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Abstract 

A pol experiment was conducted at the Net I rouse and J .uboratory of Soil Science 

Div ision, Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 

September Lo I >ecember 2007 to study the effect of nitrogen, molybdenum. boron and 

Bradyrhizobium inoculant on growth, nodulation, ) icld. yield contributing characters. 

nitrogen uptake of black gram. I he variety. BARI Mash-J and Bradv rhizobium inoculant 

{liARJ RVm-301) were used in the present experiment. I here were twelve treatment 

combinations viz. T1: ontrol (non-inoculated and non-fertilized control). T2: PKMo. I' 1: 

PKB. T4: Bradyrhizabium inoculanr, T« N. r0: Pf....Mo + Bradyrhizobium Inoculant, 11: PKB 

+ Bradyrhizobium Inocularu, r~: NPKMo. f9: NPKB. l 10: PKMoR. r11: PKMoB + 

Brad) rhizobium lnoculant and 1'12: NPKMoB laid out in a Complete Randomized Block 

Design with 3 (three) replication. Nitrogen@ 50 kg N ha-1~ triple super phosphate@ 22 kg P 

ha-•. muriate of potash (@ 42 kg K ha", boron @ I kg B ha"1 and rnoly bdcnum @ I kg rvto 

ha" were applied as per treatments of the experiment as recommended levels. Gypsum@ 20 

kg Sha-• and zinc sulphate@ 5 kg ha" were applied as basal in all pots except in control pot. 

After 30~ 45 and 60 day s of sowing, 2 plan ls were uprooted from each pot to study 

nodulation, dry matter production and plant growth. Al maturity, ) ield and ) ield contributing 

characters "ere recorded. Bradyrhizobium inoculation increased significantly the number of 

nodules. nodule weight. root and shoot length. seed and stover) icld, yield attributes. nitrogen 

and protein content of blackgram compared to non-inoculated control. Brady rhizobium 

inoculation in presence of Mo and B recorded the highest nodule number and nodule weight. 

and also seed and stover ) icld. Bradyrhizobium inoculation alone or in presence of Mo or 

boron also recorded higher nodulation over other treatment combinations. Brady rhizobium 

inoculation was better than nitrogen in almost all the par- • ameters studied. Moly bdcnum and 

boron performed better results. ·y his result indicated that the use of Brudy rhizobium 

inoculants with molybdenum and boron appeared lo be an effective method for successful 

blackgram production. 



Blackgrarn (Vigna mungo L.) is one of the important pulse crop grown in Bangladesh. 

It is one of the pulse crops in Bangladesh for human consumption. animal fodder as well as 

soil building purpose. It is widely grown in the Indian subcontinent as n source of protein. 

At present, pulses are beyond the reach of the poor peoples because of its high price. 

In Bangladesh per capita daily consumption of pulses is only 12 g while the World J lealth 

Organization (WI 10) suggests 45 day" capita" (BARI. 1998) for a balanced diet. So. the 

people of Bangladesh take pulses in their daily diet far below than the recommendation. ·1 o 

maintain the supply of this level. the Government of Bangladesh has to expend a huge 

amount of foreign currency every year. The pulses crop is not only food crop but also a soil 

building one as it belongs to the Leguminosae family sub-family Papilionaceae. The stern and 

leaves of the pulses are used in preparing a concentrate feed culled Bhushi which is rich in 

protein. The husks of the seeds are also used as feed for milch cow!'. Some pulses such as 

cowpea, mungbean, blackgram are used as green manuring crops. As a "hole. pulse crop 

could be considered as an inevitable component of sustainable agriculture. 

Pulse. a protein rich agricultural crop. plays an important role in human nutrition. It is 

the cheapest source of protein for the poor and called the poor men's meat. Pulses. being 

leguminous crops. are capable of fixing atmospheric nitrogen in the soil and enrich soil 

fertility. Thus, they are considered as soil building crops (Kumar <.:I al .. 1963). Many of the 

pulse seeds are consumed when they arc at green stage. It is taken mostly in the form of soup 

and "dal ". Sometimes, it is grown as green manuring crops and cover crops (Shaikh. 1977). 

