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Abstract 

A held experiment was conducted at the Soil Science Fields of' Bangladesh 

Agricultural Research Institute. Joydebpur. Gazipur during the period from March to 

June 2007 to study the perihrmance of munghean (BARI Mung-5) to different 

Braclyrhi:obium strains on growth. root nodulation. yie ld and yield contributing 

characters, nitrogen and protein content and protein yield in mungbcan. Ihere %\erC six 

treatment combinations (BARI RVr-401. I3ARI RVr-402, BARI RVr-403. BARI RVr-

404. mixed culture and uninoculated control) taking with single varictN of munghan. The 

experiment was laid out in a randomized complete block design with thur replications. 

The unit plot si-ic was 4 in x 3111. A basal dose of triple super phosphate (22 kg P ha"). 

muriate oh' potash (42 kg K ha''). gypsum (20 kg S ha''). zinc sulphate (5 kg Zn ha'') and 

1 kg I) ha" as boric acid. Alter 35 and 50 days of sowing. IC) plants were uprooted from 

cacti plot to study dry matter and nodulation. At man rity, yield and yield contributing 

characters were recorded. BrcsdI?,yrIJi:obizun inoculation increased signihieantly the 

number ol nodules. nodule weight. root and shoot length, seed and stover yield, and total 

protein content of mungbean compared to uninoculated control. Different responses were 

	

A 	
thund among the cultures. Inoculation of mtingbean seed with BARI RVr-404 strain 

performed the best in respect ol nodulauon. seed and stover yield, total protein yield and 

other characters studied. 'Flie performance of BARI RVr-404 strain was identical to other 

strains on nodulation which was superior to uninoculated control. Similarly, the number 

of seeds 	seed yield and nutrient content were influenced by the /?racthvr/nzohiu,n 

strain where BARI RVr-404 recorded the highest yield. The results indicate that the use 

of Th'adhvrhizohium inoculants appears to be an effective method for successt'uI 

	

It 	

mungbean production. 
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CHAPTER 1 

INTRODUCTION 

Mungbean (Vigna racliaw L. Wilzek) is one of the major pulse crops grown in 

Bangladesh. It is considered as the quality pulse iii the coLintry but the production per unit 

area is very low (763 kg ha') as compared to other countries of the world (BBS, 2006). 

Among the pulses mungbean possess nutrient value having crude protein about 26.0%, crude 

fibre 5.2%. nitrogen free extract 62.9%, ether extract 1.1%, total ash 4.4%. Ca 0.2% and P 

0.5% (Gowda and Kaul, 1982). 

Munebean is one of the widely grown pulse crops in Bangladesh for human 

consumption. animal fodder as well as soil fertility building purpose. But costly and 

environmentally risky chemical fertilizers cause serious and continuous problem for 

increasing munghean production in developing countries including Bangladesh. lhcsc 

problems are likely to become serious in fuLure. Biological nitrogen fixation (I3NF) resulting 

from symbiosis between legume crops and root nodule bacterium IJrad.t'rhi:ohizan can 

ameliorate these problem by reducing the chemical N-krtilizer input required to ensure 

productivity. 

The succcssthl growing of mungbean is dependent on the availability of its 

mierosymbiont bacteria in soil, Thath.r/zi:ohiwn strains are present in all soils of Bangladesh 

but they may not be equally effective in nodulation and N-fixation. In this situation. 

inoculation can meet the challenge by providing superior strains in the soil, so that the most 

effective nodulation and nitrogen fixation are obtained. Fhus it was thought that there is a 

scope for utilizing the effective bradyrhizohial strains for obtaining more yield of mungbean 

under field conditions which may play vital role in improving soil environment and 

agricultural sustainability. 



Now a day a number of organisms like Brat/rrhizobiuni has been identilied to use as 
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biological agent for fixing atmospheric nitrogen by processing with legume crops and make 

available to the plants. l3angladesh Agricultural Research Institute (B.ARL) isolated some 

Rhi:obium strains for some pulse crops. It has already been selected some Thvclvrhi:obium 

strains especially for munghean varieties. To reduce (lie production cost and to fulfill the 

demand. more pulse production could be achieved through seed inoculation with 

Bmth'r/?izofYiwn strains which is known to increase biological nitrogen lixation. 

Brcuhrhiwbi,u,, inoculation increased mungbean seed yield from 4.3% to 16.2% (Vaishva ci 

at. 1983). In Rangladesh. inoculation with fircufyrhiwbin,,, increased 77% dry matter 

production. 64% grain yield and 400/* hay yield over non-inoculated control (('handa ci ciL. 

1991). Maximum yields were obtained when lertilizers applied together with /kc(/w hlZOI)i urn 

inocula. Singha and Sarma (2001) reported that PJicobiwn inoculation significantly increased 

the number (2.2%) and mass (9.5%) of root nodules plant" compared to the control. \'leena 

Kumari and Nair (2001) reported that N content of fresh seed was 3.78% in the inoculated 

plants. while that in non-inoculated control was only 2.7%. Seed inoculation with 

Bra rhizobiwn significantly increased seed yield (0.98 t ha' in 2001. 27.0% increase over 

control and 0.75 t ha" in 2002. 29.00,'o increase over control) and stover yield (2.31 1 ha" in 

2001 and 2.04 t ha' in 2002) of niungbean. Bnuhr/nwbirnn inoculation also signiFicantly 

increased pods plant". seeds pod' and 1000-seed weight (Bhuiyan and Mian. 2008). 

In Bangladesh, few studies have been conducted on the effects of bio-fertilizers and 

chemical fertilizers on mungbean. Considering the above facts: present study has been 

undertaken with the following objectives: 

1. To observe the elThcts of Ibur flradvrJ,frohiwn strains on nodulation. growth. 

yield and nitrogen uptake by m Llnghean. 

If 	 2. To select most effective Brad vrl,izohin,,, strains for niunehean.- 

.7 
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ChAPTER Il 

REVIEW OF LiTERATURE 

Biofertilizers are cultures of microorganisms which benefit the plants bN providing 

nitrogen or phosphorus or rapid mineralization of organic materials. 01 the biofertilizers. 

Brath'rh/:ob/um is used in Bangladesh to sonic extent. However, only limited numbers of 

research works have so far been carried out on the use of different /Jrculvrl,izobium strains on 

mungbcan (V/gnu rod/am I..) and other pulse crops. Available inlormation on the 

contribution of Iiradt'rinzoh/um inoculation on niungbean and other legumes has been 

reviewed in this chapter. 

Eflbct of flrat,/u:obiu,n inoculation on different parameters of mungbcan and other 

legumes have been presented below: 

2.1 Effect of Rrnd;'r/:izabiun, inoculation on nodulation 

Sattar and Ahmed (1995) carried otti a held experiment on mungbean (V/gnu raidata 

L.) to study the response of inoculation with Thudyrli/zohiwn inoculants incorporating I3INA 

403. BINA 407, RCR 3824 and RCR 3825 strains as single and mixed cttlture. Ihey observed 

that /Jradyrhi:obiuni inoculation increased the number of nodules and nodule weight 

significantly compared to non-inoculated treatments. 

Bchari ci u/i (1995) carried out an experiment with Vigna rift/zulu cv. K85 I and 13165. 

Seeds were treated with 10 different Bradru/;i:ohiwn strains (applied alone or in pairs) and 

found that there was a significant interaction between different mixtures of strain and 

eultivars in terms of nodulation. Seed yields were generally improved by using multi-strain 

macu hints. 

.4 
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Patra and 13hattacliaryya (1997) carried out a field trial with Vigno un/law cv. 13-1 

jfradtr/n:of,iun, and urea (25 kg haS '). They Ibund that all treatments increased nodulation 

compared to control. [hey also reported that the highest nodules were obtained from 

Iiraclv,Inzo/nwn -r urea treatment. 

Das cIal. (1997) conducted fleld trials where Vigna radrasa cv. Nov agrah local seeds 

were inoculated with Rhiwhiwn and/or \'AM culture, applied at the rate of 15 kg ha'. They 

observed that number of nodules was increased with dual inoculation compared to non-

inoculated control. 

Goel ci al. (1997) carried out an experiment with Vigna radiaw cv. K85 I. where seed 

-4 
were inoculated with one or both of 2 hacteriocin-producing Rhi:ohiiun sirains. VRFI C.) (poor 

nodulating capacity) and VRF57 (superior nodulating capacity). \'Rl7 57 fewer nodules, but 

nodule hioniass was much greater in VRF57 treated plot than that of \'RFI 0. When the two 

strains were inoculated together. VRF57 formed a higher proportion of nodules than that in 

VRF 10 treatment, even when inoculated at a much lower ratio. This indicated that a factor 

other than hacteriocin affected its competitiveness. 

Sharma and Khurana (1997) studied the effectiveness of single and multistrain 

AL 

	

	
inoculants in field experiments with summer mungbcan variety SML 32. They found that 

number of nodules: nodule dry hio,nass and grain yield v,ere better in multistrain inoculants. 

On an average, single strain and multistrain R/;i:o/ilam inoeulants increased the seed yield by 

I O.4% and 19.3%. respectively, compared to the non-inoculated control. 

Ghosh and Pal (1998) carried out a poi experiment where soybean, groundnut. 

mashkalai. mung and lentil were inoculated with Iiradvrhizobiwn. !?aci//ns pvlvn;ixa and 

G/omusjàscicu!atwn in dittèreni combinations..hey found that nodulation and population of 

MA 
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microorganisms in the rhizosphere were highest from combined inoculation with all three 

microorganisms. 

Gupta a al. (1998) reported that nodule occupancy of /lraclvrhizvbiu,,, strain S 24 was 

increased by 60% over the non-inoculated control. 

Maldal and Ray (1999) conducted it field experiment where munghean cv. BIOS. B I 

and 1-loogly local were tintreated. seed inoculated with Jlrcrdyrhi:oI,ium and 20. 30, or 40 kg 

N ha' as urea were applied. The results revealed that nodulation was greatest with 

inoculation in 13105 and I Ioogly local while it was decreased by inoculation and N treatment 

in B105. 

Sharma ci al. (1999) conducted it field experiment in 1997/98 in Himachal Pradesh 

and V. inungu cv. Pant Ii- 19 where seed inoculated with one of eleven R/n:ohi,un strains or 

non-inoculated and applied with 0 or 20 kg N ha'. Seed yield was the highest on inoculation 

with a local strain (yield 1.30 I ha'). The application of 20 kg N produced higher seed yield 

(1.24 t haP') than no N (1.14 t ha'). Application of nitrogen and inoculation increased 

nodulation and nodule dry weight planf' 

Kavathiya and Pandey (2000) conducted a pot experiment with BraA'rhizubiimi on 

seed inoculation of mungbean and thund that nodule plant 1  increased significantly over non-

inoculated control. 

Sharma n ci. (2000) carried out a field experiment during kharif 1997 at Palamptir. 

liniaehal Pradesh. India where V mungo seed was inoculated with 1 of 9 Rii&obium strains 

and planted with 0 or 20 kg N had . Gro;1h. yield and dry matter accumulation increased with 

N application and Rhzizobiwn inoculation, with the local strain giving the best results. 

