
Even varieties like Swarn8ub 1 and BR11 showed equivalent plant height to thdsepparently anoxia
tolerant Chaita Boro and Bitchi Borki. In contraBgnajira and FR13A could not produce any leaf.t Thight
be due to the variation of tolerance to the accatedl volatile fatty acids (Biswas al, 2001) under hypoxia or



anoxia. However, BRRI dhan29 showing poor coleegéhgth executed some leaf development. Swanhd
bearing the similar QTL for submergence of FR134&hle to produce first leaf length upto 5.95 mat thas
similar to the anoxia-tolerant Bitchi Borki (8.10mhand Chaita Boro (8.20 mm).

Seedling establishment under lowland conditions eferacterized by the ability of a variety to proeu
first leaf (Biswas and Yamauchi, 1997). Hypoxic dition is equivalent to that of simulated lowlanshdition.
The result generated from this condition appeatsataslate in lowland conditions. Therefore, it kcbbe said
that variety Jahmir and Bashful have better poantdo establish seedling under lowland conditions.
Accordingly, SwarnaSub 1 should have the ability to establish seedling dme extent under lowland
conditions. Despite showing better establishmeilitayBFR13A failed to establish in the present stud

Root growth and development.Root growth and development was characterized lwalnand seminal
root. The interaction between growing condition seésr nodal and seminal root was significant. Hypoxic
conditions severely affected root growth and dgwelent (Table 2). The seminal root length ranges f87.80
mm to 95 mm under aerobic conditions and 0 mm t®7Inm under hypoxic conditions. Variety Jahmir
maintained the longest seminal root length botheurakrobic (95 mm) and hypoxic conditions (11.07)mm
(Table 2). The leading anoxia-tolerant genotypestamed more less the similar pattern both undeplaic
and hypoxic conditions. Swarr@b 1, BRRI dhan29 and BRRI dhan32 showed similar selnmioa length
under hypoxic conditions. Despite being tolerant sobmergence FR13A failed to develop any root
development under hypoxic conditions (Table 2).

Nodal root originated from the coleoptile node wassidered in this study. The longest one was medsu
for our purpose. Under aerobic conditions the Ishg®dal root was observed in Jahmir (28.50 mm) o
109/2 (29.55 mm) followed by BR11 and BRRI dhan327(0 mm). Chaita Boro had the similar nodal length
almost similar to that of BR5. Under hypoxic coratis the nodal root length varied from zero (Ch&tao,
BR5 and FR13A) to 3.27 (Bichi Borki). However, thewere no significant differences among the vargeti
(Table 2).

Root emergence occurs after coleoptile emergenemthlgerminates under hypoxia (Cobb and Kennedy,
1987; Biswas and Yamauchi, 1997). The present stedyaled the similar result with some varietaliatéons
(Table 2). Kordan (1976a) reported that low @ncentration root growth more than that of shgratwth in
germinating rice seedlings. However, the adventitignodal) root primordia can form but the growthniot
visible (Kordan, 1976b). Although primary root emence is completely suppressed undgd€ficiency, this
suppression is not indicative of physiological ity of the primary root development in rice dérg
germinated under Odeficient condition (Kordan, 1977a). Thus rootwgtio may be blocked in seeds that
germinate under water until shoot develops, thepbyiding a mechanism to conserve energy duriegetrly
phase of seed germination.

Experiment 2

The varieties, seeded (sprouted seeds sown) aallghimto wet bed, were able to produce seedliagsging
from 79.21 (Swarna Sub 1), to Banajira and FR132A.16%). Hypoxic condition affected seedling growth
severely (Table 3). Under anaerobic conditions/mdl conditions, BR11 was able to establish mora tha
75.69% seedling. In contrast, SwarBab 1 established 51.98% what was not different from tiblerant
Banajira. More so, Swarrfaub 1 performed significantly better than the tolerauitigar Bashful (45.96%). So,
SwarnaSub 1 could be considered as anoxia-tolerant genotype FR13A had its seedling establishment only
35.16%, which was significantly lower than the Istveperforming Bashful (45.96%). The seedling
establishment under aerobic condition was quitisfaatory (79.21% to 92.16%). When the seedlingseev®-
day-old, they were submerged for 10 days. Seedlgg used in our study (20-day) to survive submeamgen
stress was quite low. Pervin (2005) observed thaddy-old FR13A seedling submerged for 10 daysc:aok
survive under Bangladesh condition. But under simstress, 20-day-old FR13A seedling survived and
recovered, successfully.

