
INFLUENCE OF WATER SUBMERGENCE STRESS AT EARLY 

STAGE ON THE GROWTH PATTERN & YIELD OF SOME 

INBRED AND HYBRID RICE VARIETIES 

BY 

RAFIUN NAHAR 

Rcgistration No. : 06-1881 

A Thesis 

Subinined to the Department oJ'.4gricu/tuml Botany 
S/icr-c-Bang/a Agricultural University.. D/iaka, in partial 

full/Intent oft/ic require/vents 
for the degree 

of 

MASTER OF SCIENCE 
IN 

AGRICULTURAL BOTANY 

SEMESTER: JANUARY-JUNE/2012 

Approved by: 

'S  
Prof. Dr. Karnal Ljddin Aliamed 	 Md. Moinul Haque 

Associate Professor 

Supervisor 	 Co-Supervisor 

Dr. Mohammad Matibub Islam 
Associate Professor 

Chairman 
Examination Committee 



- 	Sher-e-Bangla Agricultural University Mlix: +88029144270-9 

Sher-e-Bangla Nagar, Dhaka-1207 

I 
	 01 

	 'Date: .................. 

CE cRSfnilCA 'lIE 

This is to cer:.3i that the tfit'sis c;titI'd vgffv7Yccg((y  OF 44,)fiqçp, 

SvV4ERgEWaE 3VRES5 AT ¶Efifl'Y stgcE ON Th 

TA22TEV( et 7!EL® OF S094fE IWWEø fi9VRD 2&?BcNPD cRJOE 

VficRJE'l2!ES" submitted to the Departnzei:t of )4gricuftural43otany, Tacuüy of 

figricuüure, Sfier-e-Q3angla flgdcuüuraf Universit ', D1zaA?g in pa ri ia( uffIthnent of 

the requirementsfor the dgree of 2($YEEQO'FSI!EWUE swfigvcVLtLrnfiL 

BOZ5V'Y, cm bodIes the results of a pica' offionafid? researcfi wothjarrieiout by 

fi'IVw Wfi2c4 'Nçgist ration Wb. 06-1881 terrier n'y supervision and my 

______ • 
	 guidance. :A'o part oft the thesis this been sub mittecifor any otfierdeg tee ordipioma. 

I further cert!)5'  that such ileiji or source of information, as has flee:: availed of 

Lu ri rig the course oft his invest zga don has di5 6een ackjzo'w [edged 

 

'Dated: 'DecemBer, 2013 

uSJfkY71 

Prof. Dr. Kamal Uddin .Ahamed 
Dept. ol Agricultural Botany 

SAU, I)haka 

Supervisor 



AcvioWLcE®gcE94cE2(Ts 

Aff praises go to Afiniglity )Uiafi. the Supreme 'R4e/2r of the universe who enabled 1/ic 

Author to complete the present piece of wv4 

/ would'hIks to cçiress my heartiest respect, my &e;; sesise q fgratit rule antI sincere, 

profound appreciation to my supervisor, (Prof or. Xj.zmdVtfd?nilhiamed Depannzciit of 
Agricultural Botany, Shier-e-CBangla Agricultural 'University, DliaL,g for his sincere 

guidance, scholastic supervision, constructive criticism and constant inspiration 

throughout the rourw andin preparation oft/ic inanrescript of the thesis. 

I would li/g to express my fu'artiest respect and profound appreciation to my Co-

supervisor, 9r1d fMoinu(Jlaque, fissociate  Professor, 'Department of)gdcuItuniftYJotanj 

Sfier-e-liangla)lgnculturafVniversity, cOfia/çz for his utmost cooperation and const rncnve 

suggestions to conduct the research wor&as  cceltas preparation of the thesis. 

I eA7.'rcss my sincere respect to the Chairman, cDr. 94ofismmat9dafi6u6 Jslnm, and 

alt the teachers of ®epartment of Agricultural Botany, Slzer-e-wangla )lgrwuli urn! 

'University, cD/ia5i for provid'ing the facilities to conduct the ckpenmnemtt and for their 

valuaóle athtice and'sympatuietic consi&ratiou in connection with the study. 

I a'ouhIlifi,,p to thianmy all' roommates and friend's especially senior Orot her Oirii) 

(0 help lilt? in THY research it 

Mere tuiction is not enough to express  my prqfountl gratitude and d?epest 

appreciation to my fat/icr, mother, 6rot/iers, sisters, and fiientIc for their ec'r cndlng 

prayer, encouragement, sacrifice anddeaicatcdefforits to educate rue to this level 

'DecemBer, 2013 
	

7fze)'4utlior 

LW, 'Dfiakø 



INFLUENCE OF WATER SUBMERGENCE STRESS AT 

EARLY 5TA(;E ON THE GROWI'U I'ATl'ERN & YiELD OF 

SOME INBRED AND HYBRI1) RICE VARIETIES 

ABSTRACT 

The experiment was conducted during the period from June to December. 2012 

in T. amczn season to find out the influence of water submergence stress on the 

growth pattern & yield of some hybrid rice varieties. Four submergence 

duration, viz.. Control (no submergence). Six days submergence. len days 

submergence and Fourteen days submergence and six varieties, viz.. BRRI 

dhan 51.  BRRI dhan 46, BRRI dhan 34. I3RRJ hybrid 4, Patina- I . Taj - I were 

used to conduct this experiment. The experiment was laid out in Randomized 

Complete Block Design (RCI31)) having two factors and replicated three times. 

All parameter were signilieantly aflèeted by the interaction between 

submergence and variety. The tallest plant was recorded from lourteen days 

submergence trcatment.The highest number of leaves, number of tillers hill''. 

number ofelleetive tillers hill', and number of tilled grains paniele'. weight of 

1000 grains were recorded from no submergence treatment. The highest grain 

vieW was ihund ti'oni control (110 submergence) treatments. 'the Patina- I 

variety produced the tallest plant and highest number of leaves. The I3RRI dhan 

51 achieved the highest number oltillers hill". number of eiketive tillers lull'. 

highest iituiiber of grains panic Ic'' and I 000-grai ii weight. 'I he BR It I I nbrid 

dhan 4 produced the highest 7.1$ t ha" grain yield. Signiiieantly the highest 

(8.00 t ha") grain yield was found from the treatment combination of no 

submergence with 13RR! hybrid dhan 4 and the lowest (1.10 t ha' ) troll) 

fourteen days submergence with BRRI dhan 34. Among the varieties RRRI 

dhan 51 is treated as submergence tolerant. in comparison to this Panna I and 

BRRI dhan 34 was found to he susceptible. BRRI dhan 46 and Tuj I was sonic 

what tolerant and BRRI hybrid 4 provided some what good yield in 

submergence conditon. The tested genotypes showed wide variation in yield 

with I3RRI dhan 51 (tolerant)> 'l'aj-1 > 13RR1 dhan 46> 131ZR1 hybrid cllian 4-> 

- 	 Panna - I> 131(1(1 Jhztn 34(susccptihle). 
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CHAPTER I 

INTRODUCTION 

	

- 	 Rice (Onca saliva I..) is one of the most important staple food crops. which 

supplies major source of calories for about 45 per cent of world population, 

particularly to the people of Asian countries. Rice stands secoixl in the world after 

wheat in area and production. It occupies an area of 153.76 m. ha with an annual 

production of 598.85 m.t., with a productivity of 3895 kg per ha in the world 

(Anon. 2006). Asia produces and consumes 90 per cent of world's rice. Among 

the rice growing countries. India ranks first in area followed by China and 

Bangladesh. Rice is a major cereal crop oi'India occupied an area of 41.91 in. ha 

and production ol 83.13 mt. with average productivity of 9.84 i/ha (Anon. 2005). 

In Karnataka rice is cultivated in an area of 1.31 rn. ha with an annual production 

of 2.70 mt. with average productivity o17.0 t/ha (Anon. 2006). 

In l3an2ladesh total cultivable land is 90.98.460 hectare and near about 70 per 

cent of this land is occupied by Rice cultivation. In the year of 2011.   total 

production of Rice is 3.35.41.099 metric ton. 1-lvbrid rice varieties is cultivated in 

6.53.000 hectare of land and total production is 28.82.000 metric ton in the year of  

2010-203 I. On the other hand. HYV (High Yielding Variety) is cultivated in 

40.67.000 hectare land and the iotal production of' rice is 156.32.000 metric ton. 

The average rice production of hybrid varieties is 4.41 metric toil and 1 IYV 

varieties are 3.84 metric ton in the year of 2010 2011 (BBS. 2011). 

Flash Ilooding and submergence are widespread in south-east Asia. Bangladesh 

and north eastern India and at'kct at least 22 million heetares (16% of world rice 

lands) including IS million hectares of potential short duration hash floods in rain 

fed lowlands and 5 million hcctarcs of deep water rice (Khush. 1984). Eastern 

India alone has approxiniately 10 million hectares of rice lands alThctcd by flash 

	

- 	 Floods and complete submergence (Reddy and Sharma. 1992). 

1 



The onset of' flooding (or submergence/waterlogging. for the sake of simplicity. 

the terms 'flooding'. 'submergence' and 'vaterlogging' have been 

interchangeably used in the present discussion) leads In the condition of* 

- 

	

	 anaerobiosis of oxygen deprivation (par ial or complete as -as diliusion from the 

atmosphere to water in nearly 104  times slower in water as compared to diffusion 

in air (Armstrong. 979). This effect is accentuated due to (I) the respiratory 

activities in roots and the water borne microorganisms and (ii) reduced 

photosynthesis of' the submerged portions due to cut-off of light supply. Such a 

condition is lethal to most land plants. Rice is relatively a flooding tolerant COl)  

(Perata and A Ipi. 1 993). 

In Bangladesh rain fed lowland rice covers an area of 4.5 million hectares (Islam 

e. at, 1997) and is grown by transplanting anian rice from June-September, the 

peak period of monsoon rainfall. As a result following its transplanting as well as 

at early growing stage the crop is often submerged by flash food due to 

continuous rainfall as well as due to onrush of flood water from adjoining rivers. 

Such flood may continue for a week or more inflicting heavy damage to standing 

crop. As a result yield of rice grain is severely decreased (Zeigler and Puekridge, 

1995). Dey ci al. (1996) reported the abiotic factors submergence and drought are 

the two top constraints in rain fed Aman rice. Submergence at the seedling stage 

causes deterioration in the seedling quality resulting in a pooi' stand and causes 

substantial yield loss. Dey and Upadhyaya (1996) reported that abiotic stress Like 

drought, cold and submergence causes 93. 10 and 140 kg/ha yields loss, 

respectively in Bangladesh. Sometimes it causes total crop failure. So, flooding is 

an important constraint in 1'. Aman rice (liaque. 1980). The successlid 

development of high yielding rice eultivars with submergence tolerance may be 

an ellective alternative for saving huge losses of food crops. 