5 



Foniar ci ciL (2001) conducted a field experiment at the G.B. Pant tJniversity 

Research Station. lijhani. Uttar Pradesh. India. during k/writ 1994-95 to study the effect of 

R/v:o/,:u,n. vesicular arbuscular mycorrhiza (yAM. Glunazis cesle(loniwn) and phosphate 

solubilizing bacteria (PSB. P.ccudmnonas s/naN: strain P-27) inoculation, with and without P. 

on blackgram (Vigna mango) seed yield. Phosphorus application in soil with medium P 

content (5.4 mg kg') increased nodulation over no phosphorus control. Forty kilograms of 

P,th hat  recorded ,in increase of 20.6% in nodule dry weight. significant increases of 0.35 g 

in N concentration and 1.28 g kg' in P concentration of plant over 20 kg P20c ha' 

treatment. RJ;iwbiwn gave the highest and 21.0% more nodule number, 34.7% more nodule 

dry mass. 0.73 g kg-1  more N in grain and 4.2% higher grain yield over PSB treatment. 

A field experiment was conducted in Vamban. lamil Nadu. India by Nagarajan and 

Balachandar (2002) during the k/writ season of 1998 to study the effects of organic 

amendments on the nodulation and yield of blackgrani cv. \'amban 1. [he treatments 

consisted of R/n:ob:um ( straitis CRC 7 for blaekgram and CRM II for greengram) seed 

inoculation. IS t farmyard manure (FYM ha'), FYM i Rh&obiwn. 5 t compost ha4  (prepared 

from leaves and twigs of Sesbw,ia .cesban.S. grand:flora. (.nss/a fistula. Catha 

aurwulifaruzis, and Claricklia (Gliricidia) along with cowdung and rock phosphate). compost 

Is 

	

	

+ Rhizo/num, 5 t biodigested slurry ha'. and biodigested slurry -L l?/uzobiwn. In aeneral, 

inoculation of seed with R/zizobiwn and application of organic amendments enhanced root 

nodulation. Biodigested slurry at 5 I ha' -I Rhizobium gave the greatest plant height (42.7 and 

53.7 cm for blaekgram and greengrani. respectively), nodule number (23.3 and 24.0) and 

nodule weight (45.3 and 42.3 nig). 

13hattacharyya and Pal (2001) conducted a Field experiment in West Bengal. India, 

during the pre-k/iarif season to study the effect of /Jra€/yrhizo b/un: inoculation. P (at 0. 20 kg 

ri 



of summer greengrani had) and Mo (at O. 0.5 and I kg h&) on the number of nodules plant'  

cv. 1-44. Bracl;rhiwbiwn inoculation and application of P and Mo significantly influenced 

the number of nodules plant-'. 

Singha and Sauna (2001) conducted an experiment in India on hlackgrani cv. 1-9 to 

study the cfkct of different levels of P fertilization and R/?izobiu,1s inoculation of seeds on 

yield and nutrient uptake. /?hi:obium inoculation significantly increased the number (2.2%) 

and mass (9.5%) of root nodules plant' compared to the control indicaling increased 

efficiency of the crop to fix the atmospheric N. 

Meenakumari and Nair (2001) conducted a study in 7 different locations to evaluate 

I 
root nodulation and plant growth characters of cowpca. blackgrani and greengram and 

observed that root nodulation and plant growth characters of cowpea, blackgram and 

mungbean were uniformly better at category A locations. 

1 lie nodulation characteristics of 8 varieties of blackgram ( Vigna inungo) were 

studied by Reddy and Mallaiah. 2001. RIu:obiun, sp. was isolated from the T-9 ct,ltivar of the 

crop. ftc effect of three different methods of Rhizubium inoculation on the nodulation of 

htaekgrarn was studied. The initiation of nodules was early and the numbers of nodules 

a formed were more in the seed inoculation method than in soil inoculation or seedling 

inoculation methods. Three isolates of R/,i:obiun,, vu. VM isolate. AH isolate and sc; 

isolates, isolated. respectively from hlackgram. Anwhis hL•pogaea and Scs/,anrn grw,difioru. 

were used to study their effect on nodulation and nitrogen content of hlackgram cultivar T-9. 

In plants inoculated with the VM isolate. nodules appeared 12 days after sowing, and a 

maximum of 84 nodules plant' were found during the reproductive stage of (lie crop. The 

nitrogen content of the nodules at the reproductive stage was 4.5%. The nitrogen content of 

(he shoot was 1.9% at the vegetative stage (25-day-old plants). 3 .00/c, at the reproductive stage 

7 



(45-day-old plants) and I .0% at the harvesting stage. The nitrogen content of the fresh seeds 

IT 

	

	 was 5.78% in the inoculated plants. while that in non-inoculated controls was only 2.72%. 

l'he plants inoculated with (lie Al-I isolate showed better nodulation and nitrogen content 

compared to the plants inoculated with the VM isolate. However, the SG isolate completely 

titHed to produce nodules on blackgram. 

Sarkar ci al. (2002) inoculated the seed of hlaekgram with strains of Bradvrhi:obiu'n 

viz. M-10. 129-USA. 480-10. and MK-5 before sowing in a field experiment conducted to 

detennine the cultivars and !Imdi'r/iiwbium strain for suitable use in the locality. Cultivars 

IM-16 produced longer roots and higher root volume plani'. number of nodules plant' and 

test weight compared to A-43. The interaction effects between cultivar A-43 and 

Bmdi'rhi:abiuu; strain MK-5 resulted in the highest root volume planf (1.30). number of 

nodules plant" (7.03) and test weight (4.23 g). whereas the interaction effects between 

cultivar A-43 and Brady /zi:obiuu, strain 480-M resulted in the longest roots (14.72 cm). 

Correlation coefficient studies showed high correlation between seed yield and dry weight. 

and root weight. Root length and root volume were inversely correlated with test weight. 

Chatterjee and 13hattacharjee (2002) studied the efkets of inoculation with 

Brath'rhi:ohium and phosphate soIubiliing bacteria (PSB) on nodulation and grain yield of 

mungbean cv. B-I in field trial conducted in West Bengal. Seeds of mungbcan were 

inoculated with strains of R/zi:ohju,n. i.e JC:a- I and M- ID strains, at a population ol' 28.20 x 

100  and 32.66 x lOb  cells niL'', respectiveI. phosphate solubilizing bacteria containing 

Bacillus pulymyva and /'seudomonus sir/ala at a population of 7 x I 
O  cells mL" at the time 

of the sowing. The plants inoculated with Brad rlu:ohiu,n strains and PSB showed increased 

rate of nodulation and N content. The percentage increase in seed yield over control was 

observed to be highly significant in plants inoculated with Iiradvrhizobiwn strains and PSI). 



Sriramachandrasckharan and Vaiapuri (2003) conducted a pot culture experiment to 

study the effect of carbofiiran in association with R/,izobiu,n on the nodulation. growth. and 

yield of blaekgrani cv. ADT 3. R/il:ohium-inocu!ated hlackgrani showed better nodulation 

than the non-inoculated crop. 

Osunde ci al. (2003) tested the response of two munghean cultivars (T6X1456-2E) 

and ic;x 1660-I 9F) to /JracArlzbobium inoculation in a two year trials in the farmers Fields or 

Nigeria. The effect ofctiltivar on plant height and nodulation number was significant only in 

the first cropping season of the trial. Inoculation with Bradyrhizobizun increased 40% seed 

yield in the first cropping season. while no such yield differences occurred in the second 

season. The proportion of nitrogen derived from nitrogen fixation ranged from 27% to 50% 

in the both cropping seasons and this was dependent on crop management on the farmer's 

field, rather than any cuttivar or inoculation effect. 

A study was conducted by Kumari and Nair (2003) to isolate efficient native strains of 

lthi:o/iwn or Ijrathrhi:obiw,; spp. and to develop suitable package of practices 

recommendations for their efficient use. [he initial isolation of Brathrhizcbium spp. was 

done from seven different locations in Kerala. India, where the soil was generally acidic in 

1.4 

	

	
nature. A total of 26 isolates (13 each from blackgram (Vigna InliUgo) and greengram (V 

radiatci) were collected and were screened for nodulation efficiency. The experiment was 

conducted in complete randomized block design with three replications for each isolate using 

unsterilized soil of p1-1  4.89 without any amendments such as applications of FYM or 

chemical fertilizers. The experiment also repeated tinder amended soil conditions. The 

selected isolates were flirther evaluated under Field (Vellayarii and Kayamkulam) conditions 

along with a package of practices recommendation (POP) developed by the Kcrala 

Agriculttiral University. The extent of root nodulation. plant growth and yield were more in 
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blackgram and greengram where F?radyr/n:o/mun inoculation was done along with the POP 

recommendation. At Vellavani. the nodule number. plant dry weight and yield in blaekgram 

were significantly high in the treatment combination of 1101' KA-F-l3-6. At Kayanikularn. 

significant increases were obtained only in nodule number. nodule dry weight and yield. The 

results indicated that for acidic soils, the mere development of efficient native strains of 

Rhizohium or Brach'rhi:obium alone was not sufficient but it should be along with a package 

of practices recommendation consisting of application of organic manure and liming to 

neutralize the soil pH. 

An experiment was carried out by Bhuiyan ci at (2005) with five munghean varieties 

1 	 with or .vjthout Brtulvr/u:ubizetn at l3angladesh Agricultural I)niversity l'ann during kharif-1 

2001 and khanf-I 2002 seasons to find out the time of nodule initiation. nodulation pattern 

and their size distribution. Five mungbean varieties used were BARI Mung-2. BARI Nlung-4. 

BARI Mung-5, BINA Mung-2 and l3arisal local, and rhizobial inoculum (ThT(tyr/n:o/'ium 

strain BAUR-604). A few small nodules were first visible at 9 DAS. The number of nodules 

increased progressively with the increasing growth period and reached the peak at 42 DAS 

(i.e. at 50% flowering stage). Inoculated plants recorded higher number of nodules than non-

inoculated plants at all the sampling dates. The results suggested that nodule initiation in the 

roots of rntingbean varieties started at 9 days of sowing seeds (DAS), reached the peak at 42 

DAS and thereafter started reducing in numbers until 70 DAS due to spontaneous 

degeneration. 

Bhuiyan ci at (2006) carried out a field study with five munghean varieties with or 

without Bradyrhi:obium at Bangladesh Agricultural UniversitN Fztrm during k/jail/LI 2001 

and kharif-1 2002 seasons to observe nodulation pattern and nodule dry matter production at 

different growth periods of mungbean. They found that inoculated plants produced 

-A 
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significantly higher nodule number (17.51 pSi' in 2001 and 17.61 plant" in 2002) at 42 

DAS compared to non-inoculated plant c11.35 plant" in 2001 and 11.52 plant' in 2002). The 

lowest number of nodules (3.50 plant' in 2001 and 3.47 plant 1  in 2002) was produced at 14 

DAS with non-inoculated plants. 

l3huiyan clot (2007a) carried out in experiment with live munghean varieties with or 

without thmhrl,i:ohiwn at Bangladesh Agricultural University Farm during k/tan/I 2001 

and k/tar/f-I 2002 seasons to tind out the time of nodule initiation. nodulation pattern and 

their size distribution. The number of nodules increased progressively with the advancement 

of growth period and reached the peak at -$2 DAS (i.e. at 50% flowering stage). The 

.4 

	

	 development ol number of nodules of 21 mm size started to decline sharply after 42 DAS 

and in ease of c2 mm size nodules. the declining was noticeable after 56 l)AS, while the 

bigger nodules were increased up to 63 DAS. The results suggested that nodule initiation in 

the roots of mtingbean varieties started at 9 days after sowing seeds (DAS), reached the peak 

at 42 DAS and thereafter started reducing in numbers until 70 DAS due to spontaneous 

degeneration. Higher number of nodules of different sizes (<2.0 mm. 2.14.0 mm and >4 

mm) was observed in I3ARI mung-2 at different DAS in both the years. Bradvr/,i:ob!wn 

inoculation produced 8.8 (<2.0 mm). 8.5-8.6 (2.1-4.0 mm) and 0.2-0.4 (>4 mm) nodules 

plani'. while non-inoculated plant produced 5.7 (<2.0 mm), 5.6 (2.1-4.0 turn) and 0.1-0.2 (>4 

mm) nodules plant-'. 