In our study similar treatment was imposed haviegdiing grown both under aerobic and anaerobic
conditions. Aerobically grown seedlings FR13A andaBiaSub 1 survived submergence tolerance 31.06% and
2.02%, respectively (Table 3) (percentage basedditial seeds sown). The anoxia-tolerant genotygmdd not
survive the stress. No anaerobically grown seedlimguding Swarnéub 1) survived the submergence stress.
FR13A survived only 9.97% (Table 3). Undoubtedlg 8iress was too extreme to survive the genotyes.
water of the submergence tank was made turbid taviday. Under this condition tissue anoxia mightediep at
night and turbid condition to prevent photosynthéh generation during the day. Under such circums&nce
roots will be especially vulnerable to, Ghortage since the soil will be anaerobic, remdethem entirely
dependent upon shoot (Jackson and Ram, 2003).eAshtbot is completely submerged, it has little ohpoty
to capture @There is also report that anoxically damaged roatsse injury to the shoot (Boandaal, 2003).
That might cause poor recovery of FR13A and novegoof Swarngsub 1.

The ability to produce elongated coleoptile andtfleaf under hypoxic condition is directly corteld to
the ability to establish seedlings under lowlandditions. Swarn&ub 1 could produce first leaf and they were
able to establish under lowland conditions. Desfaitieire in the production of the first leaf, BR&is able to
establish the highest percentage of seedling undéand conditions. This performance deserves comébion.
According to Yamauchi et al, (1993) FR13A have sdaterance to low land conditions. But in our stutis
genotype (FR13A) did not show any morphologicatilattes to be considered as anoxia-tolerant gerotyp
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Accordingly, the genotypes showed its poorest segdéstablishment (35%) under lowland conditions. |
contrast, Swarn&ubl showed quite better seedling establishment urddahd conditions failed to sustain the
submergence thrust. Even the recovery from submeegéor both FR13A and Swarrgbl for aerobically
grown seedlings were 31.06 and 2.02 respectivéig. figure for FR13A was quite better compared &t tf
SwarnaSub 1, still not acceptable. Does it mean that the meisina of anoxia or hypoxia tolerance during
seedling establishment and submergence is differEné answer is probably yes and might not be rtestliay

simi
age

lar biochemical pathway. However, the phenonmedeserves exploration. It also appears that tbdlisg
play an important role to activate the rol@®t. Sub 1.

Based on the results and discussion the followorghkisions were drawn:

SwarnaSub 1 showed some better seedling attributes under hgpmnditions leading to superior seedling
establishment under lowland conditions.

Irrespective of genotype, anaerobically and aeailyi grown 20-day-old seedlings could not recoafer
10-day submergence.

Table 1. Coleoptile length (mm) of 12 rice genotypas affected by different growing conditions.

Variety Coleoptile
Growing condition
Aerobic condition | Hypoxic condition | Anoxic conditi
SwarnaSub 1 13.45 46.20 37.40
Banajira 10.70 27.85 30.50
Bichi Borki 21.40 52.55 18.10
BR11 14.95 42.35 38.90
Jahmir 17.65 36.65 27.70
Chaita Boro 12.95 33.00 24.40
BR5 10.45 19.90 17.25
FR13A 22.25 13.25 27.40
Boro 109/2 28.40 28.60 24.95
BRRI dhan29 14.10 23.85 5.60
Bashful 20.20 44.25 31.85
BRRI dhan32 20.65 50.30 27.70
LSDO0.05 5.87%
CV% 16.22
Table 2. First leaf (mm), leaf nhumber (mm), plant kight (mm), nodal root length (mm) and seminal roolength (mm) of 12 rice

varieties as affected by different growing conditias.

Variety First leaf length. Leaf number Plant heigh Nodal root length Seminal root length

Growing condition Growing condition Growing coridit Growing condition Growing condition

Aerobic Hypoxic Aerobic Hypoxic Aerobic Hypoxic Aerobic Hypoxic Aerobic Hypoxic

condition | condition | condition | condition | condition | condition | condition | condition | condition | condition
SwarnaSub 1 20.55 5.95 1.90 0.25 44.95 8.25 11.45 73.65 73.65 3.17
Banajira 28.05 0.00 2.00 0.00 60.00 0.00 12.65 ®0.1 50.10 0.35
Bichi Borki 33.40 8.10 2.00 0.20 70.45 9.40 10.60 6.40 76.40 8.42
BR11 19.20 0.00 1.40 0.00 39.60 0.00 17.05 59.10 1069 1.60
Jahmir 28.85 16.85 2.00 0.50 75.10 22.35 28.50 095.0 95.00 11.07
Chaita Boro 24.70 8.20 1.75 0.10 32.90 7.90 3.90 .5%5 65.55 1.00
BR5 7.80 0.00 1.10 0.00 17.05 0.00 3.50 37.80 37.80 0.00
FR13A 26.95 0.00 1.90 0.00 43.35 0.00 13.60 67.75 7.7% 0.00
Boro 109/2 36.40 12.55 2.00 0.25 75.70 17.05 29.55 83.00 83.00 9.20
BRRI dhan29 26.45 7.20 2.00 0.25 47.40 8.85 14.00 1.207 71.20 4.70
Bashful 29.30 14.10 2.00 0.20 65.95 26.90 12.60 602. 92.60 7.50
BRRI dhan32 27.85 2.60 1.95 0.10 55.00 3.50 17.60 1.107 71.10 3.20
LSDO0.05 9.30 0.46 15.85 5.42 15.42
CV% 41.80 32.26 36.40 48.35 30.38

Table 3. Seedling establishment (%) and recovery (Yafter submergence.