Flooding imposes severe selectiol) pressure 0!) plants, principally because excess 

water in the plant surroundings can deprive them of certain basic needs, notably of 



oxygen and of carbon dioxide and light for photosynthesis. it is a major abiotie 

- 	 influence on species' distribution and agricultural productivity world-wide. Strong 

submergence-induced elongation is a widespread escape mechanism that helps 

- 	 submerged plants to regain or retain contact with the aerial environment on which 

they depend (Arber. 1920). This mecbanism enables plants to resume anaerobic 

metabolism and photosynthetic fixation ol' CO2  by raising their shoots above 

water. Escape strategies based on elongation by stem or leaves are prominent 

characteristics of deep-water and floating rice. However, rapid elongation by 

leaves of young plants in response to short-term submergence flash flood (for up 

to 2 weeks) adversely affects tolerance by depleting carbohydrates that would 

othenvise support sun'ival during and after submergence (Chaturvedi et at.. 1995; 

Setter & J..aureles. 1996; Kawano ci al., 2002; Ram ci at, 2002: Jackson & Rain. 

2003; Joho c/ at., 200$). Submergence-tolerant rice varieties (end to accumulate 

more starch in their stern section than susceptible varieties do. They experience 

less carbohydrate depletion after submergence (Karin ci al.. 1982: Emes ci at. 

1988). To improve the circumstances of tolerant plants and to survive under 

flooding conditions is a major constraint 11w sustainable agriculture in unstable 

environments which is undergoing due to climate change. 

Submergence stress tolerant varieties are the most desirable trait 11w rice farmers 

in our country, where flash flooding occurs frequently and unpredictably during 

monsoon. It has become thriners main objective to improve submergence 

tolerance in rice varieties. Specially, sudden flooding in early stage, reproductive 

stage and harvesting stage of' rice is observed in Bangladesh occasionally. which 

causes un-repairable loss to the crop and production of rice is reduced to alarming 

rate in certain years.. So, it is a prime need to conduct research work on available 

commercial hybrid rice varieties. Considering the above proposition. this research 

work has been undertaken to investigate the el'fect of' submergence stress on 

morphological attributes and yield of some selected hybrid rice varieties. 

tl 



Therefore, the specific objectives of the present study were: 

To determire the effect of duration of submergence on the 

morphological attributes and yield of six hybrid and inbred i-ice 

varieties. 

To identifij the suitable submergence tolerant ones from the varieties 

tested. 

4 



CHAPTER Ii 

REVIEW OF LITERATURE 

Variety and Submergence are an important factor that influences the plant 

population unit area. availability at sunlight. nutrient competition. 

photosynthesis, respiration etc. which ultimately influence the growth and 

development of the crops. Researcher's relevant to variety and submergence 

effects on crop plants are done in different parts of the world are reviewed in this 

chapter. 

2.1 Effect of variety 

Variety itsellis the genetieal factor which contributes a lot for producing yield and 

yield components. Different researcher reported the effect of rice varieties on yield 

contributing component and grain yield. Some available information and literature 

related to the effect of variety on the yield of rice are discussed below. 
S 

- 	 Urn ci at (1998) in an experiment with hybrid rice cultivars 01(1161 and PMS 2A 

x IR 31802 found taller plants, more productive tillers, in OR! 161 than in PMS 

2A x 11(31802. 

liossain and Alarn (1991) found that the plant height in modern rice varieties in 

bow season BRJ. BRII. BR14 and pajam were 90.4, 94.5, 81.3 and 100.7 cm 

respectively. 

Miah ci at (1990) conducted an experiment where rice cv. Nizersail and mutant 

lines Mut. NSI and Mut. NSS were planted and found that plant height were 

greater in Mw. NSI than Nizersail. 

5 



Sawant et al. (1986) conducted an experiment with the new rice lines R-73-l-1, R-

711 and the traditional cv. Ratna and reported that the traditional cv. Ratna was the 

shortest. 

Devaraju a, at (3998) in a study with two rice hybrids such as Karnataka Rice 

Hybrid I (KRHI) and Karnataka Rice Ilybrid-2(KR142) using HYV IR20 as the 

check variety and Ibund that K1U12 out yielded than 1R20. In 1R20, the tiller 

number was higher than that oIKRI-12. 

Islam (1995) in an experiment with four rice cultivars viz. 13R10, BRI 1, BR22 and 

8R23 found that the highest number of non bearing tillers hill' was produced by 

culuvar BRI 1 and the lowest number was produced by the cultivar BR 10. 

ldris and Matin (1990) stated that number of total tillers hill' was identical among 

the six varieties studied. 

Amiri at at (2006) conducted a field experiment to find out the influcnce of 

variable doses ot'N lërtilixer on growth, tillering and yield of three traditional rice 

varieties (viz. Jharapajam. Lalmota, BansfuL Chikon) was compared with that of a 

modern variety (vi:. KK-4) and reported that traditional varieties accumulated 

higher amount of vegetative dry matter than the modern variety. 

Son at at (1998) reported that dry matter production of four inbred lines of rice 

(Low-tillering large panicle type). YR15965ACP33. YRI7104ACP5, YR16510-13- 

B-l3-9. and YR16512-R-B-13-10, and cv. Namcheonbyeo and Daesanbyeo, were 

evaluated at plant densities of' 10 to 300 plants m 2  and reported that dry matter 

production of low-tillering large panicle type rice was lower than that of 

Naineheonhyeo regardless of plant density. 



Chowdhury el al. (1993) reported that the cultivar BR23 showed superior 

perlbrmance over Pajam in respect of yield and yield contributing characters i.e. 

number of productive tillers lilY'. 

Wang etal. (2006) studied the effects of plant density and row spacing (equal row 

spacing and one seedling hill4. equal row spacing and 3 seedlings lillY', wide-

narrow row spacing and one seedling bilE', and wide-narrow row spacing and 3 

seedlings lillY') on the yield and yield components of hybrids and conventional 

cultivars of rice. Compared with conventional eultivars, the hybrids had larger 

panicles, heavier seeds, resulting in an average yield increase o17.27%. 

Guilani c/ at (2003) studied on crop yield and yield components of rice cultivars 

(Anhoori. Champa and 1.,D 183) in Khuseslan, Iran, during 1997. Grain number 

panicl&' was not signilicantly different among cultivars. The highest grain number 

panicLc1  was obtained with Anhoori. Grain fertility percentages were different 

among cultivars. Among cultivars, I .D 183 had the highest grain weight. 

Ahmed ci cii. (1997) conducted an experiment to compare the grain yield and yield 

components of seven modern rice varieties (BR4. BR5. 13R10. BRII. l3R22. 

BR23. and 8R25) and a local improved variety. Nizersail. The fertilizer dose was 

60-60-40 kg haS ' aIN. P205  and K20, respectively for all the varieties and found 

that percent filled grain was the highest in Nizersail followed by 13R25 and the 

lowest in BR II and 81(23. 

BRRI (1994) studied the perfOrmance of BR 14. 8R5, Pajam, and Tulsimala and 

reported that Tulsiniala produced the highest number of filled grains panicle1  and 

131(14 produced the lowest number of tilled grains 

BINA (1993) evaluated the performance of four varieties IRATOM 24, 8R14. 

BlNAl3 and 131NA19. They found that varieties difibred significantly on paniele 

- 	 length and sterile spikelets panicle'. It was also reported that varieties BJNAI3 

'A 



and fINAl 9 each had better morphological characters like more grains panicle1  

compared to their better parents which contributed to yield improvement in these 

hybrid lines of i-ice. 

I3RRI (1991) also reported that the filled grains penicle" of di Ilërent modern 

varieties were 95-100 in RIO. 125 in 131(4. 120-130 in BR22 and 110-120 in 131(23 

when they were cultivated in transplant wnan season. 

Singh and Gangwer (1989) conducted an experiment with rice cultivars C-14-8. 

CR-I 009, [P1-5656 and IET-6314 and reported that grain number panicle". 1000 

grain weight were higher for C-14-8 than those of any other three varieties. 

Shamsuddin ci cii (1988) also observed that panicle number hilt" and 1000-grain 

weight dilThred significantly among the varieties. 

Kanial etat (1998) evaluated 81(3, lR20. and Pajarn2 and found that 

grain panicle" were 107.6, 123.0 and 170.9 respectively, for the varieties. 

(ftlLihrary,  

- 	 Costa and Hoque (1986) studied during kharii-11 season. 1985 at Tanwil frsR ik.--- - '/1 

Palima. Bangladesh with live diflerent varieties ofT. amati RR4, BR 10, BItT 

Nizersail and Indrasail. Signiticant differences were observed in paniele length and 

number of unfilled grains paniele' among the tested varieties. 

81(1(1 (1979) reported that weight of 1000 grains of Haloi. Tilocha-Chari, 

Nizcrsail and Latisail were 26.5. 27.7. 19.6 and 25.0 g respectively. 

Swain ci at. (2006) also reported that the control cultivar 1R64, with high 

transloeation efficiency and 1000-grain weight and lowest spikelet sterility 

recorded a grain yield of 5.6 1 ha' that was at par with hybrid PA6201. 



Molla (2001) reported that Pro-.Agro6201 (hybrid) had a significant higher yield 

than !EF4786 (HYV), due to more mature panicles tif', higher number of tilled 

grains paniel&t  and greater seed weight. 

Pate! (2000) studied that the varietal performance of Kranti and 11(36. lie observed 

that Kranti produced significantly higher grain and straw yield than 1R36. The 

incait yield increased with Kranti over 11(36 was 7.1 and 10.0% for grain and 

straw, respectively. 

Neniatzadeh ci at (1997) reported that local high quality rice cultivars Ilassan 

Sarai and Sang-Taroin were crossed with improved high yielding cultivars Amol 3. 

PNDI60-2-1 and RNR1446 in all possible combinations and released in 1996 

under the name Neniat, it gives an average grain yield of 8 t hi', twice as much as 

local cultivars. 

- 	 IIRRI (1995) conducted an experiment to tind out varietal performances of 13R4. 

131(10. BRl 1. 131(22. BR23 and BR25 varieties including to local checks Challish 

and Nizersail produced yields of 4.38, 3.18, 3.12, 3.12 and 2.70 5 t hi'. 

respectively. 

Chowdhurv ci at. (1995) studied on seven varieties of rice, of which three were 

native (Maloti. Nizersail and Chandrashail) and lour were improved (131(3. 131(11. 

Pasani and Mala). Straw and grain yields were recorded and found that both the 

grain and straw yields were higher in the improved than the native varieties. Liti 

(1995) conducted a field trial with new indica hybrid rice lI-You 92 and found an 

average yield of 7.5 t 	which was 10% higher than that of standard hybrid 

Shanyou 64. 