Bhuiyan and Mian (2007) conducted experiments with or without l3radvr/n:ohiu,,, in 

five mungbean varieties at Bangladesh Agriculitiral University Farm during k/tar/fl 2001 and 

k/tar/f-I 2002 seasons to observe nodulation. biomass production and yield of mungbean. Five 

niungbean varieties viz. 13A1t1 Mung-2, BARI Mung-4, I3ARI Mung-5. BINA Mung-2 and 

Barisal local, and rhizobial inoculum (Bradvr/il:obiztm strain BAUR-604) was used for the 

-q 



study. Application of Brw/vrh&uI'iun, inoculant produced signi lieant effect on nodulation, 

shoot dry weight, seed and stover yields. Seed inoculation significantly increased seed (0.98 

ha' 1  in 2001, 27% increase over control and 0.75 t h'a' in 2002, 29% increase over control) 

and stover (2.31 t ha" in 2001 and 2.04 1 ha" in 2002) yields of rnungbean. Inoculated BARI 

Mung-2 produced the highest nodutalion. dry matter production, seed and stover yields. 

2.2 Effect of Bradt'rhizohium inoculation on dry weight 

Shukia and Dlxii (I 996a) laid out a field trial to study the response of summer 

niunghean to R/n:olnun, inoculation. IThtobiuin inoculation delayed 50% flowering. whereas 

it increased number ofbranclies plant''. plant height and the dry matter aecuniulation. 

Kavathiya and Pandey (2000) conducted a pot experiment with Rhizobiun, on 

mtingbean (Vi,via rcuIiaia cv. K 851). They reported that maximum seed germination 

(96.6%). plant height (24.6 cm). fresh shoot weight (5.33 g). fresh root weight (4.42 g) and 

nodulation (69 healthy nodules plant") was recorded in the Rhizobium inoculation treatment. 

Chowdhury ci al. (2000) carried out a pot experiment during khur/' in 1995 with 

mungbean in Salna, l3angladesh where mungbcan line NM-92 was inoculated with 

Rhizobjuin strain TAL 303. l'hey found that dry matter production was increased by about 

50% titie to !JradvHu:obiwn inoculation. 

Sharma et a?. (2000) carried out a field experiment during khurif 1997 at I'alampur. 

I liniachal Pradcsh. India where [ mungo was seed inoculated with I of 9 R1,i:obi11m strains 

and applied with 0 or 20 kg N ha1. Growth, yield and dry matter accumtilation increased with 

N application and Rhizobinin inoculation, with the local strain giving the best results. They 

found that dry matter prodtietion was increased by about SO% due to Drad,vhi:ohiu'n 

inoculation. 

-I 
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l3hatiacharyya and Pal (2001) conducted a held experiment in \Vest Bengal, India. 

1 	 during the pre-kJzarf season of 1998 to study the etl'eet of 1?/n:oliuni inoculation and 

reported that inoculation significantly influenced the number of nodules plant". dry matter 

accumulation in the shoot, crop growth rate and Plain height. 

Rhuiyan ci at (2007b) carried out tield studies with five mungbean varieties with/ 

without !Jrachrhfrobiun; inoculation at the Bangladesh Agricultural University Farm during 

khari/l 2001 and k/zap/f-I 2002 seasons to observe shoot dry matter production and nitrogen 

uptaIe by mungbean at dihierent growth stages. Significant improvement was observed 011 

dry matter production and nitrogen uptake. /Iradi'riilzohiwn inoctilant significantly increased 

dry matter production. The highest dry matter production plant' at 77 DAS was recorded in 

Iipadjrinth bin,,, inoculated tilots. Inoculated Barimung-2 produced the highest shoot weights. 

i3huiyan and Mian (2007) c.ondticted experiments with or without Thadvrin:ohium in 

five munghean varieties at Bangladesh Agricultural University Farm during k/zarif-1 2001 and 

kIzarif-! 2002 seasons to observe nodulation. hioniass production and yield of mungbean. Five 

mungbcan varieties viz. I3ARI Mung-2, BARI Mung-4. I3ARI Mung-5. B[Ni \1ung-2 and 

Barisal local, and rhizobial inoculum (Bnu/vrhirobiwn strain BAUR-604) was used for the 

a 	 siLidy. Fach variety was tescd with or without RIn:ohiwn inoculation. Application of 

iiradyrhi:obiunz inoculant produced significant effect on nodulation. shoot dry weight. seed 

and stover yields. Seed inoculation significantly increased seed (0.98 t had in 2001. 27% 

increase over control and 0.75 t ha in 2002. 29% increase over control) and stover (2.31 1 

ha' in 2001 and 2.04 t ha' in 2002) yields oirnungbean. lnoculatcd BARI Mung-2 produced 

the highest nodulation. dry matter production. seed and stover yields. 
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2.3 Effect of Brad,'rI,izobiwn inoculation on plant height 

Thakur and Panwar (1995) conducted a field trial where seeds of J'zgna rod/ago cv. 

Pusa- 105 and I'S-lb were inoculated to observe the etkct on plant height. They found that 

inoculation either singly or in combination increased plant height compared with no 

inoculation. 

Das ci al. (I 997b) carried out a ticld trail where Vigna rat/law cv. Nayagrah local 

seeds were inoculated with Rhi:ohiwn and/or VA,%,I culture which was applied at IS kg ha' 

They Found that shoot and root lengths were increased with dual interaction compared with 

uninoeulated control. 

Sharma (2001) conducted a field experiment in Palampur. Himachal Pradesh. India 

during the khanj season. Seeds of mungbean cv. Pusa I3aisakhi were inoculated with three 

Strains of i3radt'rlzfrohinm culture (Ludhiana. local isolate and IARI). 1 he various 

physiological and yield paranwlers of niunghean were evaluated. Crop growth rate. relative 

growth rate, days to 50% flowering, days to maturity was at maximum when munghean seeds 

were treated with the local isolate. 

l3hattacharya and Pal (2001) conducted a held experiment in West l3engal. India 

during the pre-/thar[season (February—May) to study the effect of Rlnobium inoculation. P 

and Mo on the growth at summer greengram. Crop growth rate was evaluatcd at 60 and 80 

days. Inoculation of rhizobial inoculum and application of P and Mo influenced maximum 

crop growth and plant height compared with control. Maximum growth was obtained in 

iThizohiwn treatments combined with P and Mo at 40 and 0.5 kg ha', respectively. 

Nagarajan and Balachandar (2002) conducted a field experiment to observe seed 

inoculation of Ri,i:o/ilum and application of organic amendments enhanced bioniass. root 

'4 
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undulation and grain yield. Bio-digested slurry at St ha" - R/iin'biz,i,z produced the greatest 

plant height (44.7 and 53.7 cm lbr blackgram and greengram. respectively), nodule number 

(23.3 and 24.0), nodule weight (45.3 and 42.3mg). and grain yield (758.3 and 732.0 kg ha4 ). 

Malik ci al. (2002) studied the elibets of seed inoculation with Riuzohiwn and P 

application (at 0. 30. 50. 90 and 110 kg ha") on the growth. seed yield and quality of 

mungbean cv. NM-98 in a field experiment conducted at Faisalabad in Pakistan during the 

autumn of 2000. Plant height at harvest was highest when inoculated with Bn,dw/;i:obinni 

(68.13 em). 

Srinivas and Shaik (2002) conducted a field experiment to find out the effects ofN (0. 

20. 40 and 60 kg ha") and p (0. 25. 50 and 75 kg ha1) along with seed inoculation with 

Rhi:ohium culture on the growth and yield components of greengram. Plant height generally 

increased with increasing rates of P and with increasing rates of N up to 40 kg ha" followed 

by decrease with further increase in N. 

Ashraf ci al. (2003) conducted a field experiment to observe the effects of seed 

inoculation oN hiofertilizer and NPK application on the perfbrmancc of mungbcan cv. NM-

98 studied in Faisalabad. Pakistan. The treatments consisting of the seed inoculation of 

-a 

	

	
Bmdw'hi:obium pluiseoli singly or in combination with 20:50:0. 40:50:0. 50:50:0. or 

50:50:50 kg NPK ha'' (urea). P (single superphosphate). and K (potassium sulphate) were 

applied during sowing. The tallest plants (69.93 cm) were obtained with seed inoculation I 

50:50:0 kg NPK ha". 

2.4 Effect of Bradyr/iizobiwii inoculation on yield and yield attributes 

l3halu ci al. (1995) codueted a field experiment dtiring the rainy season of 1990 at 

iunagadh. Gujarat with hlackgram (Vigna "j'R°)  and seed was inoculated with Rhizohiwn 

Ar 
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or not inoculated and fertilizer dose applied 10,200130kg N and 20,40 or 60kg P205 ha*t. 

Seed inoculation increased seed yield (471 vs. 434 kg ha"). Seed yield increased with up to 

20 kg N (yield 464 kg) and 40 kg P205  (yield 475 kg). N and P uptakes and seed protein 

content increased with increasing N and 1' rates. Net  return was highest with seed inoculation. 

Saner and Ahmed (1995) carried out a field experiment at the flirni of Rajbari. BARI. 

Dinajpur on munghean inoculated with Brathrhiwbi,u,i and reported significant increase in 

hay and total protein yield. 

l3ehari es at (1995) carried out an experiment with i'igna rat//ala cv. K85 I and B165. 

Seeds were treated with 10 different Iiradvrhizohiwn strains (applied alone or in paris) before 

sowing and found that, there was a significant interaction between dilkrent mixtures of strain 

and cultivars in terms of nodulation. Seed yields were generally improved by using multi-

sLrain inoculants. 

Shukla and Dixit (1996) conducted a field experiment where greengram cv. l'usa 

h3aisakhi seeds inoculated with Risizahiwn or not inoculated were sown in rows, 20. 30 and 

40 cm apart and applied with ftrtihizer 0-60 kg P20< ha'1. They found that seed inoculation 

increased seed yield. 

Sharma and Khurana (1997) studies the etlectiveness of single and multi-strain 

inoculants in field experiment with summer mungbean variety SMI.-32 and found that grain 

yield was superior in niulti-strain inoculants treatment. On an average, single strain and 

multi-strain Rhi:obiun, inoculants increased the grain yield bs 10.4% and 19.3°/u over non-

inoculated control, respectively. 

Paul (1999) conducted a pot experiment where rnungbean cv. P5-16 seed was 

inoculated singly with 5 Rhizobi,wi strains and cultivated under 3 water regimes. She found 

rol 



that seed yield was not increased by inoculation under excess water or normal irrigation 

14 	 conditions: rather seed yield was increased by inoculation. 

Provorov ci aL (1998) observed that seed inoculation of mungbean (Vigna rat/iota) 

strain ClAM 1901 augmented the herhage mass by 46.6%. seed mass by 39.2%. 1000-seed 

weight by 16%. seed N content by 58.3%, seed starch content by 30.0% and number of root 

nodules by 254%. 

Patra and Shattacharysa (1998) conducted a pot experiment to assess the efIècts of 

Rhcolnuin inoculation on seed of Vigna rat/iota cv. 131. they observed that plants grown 

rron) inoculated seeds exhibited significantly high root and shoot weights compared to the 

non-inoculated control plants. From a field trial, they also reported that plants from seeds 

inoculated with R1,izobium plus urea fertilizer dressing produced significantly high yield 

compared to the control. 