Variety Initial seedling establishment (%) Recovaiter submergence (% of total sel
sown)
Aerobic condition Lowland Aerobic condition Lowland
condition condition
SwarnaSub 1 79.21 51.98 2.02 0.00
Banajira 92.16 54.76 0.00 0.00
BR11 86.49 75.69 0.00 0.00
FR13A 92.16 35.16 31.06 9.97
Bashful 88.36 45.96 0.00 0.00
LSD% 5.76 -
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Effect of Fresh and Decomposed Poultry Litter on Gowth
and Yield of Boro Rice

B C Roy and J C Biswdb
ABSTRACT

We did the experiments at Bangladesh Rice Researthstitute (BRRI), Gazipur during Boro seasons of
2010 and 2011. Fresh (0-3-day-old droppings) and ermonth decomposed poultry litter (DPL) was used
at variable rates and in combination with chemicafertilizers and compared with absolute control. Plat
height, panicles/ni and grains per panicle were found statistically shilar among the sole and integrated
use of PL with chemical fertilizer treatments. Excesive vegetative growth was observed when fresh
poultry litter (FPL) was applied @ 6 t/ha or more. The highest grain yields were recorded when 5 t/ha
FPL along with 38 kg/ha N was used in both the yearut the highest grain yield was observed when DPL
@ 3 t/ha along with 65-11 kg/ha NP was used. Theerage requirement of FPL and DPL irrespective of
its rate, N and P variations, grain yield was aboub.88 t/ha with FPI and 5.91 t/ha with DPL. This implies
that both FPL and DPL can be utilized successfulljor growing rice in Bangladesh.

INTRODUCTION

The poultry litter contains a considerable amouhiplant nutrients that can be used successfully rice

production (Biswat al, 2009, Jacolet al, 1997). There are 188.4 lakh fowl and ducks in Baahesh (BBS,
2010) and produced a huge amount of litter, whan lse used for crop production (Jaebhl, 1997, Kunkleet

al, 1997) and as well as power generation (Dangn@8i3L The organic source of nutrients not only dbates
to crop production but also conserve the naturereldeer, poultry litter (PL) could be used to suppdat triple
super phosphate and muriate of potash fertiliZEng. fresh poultry litter (FPL) and decomposed pguitter

(DPL) could be used as sole source of plant nusien in combination with chemical fertilizers farop

production. The present study was, therefore, uaklen to find out the effect of FPL and DPL on gtiownd
yield of Boro rice.

MATERIALS AND METHODS

We did the experiments at Bangladesh Rice Resdasthute (BRRI), Gazipur during two subsequent @or
seasons 2010 and 2011. Fresh (0-3-day-old dropparg$s one-month decomposed PL was used at different
rates and in combination with chemical fertilizarsd compared with absolute control. The treatmiemp®sed
were, FPL 7 t/ha (JJ; FPL 6 t/ha (F); FPL 5 t/ha (); FPL 5 t/ha along with N 38 kg/ha )T FPL 3.5 t/ha
along with NP 64-3 kg/ha ¢J; FPL 2.5 t/ha along with NP 82-11 kg/ha;X\TDPL 3 t/ha along with NP 64-15
kg/ha (T;); DPL 3.5 t/ha along with NP 64-3 kg/hag);TDPL 2.5 t/ha along with NP 82-11 kg/hagBnd no
fertilizer application (To). In the treatments of integrated use of PL arehdbal fertilizer, the amount of NPK

in PL were calculated and then N, P and K werestdglias of soil test based (STB) fertilizer appiica The
treatments were assigned in a randomized compliet& design with three replications. Unit plot sizas 4 x 3

m.

The FPL and DPL were used before final land prdjmaras per treatments and seedlings were trargplan
after three days of PL application. Forty-day-odddlings of BRRI dhan45 were transplanted on 02@10
and 07.01.2011 at 26- 20-cm spacing. Urea was top dressed thrice ata38 dfter transplanting (DAT), 35
DAT and 5 days before panicle initiation. Triplgpsu phosphate, muriate of potash, gypsum and eititiZers
were applied as basal. Initially continuous stagdirater was maintained for about two weeks and titogmal
water management practices were followed. Weed® wentrolled by applying pre-emergence Butachlor
(Vachete 5G) herbicide followed by one hand weedibgd0 DAT. Insecticide was applied as and when
necessary. Data on plant height, paniclésgrains per panicle, sterility percentage; graid atraw yields were

“Senior Scientific Officer and Principal Scientifdifficer, Agronomy Division, Bangladesh Rice Reseadrustitute, Gazipur-1701.



recorded. The collected data were analysed follgv@omez and Gomez (1984) and means were compared at

the 5% level of probability.