In field experiments at Ciazipur in 1989-1990 rice cv. BRI 1 (weakly 

photosensitive). 8R22. BR23 and Nizersail (strongly photosensitive) were sown at 



various intervals from July to Sept. and transplanted from Aug. to Oct. Among the 

cv. BR22 gave the highest grain yield from most of the sowing dates in both years 

(All c/al.. 1993). 

- 

	

	 Suprihatno and Sutaiyo (1992) conducted an experiment with seven IRRI hybrids 

and 1 3 indonesian hybrids using I R64 and way-seputih. They observed that I'R64 

was highest yielding, signilicantly out yielding 1R6461611, 1R64618, 1R6461011 

and 1R62829A/1R54 which in turn out yielded way-seputih. Chandra ci aL (1992) 

reported that hybrid 1R58025A out yielded the 1R62829A hybrids and the three 

control varieties Jaya. 1R36 and hybrids 1R58025A x 9761-191R and 1R58025A 

1R58025Ax 1R35366-62-1-2-2-3R. 

I1ossain and Alam (1991) studied farmers production technology in haor area and 

found that the grain yield of modern varieties of horo rice were 2. 12, 2. IS. 3.17. 

2.27 and 3.05 t ha". with 13R14. BR1 I. BR9, 1R8 and 13R3. respectively. 

in evaluation ofperiorniance of four HYV and local varieties-13R4, 13R16. Rajasail 

and Kajalsail in oman season. BRA and BRIG were Ibund to produce more grain 

yield among thur varieties (I3RRI, 1985). 

BRRI (1979) also reported that Haloi gave the highest yield (2.64 t ha") which 

was not different from Nizersail (2.64 t ha") and 1.atisail (2.74 t ha"). 

2.2 Factors affecting submergence tolerance 

Losses ol prodtieuvity ol' flooded rice in the State ot Rio Grande do Sul. Bi'auil. 

may occur iii the Coastal Plains and in the Southern redon due to the use of saline 

sater from ecaNtal rivers, ponds and the Laguna dos Patos lagoon. and the 

sensibility of the plants are variable according to its stage of develi pnient. 11w 

purpose of this research was to evaluate the production ol' rice grains and its 

components. spikelet sterility and the phenological development of rice at dillërent 

Ie els of sal initv in difFerent periods 01 its c dc. (lie experiment \\ .as conducted in 
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in p% tilled with II (11113 ol an \tbaqualI. the levels ol' saliniiv 

tet'e 0.3 (control). 0. 75_ 1.5. 3.0 and 4.5 dS in- I kept in the water layer by adduiu 

a salt solution of sodium chloride, except br the control, in di t'Iirent periods at 

- 	 rice development: iilkring initiation to panicle initiation: lillering initiation to lull 

flowcrii : l.i I lering initiation to phvsiologi cal maturity: panic Ic initiation to liii I 

Ilowering: panick initiation to physiological niaturit) and titlE flowering to 

plwsiulou.ieal n'ialunty. [he riutither olanictes per pot. the tiunther ol spikelets r' 

p:tiiicle. the 1.000-kernel weight. the spiketet stei'i lity. the grain yield and 

plienology were evaluated. All characteristics were negatively a ITheted. in a 

quadratic tuaniler. with increased satin it) ill all periods of rice deve topinent. 

'unonu the yield components evaluated, the one most closeR related to grain 

yields obrice was the spikelet sterility (Thiago Isquierdo Fraga er aI.2010). 

0. glaberrima. a tilonocarpic annual derived from 0. ban/zu (Sakagami ci at. 

1999), is grown in traditional rice production in the wetlands of West Africa. It is 

highly adapted to deepwater inundation in countries such as Gambia, Guinea, 

Mali, Niger. Senegal. and Sierra I.eone in West Africa (Inouye ci at. 1989). The 

first gene pool of 0. g1ctherrina was interred as an inland delta of the Niger River 

because of the high gene diversity among species. In Guinea. for example. coastal 

or lowland areas are heavily affected by submergence during the rainy season. 

Rice plants are often partially or completely submerged for more than a month. 

Such prolonged submergence often triggers crop failures. Guinea's farmers prefer 

to cultivate 0. glahcrrima fields with prolonged submergence because of such 

advantageous traits as those explained above. Cultivars of 0. g/ahen'ima are 

roughly divisible into two ecotypes: upland and lowland. However, it might be that 

0. glaberrima is a valuable rice species for Ilooding conditions in all cases. 

Tolerance of other abiotie and biotic stress such as drought, rice yellow mottle 

virus (Thicnicle ci at. 2010). African rice gall midge (Nwilene et al.. 2009), and 

iron toxicity (Majerus ci al.. 2007) has been found in some cultivars of 0. 

glaherrima. However, it is vulnerable to NaCI salinity (Awala ci at, 2010). grain 
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shattering (Koffi, 1980), and lodging (Dingkuhn. 1998). It is reasonable to 

presume that the indigenous cultivated species of African rice can provide usetlil 

genes br improvement ol tolerance to major stress in Africa. 

Kawano (2009) showed that suppression of underwater elongation brought about 

by the mutated Form of Sub-/A in 0. saliva is beneficial for the endurance of 

complete submergence. Consequently, non-shoot-elongation-cultivars during 

submergence show tolerance to short-term submergence. so-called (lash flooding, 

For a Iëw days or weeks. 

Sakagami ci ci. (2009) emphasized that this trait is inappropriate when selecting 

and breeding cultivars of 0. sativa or 0. giaberrima in cultivated rice for 

resilience to longer term submergence. Under these circumstances, a vigorous 

ethylene-mediated underwater elongation response by leaves is necessary to return 

leaves to air contact and full photosynthetic activity lbr long-term complete 

submergence. 

A suategy with shoot elongation shows two dillerent mechanisms: rapid shoot 

elongation in shallow floods in a short-tcnn submergence and internodal or stein 

elongation in deep water in long-term submergence. Based on our analysis, most 

0. glaherrima varieties adapt well when floods are deeper and when they entail 

long-term submergence. 'l'hese mechanisms for plant survival under submergence 

arc alThcted by the conservation of energy and carbohydrate accumulation (l'erata 

et al.. 2007). 

The rate ofgas exchange is very slow in water because of small diffusion 

coefficients for gases (oxygen. 0.201 cm-2 s-i in air: 2.1 x  10-5 cm-2 s-I in water) 

(Armstrong. 1979). When water becomes stagnant, the oxygen concentration 

becomes especially low at night because of the nighttime respiration of algae. Rice 

plants increase the rate of alcoholic fermentation under low oxygen environments. 
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However, alcoholic fermentation produces only two molecules of ATP per glucose 

- 	 molecule, which is not efficient when compared with aerobic respiration, through 

which 32 molecules of ATP are produced per glucose molecule. Therefore, rice 

cannot survive in a low oxygen environment (hr a long period because of the 

shortage of carbohydrates in the rice plants for use in energy production. 

Furthermore, photosynthesis is limited by low irradiance when the plant is 

submerged. It is necessary to improve photosynthetic capacity and the effective 

use or photosynthetic products as well as to survive under water. 

Among several fuietors, which afThct growth, metaholim and survival of 

submergence plants, limited gas diffusion is the most crucial component, because 

gass diffuse 104 times more slowly in solution than in air (Armstrong, 1979). 

Reduced movement of gasses to and away from submerged plant surthces alters 

the concentration olD,, CO2. and ethylene inside the plants. The depletion 	02 is 

a major  feature of (boding, inducing hypoxia (low 02) or anoxia (zero 02) around 

the shoot and root tissues or germinating seeds (Kennedy ci al. 1992, Collis and 

Melville, 1974). The imporlance ol' reduce gas diffusion during submergence was 

clearly demonstrated in glasshouse experiments where increased in CO2 pressure 

to completely submerged rice (lR42) increased survival from about 10 days to 3 

months. Following submergence, these plants survived, (lowered and set grain 

(Setter. ci al. 1989). Interpretation of the henelicial effects in this experiment is 

complicated because increase CO2 supply would increase photosunthesis, increase 

oxygention from potosynthesis and from aeration of solutions, and rcduxc ethylene 

due to degassing solutions using high CO2  pressures in air (Sctter, ci al. 1989). 

Measurement of the gases in floodwater during submergence is therefore relevant 

to undrstand the mechanisms of plant death and the potential for cultivar 

improvement. 

Light is another important environmental factor which affects growth and survival 

of rice during submergence. Variable light profiles in floodwater were obtained in 

Thailand (Setter. c/ alt 1987) and India (Ram c/ at 1999). In the brightest profile. 
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photosynthesis was 50% if the maximum rate at 0.75 m water depth from the 

surface, while the most turbid profile reduced photsynthesis to the compensation 

point at 0.25m water depth (Setter, et at 1987). Floodwater turbidity reduces light 

transmission and deposites silton the leaves of submerged plants. Irradiance in 

floodwater in Bangladesh was due to surface alga) colonies as well as turbidity. 
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CHAPTER III 

MATERIALS AND METHODS 

This chapter presents a brief description about experimental period, site 

description, climatic condition, crop or planling materials, treatments, 

experimental design and layout. crop growing procedure. krtilizer application, 

uprooting of' seedlings, intercultural operations, data collection and statistical 

analysis. 

3.1 Experimental period 

The experiment was conducted during the period from June to December, 2012 

in 1. nmwz season. 

12 Site description 

The experiment was conducted in the Agricultural l3otany Experimental Field. 

Sher-e-Bangla Agricultural University farm. Dhaka, under the agro-ecological 

zone of Modhupur I'ract. AEZ-28. For better understanding the experimental site 

is shown in the Map oIAEZ of Bangladesh in Appendix 1. 

3.3 Climate 

The experimental area wider the sub-tropical climate that is characterized by 

high temperature, high humidity and heavy rainfall with occasional gusty winds 

in kharif season (April-September) and less rainfall associated with moderately 

low temperature during the rabi season (October-March). The weather data 

during the study period at the experimental site are shown in Appendix H. 

3.4 Soil 

The farm belongs to the General soil type. Shallow Red Brown Terrace Soils 

tinder Tejgaon Series. The land was above flood level and sufficient sunshine 

was available during the experimental period. Soil samples I'rorn 0-15 cm depths 
15 
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were collected from experimental field. The analyses were done at Soil Resource 

and Developmcnt Institute (SRDI). Dhaka. The physieoehemical properties of 

the soil are presented in Appendix 111. 

3.5 Planting material 

Rice variety 	f3RRJ dhan 51. BRRI dhan 46. BRRI dhan 34. BRRJ hybrid 4. 

Panna I. laj I were used as the test crop. 

BRRI dhan 51 (1. Aman) is submergence tolerant for certain days. BRRI dhan 

34 is susceptible to submergence and grown on Aman season. I3RRI dhan 46 and 

BRRI hybrid 4 varieties can be grown in Aman season. The exotic hybrid 

varieties Taj-1 and Panna-I are usually cultivated in Bore season in Bangladesh. 