Thakur (1999) conducted field experiments at Tendani. Chhindwara (Madhya 

Pradesh) during the rainy seasons of 1991 and 1992 to evaluate (he effects of P. S and 

!Thkn/,iwn on growth and yield of hlackgrani. Inoculation of Ruiizobiwn culture on the 

surface of dry seeds lefore sowing helped to improve the seed and straw yields. Significant 

increases in seed and straw yields were observed by application of up to 40 kg P2O and 20 

kg .5 lia. mainly due to improvement in plant height. branchcs plant4  and pods plant'. 

lipadhyay et al. (1999) conducted a field experiment where green gram seed was 

inoculated with Rhi:ohiwn plus non-inoculated control and dressed with 0-60 kg P105  lni'. 

They observed that seed yield was higher in RIii:obiwn inoculation (2.02 vs. 1.87 t ha 1)  and 

the fertilizer up to 40kg P205 (2.01 t had) treatments. 

-4 
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Sharma et at (2000) carried out a field experiment during kharif 1997 at Palampur. 

Himachal Pradesh. India where r inungo seed was inoculated with I of 9 Rhi:obiuns strains 

and dressed with 0 or 20 kg N hzi'. Growth. yield and dry matter accumulation were 

increased due to N application and Rlrizohiun: inoculation, the local strain produced the best 

results. 

Sharma (2001) conducted a 1kW experiment in Palampur. Ilimachal Pradesh. India 

during the khunj season on mungbean cv. Pusa F3aiosakhi inoculated with three strains of 

/Jradyr/,i:ohiu,n culture. The various physiological and yield parameters of mungbean were 

evaluated. Crop growth rate, relative growth rate. days to 50% Ilowering, days to maturity 

and seed yield was at maximum when mungbean seeds were treated with local isolate of 

Bradvrinobi inn. 

I3hattacharyya and Pal (2001) conducted a field experiment in \Vest Bengal. India 

during February—May to study the elfeet of Rhi:obinni inoculation. P and Mo on the growth 

of summer greengram. Inoculation of Riiiwbiuin intluenced maximum seed yield in 

comparison to control. 

El-Kramany (2001) conducted a pot trial to investigate the combined inipact of 
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biological (B,vthi/,i:obiznn v/gnu and Azosobacter vine/mu/if) and Nl'K lIrtilizcrs (25. 50 

and 100%) on mungbean cultivars (Kawmy-l. VC-4. VC-9 and King) and Ibund that the 

combined application nIB. v/gnu and A. vinelatulfi increased seed yield. 100-seed weight and 

biological yield of mungbean significantly over non-inoculated control. 

Nagarajan and l3alachander (2002) conducted a field experiment during the k/uir?f 

season to stud>' the effects of Bradyrlzi:o/;iwn and organic amendments on nodujation and 

yield of blaekgrani cv. Vamban- I. The treatments consisted of liradythizobium (strain CRtJ- 

I 
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7) for hlackgram and CRM II (for greengram) seed inoculation. 15 I FYM hi' and FYM 

1 	 Brw/ir/:i:obium. 5 t compost hi1. Seed inoculation with Bradyrhi:ohiu,;z and application of 

organic amendments enhanced hiomass. rout nodulation and grain yield. 

Fomar ci al. (2001) conducted a field experiment at the G.B. Pant University 

Research Station. Ujhani. Unar Pradesh. India. during Itharif 1994-95 to study the effect of 

Riuwbiwn. vesicular arbuscular mycorrhi?a (VAM. (i/owns ca/edmuwn) and phosphate 

soluhilizing bacteria (PSB. Psc,a/cnnonns climb strain l'-27) inoculation, with and without P. 

on hlackgrani (Vigna inungo) seed yield. Phosphorus application in soil with medium P 

content (5.4 mg kg') increased nodulation. grain yield. N and P in plant and grain over no 

phosphorus control. Application of Ibriy kilograms of P205  per hectare recorded all increase 

of 20.6% in nodule dry weight. significant increases of 0.35 g kg' in N concentration and 

1.28 g kg' in P concentration oF plant over 20 kg P205  ha' fertilizer dose. Similar significant 

increases of 0.59 g 	in grain yield and 0.54 and 0.23 g kg" in N and P concentrations of 

the grain, respectively were also obtained with higher dose (over 20 kg P2Oc  hi'). 

Inoculation of Rhiwlnun, 1 VAM ± ['SB at all the stages of plant growth recorded maximum 

increases in all the parameters studied. Inoculation of R/;i:ohiu,n resulted in the highest and 

2 1.0% more nodule number. 34.7% more nodule dry mass. 0.73 g kg" more N in grain and 

4.2% higher grain yield over P513 treatment. 

Srinivas and Shaik (2002) studied the effects ofN (0,20,40 and 60kg hi') and P (0. 

25. 50 and 75 kg hi') along with seed inoculation with R/ii:obium culture on the growth and 

yields components of greengram. The field experiment was conducted during the kharil 

season. Number of seeds pod". 1000-seed weight. seed and haulm yields were significantly 

increased. Seed inoculation csith Riiiwbmum resulted in higher values for the parameters 
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measured relative to the control. The interactions effects between N and P were not 

significant in the case of number olpods 	pod length and seed haulm yield. 

Malik a al. (2002) reported the effects of seed inoculation with Rhfru/,iun, and P 

application (at 0. 30. 50. 90 and ItO kg ha') on the growth. seed yield and quality of 

munghean cv. NM-98 in a field experiment conducted in Pakistan. Seed inoculation with 

RIii:obhan and application of 70 kg ha') resulted in the highest number of pods plant' 

(22.47). number of seed pod' (12.06). 1000-seed weight (42.27 g) and seed yield (1158 kg 

('erveen ci al. (2002) conducted a field experiment to obsene the efkcts of 

-4 
rhizospheric microorganisms on growth and yield of greengrani (I'hwjealus rae/law). the 

treatments were single. dual and combined inoculants of I$rathr/ziwbiun,..4:otohacfc'r 

c/iroococcwfl and Aspc'rgi/lus. The maxiniuni root dry,  weight (0.37 g plani') and seed yield 

(6.6 g plant') were observed with single liradvrlzi:obiz,m sp. 

Ashraf ci ci. (2003) conducted a field experiment to observe the effects of seed 

inoculation of a biofcrtilizer and NPK application on the performance of munghean cv. NM-

98 at Faisalabad in Pakistan. Seed inoculation + 50:50:0 or 50:50:50 kg hi' resulted in the 

3 	
highest number of pods plant' (28.97. 56.00. 63.90 and 32.56. respectively) and seed yield 

1053. 1066. 1075 and 1072 kg ha'). Harvest index was the highest with seed inoculation in 

combination with NPK and 40:50:0 (25.23). 50:50:0 (24.70) or 50:50:50 (27.5). The effect of 

seed inoculation along with Nl'K at 30:50:0 kg ha') was optimum fbr the production of high 

seed yield by mungbean cv. NM-98. 

Sriramachandrasekharan and Vaiyapuri (2003) coducted a pot culture experiment to 

study the effect of carbolliran in association with Risbohium on the nodulation, growth. and 

if 
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yield of hlaekgram cv. AD1' 3. Plant height (40.3 em). number of nodules plantd  (36.4), 

effective number of nodules plant4  (24.5). nodule dry weight (20.2 g). root length (23.5 cm), 

shoot weight (0.82 g), root weight (0.32 g), number olpods pot1  (18.2), pod yield pot1  (55.6 

g), root weight (0.32 g), and stover yield pof' (90.1 g) was the highest in 2.50 ppm 

carhofuran applied treatment and decreased thereafter with further increase in carhofuran 

concentration. Irrespective of the levels of carhofliran. /?/,iwhiwn-inoculated blackgram 

showed better growth and higher pod yield (50.3 g) and stover yield pof (81.1 g) than the 

uninoculated crop. 

l3huiyan and Mian (2007) conducted experiments with and without J3radrhi:ohi1am 
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	 in five rnungbean varieties at Bangladesh Agricultural University Farm during kIiarifI 2001 

and kI,arif-1 2002 seasons to observe nodulation. biomass production and yield of munghean 

and reported that application of Thw/trl,izvhium inoculant produced significant effect on 

nodulation, shoot dry weight, seed and stover yields. Seed inoculation significantly increased 

seed (0.98 t ha" in 2001. 27% increase over control and 0.75 t ha" in 2002. 29% increase 

over control) and stover (2.31 t ha" in 2001 and 2.04 t ha' in 2002) yields of mungbean. 

Inoculated E3ARI Mung-2 produced the highest nodulation, dry matter production, seed and 

stover yields. 

r 

Shil es aL (2007) reported that the highest seed yield, plant height, pod length. pods 

plantL seeds pod". 1000-seed weight were highest in full doses of fertilizers while control 

plants recorded the lowest yield and also other parameters. 

Rhuivan et aL (2008) carried out field studies with and without Iiradyrhi:obiwn with 

five munghean varieties to observe the yield and yield attributes ofrnunghean. They observed 

that application of Brw/ r/n;obiutn inoculant produced significant effect on seed and stover 

IV 	
yields. Seed inoculation significantly increased seed (0.98 t ha" in 2001. 27% increase over 
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control and 0.75 i ha in 2002, 29% increase over control) and stover (2.31 t ha' in 2001 and 

2.04 1 ha' in 2002) yields of tnunghean. /Jradvrhi:obiwn inoculation also significantly 

increased pods plant". seeds pod' and 1000-seed weight. Inoculated I3ARI Mung-2 produced 

the highest seed and stover yields as well as other yield attributes such as pods plan(' and 

seed pod". 

2.5 Effect of Brad;'rI,izobiwn inoculation on nitrogen content and it's uptake 

Bhalu ci al. (1995) conducted a field experiment during the rainy season of 1990 at 

Junagadh. Gujarac with blackgram (I7 gm: mango) tising Ithizolilmu inoculation and 10. 20 or 

30 kg N and 20. 40 or 60 kg P-05 ha4  fertilizer levels. Seed inoculation increased seed yield  

(471 vs. 434 kg ha4 ). Seed yield increased by applying with up to 20 kg N (464 kg) and 40 

kg 11:05 (475 kg). N and P tiptakes and seed protein content increased with increasing N and 

P rates. Net  return was highest with seed inoculation. 

Shanna ci al. (1999) conducted a field experiment in 1997/98 in Ilimachal J'radesh 

with V mango cv. Pant U- 19 and reported that though the result was not signi licant but a 

slight improvement in protein content of seed and straw were observed over control. 

Srivastav and Poi (2000) conducted field experiments to determine the symbiotic 

	

A 	
elliciencies of greengram (V raduila) and hlackgram (V. mango) tiller inoculation with a 

native Jlradii/,i:o/;ium strain and the residtial effects of 7 I$radyrhi:obiw,, strains (NC- 13/I. 

10. Ktithi AR-I. Jea- I. Caj-3. NK-4 and Caj6/l ) in netitral p11 soil, in Mohanptrr. West 

Bengal, India. Variations in symbiotic N lixation ofgreengrani and blackgram were observed 

dtte to the effect of the host and inoculant strains. Inoculation with Ni-I 0 strain in grcengrarn 

resulted in the highest dry matter production and nitrogen fixation, while inoculation with 

NK-4 into blackgram resulted in the highest nitrogen uptake and grain yield. The residual 

	

IV 	
potentialities olthc 7 strains were very low in subsequent seasons: however, strains Ni-lU and 
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NK-4 were better than the other strains, this was due to their higher adaptive nature and 

competitiveness over the native strains. 