RESULTS AND DISCUSSION
Plant height, panicles/ni, grains per panicle and sterility percentage werdound statistically identical
among the sole PL treated plots and integrated usef PL and chemical fertilizer treated plots (Tablesl
and 2). Excessive vegetative growth was observed evhFPL was applied @ 6 t/ha or more in both the
years. The highest grain yields were recorded wheRPL 5 t/ha along with N 38 kg/ha was used in both
the years (Tables 1 and 2). However, the highestratv yields (more than 7.5 t/ha) were recorded when
FPL 7 t/ha was used (Tables 1 and 2). On the othdrand, the highest grain and straw yields were
observed when DPL 3 t/ha along with NP 65-11 kg/haas used. It was also observed from this study that
when greater amount of P as TSP was applied in conmtation with DPL, grain yield improved compared
to lower P rates. Biswas et al, (2008) also repodéhat Boro rice could be successively cultivateditin PL

alone.

Both fresh and decomposed PL contains a good amourdf plant nutrients, especially NPK
(Dobermann and Fairhurst, 2000) and consequently he application of PL can reduce the amount of N
and P fertilizers according to the rate of its apgtation for rice cultivation. The sole applicationof PL, if
available, also produced a considerably higher graiyield and it was statistically identical comparedto
integrated application of PL and chemical fertilizes. However, integrated application of PL and chenual
fertilizers were better (BRRI, 2010 and 2011). A mar portion of production cost goes for fertilizer
purchase in our country. So, the use of PL may helfin reducing cost of production and odor free
environment as well. However, poultry litter couldbe used as sole source or in combination of inorgan
fertilizers to supplement nutrients for rice cultivation, because it contains a good amount of plant

nutrients (Shahet al, 2004).

The average grain yield of FPL and DPL irrespectiveof rate, N and P variations was 5.95 and 6.01
t/ha with FPL and DPL, in Boro, 2010 and 5.81 and .B2 t/ha in Boro, 2011 respectively (Fig. 1). This
implies that both FPL and DPL could be utilized sucessfully for growing Boro rice in Bangladesh.

CONCLUSION

Thus we conclude that both the fresh and one-montdecomposed poultry litter can be used either in
combination with fertilizers or alone for satisfacory grain yield of Boro rice.

Table 1. Effect of fresh and decomposed poulttgriion growth parameters and yield of rice in drgson, 2010, BRRI, Gazipur

Treatment Plant ht Panicle Grains Sterility (%) | Grain yield | Straw yield
(cm) (no./r?) (no./pan) (t/ha) (t/ha)
T:-7 t/ha FPL 103 270 92 11.45 5.94 7.70
T»-6 t/ha FPL 96 245 96 11.58 5.72 7.52
Ts-5 t/ha FPL 100 232 100 15.25 5.81 7.23
T45 FPL + 38 kg/ha N 104 267 98 14.04 6.39 7.26
Ts-3.5 t/ha FPL + 66-3 kg/ha NP 103 275 96 13.49 75.9 7.10
Te-2.5 t/ha FPL + 84-11 kg/ha NP 97 233 98 16.74 55.8 6.99
T;-3.5 t/ha DPL + 66-3 kg/ha NP 102 260 100 12.09 665. 6.93
Te-3 t/lha DPL + 65-15 kg/ha NP 96 268 104 18.09 6.55 7.52
To-2.5 t/ha DPL + 84-11 kg/ha NP 99 245 89 14.88 25.8 6.89
Tac-without fertilizer 94 200 81 13.69 5.01 6.00
CV (%) 3.9 6.39 8.6 12.41 8.6 9.92
LSD (0.05) 7 26 13 3.16 0.44 0.59

Table 2. Effect of fresh and decomposed poulttgriion growth parameters and yield of rice in drgson, 2011, BRRI, Gazipur

Treatment Plant ht Panicle Grains Sterility (%) | Grain yield | Straw yield
(cm) (no./m?) (no./pan) (t/ha) (t/ha)
T.-7 t/hha FPL 99 250 92 15.44 5.74 7.57
T»-6 t/ha FPL 96 243 96 13.50 5.62 7.42
Ts-5 t/hha FPL 95 242 100 13.05 5.65 7.03
T+-5 FPL + 38 kg/ha N 94 265 98 14.13 6.09 7.23
Ts-3.5 t/ha FPL + 66-3 kg/ha NP 97 267 96 13.43 5.88 7.13
Te-2.5 t/ha FPL + 84-11 kg/ha NP 97 243 98 15.71 75.8 7.00
T+-3.5 t/ha DPL + 66-3 kg/ha NP 98 255 100 13.45 05.8 6.98
Ts-3 t/ha DPL + 65-15 kg/ha NP 96 258 104 17.11 5.85 7.25
Tg-2.5 t/ha DPL + 84-11 kg/ha NP 95 245 89 15.88 25.8 6.99
Tic-without fertilizer 90 200 81 12.13 4.01 5.40
CV (%) 4.7 8.44 10.7 11.91 7.9 10.12
LSD (0.05) 5 22 11 4.13 0.52 0.57
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Fig. 1. Grain yield of BRRI dha45 as influencedftash
and decomposed poultry litter, BRRI, Gazipur.
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Genetic Diversity of BRRI Varieties Using
Microsatellite Markers