'Ihese hybrid varieties have been selected to see their performance in Aman 

Season as well as in submergence stress. Such experiment was not carried out 

before in Bangladesh. So this experiment would provide important information 

for future use. 

3.6 Seed collection and sprouting 

Seeds of URRI dhan 51. BRRI dhan 46. BRRI dhan 34. BRRI hybrid 4. Panna 1, 

Taj I were collected from BRRI. Joydebpur, Gazipur. Healthy seeds were 

selected Ibilowing standard method. Seeds were immersed in water in a bucket 

br 24 hrs. These were then taken out ot water and kept in gunny hugs. The, edt.J\ 

started sprouting after 48 hrs which were suitable for sowing in 72 hrs.  
uftihrary) 

3.7 Raisrng of seedlings  

A common procedure was followed in arising of seedlings in the seedbed. The 

nursery bed was prepared by puddling with repeated ploughing followed by 

laddering. The sprouted seeds were sown as uniformly as possible. Irrigation 

was gently provided to the bed as and when needed. No fertilizer was used in the 

nursery bed. 
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3.8 Preparation of experimental land 

The experimental field was first opened on II July, 2012 with the help of a 

power tiller, later the land was irrigated and prepared by three successive 

ploughings and cross-ploughings. Each ploughing was followed by laddering to 

have a good puddled field. All kinds of weeds and residues of previous crop 

were removed from the field. The field layout was made on 22 July, 2012 

according to design immediately afier linal land preparation. Individual plots 

were cleaned and finally leveled with the help of wooden plank. 

3.9 Fertilizer management 

At the time of first ploughing cowdung at the rate of 10 t ha" was applied. The 

experimental plots were fertilized with . 120. 100, 50, 62.5, 10 kg ha" in the 

form of urea, triple superphosphate (TSP). rnuriate of potash (N'fl?). gypsum and 

zinc sulphate. respectively (BARC. 1989) one day before transplanting. The 

entire amounts of triple superphosphate (l'SP), muriate ot' potash (MP), gypsum 

and zinc sulphate were applied at final land preparation as basal dose. The entire 

amounts of urea was applied at two times first instalment at 30 Days after 

transplanting and second instalment at 60 Days after transplanting. 

3.10 Experimental treatments 

The experiment consisted of two factors: (A) submergence duration and (B) 

different types of varieties. The levels of two factors were as follows: 

Factor A: submergence duration, Factor B: difiCrent types of' varieties 

Factor A Factor B 

D0= Control (no submergence) V1  = BRRI dhans I (Submergence tolerant) 

D1 = Six days submergence V2  = BRRI dhan46 

D, 	Ten days submergence 

Fourteen days submergence 

V3  = BRRI dhan34 

V.1  = BRRI hybrid 4 

V4 	Pannal 

\'6 'Tajl 
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There are reports that the rice varieties which are resistance to submergence can 

tolerate only 14 days of submergence. For which BRRI dhan 51 has been 

selected as a control variety as reference. as it can tolerate such length of 

submergence. Keeping Ihurteen days of maximum limit, lower range of 6 days 

and 10 days submergence have been selected as tower and medium length of 

period to find out the tolerance of dullerent varieties to submergence. 

3.11 Treatment combinations: 

Treatment eombhations are 

D1 V1  D2V1  D3V1  

DOV2 D1 V, D2V2  D3V2  

l)0V3  D1 V3  D,V3  D3V3  

D3V4  

D0Vc 03 V5 D,V5  

D7V6  

D3V 

D0v6  D1V6  

The experiment was laid out in a Split Plot Design 	with three 

replications. The whole field was divided into three blocks each containing 24 

plots. Each block was subdivided into four sub blocks. As such there were 12 

sub blocks. Each sub-block was encircled by the 50 cm high soil wall ridge, 

which was hundred percent water leakage proof. In total, there were 72 plots. 

The treatments were randomly assigned to each unit plot. the size of unit plot 

was 4.0ni x  2.5 in. The distance between the blocks was 1 m and that between 

plots was 50 cm. Field layout as per APPENDIX (IV) 

3.12 Uprooting and Trans planting of seedlings 

Thirty days old seedlings were uprooted carefully and were kept in soft mud in 

shade. The seed beds were made \vet by application of water in previous day 
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helbre uprooting the seedlings to minimize mechanical injury of roots. Seedlings 

were then transplanted maintaining spacing of 25 cm x  IS cm from row to row 

and hill to hill. respectively. 

3.13 Intercultural operations 

3.13.1 Gap filling 

After one week of transplanting, a minor gap filling was done where it was 

necessary using the seedling from the same source. 

3.13.2 Suhmergencc 

The plant was submerged completely in unit plot to a depth of 40 em above the 

soil level. The water level was higher than the plant height. This was done to 

ensure that the conditions were made as similar as possible to the conditions 

which occur during actual flooding in nature. After 6. 10 and 14 days of 

submergence the water was removed from the plot. The plants were submerged 

10 days after transplanting. The D0  or controlled sub-blocks were irrigated as 

normal irrigation requirement as prescribed for the high yielding varieties 

(l-IYV) of rice in Boro season. The other sub-blocks 1) (6 days submergence). 

D2 (10 days submergence) and D1 (14 days submergence) were irrigated through 

drain 10 days after transplanting . where the water level was raised up to 40 Cm 

height to submerge the rice plants. The water in submerged sub-blocks 

containing ditThrent varieties of rice was made turbid time to time by stirring the 

mud inside the sub-blocks. The water in the sub-block was receded (drained) 

after 6 days (l)). 10 days (D?) and 14 days (D3) according to the plan made 

heibre by cutting the small part of ridge. During submergence period continuous 

ohsenration was made to maintain the water level up to 40 cm in the tield. The 

researcher was always concerned to maintain the level of water up to desired 

height in the submerged sub-blocks. 
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3.13.3 Weeding 

During plant growth period two hand weed ings were done, first weeding was 

done at 25 DAT (Days after transplanting) followed by second weeding at 40 

DAY. 

3.13.4 Application of irrigation 

Irrigation was ensured to each plot according to the critical stage. especially at 

transplanting time, tillering stage, panicle initiating stage, booting stage, panicle 

insertion stage. anthesis stage. milk stage, dough stage and at maturing stage. 

Irrigation was done up to 5 cm. 

3.13.5 Method of irrigation 

The experimental plots were irrigated through irrigation channels. Centimeter 

marked sticks were installed in each plot which were used to measure depth of 

irrigation water. 

3.13.6 Plant protection measures 

Plants were infested with rice stem borer and leaf hopper to some extent which 

was successlitllv controlled by applying two tinies of Diazinone 60 EC on 20. 

Crop was protected from birds during the grain filling period. 

3.13.7 (;eiieral obsen'ation of the experimental field 

The field was investigated time to time to detect visual difference among the 

treatment and any kind of inibstation by weeds, insects and diseases so that 

considerable losses by pest could he minimized. The field looked nice with 

normal green color plants. Incidence of stem borer, green leaf hopper, leaf roller 

was observed during tillering stage. But any bacterial and Iiingal disease was not 

observed. The flowering was not uniform. Lodging occurred in local variety 

plots during the heading stage due to heavy rainilill with gusty winds and in 

entire experimental plots on IS November due to sidr. 
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3.14 Harvesting and post harvest operation 

Maturity ol crop was detenined when 90% of the grains become golden yellow 

in color. The harvesting was done on ten pre-seleeted hills, from which data 

were collected and plants 6 middle lines from each plot was separately 

harvested, bundled, properly tagged and then brought to the threshing floor. 

l'hreshing was done by pedal thresher. The grains were cleaned and sun dried to 

moisture content of 12%. Straw was also sun dried properly. Finally grain and 

straw yields plot" were recorded and converted to t hi'. 

3.15 Experimental measurements 

Fxperimental data collection began at 10 days aller transplanting, and continued 

till harvest. The necessary data on agrononlic characters were collected from ten 

selected hills from each plot in held and at harvest. 

3.15.1 Plant height 

Plant height was measured at 10 days interval and continued tip to 60 days. The 

height of the plant was determined by measuring the distance from the soil 

surface to the tip of the leaf before heading, and to the tip of paniele after 

heading. 

3,15.2 Leaves plant" 

I.eaves per plant were counted at 10 days interval up to harvest from pvc selected 

plants and finally averaged as their number per plant. 

3.15.3 Tillers plant' 

Tillers plant" was counted from pre selected plant and finally averaged as their 

number per plant. Only those tillers having three or more [eaves were considered 

lbr counting. 

3.15.4 Effective tillers hill" 

The panicles which had at least one grain was considered as effective tiller. 
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3.15.5 SPAD reading of Rage leaf 

SPAD reading of Ilage leaf was measured by SPAD meter at 30. 40 and 50 days 

after transplanting. The average value was used in Table 5 to calculate combined 

eflèct olsubmergence and varieties on yield contributing characters of rice 

3.15.6 Filled grains panicl&' 

Filled grain was considered to he fertile if any kernel was present there in. The 

number of total grain present on each paniele was recorded. 

3.15.7 Sterile grains panicle' 

Sterile grain means the absence of any kernel inside in and such spikelets present 

on each panicle were counted. 

3.15.8 Weight of 1000-grain 

One thousand cleaned dried seeds were counted randomly from each sample and 

weighed by using a digital electric balance at the stage the grain retained 12% 

moisture and the mean weight were expressed in gram. 

3.15.9 Grain yield 

Grain yield was determined from the central I n12  of all rows of the plot and 

expressed as t haS ' on 12% moisture basis. Grain moisture content was measured 

by using a digital moisture tester. 

3.16 Statistical analysis 

The recorded data on various parameters were statistically analyzed by using 

MSTAT statistical package programmed. The mean thr all the treatments was 

calculated and analysis of variance for all the characters was performed by F 

test. Difference between treatment means were determined by Duncan's new 

Multiple Range Test (l)MRl) according to Gomez and Gomes. (1984). 
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CHAPTER IV 

RESULTS AND DISCUSSION 

The experiment was conducted to investigate influence of water submergence 

stress at early stage on the growth pattern & yield of some inbred and hybrid rice 

varieties. Data on different parameters were analyzed statistically. The result of 

the present study have been presented and discussed in this chapter under the 

following headings. 

4.1 Plant height 

Plant height in normal treatments and submergence treatments expected to be 

different, for which height was recorded to find out the differences among the 

treatments. 