Tomar et (II. (2001) conducted a field experiment at the G.B. Pant University 

Research Station. Ujhani. Uttar Pradesh. India, during kharif 1994-95 to study the effect of 

Rhi:ubwm. vesicular arhuscular mycorrhiza fl1AM. G/wnus eulc'(Ionhem) and phosphate 

solubilizing bacteria (Nil. I'seudomonac afriata strain P-27) inoculation, with and without P, 

on blackgram (Vigius snungo) seed yield. Phosphorus application in soil with medium P 

content (5.4 mg kg'') increased nodulation. grain yield. N and P content in plant and grain 

over no phosphorus control. Forty kilograms of 11205  ha" recorded an increase of 20.60/o in 

.4 

	

	 nodule dry weight. significant increases of 0.35 g kg-' in N concentration and 1.28 g kg" in P 

concentration of plant over 20 kg P:()s  ha" fertilizer dose. Similar significant increases of 

0.59 g kg" in grain yield and 0.54 and 0.23 g kg"' in N and P concentrations of the grain. 

respectively. 'scre also obtained with higher dose (over 20 kg P20c ha"). Inoculation of 

RIsi:obiwn yAM + P513 at all the stages olplant growth recorded maximum increases in all 

the parameters studied. Inoculation of R/:i:obium resulted the highest and 21 .O% more nodule 

number. 34.7% more nodule dry mass. 0.73 g kg' more N in grain and 4.2% higher grain 

yield over PSB treatment. 

-a 

Pcrvecn ci (1/. (2002) conducted a Field experiment to observe the effect of 

rhizospheric microorganisms on yield and N. I' and K uptake of green gram (P1,aseolus 

,'(Iiu(a). The treatments were single, dual and combined inoculants of Brcu/t'r/u;ohiwn. 

Azotuhucer chroococcsun and A.spergillux. The eflëcts of the rhizospherie microorganisms on 

the N. I' and K uptake were also increased significantly. 

Chatteriec and 13hattacharjee (2002) studied that plants inoculated with 

Ir 	 J3radvr/u:obium, strains and Nil showed increased rate of nodulation and N content. 
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Bhuiyan ci at (20076) carried out field studies with live mungbean varieties with! 

without Ilradi'rhi:obiwn inoculation at the Bangladesh Agricultural University Farm during 

kIiarf I 2001 and kharif-I 2002 seasons to observe shoot dry matter production and nitrogen 

uptake by mungbean at different growth stages. They observed significant variation on dry 

matter production and nitrogen uptake among the mungbean varieties. Plants from seed 

inoculated with Brathrhi:obiwn significantly increased dry matter production and N uptake 

at 77 DAS. Inoculated I3ARI Mung-2 produced highest shoot weight and N uptake 

efficiency. The sequential analysis of plant samples of SARI Mung-2 on N concentration 

should the highest in most of the sampling dates and the N uptake efficiency was also the 

highest all through. Munghean variety Barisal local ranked the lowest in respect of uptake of 

nitrogen from the atmosphere. 

-V 
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CHAPTER III 

M,Vl'ERIALS AND METHODS 

This chapter deals with the experimental aspect of the work. The materials used and 

methods Ibliowed in perlorming this experiment has been presented in this chapter. This 

offers brief description of soil, experimental design. chemical krtilizer, intercultural 

operations and statistical analysis. 

3.1 Site and soil 

this experiment was conducted in the Soil Science Field l..aboratory of the 

l3angladesh Agricultural Research Institute. Joydehpur. Gazipur during the period From 

a 
March to June 2007. The morphological characteristics of the land are presented in Table 3.1. 

and the physical and chemical characteristics of'the soil are presented in Table 3.2. 

Table 3.1. Morphological characteristics of the experiment field 

F5ARI farm 
Locality 	- 	 ipur 
Geographic position 	 24.09° North Latitude 

90.5°  Ecast Longitude 
8.2 m heittht above the mean sea leve 

Agro-ecological zone (FAO and UNDP.[&ladhupur Tract (Al7.-28) 
1988)   

A 	 General soil type 	- 	Shallow Grey Terrace Soil 

laxonomic soil classification: 
Order 
Sub-order 
Sub-group 
Soil series 

F 

Inceptisols 
Aquept 
Aeric Albaquepi 
C.hhiata 
Madhupur terrace 
Fairly level 

Above f:lood  lev 

a 



BAItI farm 

27.4 
33.3 
39.3 

Clay loani 

Grey 
Sticky and mud when wet 

6.2 
18.4 
0.21 
10.42 
7,3" 
0.1 
0.9 
0.0 
12. 
14. 
1.71  

0.6' 
16.: 

Table 3.2. Physical and chemical characteristics of the soils 

.4 

- 	Characteristics 
Mechanical fractions: 

% Sand (0.2-0.02 mm) 
% Silt (0.02-0.002 mm) 
%clay (C  0.002 mm) 
textural class 

C_dour 
Consistency 
p11(1:2.5 Soil-Water) 
(TI.: (emol kg") 
Exchangeable K (cmol kg') 
Exchangeable Ca (emol kg') 
Exchangeable Mg (emol kg") 
Exchangeable Na (emol kg") 
Organic C (%) 
Total N (%) 
Available P (mg kg'') 
Available S (tug kg'') 
Available Zn (ing kg') 
Available Cu (mg kg') 
Available Fe (mg kg") 
Available Mn (m 

3.2 Collection of soil sample 

'lhree composite soil samples were collected from a depth of 0-IS cm taking one from 

each block immediately before tèrtilizer application. Each composite sample was air dried 

and ground to pass through a 10 mesh sieve and stored in polythene bags for mechanical and 

chemical analysis. 

3.3 Climate 

The climatic condition of the experimen(al area was characterized by high 

temperature and heavy rainfall during k/iarjf season (March-September) and low rainfall and 

moderately low temperature during re.zhi season (October-February). 

3.4 c:rop 

Summer niungbean ( Vigna rat/iota L.) variety I3ARI Mung-5 was used as the test 

AL 

crop. The seeds of mungbean were collected from Soil Science Division. RARI. Joydebpur. 
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Cripur. The seeds were healthy. pulpy. well matured and free from mixture of the other 

seeds, weed seeds and extraneous materials. 

33 Variety 

The salient characteristics of BAR I \'lLLllg-5 are presented below: 

BARI released BARI Mung-5 in 1997. Plant height of this variety ranges from 40 to 

45 cm and seeds are deep green in colour. One thousand seed weight is about 40 to 42 g. The 

variety requires 55 to 60 days to mature, and average yield is 1200 kg ha". It is resistant to 

cercosjoi'ci leaf spot and tolerant to yellow mosaic virus (I3ARI. 1998). One of the main 

characteristics of the variety is synchronization in pod ripening in the summer season. 

4. 

3.6 Land preparation 

The land was opened on 01 March 2007. Ploughing and eross-ploughing were done 

with disc ploughs and harrows. and then well prepared by ploughing and cross-ploughing 

with the country plough followed by Jaddering uniformly. Weeds and stubbles were collected 

and removed. Plots were made by raising hunds. Land preparation was completed on 07 

March 2007 to make it ready for sowing. 

a 	 3,7 Fertilizer application 

After making the lay out of the experiment. the lands were fertilized on 06 March 

2007 with 22. 42. 20, 5 and I kg ha" of P. K. S. Zn and B in the form of triple 

superphosphate ('l'SP), muriale of potash (MOP). gypsum. zinc sulphate and boric acid. 

respectively. No nitrogen as chemical fertilizer was applied in this experiment. 

3.8 Treatment under investigation 

The experiment consisted of the lollowing six treatments. These were as follows: 

y 
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Treatments: 6 

I) 	F1: Inoculated with &advrhizobium strain BARI RVr-401 

1': Inoculated with Braclvrhizobiwn strain BARI RVr-402 

i'3: Inoculated with Brc,c/vrlzjzobiupi strain BARI RVr-403 

14: Inoculated with &advrhiwbIum strain BARI RVr-404 

Ic: Mixed culture olsirain BARI RVr-401. BARI RVr-402. BARI RVr-403 
and BARI RVr-404 

J: Non-inoculated control 

3.9 Experimental design 

I'he experiment was laid out in randomized complete block design with 4 replications. 

-t 	
Each replication was represented by a block, which was divided into 6 sub-plots. The 

treatments were randomly placed on the 6 sub-plots in each block. 1hus, the total numbers of 

unit plots were 24 (6 treatments x 4 replications). The size of each unit plot was 4 in x 3 in 

and plot to plot distance was I m. l.ine to line distance was 30 eni and plant to plant distance 

was 10 cm. 

3.10 Preparation of inoculants 

3.10.1 Collection of strains 

a 

	

	
Strains were collected from Soil Microbiology Laboratory, l3.ARI. ioydebpur. 

(Jazipur. The mixed culture was prepared by mixing equal amount of lüll grown individual 

culture broth in sterile conical flask. 

3.10.2 Inoculation with peal media 

From the ready broth. 20 mL were taken out with the sterile syringe and injected into 

pnlvthene packet having sterile 50 g of peat in each packet. The inoculated packets were then 

incubated at 28°C for two weeks and were ready for seed inoculation. 

hi 
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3.10.3 Viability count of Brad rr/,iozbiam 

the viability count of firwiji/ibobiwn in peat based inocutum packets were made 

following plate count method before using (Vincent. 1970). BAR! RVr-401. BAR! RVr-402, 

I3ARI RVr-403. BARI RVr-404 and mixed culture containing 1.0 x lOs.  1.3 x lO 1.4 x I0. 

4 .x W and 1.2 x IO  cells g of inocutant. respectively. 

3.10.4 Seed coating with inoculants 

Seeds of niungbean were taken in small polyethelene containing 42 g per packet. Out 

of 24 polvihene packets 20 packets were made ready for mixing with 40% gum acacia (ill per 

I kg seed. ,\Iier gum coating the selected inoculum was mixed with the seeds (@ 50 g 

-01 

	

	
inoeulum kg' seed) for each treatment by shaking the hag thoroughly. For each inoculant. 

separate polythene bag was used and mixed well with the seeds and care was taken to avoid 

contamination of the inoculants. 

3.11 Sowing of seeds 

Seeds were sown on the Rirrows on 08 March 2007 in the morning and the furrows 

were covered with soils soon after seeding. the line to line (fbrrow to furrow) distance was 

maintained at 30cm with continuous distribution of seeds in the line. 

3.12 (;ermination of seeds 

Germination of seeds stared from 3" day,  of sowing. On the 4th  day the percentage of 

germination was more than 80% and on the 5'" day nearly all plants came out of the soil. 

3.13 Intercultural operation 

a) Weeding and thinning 

Weeding and thinning were done on 2001  day alter sowing when the plants attained a 

height olabout S to 10 cm. Plant to plant distance was maintained at 7.5 cm. 
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Drainage 

During experimental period, once there was a heavy rainfall. At that time it was 

essential to drain the water from the ("ield and the water was removed throtigh the side drain. 

General observation 

The field was frequently observed to notice any change in plant characters as well as 

to check the attack of any pest and disease. 

3.14 Plant sampling 

Plant samples were collected from the lick] at 35 and 50 days after sowing and at 

harvest. From each plot. ID randomly selected plants were carefully uprooted with the help of 

a spade so that 110 nodules were left in the soil. The roots were then washed out carefully in 

water. The nodules from main root and branch root of each were collected and counted. [he 

shoot portion of each plant was then separated from the root. The length of roots and shoots 

of each plant were recorded. The oven dried weights of roots, shoots and nodules were 

recorded. 