M S Ali, H A Rabbi, N Sultana, H A Hossain, M Islaand M E Hoque

ABSTRACT

Genetic diversity of 50 BRRI developed modern reeieties was studied through DNA profiling to et them from biopiracy. Simple
sequence repeat (SSR/microsatellites) markers etergen due to their comparative superiority oveeomarkers for this purpose. A total
of 110 microsatellite markers were used to charaeteand discriminate the test materials. Fifty-pnieners showed polymorphism giving
191 alleles. The number of alleles per locus rarfgaa two (RM17, RM119, RM174, RM346, RM348, RM4RM482, RM495 and
RM517) to eight (RM310, RM219), where average nunadbellele was 3.745. The polymorphism informateamtents (PIC) lied between
0.106 (RM348) to 0.80 (RM310). Most robust markexrswRM310 since it provided the highest PIC valu8(®3). Pair-wise genetic
dissimilarity co-efficient values detected BR5 @21 as the most genetically distant varieties,redi® BR22 and BR23 were the closest.
UPGMA clustering system grouped BRRI varieties is¢wen major clusters at 0.49 similarity co-effitieCluster 1 was identified as the
largest cluster comprising 18 varieties. Clustend cluster 6 were the smallest with only two wéege All the aromatic varieties (BRRI
dhan34, BRRI dhan37, BRRI dhan38 and BR5) groupeithé same cluster indicating their genetic closen&he information obtained
from DNA fingerprinting studies helps to distincilyentify and characterize 50 BRRI varieties ushigdifferent microsatellite markers.
This information can be used in background selastiduring backcross breeding programmes. This dhfdyred that most of the BRRI
varieties have narrow genetic base and hence ionle$ new landraces in future breeding programimescommended to broaden it.

INTRODUCTION

The world’s rice production has been doubled dutimg last 25 years, largely due to the use of iwguo
technology such as high yielding varieties anddrettop management practices (Byerlee, 1996). Ttags,
the cultural practices have come to almost a s&iiildSo, for increasing rice production and emsgipresent
and future food security, we have to upgrade ogh lyield potential varieties. This upgradation wbdepend
on the extensive use of genetic diversity in plargeding programmes. As, new strategies have lgdesen
developed to make better use of plant germplasieatmins for crop improvement, such as using adednc
backcross QTL population and introgression linesidentify and transfer beneficial alleles from agot
germplasm (Liet al, 2005; Tanksley and McCouch 1997). So, plant lreedre very interested assessing
genetic variation level among the cultivated riegieties (Islanet al, 2007).

The breeders are also very keen for rice cultig@nfiification, registration, patenting and estdtilig
breeders rights (Islamt al, 2007), nowadays which are much more imperativetduihe advent of trade related
aspects of intellectual property rights agreemdiRIPs) under World Trade Organization (WTO). It has
resulted worldwide shift from free exchange andindéred exploitation to controlled access in plgahetic
resources. Similarly UN Convention on BiologicalvBisity (CBD, 1993) recognizes the sovereignty atfans
over their plant genetic resources and rights offlag community to receive compensation for dirand
indirect commercial exploitation of traditional ieties.

So far this variety identification and diversity aysis have been done by conventional morphological
descriptors in Bangladesh. These descriptors hamymrawbacks like requiring the plants full matuprior
to identification, environmental influence on tsiepistasic interactions, pleiotrophic effects. &wmtein or
isozyme markers are also environmentally influengg&hakravarthi and Naravaneni, 2008y this
circumstance, the straightforward method to distisig crop varieties and parental lines would beusaging
the genomes under comparison since all genetierdiites between individuals are laid down in theADN
sequences of their genomes. But sequencing reduiiges monitory investment and it is practically ospible
to sequence the whole genomes of all varietiest(Bi¥01). So, DNA fingerprinting would be the atative
option and genetic diversity study on the basiBEA fingerprinting data is the best choice.

Several molecular markers are presently availabiegdthis sort of DNA based analysis viz, RFLP (Bac
et al, 1995; Paran and Michelmore, 1993;), RAPD (Tingey Deltufo, 1993; Williamst al, 1990), SSRs
(Levinson and Gutman, 1987), ISSRs (Albani and W&n, 1998; Blaiet al, 1999), AFLP (Mackillet al,
1996; Thomast al, 1995; Voset al, 1995; Zhuet al, 1998) and SNPs (Viewet al, 2002). Among these,
microsatellites (SSRs) are increasingly being papdidr their abundance, high degree of polymorphism
reproducibility and cost-effectiveness (Islanal, 2007). These microsatellites are tandem repefathart
DNA motifs (1-6 bp in length) that frequently exhilvariation in repeat numbers at a locus. They \amg/
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useful to distinguish rice varieties especiallyhmtarrow genetic base. Hence it can be used imdisess,
uniformity, and stability (DUS) testing in crop veties (Bonowet al, 2009).