Plant height of rice showed statistically significant ditThrences at 10. 20, 30, 40, 

50 and 60 days alter transplanting and at harvest. The tallest plant (20.33. 22.97, 

38.14. 40.65. 59.72 and 86.23 cm at 10. 20. 30. 40. 50 and 60 DAT. respectively) 

was recorded from D; (Fourteen (lays submergence) treatment, while the shortest 

plant (18.99. 21.37. 32.96, 33.9. 59.72 and 81.35 cm at 10. 20, 30, 40, 50 and 60 

DAT. respectively) was observed from D0  (no submergence) (Figure 1). 

Plant height of the cultivars was measured at 10. 20, 30, 40. 50 and 60 days after 

transplanting and at harvest. It was evident from Figure 2 that the height of the 

plant was significantly influenced by variety at all the sampling datcs. Figure 2 

showed that irrespective of varieties, the height of rice plants increased rapidly at 

the early stages of growth and rate of progress in height was slow at the later 

stages. The V (Pannal) variety produced the tallest plant (21.81. 23.15, 36.04, 

38.62. 61.81 and 89.27 cm at 10. 20. 30, 40. 50 and 60 DAT. respectively) and V1  

- 

	

	 (BRRJ dhan 51) produced shortest (18.06. 20.59, 30.09. 32.53. 53.85 and 81.1 cm 

at 10. 20. 30, 40. 50 and 60 DAT. respectively). Probably the genetic makeup of 

varieties was responsible lbr the variation in plant height. This confirms the 
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reports of BINA (1992), BRRI (1991) and Shamsuddin ci aL (1988) that plant 

height differed due to varietal variation. 
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Figure 1. Effect of duration submergence on plant height oI'rice at dilIerent days 

after transplanting 

D 	Control (no submergence) 

- Dj= Six days submergence 

1)2 	len days submergence 

- Fourteen days submergence 
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Figure 2. Plant height of six varieties at different days after transplanting 

V1 	IIRRI dhan5 I (Submergence tolerant) 
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Plant height at different day aller transplanting was significantly affected by the 

interaction between submergence and variety (Table I). The tallest plant (2).97, 

24.73. 39.42, 42.42. and 64.2 at 10. 20, 30, 40, 50 and 60 DAT. respectively) was 

found from D;\15  (Fourteen days submergence with Panna - 1) and shortest plant 

(16.93. 19.23. 29.33. 31.87. 44.39 and 72.27cm at 10. 20, 30, 40, 50 and 60 DAT. 

respectively) from D0V1  (no submergence with BRRI dhan 51). 

4.2 Leaves per plant 

Number of leaves was significantly influenced by submergence at 10, 20, 30. 40. 

50 and 60 days after transplanting and at harvest. The highest number of leaves 

(4.46. 9.92, 17.4, 28.02, 40.65. 59.72 and 69.92 at 10. 20, 30, 40, 50 and 60 DAT, 

respectively) was recorded from D0  (no submergence) treatment, while the lowest 

number of leaves (3.30, 8.22. 16.62. 25.22, 48.08 and 65.02cm at 10, 20. 30. 40. 

50 and 60 DAT. respectively) was observed from I); (Fourteen days 

submergence) (Figure 3). 

Number of leaves was significantly influenced by variety at all the sampling 

dates (Iig.4). The Vs (Pannal ) variety produced the highest number of leaves 

(4.49. 9.48. 16.19, 28.03, 50.63and 69.13 em at 10. 20. 30. 40. 50 and 60 DAT. 

respectively) and V1  (BRRI dhan 51) produced shortest (18.06, 20.59. 30.09, 

32.53. 53.85 and 81.1 em at 10. 20, 30. 40, 50 and 60 DAT. respectively). 

Probably the genetic makeup of varieties was responsible for the variation in plant 

height. this confirms the reports of IIINA (1992). BRRI (1991) and Shamsuddin 

c/al. (1988) that plant height differed due to varietal variation. 

Number of leaves per plant at different days after transplanting was significantly 

affected by the interaction between submergence and variety (Table 2). The 

maximum number olleaves per plant (3.57. 9.63. 16.03, 29.10. 51.03 and 69.13 at 

10. 20. 30, 40. 50 and 60 DAT, respectively) was found from D0Vc (no 

submergence with Panna 1) and lowest number of leaves per plant (3.23. 7.67. 

14.27. 23.17. 46.37 and 61.50 at 10, 20. 30. 40, 50 and 60 DAT, respectively) 

from D3V3  (Fourteen day submergence with BRRI dhan 34). 
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Table I. Combined clicet ol submergence and varieties on plant height of rice 

Treatment 	
Plant height (cm) 

10 DAT 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 

D0V1  16.93 h 19.23 e 29.33 e 31.87 1 44.39 d 72.27 d 
D0V, 18.60 ab 21.97 b-c 34.07 a-c 34.72 a-f 62.02 ab 82.74 abed 

D0V 3  18.00 ab 21.40 b-c 35.81 a-c 35.73 a-f 61.05 ab 80.75 a-d 

19.83 ab 22.93 abc 31.90 de 34.57 a-f 57.73 abc 82.98 a-d 

RN5 20.60 ab 23.40 ab 33.14 b-c 32.83 def 61.34 ab 88.84 abc 
D(1V6  19.97 ab 21.90 h-c 31.52 e 33.66 b-f 59.65 abc 80.53 a-d 
D1 V 19.27 ab 20.43 de 32.84 cdc 33.69 b-f 57.88 abc 81.49 a-d 
D1 V, 20.23 ab 21.03 cdc 33.79 h-c 34.46 a-f 57.23 be 85.16 abc 

D1 V3  19.17 ab 20.90 cde 34.79 a-c 33.40 c-f 58.79 abc 79.31 bed 

D,V4  20.53 ab 22.03 b-c 34.13 a-e 32.09 ef 58.99 abc 85.59 abc 

D;Vc 21.00 ab 22.70 a-d 31.00 c 37.02 a-f 58.98 abc 87.27 abc 

D1 V6  19.53 ab 21.10 b-c 31.87 de 34.91 a-f 58.24 abc 84.55 abc 

D7V1  17.53 ab 21.07 ede 38.59 ab 38.02 a-c 56.59 be 84.98 abc 

D2V2 19.97 ab 21.63 b-c 37.68 abc 37.92 a-c 56.19 be 80.82 a-d 

I)'\ ;  19.32 ab 21.70 b-c 37.89 abc 38.64 a-d 57.66 abc 79.85 bed 

D,V4  18.81 ab 21.27 b-c 37.26 a-d 39.63 ab 61.51 ab 90.22 ab 

D,V5  19.65 ab 21.77 b-c 38.00 abc 37.27 a-f 60.48 ab 88.04 abc 

D,V6  20.10 ab 22.53 a-c 34.47 a-c 38.17 a-d 60.97 ab 86.85 abc 

D3V1  18.50 ab 20.63 cdc 33.59 b-c 37.08 a-f 56.54 be 77.41 cd 

20.30 at) 22.67 a-d 31.70 e 35.03 a-f 58.36 abc 86.95 abc 

D3V3  1935 ab 22.20 b-c 31.68 e 35.29 a-f 53.58 c 86.46 abc 

1)3V4 20.68 ab 22.90 abc 34.52 a-c 39.50 ab 61.09 ab 87.56 abc 

D3V5  21.97 a 24.73 a 39.42 a 42.42 a 64.20 a 92.93 a 

D3V6 21.20 ab 24.67 a 35.63 a-c 39.27 abc 62.45 ab 86.11 abc 
LSD 3.98 1.92 4.60 4.92 5.45 10.20 
CV (%) 12.33 10.22 20.72 14.82 16.28 10.38 

In a column, means having similar letter(s) are statistically similar and those having dissimilar 
letter(s) ditTer significantly as per 0.05 level of significance 
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Figure 3. Ellèct of submergence on number of leaves per plant of rice at different 

days after transplanting 

80.00 

70.00 - 

60.00 

50.00 - 

40.00 

30.00 

20.00 - 

10.00 

0.00 
10 	20 	30 	40 	50 	60 
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Table 2. Combined eikct of submergence and varieties on number olleaves per 

plant ol rice 

1' rfl,I tni en t 
	 Number of leaves per plant 

10 DAT 20 DAT 30 DAT 40 DAT 50 DAT 

D0V 1  3.23 h 8.40 abc 15.17 abc 24.70 ale 49.60 a-c 	6 

3.50 ab 8.73 abc 14.93 abc 26.57 a-c 50.20 abc 	6 

Dey 3.37 ab 8.37 abc 14.60 be 26.00 a-c 50.63 ab 	6 

3.57 a 8.60 abc 15.07 abc 28.87 ab 49.83 a-d 	6 

D0V 3.57 a 9.63 a 16.03 a 29.10 a 51.03 a 	6 

3.53 ab 8.90 abc 15.20 abc 26.90 a-d 49.33 a-c 	6; 

D1 V 1  3.33 ab 8.70 abc 15.10 abc 25.53 b-c 47.73 dci 	6 

D1 V 3.43 ab 7.87 be 14.23 c 24.70 ede 48.50 h-F 	6 

D1 V 3  3.47 ab 8.20 abc 14.33 he 26.37 a-c 49.11 a-c 	6 

3.40 ab 8.43 abc 14.73 abc 27.67 abc 50.10 a-d 	6. 

D1 V4 3.57 a 8.07 he 14.47 he 25.00 cde 49.27 a-c 	6 

l) L V(. 3.37 at) 8.30 abc 14.87 abc 25.93 a-c 48.97 a-c 	6 

D N j  3.40 ab 8.67 abc 15.47 abc 23.97 dc 47.93 c-F 	6 

3.40 ab 8.93 abc 15.37 abc 24.53 cde 49.37 a-c 	6 

D,V 3.40 ab 8.53 abc 15.07 abc 26.33 a-c 49.37 a-c 	6 

D2V4  3.27 ab 9.17 ab 15.40 abc 26.93 ahcd 50.47 ab 	6: 

D2V 3.37 ab 8.97 abc 15.47 abc 26.50 a-c 49.77 a-d 	6; 

3.43 ab 8.57 abc 15.07 abc 25.37 h-c 49.70 a-d 	6 

D-'V I  3.50 ab 8.37 abc 15.17 abc 26.63 a-c 49.40 a-c 	6 

D3 V2 3.47 ab 7.80 be 14.37 be 25.37 ale 48.23 b-F 	6' 

DV 3  3.23 b 7.67 e 14.27 c 23.17 e 46.37 1 	6 

OW4  3.57 a 7.80 he 14.53 be 24.60 We 47.97 c-i 	6' 

DV 3.47 ab 8.73 abc 14.77 abc 25.53 b-c 47.27 et' 	6' 

3.50 ab 8.93 abc 15.63 at) 26.03 a-c 49.23 a-c 	6. 