3.15 Harvest 

The crop was harvested at physiological maturity on first week of June 2007 after 70 

a 	
days after sowing. Data from 10 plants on number 01 pods and seeds plant" and IOU-seed 

weight were recorded. 

3.16 Threshing and processing 

From each plot 10 randomly selected plants were collected and then plants of each of 

3 square meters were harvested and tied with rope separately. The harvested plant materials 

of 3 square meters were allowed to dry in the sun for 3 days. After drying, threshing and 

processing were done plot wise carefully. The processed seed and straw were again dried in 

'V 
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the sun for 3 days. Seed and straw yields were recorded plot wise, which were then converted 

14 	 into yield in kg ha'1. 

3.17 Collection of plant (stayer and seed) 

About 50 g each of dried seed and stover samples were collected from each plot. The 

sample were stored in polycthylene bags separately and tagged for chemical analysis. 

3.18 Analysis of soil and plant 

3.18.1 Soil analysis 

lhe initial soil sample was analyzed (texture. ph. CFC. organic matter, total nitrogen, 

available phosphorous. sulphur, potassium) using the following methodology. 

-t 

Mechanical analysis 

Mechanical analysis of the soil samples was carried out by hydrometer method 

(Black. 1965) and the tex(ural class was determined by using Marshall's Triangular Diagram 

(1947). 

Soil pH 

Soil pit was determined using it glass electrode 1)11 meter, soil waler ratio being 1:2.5 

a 	 as described by Jackson (1973). 

Organic carbon 

Soil organic carbon was determined by WCE oxidation method as outlined by Jackson 

(1973). Organic matter content was calculated by multiplying the percent organic carbon with 

the "Van Bemmelen Factor of 1.723 (Piper, 1950). 

Total nitrogen 

'l'otal nitrogen in soil was determined by the Miero-KjeIdahl method. Digestion was 

made with 1-1:02. concentrated H2SO4 and catalyst mixture (K2S0.:Cu.S0.. 51 120:Se - 
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10:1:0.1). Nitrogen in the digest was estimated by distilling with 40% NaOH iollo'.'ed by 

titration of the distillate trapped in I 12 fl03  with 0.01 N FI2SO4 (Page ci (il.. 1989). 

Available phosphorus 

Available phosphorus was extracted from the soil with 0.5 M NaHCO3  at pH 8.5. The 

phosphorus in the extract was then determined by developing the blue colour by SnCl2  

reduction of phosphomolybdate complex and measuring the colour colorinietrically at 660 

urn (Olsen ex at. 1982). 

Exchangeable potassium 

Exchangeable potassium of the soil was determined From the IN NI LOAc extract of 

t 	
the soil using flame photometer as described by Page ci al. (1989). 

Cation exchange capacity ((ICC) 

Cation exchange capacity of soil was determined by sodium saturation method as 

outlined by Page et at (1989). The soil samples were saturated with IN NaOAe solution 

followed by replacing the Na from the sattirated samples by IN NH40Ac at pH 7,0. The 

amount of Na*  in the extract was then determined by flame photometer and putting the 

readings to the standard curve for Na'. The results were expressed as me 100 g" soil. 

A. 

3.18.2 Plant analysis (seed and Mover) 

The whole plant (seed and stover) sample of rnungbcan of all treatments were 

powdered to 60 mesh separately using a Wiles mill and stored in a desiccators for chemical 

analysis. For determination of nitrogen 0.1 g of oven dried ground sample was taken into a 

100 nfl digestion Ilask and then 1.1 g of catalyst mixture (K2Sth : CuSO4. 5H20 :Se 

100:10.01) 2 ml 30% H202  and 5 ml concentrated H2SO4  were added. The flask was swirled 

and allowed to stand for about 10 minutes then the flask was heated until became colorless. 

V 	
Digestion was carried out in digestion flask at 380'C for 1.5 hour, Alter cooling the digest 
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was transferred into a 100 niL volumetric flask and the volume was made up to the mark with 

distilled water. The distillate was titrated against 0.01 N I 1250.,. A blank reagent was 

prepared by the same process. These digests were used to detemiine total N. 

3.19 Data to be recorded 

a) Before harvest (35 and 50 days after sowing) 

I) Total nodule plant' 

 Dry weight of nodules (mg plant') 

 Root weight (g plant') 

 Shoot weight (g plant') 

 Root length (cm) 

 Shoot length (cm) 

h) After harvest 

 Plant height (em) 

 Pod length (ciii) 

 Pods plant' 

 Seeds pod' 

 Seed yield (kg ha') 

 Stover yield (kg haS') 

 1000-seed weight (g) 

 N content in seed 

 N uptake by seed (kg ha1) 

 N content in stover 

 N uptake by stover (kg hal') 

 P content in seed 

xiv) Protein yield (kg haS') 

3.20 Statistical analysis 

Data of all the above characters have been analyzed statistically. Statistical analysis 

was done following RUM) design of the IRRISTAT package Programme. l)unean's Multiple 

Range Test was done as and when necessary. 

hi 
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CHAPTER IV 

RESULTS AND DISCUSSION 

An experiment was conducted at the Soil Science Experimental Field of the 

IIangladesh Agricultural Research Institute (I3ARI) Farm . Joydebpur. Gazipur during 8" 

March to V' July 2007 to evaluate the performance of four Iiradvrhizobmum strains on 

nodulation. dry matter weight, yield, yield attributes, protein content and N uptake by 

mungbean. The results are presented and discussed in this chapter. 

4.1 Number of nodules plant' 

Braa'yrhi:obiunz inoculants produced significantly higher number of nodules plant' 

compared to that found in uninoculated control (Pigs- 4.1 and 4.2. and App. 4.1). The 

inoculant BARI RVr-404 produced the highest number of nodules plant" (8.21 nodules at 35 

DAS i.e. days after sowing and 12.87 nodules at 50 DAS) and it was found (hat the 

nodulation efficiencies of the four strains viz. BARI RVr-401. SARI RVr-402. I3ARI RVr-

403, I3ARI RVr-404 and their mixed culture were statistically identical at both 35 and 50 

DAS (Figs. 4.1. 4.2 and App. 4.1). Nodule number plant", 5.21 at 35 DAS and 7.25 at 50 

DAS were found without any rhizohial inoculation in the control plot and 7.59 to 8.21 

nodules plant" at 35 DAS and 10.10 to 12.87 nodules plant' at 50 DAS with Bradjrhi:obiwn 

inoculation in the mungbcan crop. In both at 35 and 50 DAS. RARI RVr-404 strain showed 

the highest number of nodules plani' compared to other strains including mixed culture. 

Nodule number was higher at 50 DAS than 35 DAS. It indicated that nodule ftrmation at 

50% liowering stage was higher than that at pre-flowering stage. 1 he results agreed well with 

the findings of Chowdhury et UI. (1997) who observed that nodule was higher in inoculated 

mungbean at flowering stage followed by pod filling and pro-flowering. Rao ci a1. (1991) 

found nodules in mungbean two weeks after sowing. Murakanil etal. (1991) reported that in 
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mungbean. nodulation started at 12 DAS. increased rapidly at 34 DAS (flowering) reaching a 

peak at 45 DAS and then decreased until the plants died (83 DAS). Akhtaruzzaman (1998) 

also observed maximum nodulation at 40 DAS than that at 30 and 20 DAS in munghean. 

With respect to time of sampling, greater nodule numbers were obtained at 50 DAS 

compared to all other sampling dates, which was supported by Datt and Bhardwaj (1995). 

They reported that the nodule number and nodule dry weight of cowpea increased 

significantly by R/,i:obium inoculation at 45 DAS followed by 55. 30 and 15 DAS. This 

might be due to the high requirement of N at the flowering and pod-filling stage (Rennie and 

Kemp. 1984). Chattcrjee and Bhattacharjce (2002) stttdied the effects of inoculation with 

Hrczthr/,i:o/thun and found that inoculation with Bradvr/zftobmun, strains increased rate of 

nodulation and N content. Osunde ci o/. (2003) reported that inoculation increased nodule 

number in munghean. Kuniari and Nair (2003) found that the extent of improvement in root 

nodtilation. plant growth and yield were more in blackgram and greengram inoculated with 

Jlradvrin:olnwn. In another study. Bhuiyan ci at (2006) found that inoculated plants 

produced signi licantly higher nodule number (17.51 plant in 2001 and 17.61 plant'' in 

2002) at 42 DAS compared to that in non-inoculated plant (11.35 plant" in 2001 and 11.52 

plant" in 2002). The lowest number of nodtiles (3.50 plant" in 2001 and 3.47 plant" in 2002) 

was obtained at 14 DAS in non-inoculated plants. Bhuiyan ci al. (2007a) found that the 

number of nodules increased progressively with the advancement of growth and reached the 

peak at 42 DAS (i.e. at 50% flowering stage). Bhtuyan and Mian (2007) also found that 

application of Bradr/zftobiuna inoculant induced significant elTeet on nodulation. shoot dry 

weight. seed and stover yields. 

4.2 Nodule dry weight 

Application of Ibur llradyrin:obium inoculants showed significant variation in the 

production of nodule dry weight (Figs. 4.3 and 4.4. and "pp.  4.1). The inoculant BARL RVr- 

404 produced the highest nodule dry weight which was statistically identical to that produced 
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by BARI RVr-401. BARI RVr-402. BARI RVr-403 and mixed culture in both situations (35 

DAS & 50 DAS). Non-inoculated control treatment produced the lowest nodule dry weight 

plant' (7.00 mg planf' at 35 DAS and 9.00 mg plant" at 50 DAS). At 35 DAS, the highest 

nodule weight (9.99 mg plant') and at 50 DAS the highest nodule weight (1635 mg plant') 

were recorded when the plots were inoculated with the strain BARI RVr404 shich was 

identical with piot inoculated with BARI RVr-401, BARI RVr402. BARI RVr-403 and 

mixed eulitire in both the sampling dates. Sattar and Ahmed (1995) carried out a field 

experiment (in nningbean ( Vigna raidwa L.) to study the response of inoculation with 

Brativr/?i:obiwn inoculants incorporating BINA 403. BINA 407. RCIt 3824 and RCR 3825 

strains as single and mixed culture. They observed that lirad rhizobium inoculation increased 

the number olnodulcs and nodule weight significantly compared to non-inoculated treatment. 

Nagarajan and Balachandar (2002) reported that biodigested slurry at S t ha" 	R1?i:obiun, 

produced the highest nodule dry weight (42.3 mg). 