Bangladesh Rice Research Institute (BRRI) has setbaice varieties possessing variable features in
cropping seasons, photosensitivity, morphology,ngguality etc. But the available information on BN
fingerprinting and molecular markers based gerditiersity of these varieties are very much fragragntSo,
to protect the intellectual property rights (IPR)ooir breeders by DNA fingerprinting and to asshesgenetic
variability among 50 BRRI developed rice varietighe present investigation was carried out using
microsatellite markers considering their best $iilits.

MATERIALS AND METHODS

Fifty BRRI released rice varieties were taken. The sagrs obtained from Biotechnology Division, BRRI,
Gazipur. They were germinated in petri dishessowin in earthen pots to raise seedlings.

Fresh leaf samples of 21-day-old rice seedlingsewesed as the source of genomic DNA. DNA was
isolated following CTAB method with minor modifi¢ahs described by Zhergg al. (1995). At first leaf tissue
were cut into small pieces, homogenized and digesith extraction buffer (1M Tris, 0.5M EDTA, 5M N
and 20% SDS, pH 8.0). After incubation for 20 min6%°C with intermittent swirling, the mixture was
emulsified with chloroform: IAA mix (24: 1 mixturef chloroform and isoamyl alcohol). After centrifatgn,
the upper aqueous layer was removed into a diffétdre and cold ethanol was added. After centafiog a
small pellet was visible. The pellets were then heas with 70% ethanol, dried by a concentrator and
resuspended in an appropriate volume of TE buffit Tris, 0.5M EDTA, pH 8.0). DNA quality was cheake
by agarose gel electrophoresis with lambda DNA @@ul) and quantification was done using a
spectrophotometer (Nano drop 1000 V3.6, USA).

PCR was carried out in 10 pl reactions volume daoirtg 1 pl of MgC} free 10x PCR buffer with
(NH4),SO;, 1.2 pl of 25 mM MgGl 0.2 ul of 10 mM dNTPs, 0.2 pl of 5 U/ul Tag DNA poierase, 0.5 pl of
10 uM forward and reverse primers (Promega corfmrat)SA) and 3 pl (10 ng) of DNA using a 96 well
thermal cycler. Amplification were carried out irtteermal cycler (G-strom, GSI, England ) with tleidwing
program: 94°C for 5 min (initial denaturation) fmlved by 35 cycles of 94°C for 1 min (denaturatid@¥;C for
1 min (annealing), 72°C for 2 min (extension) wahfinal extension for 7 min at 72° C. The annealin
temperatures were adjusted based on the spedifiireenents of each primer combination. After anipdifion,
PCR products were mixed with gel loading dye (brphenol blue, xylene cyanol and sucrose), and
electrophoresed using vertical polyacrylamide g@% denatured polyacrylamide gel containing 19: 1
acrylamide: bhisacrylamide) for manual genotypiRgur pl of the amplification products were resolsd
running the gel in X TBE buffer for 1.5 to 2.5 hrs (depending on thelalsize) at around 90 volts and 500 mA
electricity (CBS scientific, USA). The gels weraised in 1 pg/ml ethidium bromide and documentadgus
UVPRO (Uvipro Platinum, EU) gel documentation urittotal of 51 SSR markers (distributed across1fe
chromosomes) with clear amplifications were sekbéte genetic diversity analysis.

Size for each amplified allele was measured in hasie using Alpha-Ease FC 5.0 software (Alpha
Innotech, USA). The summary statistics including thumber of alleles per locus, major allele freqyegene
diversity, Polymorphism Information Content (PIG)lwes were determined using Power Marker versi@n3.2
(Liu and Muse 2005). The allele frequency data fi@owerMarker was used to export in binary forméela
presence=1 and allele absence=0) for analysis WillBYS-pc version 2.1 (Rohlf 2002). The Excel file
containing the binary data was imported into NTtEAINTSYS-pc. The similarity matrix was used tdccdate
similarity as DICE co-efficient using SIMQUAL subutine in SIMILARITY routine. The resultant similar
matrix was employed to construct dendrograms usewmuential agglomerative hierarchical nesting (SAHN
based unweighted pair group method with arithmagans (UPGMA).