1.S1) 0.27 1.20 - 	1.10 2.90 1.99 

CV (96) 4.82 11.78 8.27 11.15 6.93 

In a column. means having situ i lar letter(s) are statisdcol ly similar and those having tlissinii ar 
letter(s) clilier significantly as per 0.05 level olsiguilicance 
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4.3 Total tiller huE' 

Statistically variation was recorded for number of tillers hill1  due to the duration 

ol uhmergence. The maximum number of tillers hill' (1 7.84) was obtained from 

D0  (no submergence) while the minimum number of tillers hill' was recorded 

from ft (Fourteen days submergence) (Table 3). 

The number of total tillers hill' was significantly influenced by variety (Table 4). 

Varietal efkcts on the formation of total number of tillers are shown in laNe 4. 

ftc V, variety (I3RRI dhan 51) was achieved the highest number of tiller lull1  

18.20): where as in the case of V3  minimum tiller (16.88) production was 

observed. The value decreased because some of the last emerged tillers died due 

to their failure in competing for light and nutrients. This revealed that during the 

reproductive and ripening phases the rate of' tiller mortalily exceeded the tiller 

product,on rate (Roy and Satter. 1992). Variable eliëct of variety on. number of 

total tillers 	was also repoiled by I lussain et al. (1989) who noticed that 

number of total tillers hill' differed among the varieties 

The efilect of submergence and variety were statistically significant on total 

number of tillers hill" (Table 5). The highest total number of tillers hill1  (18.76) 

was found from D0V, (no submergence with BRRI dhan 51) and the lowest total 

number of tillers hill' (15.18) from D1V; (Fourteen days submergence with URRI 

dhan 34). 
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laNe 3. [fleet of submergence on yield contributing characters of rice 

Treatment No. of 	No of 	SPAt) 	No, of 	No. unfilled 

tiller effective reading grain/panicle grains/panicle 

tiller 	of leaf 

DI) 17.84 	a 15.45 a 36.9 a 127.3 a 17.84 c 

17.69 	a 14.19 a 36.54 a 117.1 b 18.95 he 

17.23 	a 13.9 b 35.87 ab 107.3 e 21.53 ab 

I): 16.9$ 	h 13.54 b 34.99 h 98.77 d 22.84 a 

LSD 1.421 1.16 1.39 0.6625 3.44 

In a column, means having similar letter(s) are statisiically similar and those having dissimilar 
IdLer(s) diflersignificantly as per 0.05 level of significance 

fable 4. Lffect of varieties on yield contributing characters of rice 

Treatment 	No. of No. of SPAD No. of No. unfilled 

tiller effective reading 	grain/panicle grains/panicle 

tiller of leaf 

V1  18.2 	a 14.69 	a 38.69 	a 164.9 	a 17.95 	c 

V. 16.92 	h 13.8 	h 35.36 	he 101.3 	c 12.31 	d 

vl  16.88 	h 13.08 	h 34.06 	c 80.78 	e 27.79 	a 

V4  17.87 	1 14.37 	a 35.72 	be 133.2 	l 24.26 	Ii 

Vç  17.65 	h 14.26 	a 36.33 	b 100.9 	c 24.38 	h 

V 17.1 	h 13.62 	h 36.31 	h 94.51 	d 15.03 	ci 

1.SD0c 1.994 1.183 1.863 0.535 2.779 

Ii, a column. means having similar letter(s) are statistically similar and those having dissimilar 

letter(s) differ signilicantly as per 0.05 level of significance 
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Table 5. Combined effcct of submergence and varieties on yield contributing 

characters oiricc 

'Ireatinent 	No. of tiller No of SPAt) No. of No. unfilled 

effective reading of grain/panicle grains/panicle 

tiller leaf 

D0V1  18.76 a 15.96 a 40.75 a 187.7 a 11.05 m 

DV, 18.27 ab 14.93 abc 34.37 ahcdc 118.2 i 11.6 in 

17.12a1) 13.25 de f 38.93 abc 94.23 ii 18.72 ii 

16.94 ab 13.40 def 32.50 cdc 148.00 d 11.41 Ui 

16.65 ab 15.23 a 34.67 abcdc 112.8 j 24.09 ci 

15.74 ab 15.04 abc 40.20 a 102.6 I 12.82 Em 

D1 V1  17.68 ab 14.18 ahcde 36.93 ahede 172.4 h 15.08 kI 

DV1 16.41 ab 13.58 edef 33.07 bede 102.6 I 11.6 in 

DV; 16.43 ab 12.93 ef 35,57 abede 8 7.6 3 r 20.44 In 

DV 18.56 ab 15.06 abc 3 5.9 7 ahede 137.6 1 24.89 dc 

1-)1 Vc 17.68 ab 14.51 abed 37.50 abed 104.6 k 20.2 hi 

16.63 ab 13.13 del' 36.20 abcde 97.8 in 21.4$ gh 

D,V1  17.19 ab 13.69 hcdei 33.27 hede 152.4 c 15.75 k 

18.54 ab 15.08 ab 31.80 dc 94.63 ii 16.47 jk 

D2V 18.04 ab 14.54 abed 33.20 hcde 78.63 t 21.23 gIl 

DIVI 18.73 a 13.62 bcdef 38.63 abc 127.6 g 22.9$ eI 

D2V4 17.74 ab 14.24 abcdc 34.3 ahcdc 97.6 m 27.05 ed 

D2V4  18.58 ab 15.08 ab 38.77 abc 92.8 o 18.14 ii 

DY1  17.86 al) 14.36 ahcdc 37.53 abed 147.4 e 31.24 h 

17.83 ab 14.33 ahede 37.00 ahcde $9.63 p 14.99 kI 

D,V% 15.1$ b 12.01 1 30.50 e 62.63 ii 35.9 a 

D;V 18.5$ ab 12.41 1 35.77 abede 119.0 h 22.14 11Th 

D1V 4  15.91 ab 12.34 1 38.83 abc $8.6 q 30.92 h 

17.44 ab 13.94 abede 39.60 ab $4.8 s 27.52 c 

2.87 1.24 5.64 0.58 3.23 

CV (%) 14.43 17.17 5.5 11.28 11.50 

In a column, means having similar letter(s) are statistically similar and those having dissimilar 
Iettcr(s) differ significantly as per 0.05 level ofsignilicance 
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4.4 Effective tiller hilr' 

Statistically variation was recorded for number oF elThctive tillers hill' due to the 

duration of submergence. The maximum number oF eI'fèetive tillers hill' Cl 5.451 

s as obtained 11Dm l), (no submergence) while the minimum number ol' tillers hill 

1(13.54) was recorded from D (Fourteen days submergence) (Table 3). 

The number of effective tillers 	was significantly influenced by variety (Table 

4). [he Vi variety (}3RRI tlhan 51) was achieved the highest number of eikctive 

tiller hill' (14.49), where as in the case of V (I3RRI (than 34) minimum tiller 

(13.08) production was observed. The value decreased because some of the last 

emerged tillers died clue to their Iäilure in competing for light and nutrients. [his 

revealed that during the reproductive and ripening phases the rate oF tiller 

mortaluv exceeded the tiller production rate (Roy and Saner. 3992). Variable 

eIThci oFvariely on number of total tillers hill' was also reported by I lussain c'i cii. 

1989)   who noticed that number of total tillers hill' differed among the Varieties 

The efiëet ol' submergence and variety were statistically significant on number ol 

effective tillers hill' (Table 5). The highest number of tillers hill' (15.66) was 

found liom D1 N, (no submergence with BRRI dhan SI), which was statistically 

similar with D0V5  and ihe lowest number of effective tillers hill' (12.01) from 

L)3V (Fourteen days submergence with BRRI dhan 34). 

4.5 SPAt) reading of leaf 

Statisticall significant variation was recorded for SPAI) reading oF leaFshowed 

dilierences due w the duration of submergence. The highest 5PM) reading oF leaF 

(36.9) was obtained from D(, treatment and the lowest number of lilled grains 

paniek' (34.99) was attained from l) treatment (Table 3). 
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The eultivars allected significantly in SPAL) reading of,  leaf Ihe V1  ( I3RRI dhan 

51) gave significantly highest SPAD reading of leaf (38.69). The lowest SPAD 

reading ol' lcal'(34.06) was found in V3  treatment (Table 4). 

Interaction etThet of submergence and variety was Ibund significant on SPAD 

reading of teat' (Table 5). The highest (40.75) SPAD reading ol leal' was ibund 

from the ec)nthifflutioii of' D0\' . The lowest SPAD reading ol lea I' (30.05) was 

tound from the combination Of I)V3  treatment. 

4.6 Filled grains pankle" 

Statistically significant variation was recorded for number of filled grains paniete 

showed clilThrences due to the duration of suhmergenee. The highest number of 

filled grains panicle'' (127.30) was obtained from DI)  treatment and the lowest 

number of Fitkd grains panicle4  (98.77) was attained from D3  treatment (Table 3). 

Table 4 showed that cultivars affected significantly in number of filled grains 

paniele . [he V ( BRRI dhan 51) gave significantly highest number (164.90) 

grains paniele* The lovest number of filled grains paniele'' (80.78) was ibund in 

\/ treatment. 13RR1 (1994) found that number of filled grains panicle' 

- 	 significantly dilThred. 

Interaction elIëct of submergence and variety was found significant on filled 

grains paniele" (Table 5). From the results of Table 5 it was observed that the 

highest (187.7) number of filled grains pamcle was found from the combination 

of D0V,. The lowest filled grains panicic (62.63) was found from the 

co,nl,ination of D3 \' 3  treatment. 

4.7 Unfilled grains panicte" 

Number of unfilled 	grains 	particle' 	varied 	significantly for 	duration of 

submergence. The lowest number ol' unlilled grains panicle' was Ibund Ironi ft, 
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(17.84) treatment and the highest number was recorded from F);  (22.84) treatment 

(i'ahle 3), 

Among the traits made, number of unhlled grains panicicl  plays a vital role in 

yield reduction. Results showed that variety had significant etThct in respect of the 

number of' unfilled grains panicl&' (Table 4). the V1  variety (I3RRI dhan 51) 

produced the lowest number (17.95) of unfilled grains panicle1  and V produced 

highest number (27.89) of unfilled grains panicle" and this variation might be due 

to genetic characteristics. BIN1\ (1993) and Chowdury ci at (1993) also reported 

diIi'erences in number of untilled grains panicle' due to varietal diJ1rences. 

Interaction clibet of duration of submergence and showed significantly response 

on unlilled grains panicle" (Fable 5). It observed that lowest (11.00) number of' 

untitled grains panicle'' was observed from D0V, and the highest (34.03) number 

ol' unlil led grains panicic1  from D6V1. 

4.8 1000-grain weight 

Statistically significant difference was recorded lbr weight of 1000 grains fbi 

duration of submergence. The highest weight of 1000 grains (25.04 g) was 

observed from D0  treatment, while the lowest weight was recorded from D, (23.03 

g) treatment (table 6). 