4.3 Root dry weight 

The elfect of Bradvrhiwbium did not show any significant inlluenee on root weight 

of crop both at 35 and 50 DAS. The highest root weight (0.27 g plant' at 35 DAS and 0.34 g 

plant" at 50 DAS) was produced by BARI RVr-404 strain treated mungbean (Figs. 4.5 and 

	

a 	
4.6. and App. 4.1). The root weight ranged from 0.22 g plant recorded in non-inoculated 

crop to 0.27 g plant" due to inoculation at 35 DAS and at 50 DAS the range was from 0.24 g 

plant' to 0.34 g plant". Kavathiya and Pandey (2000) conducted a pot experiment during the 

summer season of 1992-1993 in Gujrat. India and reported that iresh root weight (4.42 g) 

were recorded in the Rhizobiwn inoculation treatment. Perveen et al. (2002) conducted a field 

experiment to observe the effect of rhizospheric microorganisms on growth and yield of 

greengram (Pliascolus radiata) and reported that the maximum root dry weight (0.37 g 

	

IF 	
plant') was observed in inoculation with single Bradpiii:obiwn sp. only. 
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Fig. 4.3. Effect of bradyrhizobial inoculant on nodule dry weight 
of mungbean at 35 DAS 
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Fig. 4.4. Effect of bradyrhizobiat inoculant on nodule dry weight of 
mungbean at 50 DAS 
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Fig. 4.6. Effect of bradyrhizobial inoculants on root dry weight of 
mungbean at 50 DAS 
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4.4 Shoot dry weight 

The effect of inocutants on shoot weight was statistically significant (Figs. 4.7 and 

4.8. and App. 4.1). The plants treated with the strain RARI ltVr-404 recorded the highest 

shoot weight (1.20 g ptant' at 35 DAS) which was superior to non-inoculated control but 

identical to other strains. At 50 DAS. (lie treatment containing same strain also recorded the 

highest shoot weight (2.11 g plani') but it was identical to the effects of the rest three strains 

including non-inoculated control. The shoot weight was the lowest in non-inoculated control 

(0.91 g plant at 35 DAS and 1.68 g planf' at 50 DAS). Kavathiya and Pandey (2000) 

reported that maximum fresh shoot weight (5.33 g) was recorded in the Riuzobiwn treated 

plot. Chosvdhury ci ci. (2000) carried out a pot experiment during k/zarfseason in 1995 with 
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mungbean at IPSA, Salna. Ga-zpur. Bangladesh where munghean line NM-92 was inocutaLed 

with Rhizo b/un: strain TAL 303 and found that dry matter production was increased by about 

50% due to IIrathrhfrobiwn inoculation. 13hattacharyya and Pal (2001) conducted a field 

cxperiment in \Vest Bengal, india, during the pre-kharif season of 1998 to study the effect of 

Rhizobinin inoculation and reported that inoculation significantly influenced dry matter 

accumulation in the shoot. Bhuivan cx at (2007b) carried out field studies with five 

mungbean varieties with/ without liradyrhizohiwn inoculation at the Bangladesh Agricultural 

University Farm during A/:arifLl 2001 and k/nail-I 2002 and observed that Bradyrhizohium 

inoculant significantly increased dry matter production. The highest dry matter production 

plani' at 77 DAS was recorded in Bradj.'rhi:ohium inoculated plots. Rhuivan and Mian 

(2007) conducted experiments with or without Bradvr/zi:ohium in five munebcan varieties at 

Bangladesh Agricultural University Farm during klnirif-1 2001 and kharif-1 2002 seasons and 

observed that application of Thi dvrluzoinum inoculant recorded significant ciket on shoot 

dry weight. 
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4.5 Shoot length 

4 

	

	 The effect of inoculants on shoot length was statistically insignificant (Figs. 4.9 and 

4.10. and "pp.  4.1). The plants treated with the strain BAR! R\'r-404 recorded the highest 

shoot length (29.3 cm at 35 DAN and 39.4 cm at 50 DAS). The shoot length plant-' was the 

lowest in the non-inoculated crop. l'hakur and Panwar (1995) conducted a field trial where 

seeds of Vignu reuliala cv. l'usa-1 05 and PS-16 were inoculated with inoculant. '[hey found 

that inoculation either singly or combined increased plant height compared with non-

inoculated control treatment. Bhattaeharya and Pal (2001) reported that inoculation and 

application of rhizohial inoculum inllucneed plant height in comparison to that control. 

Nagarajan and l3alachandar (2002) conducted a field experiment and observed that seeds 

I 

	

	
treated with bio-digested slurry at 5 t ha' + /thi:o/iiun, produced the highest plant height 

(53.7 cm). 

4.6 Planl height 

Mungbean seeds inoculated with Brcuhrhizo/;iwn sp. produced significantly increased 

in plant height (Table 4.1). The plants in the RARI RVr404 treated plots were the tallest 

(44.1 cm) and it was statistically identical to that found in BARI RVr-403 and mixed culture 

treatments. The shortest plants (35 cm) were found in non-inoculated control plots. Thakur 

and Panwar (19(5) found that inoculation either singly or combined increased plant height 

compared with no inoculation. I3hattacharya and Pal (2001) reported that application of 

rhizobial inoculum influenced plant height comparing with control. Nagarajan and 

Balaeltandar (2002) found that lThi:obiwn inoculation increased induced the higher plant 

height (53.7 cm). 

V 
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Table 4.1. Effects of Bradrizizobiun, inoculant on plant height and yield attributes of 

mungbcan 

I /Jradirhizobiwn Plant height Pod length Pods plant" Seeds 1000-seed 

strains (cm) 

39.9b 

(cm) 

7.80 16.5a 

pod" 

11.4 

weight 

44.0 
BAR) RVr-401 

40.Oh 765 17.5a 11.5 43.0 
BARI RVr-402 

43.2ab 7.50 17.8a 11.4 43.1 
BARI RVr-403 

44.1a 8.00 19.3a 12.4 43.6 
BARI RVr-404 

43.9a 7.95 17.3a 11.9 44.0 
Mixed culture 

35.0e 7.35 12.5b 10.0 43.0 
Control 

ISI)(005) 371 - NS 36 NS 	- 
15.5 

NS 
2.4 CV (%) 6.0 8.5 I 	14.1 

NS - Not Significant 
In a column, means followed by a common letter are not significantly different at the 5% 
level by DMRI' 

4.7 Pod length 

The effects of inoculants viz. BARI RVr401. DARt RVr-402. BARI RVr-403. BARI 

RVr-404 and mixed culture were not statistically significant on the pod length of munghean 

(Table 4.1). The inoculant BARI RVr-404 induced plots produced the longest pod (8.00 cm) 

which was statistically similar to that of all other strains and mixed culture treatments. 'Ilie 

shortest pod (7.35 cm) was found in non-inoculated control plots. Shil et aL (2007) reported 

that the highest pod length was the highest in full (loses of fertilizers white control plants 

recorded the lowest pod length. Srinivas and Shaik (2002) observed that seed inoculation 

with Riuzobiwn culture enhanced number of seeds pods", 1000-seed weight. seed and haulm 

yields. Seed inoculation with R/zi:olthwz resulted in higher values for the parameters 

measured relative to the control. 
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4.8 Pods plauf' 

.4 

	

	 Application of ditThrent /Jnzdrrhizobiu,n inoculants in munghcan showed significant 

variation in number of pods plant" (Table 4.1). The number of pods plant' was the highest 

(19.3 plant') in inoculation with BARI RVr404 strain, it was statistically identical to that of 

other inoculants treated plots. The minimum number of pods plant' was appeared in non-

inoculated control plants. Malik ci al. (2002) reported that seed inoculation with RJii:vbu,n, 

resulted in the highest number oL'pods plant' (22.47). Ashrafei al. (2003) observed that seed 

inoculation + 50:50:0 or 50:50:50 kg N; P: K ha" resulted in the highest number of pods 

plant' (28.97. 56.00. 63.90 and 32.56, respectively). lIhuiyan et at (2008) reported that 

Brwhr/zi:ubiun: inoculation in mungbcan plots also significantly increased pods 

I 

4.9 Seeds pod'1  

The effect of inoeulant on number of seeds pod t  was not statistically significant 

(Table 4.1). The highest number of seeds pod' (12.4) was found in BARI RVr-404 

inoculated plants. The lowest number of seeds podS' was seen in non-inoculated control 

(10.0). l3huiyan a al. (2008) observed that I3radvr/nzobium inoculation also significantly 

increased seeds podS'. Shil ci at (2007) reported that seeds pod" was the highest in full doses 

of fertilizers while control plants recorded the lowcst seeds pod". Srinivas and Shaik (2002) 

conducted trial on seed inoculation in R/u:ohium culture and reported that R!i&obiwn 

inoculation in mungbean increased the number of seeds pod''. 

4.10 1000-seed weight 

No significant variation in 1000-seed weight of niunghean was observed due to seed 

inoculation with Iirathrhizobiiun inoculants. The 1000-seed weight ranged from 43.0 g to 

44.0 g. The result showed the insignificant effect of different /fracvrhi:obiu,;i inoculation on 

1000-seed weight of mungbean. Srinivas and Shaik (2002) reported that 1000-seed weight 

generally increased due to rhizohial inoculation. Shil a at (2007) reported that 1000-seed 

45 



weight was the highest in full doses of fertilizers while control plants recorded the lowest in 

4 	 I 000-seed weight. Bhuivan et at (2008) opined that Braclvrhiwbmunz inoculation also 

significantly increased 1000-seed weight. 

4.11 Seed yield 

Seed yield of niungbean varied significantly due to Bradyr/uwbiwn inoculation (Fig. 

4.11 and "pp.  4.2). The inoculant BARI RVr404 induced plot showed the highest seed yield 

(1.43 t had ) which was superior to BARI RVr-40L. BARI RVr-402 and uninoculated control 

plot but identical to BARI RVr-403 and mixed culture. The higher yield recorded in 

inoculated plants might he due to higher nodulation which fixed more aimospherie nitrogen. 

Sharma and Khurana (1997) studied the effectiveness of single and multi-strain inoculants in 

field experiment with summer niunghean variety SML-32 and found that grain yield was 

higher in multi-strain inoculant treatments. On an average, single strain and multi-strain 

Rhizahium inoculants increased the grain yield by 10.4% and 19.3114 over uninoctilated 

control. respectively. l3hattacharya and Pal (2001) conducted a field experiment and reported 

that inoculation of Rhi:ahium influenced maximum seed yield comparing with control. 

Perveen at at. (2002) observed the maximum seed yield (6.6 g plant') with single 

Th €Irrhi:ohium sp. inoculation. 13huiyan and Mian (2007) reported that application of 

Brac/trhizohiui,; inoculant produced significant effect on seed yields in ease of crop. Seed 

inoculation significantly increased seed yield (0.98 t ha in 2001. 27% increase over control 

and 0.75 t ha in 2002. 29% increase over control) ot'mungbean. 

4.12 Stover yield 

The Bradvr/,ozihium inoculants influenced significantly in stover yield of niungbcan 

over non-inoculated control (Fig. 4.12 and App. 4.2). The highest stover yield of 2.31 t hi' 

was obtained due to application of BARI RVr-404 inoculant and it was statistically identical 

7 	 to that of BARI RV-401. BARI RV-402. HAM RV-403 strains and mixed culture. Thereibre. 
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it was found that rnunghean crop inoculated with Bridlnt/zizobium produced higher stover 

yield also. L3huiyan and Mian (2007) reported that application of lhvdvthizobiun, inoculant 

produced signilicant effect on stover yields (2.31 1 haS' in 2001 and 2.04 t hi' in 2002) of 

niungbean. 

4.13 Nitrogen content in seed and stover 

the effect of Brac4rhizuhiuni inoculants on mungbean did not show any significant 

influence on N content in seed and stover. The result showed (Table 4.2) that the highest N 

content in seed and stover was obtained in I3ARI RVr-404 inoculant treated crop. The lowest 

N content in seed and stover was recorded in non-inoculated control plots. Chatterjee and 

Bhattacharjee (2002) studied the effects of inoculation with Bradyrhizohium and reported that 

the plants inoculated with /?radyr/u:obnim strains and PSI3 showed increased rate of N 

content. 