RESULTS AND DISCUSSION

Fifty BRRI varieties were assessed for geneticalality using 51 polymorphic microsatellite markensable

1). A total of 191 alleles were detected at thé ¢dS1 microsatellite markers across the genotypbs highest
amplicon size was produced by RM 517 (289 bp) aeddwest by RM413 (73 bpJhe highest range of band
sizes was found in RM5551 (180- 230) followed by M (202 -250) and RM206 (125 - 168) (Table 1)
respectively. The number of alleles per locus rdrfggm 2 (RM17, RM346, RM495, RM431, RM174, RM482,
RM119, RM348 and RM517) to 8 (RM219 andRM310) véthaverage of 3.745 alleles across the 51 loci. The
frequency of the most common allele at each loamyed from 26.53% (RM310) to 94% (RM348). On
average, 60.20% of the 50 rice genotypes shareahamon major allele at any given locus. Polymorphism
information content (PIC) values ranged from 0.10®.80 with an average of 0.464. The highest PaTiey
(0.8) was obtained for RM310 followed by RM11 (0,/@M252 (0.73) and RM 206 (0.70) respectively (ltab
1). Therefore, depending upon the PIC values ittmnoncluded that among the 51 marker tested, RNAB#
RM566 markers were found to be suitable for distialging four BRRI hybrids and their parental linBsNA
profile of markers RM231 and RM310 for all 50 geypats are shown in Figures 1 and 2 respectively.



Similar results were observed in previous fingetprg and diversity studies, having 1-8 alleleshnan
average of 4.58 alleles for various classes of asitellite (Siwaclet al, 2004) and also 3 to 9 alleles, with an
average of 4.53 alleles per locus for 30 microbtteharkers (Hossaigt al, 2008). In another study, Rahman
et al. (2009) found an average of 6.33 alleles per lacusce using Bangladeshi high yielding varietigs;al
cultivars and wild races. We can compare our fragueor most common alleles found by Thomsabral.
(2007) which ranged from 21 (RM154) to 73% (RM2I®)e PIC values of the present study are compatable
other two previous studies in rice viz 0.20-0.9@hwvén average of 0.56 (Jaghal, 2003) and 0.30-0.84 with an
average of 0.58 (Hossaéhal, 2008).

Table 1. Data on the number of alleles, allele sizeajor allele, major allele frequency and polymorgism information content (PIC)
found among 50 rice varieties for 51 microsatellitenarkers.

Position Allele size Maj.All.

Marker Chr. no (Mbp) Allele no. (Mbp) (Mbp) Maj.All.Fr. PIC
RM495 1 0.21 2.0000 157-168 168.0000 0.6800 0.3405
RM84 1 6.66 4.0000 100-128 112.0000 0.7917 0.3360
RM493 1 12.26 4.0000 191-204 202.0000 0.6735 0.4454
RM5 1 24.13 3.0000 112-125 115.0000 0.5581 0.4306
RM226 1 34.36 4.0000 268-277 270.0000 0.8125 0.3045
RM431 1 39.22 2.0000 249-251 251.0000 0.9167 0.1411
RM211 2 3.66 3.0000 145-165 145.0000 0.3800 0.5874
RM174 2 7.00 2.0000 214-225 214.0000 0.7447 0.3080
RM327 2 17.16 3.0000 206-218 206.0000 0.5319 0.4036
RM341 2 21.04 4.0000 135-172 172.0000 0.6122 0.5324
RM526 2 26.66 3.0000 205-227 227.0000 0.8600 0.2316
RM482 2 35.27 2.0000 194-197 194.0000 0.8333 0.2392
RM231 3 64.00 3.0000 178-198 195.0000 0.5306 0.4509
RM168 3 28.04 4.0000 92-115 107.0000 0.4792 0.6072
RM570 3 35.53 4.0000 190-207 204.0000 0.5000 0.5191
RM7 3 64.00 3.0000 188-197 195.0000 0.7000 0.4164
RM251 3 79.10 3.0000 146-171 153.0000 0.4468 0.5183
RM551 4 0.17 5.0000 180-230 197.0000 0.7600 0.3705
RM119 4 21.22 2.0000 166-174 174.0000 0.7200 0.3219
RM348 4 32.62 2.0000 136-145 136.0000 0.9400 0.1064
RM280 4 34.95 4.0000 156-185 162.0000 0.6304 0.4984
RM252 4 25.19 5.0000 216-239 229.0000 0.3261 0.7264
RM153 5 0.17 5.0000 195-235 210.0000 0.5000 0.5366
RM413 5 2.19 7.0000 73-114 82.0000 0.5800 0.5360
RM163 5 19.16 4.0000 113-152 117.0000 0.4884 0.6238
RM586 6 1.47 4.0000 250-280 273.0000 0.7200 0.4127
RM541 6 19.21 3.0000 178-195 185.0000 0.8200 0.2666
RM584 6 3.41 3.0000 170-188 188.0000 0.7200 0.3946
RM517 6 6.14 2.0000 266-289 266.0000 0.6939 0.3346
RM314 6 8.50 3.0000 110-120 110.0000 0.5306 0.5253
RM461 6 30.11 3.0000 173-188 173.0000 0.4286 0.5788
RM501 7 7.66 3.0000 173-185 173.0000 0.4783 0.5524
RM11 7 19.25 6.0000 132-153 132.0000 0.3400 0.7383
RM346 7 19.17 2.0000 145-161 161.0000 0.8600 0.2118
RM408 8 0.12 3.0000 125-132 125.0000 0.8200 0.2778
RM25 8 13.28 7.0000 126-149 146.0000 0.5400 0.6380
RM310 8 5.11 8.0000 80-121 106.0000 0.2653 0.8023
RM547 8 5.58 5.0000 202-250 202.0000 0.5000 0.5984
RM264 8 32.72 3.0000 187-193 190.0000 0.3800 0.5874
RM219 9 2.98 8.0000 161-200 171.0000 0.4200 0.6771
RM444 9 5.9 4.0000 162-199 199.0000 0.5870 0.5551
RM105 9 8.17 4.0000 130-141 135.0000 0.3400 0.6703
RM222 10 2.88 4.0000 213-236 225.0000 0.5800 0.5143
RM244 10 3.82 3.0000 153-163 156.0000 0.6200 0.4577
RM258 10 18.06 4.0000 136-153 140.0000 0.3400 0.6876
RM216 10 51 3.0000 138-151 138.0000 0.6800 0.3635
RM206 11 21.97 6.0000 125-168 168.0000 0.4583 0.6957
RM224 11 30.53 3.0000 181-195 195.0000 0.4200 0.5798
RM277 12 14.55 3.0000 113-123 119.0000 0.8163 0.2704
RM519 12 19.9 5.0000 100-118 114.0000 0.7660 0.3807
RM17 12 26.95 2.0000 170-193 193.0000 0.5800 0.3685
Mean 3.7451 0.6020 0.4642
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Fig. 2. DNA profile of the 50 varieties with the B®harkers RM310.