Variety had siuniticant effect on 1000-grain weight ('Fable 7). [lie maximum 

1000-grain weight (27.05 g)  was found in V, treatment. The lowest thousand seed 

weight (20.72 g) was lound in V3  treatment. 

Interaction elièct of submergence and variety showed significant elii,ct on 1000-

L!rain (Fable 8). From the table 8 it was observed that the lowest (17.49 g) 

thousand seed weight was observed li'oni D3 \' 3  treatment. and the highest (29.68 

g) thousand seed weight from DL V,. 
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4.9 Yield fli 

Grain yield ni2of rice varied significantly for diflerent submergence. The highest 

grain yield n1 was lound from D0  (0.54 kg) whereas the lowest yield was 

recorded From D (0.40 kg) treatment (Table 6). 

Grain yield per plot is a litnetion ol interplay of various yield components such as 

number of productive tillers, grains punicl&' and 1000-grain weight. In present 

experiment variety had signilicunt effect on grain yield (Table 7). It was evident 

from Table 7 that V 4  (URRI hybrid dhan 4) produced the highest (0.72 kg) grain 

yield nf2  and the lowest grain veight 
111

2  (0.23 kg) was found V3  (13R1{1 dhan 34). 

Grain yield differences due to varieties were reported by Supritlialno and Sutaryn 

(1992). A tam (1988) and IRRI (1978) who recorded variable grain yield among 

tested varieties. 

Interaction of submergence and variety significantly affected the grain yield m 2  

(Table 8). Significantly the highest (0.80 kg) grain yield was found from the 

combination of D0V 4  (no submergence with URRI hybrid dhan 4) and the lowest 

(0.11 kg) from D3V3  (Fourteen days submergence with BRRI dhan 34). 
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Table 6. Effect of submergence on yield of rice 

Treatment 1000 grain Yield 111-2  

vt. 

25.4 	a - 0.54 	a 

24.6 	ab 0.52 	ab 

ft 23.73 	ab 0.45 	be 

D.i  23.03 	h 0.40 	C 

yield I ha" Reduction 
of yield (%) 

5.43 	a (EDO 	ci 

5.20 	ab .1.62 	c 

4.47 	be 20.32 	h 

3.95 	c 29.59 	a 

LSD , 	25.4 	 0.08 	 0.96 	 0.37 

In a column, means having sntilar letter(s) are statistically similar and those having dissimilar 

1ettcis) tlilibrsignilicantiv as per 0,05 level olsignilicance 

Table 7. Efkct of varieties on yield of rice 

Treatment 1000 grain cL Yield rn-2  yield t ha" Reduction 
of yield 

0/ 
/0 

V, 27.05 	a 0.44 	c 4.35 	he 5.43 	1 

V2 22.55 	ab 0.40 	c 3.98 	he 9.66 	ci 

20.72 	1) 0.23 	d 2.33 	e 35.42 	a 

V., 26.43 	a 0.72 	a 7.18 	it 10.31 	c 

V 22.36 	ab 0.51 	h 5.08 	ab 12.50 	h 

V0  26.04 	ab 0.57 	h 5.6$ 	ab 8.47 	e 

[SD 5.402 0.07 2.60 0.30 

In a column, means having similar letter(s) are statistically similar and those having dicsinii lar 
Idler(s) ditier significantly as per 0.05 level of significance 

Yield of V., (I3RRI hybrid 4)> V1, (Taj-1 )> V 4  (Panna 1)> V, (13RRI dlian 51)> \' 

(I3RRI dhan 46)> V 3  (URRI dhan 34) 
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Table 8a. Combined effect of submergence and varieties on yield of rice 

Treatment 
	

1000 grain wt. 	Yield rn-2 	yield t hi' 
D0V 

D0V4  

L) 

D V 

D1 V 

DV 

• 

DNI - 

D 3V4  
DtVc 
D 3V6  

T VT\ 

29.68 it 

27.81 a 
22.30 edef 

27.83 a 

25.63 abcde 
27.49 a 

22.45 hcdei 

21.31 dci 

21.63 dci 

28.86 a 

2 5.4 5 ahede 

28.86 a 

27.26 ab 

21.67 del 

20.96 ci' 

25.34 abede 

26.16 abed 

25.52 ahede 

26.82 abc 

20.92 ci 

17.49 £ 

18.9$ I' 
20.35 I.  

(9.81 1 
,1 

0.46 cdeig 4.6 cdcl 
0.44 defg 4.4 deig 
0.36 efu 3.6 clih 

0.8 a 8.0 it 

0.58 ahcdcl 5.8 ahedef 
0.62 abed 6.2 abed 

0.45 dcti1 4.5 cdel 

0.43 defg 4.3 deig 
0.32 ghi 3.2 ghi 
0.77 ab 7.7 ab 
0.55 bcdcfg 5.5 hcdel 

0.6 ahede 6.0 abede 
0.43 deig 4.3 delu 

0.38 dctg 3.8 del 
0.14 hi 1.4 hi 
0.69 abc 6.9 abc 

0.48 cdcfg 4.8 edeig 

0.56 hcdcfg 5.6 bcdeig 

0.4 dcf& 4.0 dclii 
0.34 1gb 3.4 hih 
0.11 i 1.1 

0.61 abed 6.1 abed 
0.42 deig 4.2 ((erg 
0.49 cdefg 4.9 edeQi 

- 

	

't. .L3 	 U. L'J I .)  

CV (%) 	25.02 	 53.98 	 53.98 
In a column. means having similar letter(s) are slatislicaily sirni lar and those having dissitni lar 
letter(s) differ significantly as per 0.05 level of significance 

Here. \' 	I3RRI dhan SI (Submergence tolerant. T. Aman) 
- BRRI dhan 46 (T. Aman) 

IIR.Rl dhan 34 (l.Aman Susceptible) 
V4  - I3RR1 hybrid 4 (1. Anian) 

I'anna I (Exotic 1 lybrid Rice) 
V, - Taj-1 (Exotic Hybrid Rice) 

lolerancc of V1  > \> V2 > > VS > \T 
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Table Sb. Tolerance and susceptibility of different varieties in different 

duration of submergence. 

Yield ield 	Yield 
 

Position 	t ha4  

Tolerant/ U/ of Yield  

reduction 	
Susceptible to 

submergence 

Position of,  

Tolerance 

8.0 0.0 Medium 
7.7 3.75 Tolerant 

6.9 13.75 13.75% Yield 

'n 75 Loss 

6.2 0.0 

6.0 3.23 

5.6 9.68 

4.9 20.97 

5.8 0.0 

5.5 5.17 

4.8 17.24 

4.2 27.59 

4.6 0.0 

4.5 2.17 

4.3 6.52 

4.0 13.04 

4.4 0.0 

4.3 2.27 

3.8 13.64 

3.4 22.73 

3.6 0.0 

3.2 	11.11 

IA 61.11 

1.1 69.44 

D,V4  

D'vb  

D2V6  

D0V 

I Vs 

1)\' 

00V1  

IT), V 

D,V, 

D3V, 

D,V, 

D6V 

D V 

D2V 

D3V3  

4111 

More Tolerant 

11.29% Yield 

Loss 

Less Tolerant 

(Susceptible) 	rill 
16.57% Yield 

I .055 

N'lost lolerant 

7.24% Yield 	F" 

Loss 

Medium 

Tolerant 3rd 

12.88?/o Yield 

LOSS 

N'Iost 

susceptible 	
6111 

47.22% Yield 

Loss 

Is' 
nd 

3rd 

501 

6th 

80  
lot" 

9111 

II",  
7111 

13th 

15" 

18°' 

NOT 

16111  

19" 

2l' 

'nd 

-s rd 
Li 
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4.10 (;rain yield 

- 	 Grain yield per hectare of rice varied significantly lbr submergence. The highest 

grain yield was found from D0  (5.43 tiha) whereas the lowest yield was recorded 

from I) (3.95 tiha ) treatment lIable 6). 

urain yield is a function 01 interplay at various yield components such as number 

of productive tillers, grains panicle" and 1000-grain weight. In present experiment 

variety had significant effect on grain yield (Table 7). It was evident from labte 7 

that V ([31(1(1 hybrid dhan 51) produced the highest (7.18 t had ) grain yield. 

Grain yield dilierences due to varieties were reported by Suprithatno and Sutarvo 

(1992). Alum (1988) and IRRI (1978) who recorded variable grain yield among 

tested varieties. 

From the table 8a and table Sb it was evident that interaction of sublller2ence and 

variety signilicantly atThcted the grain yield. Signilicantly the highest (8.00 t hu) 

grain yield was Ibund from the combination of D'tT4  (no submergence with BRRI 

hybrid dhan 4) and the lowest (1.10 t ha'') from D;V (fourteen &Iays submergence 

with 131(1(1 dhan 34). 

4.11 Percent reduction of yield 

Percent reduction of yield of rice varied significantly br submergence. the 

highest percent reduction over controL (29.59) was found from 1)3  whereas the 

lowest percent reduction over control (4.62) was recorded from D, (six days 

stihniergenee) treatment (Table 6). 

Percent reduction of yield over was evident from Table 7 that \T  (BRRI &Than 34) 

produced the highest (35.42 I ha' ) percent reduction. The lowest percent 

reduction of yield (5.43) was found in V, (BRRI dhan SI). 

40 



From the table 9 it was evident that the highest percent reduction of yield (69.44) 

was Iotrnd from the combination of D6 \'3  (fourteen days submergence with BRRI 

dhan 34) and the lowest (2.17) from D1V1  (six days submergence with BRRI dhan 

5!). 

The response o16 rice genotypes under duration of submergence levels is present 

in experiment. Susceptible genotypes could not he distinguished from 

submergence although seedling growth of the test genotypes declines somewhat 

due to reduce SPAD readinQ ol leal Diflèrenuation of tolerant and moderate 

tolerant genotypes was clear even at tO days and 14 days submergence. '['Ins 

result indicated that rice is moderately sensitive to submergence. the 

discriminating level for selection was observed at 10-14 days submergence as 

distinct differentiation of genotypes into tolerant. moderately tolerant and 

susceptible was observed at this level. The tested genotypes showed wide 

variation in yield with BRRI dhan 51 (tolerant)> Taj- I > I3RRI dhan 46> BRRI 

hybrid dhan 4> Panna - 11. I3RRI dhan 34(suseeptihLe). 
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Table 9. Percentage of yield reduction in ditThrcnt submergence duration 
shown by diffcrent varieties of rice 

Varieties No 6 days 10 days 14 days Remarks 

Submergence Submergence Submergence Submergence 

(D0) (D,) (1)2) (04)_ 

BRRI dhan5l Best 
0 2.17 6.52 13.04 

('V 	) tolerant 

BRRI 
0 2.27 13.64 22.73 Better 

dhan40( V,) 

DRR.J 
0 I 	I. II 61.11 69.44 SucecpLablc 

dhan34(Vt) 

I3RRI hybrid 
0 3.75 13.75 2.75 good 

4(V4) 

Pannul(Vs) 0 5.17 17.24 27.59 Susceptal'lc 

'l'ajt(V6) 

S 

3.23 9.68 20.97 Better 

Thierence of V 1  (BRRI dhan 51)> V(, (Taj-1)> V 2  (BRRI dhan 46)> V.1  (BRRI 

hybrid 4)> V5  (Panna I)> V3  (BRRI dhan 34). 
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CHAPTER V 

- 	 SUMMARY AND CONCLUSION 

The experiment was conducted during the period from June to December. 2012 in 

T. oman season to tind out the influence of water submergence stress on the growth 

pattern & yield of some hybrid rice varieties. Four submergence duration. viz.. 