4.14 Protein content 

Bradvrhi:ohium strains had no signifleant elThct on protein content of rnunghean 

when Brw/vrlu:obium inoculants were used (Table 4.2). The highest protein content (21 .3%) 

and yield (301 kg ha') was observed in BARI RVr-404 inoculant treated crop and the lowest 

protein content and yield was noted in non-inoculated control. Bhuiyan ci at (2007b) found 

that inoculation significantly increased the protein yield in rnunghean. 

I 
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	 Table 4.2. Effects of rhizobial inoeulant on N content in seed and stover, and protein 

content in seed of niunghcan 

N content in seed 

I HARIRVr-40 I 	 3.35 

BARL RVr-402 
	

3.34 

BARI RVr-403 
	

3.36 

E3ARI RVr-404 
	

3.36 

Mixed culture 
	

3.35 

control 
	

3.30 

I 	LSI) (0.05) - 

CV(%) 
	

2.8  

N content in stover 

1.53 

NS 

4.4  

Protein content in 

seed (%) 

20.9 

20.9 

21.0 

21.3 

20.9 

20.7 

NS 
2.7 

Rluobiwn strains 
___ 	 (%) 

NS - Not Signilicant 

4.15 Correlation 

Cunctation matrix among the plant characters of munghean has been shown in lable 

4.3. Most of the plant characters were strongly correlated among themselves. In the present 

study, nodule nunther had positive and significant correlation with nodule weight. root 

eighI, shoot weight, plant height. seed yield. stover yield. N uptake by seed and stover. and 

protein content. Nodule weight had also positive and significant correlation with root weight. 

El 

	

	 shoot weight. plant height, seed yield. stover yield. N uptake by seed and stover, and protein 

content: root weight with shoot weight. plant height, seed yield. stover yield. N uptake and 

protein content: shoot weight with plant height, seed yield. N uptake and protein content; 

plant height with seed yield. N uptake and protein content: seed yield with stover yield. N 

uptake and protein content: stover yield with N uptake and protein content: N uptake with 

protein content. Sarker etal. (2002) reported that correlation coefficient studies showed high 

correlation between seed yield and test weight. shoot length and shoot Iresh weight. Itoot 

length and root volume were inversely correlated with test weight. 'l'hese results conlirined 

the lindings of Khanam (2002). 1 hey observed positive and significant correlation oF nodule 
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number with nodule weight, root weight, and shoot weight of inoculated chickpea and 

soybean. Solaiman (1999) found positive correlation among mungbcan growth. N uptake and 

yield parameters. 

Table 4.3. Correlation matrix of different parameters of mungbean 

Cu coefficient (r value)  

Parameters Nodule Root Shoot Plant Seed 	Stover 
N N Protein 

weight weight weight height yield 	yield 
content content content 
in seed in stover in seed 

Nodule 0,99** 0.910' 0.891 0$34** 08834* 	0.908*4 0.894' 0,779** 0.772*4 

number 

Nodule - 0.901 0893 0.9504* 0.910 	0.952 0.919 035*+ 0,7734* 

weight 

- - 0.865" 	0.891"" 0$97**  Root 0,399** 0.892*4 0.761"" 0.777"" 

- 
weight  

Shoot - 0.842"" 0.850"" 	0.8464* 	0.873'' 0.745"" 	0.847"" 

- - 
weight 

 
0.887" 	0.9424" I  0.878"" 0.883" 	0.749"" Plant - . 

- 
height  

Seed - - - - 	0.912*4 	0.993*4 0.851*40.861 

yield  

Stover - - - - - - 	0.904"" 0.905" 	0.720" 

yield  

70. 
NJ content 846"" 	0.868' 

in seed 

N content - - - - - ' - - 0.704"" 

in stover 

"" Significant at 1% level 

* 
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ChAPTER V 

SUMMARY AND CONCLUSION 

A field experiment was conducted at Soil Science Field of Bangladesh Agricultural 

Research Institute, Joydchpur. Gazipur using Madhupur Tract (C'hiatta series) during the period 

of March to June 2007 to evaluate the perlbrmance of four /?radyhzzohuun inoculants as regard 

to nodulation, growth. nitrogen uptake and yield of BARI Mung-5 following RCBD technique 

with four replication. [he unit plot size was 4 in x 3 in, The total number of unit plot was 24. In 

the present study the bacterial fertilizers Rrath'rhiwbiwn strains (BARI RVr-401 . BARI RVr-

402. BARI RVr-403. BARI RVr-404. mixed culture) and one non-inoculated control were used 

to compare their elkets on mungbean. Triple super phosphate (.22 kg P ha'). inuriate of potash 

(42 kg K haS '). gypsum (20 kg S h1) ). zinc sulphate (5 kg Zn ha') and boric acid (1 kg B had ) 

were applied as basal dose at the lime of land preparation. Munghean seeds were inoculated with 

respective inoculants and were sown on 8 March, 2007. The spacing was maintained 30 cm x 10 

cm and seeds were sown in Ilirrows. Necessary moisture was maintained to the plot for proper 

growth. 

Data for nodule number, nodule weight, root dry weight, shoot dry eight and shoot 

length were recorded at two times of growth viz. 35 and 50 DAS. and for seed and stover and 

other yield attributing data characters were taken at harvest. Nitrogen content and protein content 

data were taken after chemical analysis of plant and seed samples. 

Abridged account of the different plant characters were analyzed statistically and the 

sianiticant mean differences were adjusted by DMRT. 

'1 
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Inoculation of mungbean with F3ricIyr/iizobium strains produced higher number of 

nodules both at 35 and 50 DAS. The maximum number of nodules was produced by BARI RVr-

404 strain both at 35 DAS (8.01 nodule plani') and 50 DAS (16.11 nodule plani'). The ciThet of 

inoculation with Brad rhiwbiu,n cultures were also swnihcantly superior to non-inoculated 

control and gave significant results with BARI RVr-404. 

Elièet of J3radvrluz0biu,n inoculation on dry weight of nodule was found significant both 

at 35 and 50 DAS. ftc highest nodule dry weight (9.99 ing planf') was produced by BARI RVr-

404 treatment which was 29.9% higher over non-inoculated control at 35 DAS and the highest 

nodule dry weight (16.35 mg 	at 50 DAS which was 44.5% higher volume over control. 

Other cultures were also Ibund significantly superior to non-inoculated control. 

Bhadtrhrolnum  inoculation had no significant effect on shoot length. Although 

maximum shoot length (29.3 cm at 35 DAS) and (39.4 em at 50 DAS) was recorded in BARI 

RVr-404 treatment but the result was not statistically significant. 

There was no statistically significant eflèct of IIradvrhi:ohium inoculation on root dry 

weight. But maximum root weight was observed in BARI RVr-404 treatment both at 35 and 50 

DAS. 

'[he effect of Bradvrhi:oi,i,mi inoculation on shoot weight was statistically significant at 

35 DAS but non-significant at 50 DAS stage. It was fact that the highest shoot weight (1.20 g 

plani' at 35 DAS and 2.11 g planf' at 50 DAS) of mungbean was observed in inoculant 

treatment. 
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Inoculation of seeds of mungbean with Bradvr/zizobiwn inoculation had also significant 

effect on stover yield of mungbean. The maximum stover yield (2.31 t had ) was recorded by 

BARI RVr-404 culture treatment which was statistically identical to rest of strains. BARI RVr-

404 inoculated treatment produced 2.31 t had stover yield which was 26.4% higher over non-

inoculated control. 

The elkct of /Jradvrhi:obiu,n inouclation on N content in seed and stover was non-

significant but the highest N content and N uptake were recorded in I3ARI RVr-404 inoculant 

treatment which was not statistically significant. 

Inoculation of Bradi•rI;izobium had no significant effect on protein content in seed but the 

highest protein content in seed was recorded in BARI RVr-404 inoculaut treatment. 

IJraclyr/iizohhwi inoculation had significant eIièct on N uptake by seed. The highest N 

uptake (48.1 kg hat)  was observed in BARI RVR-404 strain inoculated mungbean crop which 

was statistically different from non-inoculated control. 

The effect of inoculation of /3radyrhizobiwn with mungbean had significant effect on N 

uptake by stover. The highest .,N uptake (35.9 kg had)  was recorded in the inoculation of BARI 

RVr-404 strain and it was statistically identical to BARI R\'r-403 and mixed culture treatments 

but significantly different from all other treatments. 

The analysis of variance showed that /Jradyrhizobium inoculation had significant effect 

on total N uptake by seed and stover. The highest N uptake by seed and stover was recorded 

(83.9 kg haS ') in the inoculation of BARI RVr-404 strain in mungbean seed which was 

statistically identical to rest of strains and mixed culture. 



!Jradj.rhizobiwn inoculation had no signilicaift effect on protein content of munbean 

seeds though the highest protein content was recorded in the inoculation of BAR! RVr-404 strain 

in niungbean seed and the lowest was in non-inoculated control. 

From the above findings. it can be concluded that all the (hur Bradjr/iizohium strians and 

their mixture were effective in terms of nodulation, dry matter production, seed and sovcr yield 

compared to non-inoculated control. Among the strains, the performance BARI RVr-404 was 

better than the other strains tinder the study. However, the results obtained need to be 

substantiated through trials in various regions in the country, and the strain may be 

recommended for use in the farmers' field. 
I 
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App. Table 4.1. Effects of hradyrlijyjf inoculants on nodulatjon and dry mailer product ion of mungbcan 

Rruflime obsuin \oduk '  '4duIc 
,, Inc "'i' ,,umbcr 

'r plain' 
eihi 	wc gut I c-ne ib an nbc r t I 1tht 

we iglit veIg In 
',boot 
lcnj4ih 

')(gp)anr l.pIanc 	 )_ (t_J 
plant 

IC_PLl 	
I±PI rnj_in_j 

HARt RVr-401 0.00a 1)24 	I DOab 27.2 30 lUau 12 59a1, 0.31) 397 0 
RVr-.102 760a 	'1.05a 25 	3.0ah 27.2 I095a 14 31a 0.30 3.95 36.6 

U flVr-103 ?.99a 	9.23a 0.26 	I 3%, 201 11-193 15,7So 
j 	

0.33 2.02 37.7 

\kI RVr-404 .2Ia 	9.90a 027 	1.20a 29.3 12 Va 1035., J 	0.34 2 	II 391 

cultuic WOOa 	9,20a 020 	I.IVa 29.2 12,uUj 36 2Ia 0.32 204 36.8 

("utrol 5 lIb 	

J 	
71001,  0.22 	(9IIi 25.0 7.25b 

j 9.0Qbui 
I OR  

Ns 	020 KS 3.32 	376 	NS N KS' 
322 uI) , 	20S I7 LIE, r 

Ia ,t column, means fuIJo'ed by a common letter are not  signilicanily different at the 5% leeI by I) \1R I 
NS = Not SitZnhIiCaHL. 

App. Table 4.2. Effects of bradyrhizobial inoeulants on seed and stover yield of 
muaghean 

	

Ijhad,?iu;u/num strains - 	Seed yield (1 ha' t )_______ 	Stover yield (C ha') — 
I3ARI RVr-40l 	 1.1 bbc 	 , 	 2.0Oa 

I3ARI RVr-402 	 , 	 1.16be 	 2.1$a 

'\Rl RVr-403 I .34ab 2.2 Ia 

RI RVr-404 1.43a 2.3Ia 

ixed culture I .32ab 2.28a 

'ntrol 	 I .05c 	 1.701) 

I,SD (0.05) 	— - 	— 	0.20 	 0.29 
c:v (%) 	 10.9 	 9.0 

I'min. means Ibliowed by a common letter are not signilicantly diI'Thrent at the /o 

r. a12, 

c;7./f air.y 
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