Legend.1=BR4, 2= BR5, 3= BR6, 4= BR8, 5= BR11, 6= BR12,BR14, 8= BR15, 9= BR16, 10= BR21, 11=

BR22, 12= BR23, 13= BR24, 14= BR25,15= BR26, 16-RBRhan27, 17= BRRI dhan30, 18= BRRI dhan33,
19= BRRI dhan35, 20= BRRI dhan36,21= BRRI dhan®5 BRRI dhan38, 23= BRRI dhan39,24= BRRI

dhan42, 25= BRRI dhan43, 26= BRRI dhan44, 27= B&Rin45, 28= BRRI dhan46, 29= BRRI dhan47, 30=
BR1, 31= BR2, 32= BR3, 33= BR7, 34= BR9, 35= BR36+ BR17, 37= BR18, 38= BR19, 39= BR20, 40=
BRRI dhan28, 41= BRRI dhan29, 42= BRRI dhan31, BRRI dhan32, 44= BRRI dhan34, 45= BRRI dhan40,
46= BRRI dhan41, 47= BRRI hybrid rice1,48=BRRI d#4&n49= BRRI dhan49, 50= BRRI dhan50.

Pair-wise genetic dissimilarity co-efficient was asared among the test entries. The highest andstowe
dissimilarity values were 0.8222 and 0.021 respelti(Table 2) BR21 and BR5 were found as the most
diverged genotypes, which are followed by sevethko pairs like BRRI dhan37 vs BRRI dhan38, BRRI
dhan34 vs BR7 and BRRI dhan34 vs BRRI dhan42 (Tapldo get maximum heterosis, diverged genotypes
should be exploited in breeding programmes. Clustatysis was used to group the BRRI varietieotstruct
a dendogram. The unweighted pair group method arithmetic means (UPGMA) based dendogram obtained
from the binary data deduced from the DNA profidgshe analyzed samples. A total of seven distymoups
resulted out of pooled SSR marker data analysia atit-off similarity co-efficient 0.49 (Fig. 3), WGMA
clustering system of varieties revealed that, theye very strong parental linkage (Hagtiel, 2002 and Kabir
et al, 1994). This fingerprinting data will identify thgenotypes very easily and the information generfrtead
the study could be used in further molecular chtaréamation with other genotypes.

We can conclude that the genetic information gatthenere provides unique DNA profiles for BRRI
released rice varieties, which will serve as argfraveapon to provide our breeders IPR and furtheillibe of
greater help in background selections during baoksbreeding programmes. Moreover, these datahelit
the breeders to select parents for future breepingrammes as the identification and use of divgesgetic
resources is a prerequisite for plant improvemehis study concludes that most BRRI varieties haagrow
genetic base. So it is recommended to use gergtitiaérse varieties for future breeding progranonénclude
new and untouched landraces to incorporate newsgeme broaden genetic base.
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Fig. 3. A UPGMA cluster dendogram showing the genetic refethip among 50 BRRI rice varieties based on
allele detected by 51 microsatellite markers.
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