Control (no submergence). Six days submergence. Ten days submergence and 

Fourteen days submergence and six varieties, viz.. BRRI dhan5l. BRJCI dhan46, 

BRRI dhan34. BRRI hybrid4. Pajinal. Ta]! were used to conduct this experiment. 

The experiment was laid out in Randomized complete Block Design (RCBD) 

having two fietors and replicated three times. Data were taken on growth, yield 

contributing characters, yield and the collected data were statistically analyzed for 

evaluation of the treatment effects. The summary of the results has been described 

in this chapter. 

Plant height of rice showed statistically significant differences at 10, 20, 30. 40. 50 

and 60 days after transplanting and at harvest. The tallest plant (20.33, 22.97, 

38.14, 40.65, 59.72 and 86.23 cm at to, 20, 30. 40. 50 and 60 DAT. respectively) 

- 	 was recorded from D3  (Fourteen days submergence) treatment. The highest number 

of leaves (4.46. 9.92. 17.4, 28.02, 40.65, 59.72 and 69.92 at 10, 20. 30, 40, 50 and 

60 DAT. respectively) was recorded from D (no submergence) treatnient.The 

maximum number of tillers hill' (17.84) was obtained from D, (no submergence). 

The maximum number of effective tillers hi1r (15.45) was obtained from D0. The 

highest SPAD reading of leaf (36.9) was obtained from D0 treatment. The highest 

number of filled grains paniele 3  (127.30) was obtained from D0  treatment. The 

lowest number of unfilled grains paniele' was found from D0  (17.84) treatment. 

The highest weight of 1000 grains (25.04 g) was observed from D0  treatment. The 

highest grain yield m 2  was found from D0  (0.54 kg). The highest grain yield was 

found from D0  (5.43 tiha) whereas the lowest yield was recorded from D3  (3.95 

tlha) treatment. The highest percent reduction over control (29.59) was found from 
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D3  whereas the lowest percent reduction over control (4.62) was recorded from D1  

(six days submergence) treatment. 

Plant height of the cultivars was measured at 10. 20, 30, 40. 50 and 60 days after 

transplanting and at harvest. The Vc (Panna-1) variety produced the tallest plant 

(21.81. 23.15. 36.04, 38.62. 61.81 and 89.27cm at 10, 20, 30.40,50 and 60 DAT. 

respectively). The highest number of leaves (4.49. 9.48. 16.19. 28.08, 50.63and 

69.13 em at 10. 20, 30, 40, 50 and 60 DAT. respectively) was produced in V5  

(Panna-1). The V, variety (BRRI dhan 51) was achieved the highest number of 

tiller hill' (18.20). The V2  variety (BRRI dhan 51) was achieved the highest 

number of efThctive tiller hill' (14.49). The V1  (BRRI dhan 51) gave significantly 

highest SPAD reading of leaf (38.69). The V1  (BRRI dhan 51) gave significantly 

highest number (164.90) grains panicl&'. The V, variety (BRRI dhan 51) produced 

the lowest number (17.95) of' unfilled grains panicl&'. The maximum 1000-grain 

weight (27.05 g) was foun in V1  treatment. The V4  (BRRI hybrid dhan 4) produced 

the highest (0.72 kg) grain yield n12. V4  (BRRI hybrid dhan 51) produced the 

highest (7.18 t ha1) grain yield. V3  (BRRI dhan 34) produced the highest (35.42) 

percent reduction. The lowest percent reduction of yield (5.43) was found in V1  

(BI{I{1 dhan SI). 

All parameter was significantly affected by the interaction between submergence 

and variety. The tallest plant (21.97. 24.73. 39.42. 42.41 and 64.2 at 10, 20, 30, 

40. 50 and 60 DAT, respectively) was found from D3V (Fourteen days 

submergence with Panna - I). The maximum number of leaves per plant (3.57, 

9.63, 16.03. 29.10. 51.03 and 69.13 at 10. 20. 30. 40, 50 and 60 DAT, respectively) 

was louncl from D0V5 (no submergence with Panna - 1). The highest total number 

of tillers hill (18.76) was found from D0V1 . The highest number of tillers hilr1  

(15.66) was found from D0V0  (no submergence with I3RRI dhan 51). The highest 

(40.75) SPAI) reading of leaf was found from the combination of D0V, . The 
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highest (187.7) number of filled grains panicle" was found from the combination of 

D0V,. The lowest (11.05) number of unfilled grains panicle4  was observed from 

The highest (29.68 g) thousand seed weight from D >V,. Significantly the 

highest (0.80 kg) grain yield was found from the combination of D0V4  (no 

submergence with BRRI hybrid dhan 4). Significantly the highest (8.00 t ha") 

grain yield was found from the combination of D0V., (no submergence with BRRI 

hybrid dhan 4) and the lowest (1.10 t ha) from 03V3  (fourteen days submergence 

with BRRI dhan 34). The highest percent reduction of yield (69.44) was found 

from the combination of D\'3  (fourteen days submergence with I3RRI dhan 34) 

and the lowest (2.17) from D,V, (six days submergence with BRRI dhan 51). 

The response of 6 rice genotypes under duration of submergence levels is present in 

experiment. Susceptible genotypes could not be distinguished from submergence 

although seedling growth of the test genotypes declines somewhat due to reduce 

SPAD reading of.  leaf. Differentiation of tolerant and moderate tolerant genotypes 

was clear even at 10 (lays and 14 days submergence. This result indicated that rice 

is moderately sensitive to submergence. The discriminating level br selection was 

observed at 10-14 days submergence as distinct differentiation of genotypes into 

tolerant, moderately tolerant and susceptible was observed at this level. The tested 

genotypes showed wide variation in yield with BRRI dhan SI (tolerant)> Taj-1 > 

13RR1 dhan 46> BRRI hybrid dhan 4> Panna - I> BRRI dhan 34 (susceptible). 

Submerged rice is in an anaerobic environment because of the I 0-fold slower gas 

diffusion under water than in air. Furthermore, levels of oxygen, and carbon 

dioxide and light for photosynthesis drastically differ according to the floodwater 

period, depth, temperature and turbidity. Varieties of rice, can lodge readily under 

aerobic conditions alier desubmergence because of weakening or the shoot base. 

which causes rapid leaf elongation and which increases plant mortality through 
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photosynthetic products accumulated before submergence is exhausted under short-

term submergence with the rapid increase of water level. 

conclusion 

RRRI dhan 51 adapt to long-term (14 days) complete submergence apparently 

because of their greater photosynthetic capacity developed by leaves that have 

newly emerged above floodwaters through rapid shoot elongation. However, other 

varieties, Taj-l. BRRJ dhan 46 and BRRI hybrid dhan 4 can also be cultivated in 

the submergence risk areas. These varieties can be improved through crossing with 

I3RRI dhan 51. 

Recommendation 

The tolerant varieties arc suggested to grow under actual submerged 

condition in the farmer's field. Promising varieties can either be used in 

flood-prone area or be used for genetic improvement. 

More experiments should be conducted to find out the submergence 

tolerance in different stages of rice plant life cycle using different varieties 

of rice. 
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APPENDICES 

Appendix I. Experimental location on the map of Agro-ecological Zones of 

Bangladesh 
a 
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Appendix II. Monthly average temperature, relative humidity and total 
rainfall of the experimental site during the period from .Juiy to 
Dec 2012 

Month 	 Air temperature (°C) 	RFI (%) 	Total rainfall 

- 	 Niaxiniurii MIflinluni 	Mean 	 (miii) 

July 2012 	33.00 	1 27.40 	30.20 	77.011 	- 	167 	- 
Aueust 2012 	33.10 27.00 	30.05 	78.00 340 

September, 2012 	32.50 26.60 	29.55 	79.00 	169 

October. 2012 	32.40 - 	25.00 	28.70 	74.00 	174 

November. 2012 	30.00 20.90 	25.45 	68.00 	 0 

December. 2012 	26.0027 15.40 	20.70 66.00 	SI 

Source: Metrological Centre, Agargaon, Dhaka (Climate L)ivision) 

Appendix III. The mechanical and chemical characteristics of soil of the 
experimental site as observed prior to experimentation 
(0- 15 cm depth). 

- 	Constituents Percent 

Sand  26 
_______________ sIt 45  __________ 

Clay 29 
Textural class Silty clay 

(:heni ical composition: 

Soil characters  Value 
Organic carbon()  0.45 

Oru 	matter (%)  0.78 
iota) nitrogen ('Y0)  I 	 0.07 
Phosphorus 22.08 	/g soil 
Sphur 25.98 ug/g soil - 
Magnesi tIm 1.00 mcq/ 100 gsoil 
Boron I 	 0.48 	jtg/g soil 
Copper 3.54 jn/gsoil 

t 	 Zinc 3.32 	L1g soil 

4 	 Potassium 0.30 ig/g soil 
Source: Soil Resources Development Inslitule (SRDI), Khamarhari. l)halca 
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Appendix IV: Field I.as out of the Experiment 

Rep— I 	 Rep-2 	 Rep-3 

V1  V5  V2  Vz Vi V5  V2  V4 1 V3  V4  V1  V3  

V6  V3  V4  V 	V4  V2  V, V3 	V6  V3 V V2  

'2 V6  V5 

V,V6 

 V3  V5  V, 	All  116  V2  V5  

V1  V V5 	 6  VH 	V3  V4  V3  V11 	V4  V2  V3  'V1  

V4  F V2  I At 3 1 V1  

I v31v4viH3 

Di I) D0  O 

's 	Vi  

V2  V6  V4  V5  

DQ  03 D1  D 

V2  V5  V4 V6 

VI  

I)z Di D3  no 

D= Control (no submergence) 

[),r Six days submergence 

D2 	len days submergence 

D;  = Fourteen days submergence 

V 1  = I3RRI dhan5 I (Submergence tolerant) 

V: - I3RRI dhan46 

V 3  - I3RRI dhan34 

V. 	BRRJ hybrid 4 

V —  Patina I 

V, = Fail 

Sner.e.8mna AcrcuL 
Library 
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