The green plants, the dried stems and leav es after separation of grain and the husks of seeds 

are the valuable food to the livestock. lt is an excellent source of easily digestible protein. 

CHAPTER I 

INTRODUCTION 
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Now-a-days a number of organisms like Rhizobium have been identified to use as 

biological agent for fixing atmospheric nitrogen h) process with legume crops and make 

available to the plants. Bangladesh Agricultural Research Institute ( BARJ) has isolated some 

Rhizobium strains for some pulse crops. It has already selected some Bradyrhizobium strains 

especially for blackgram. To reduce the production cost and to fulfill the demand. more pulse 

production could be achieved through seed inoculation with Bradyrhizobium strain w hich is 

known to influence biological fixation. growth and yield of pulses. In Bangladesh. 

Blackgrarn is one of the most important pulse crops although not in terms of area 

(23.412 ha) and production (17. 000 t) but its consumption is quite high as a common pulse in 

Bangladesh (BBS. 2006). It is an important source of protein and several essential 

micronutrients. lt is used as "dhal" and as ingredient in preparation of man) foods in terms in 

Bangladesh. 

This legume can obtain nitrogen (N) from the atmosphere by fixation in their root nodules in 

symbiosis with soil rhizobia, and thus have the potential to yield well in N-deficicnt soils 

(Hafeez et al .• 1988). This characteristic is particularly important in developing countries due 

to the relatively high cost and/or restricted availability of chemical N fertilizers. Furthermore. 

incorporation of residues into the soil from a N-fixing legume crop ma) provide organic N 

for the subsequent benefit of a cereal crop (Roasales et al., 1998). High cost and 

environmentally risky chemical fertilizers cause serious and continuous problem for 

increasing blackgram production in developing countries including Bangladesh. These 

problems are likely to become serious in future. Biological nitrogen fixation (BNF) resulting 

from symbiosis between legume crops and root nodule bacterium Rhizobium/Bradyrhizobium 

can ameliorate the situation by reducing the N-fertilizer inputs required to ensure 

productivity. 
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Molybdenwn is essential for Ni-fixation and the amounts required are so small that the 

seed of grain legumes can contain sufficient molybdenum for the growth of one generation of 

plant (Hanis et al., 1965). The nitrogen fixing enzyme nitrogenase is composed of rnolj bdenurn 

and iron. Without adequate quantities of these elements, nitrogen fixation cannot occur. 

Molybdenwn is a constituent of one of the two proteins. which together form Mo-nitrogenasc 

Micronutrients play an important role in increasing yield of pulses and oilseed legume 

through their effects on the plant itself and on the nitrogen fixing symbiotic process (Bhuiyan et 

al .• 1996a; 1996b). But deficiencies of these nutrients have been very much pronounced under 

multiple cropping systems due to excess removal thereby necessity their exogenous suppl). 

In Bangladesh, most of the pulses are grown in rabi season. But in fact, due to 

cultivation of wheat and other high yielding rice crops. farmers have lost their interest Lo 

produce pulses because of low output per unit of resource invested. Increasing irrigation 

faci Ii ties for boro rice cultivation further reduced the area under pulses. Therefore, attention 

should be given to increase per unit yield through adoption of improved cultural technologies 

including application of biofertilizer in blackgram, sow ing time. land preparation, sow ing 

method, water management and improved cultivar etc. Blackgram can be easily grown in 

Kharif-11 and Kharif-1 season which can solve partial protein requirement. 

inoculation with Bradyrhizobium increased 28-58% higher nodulation, 9-17% higher dry 

matter production. 20-32% higher grain yield and 9-14% higher stover yield over non 

inoculated control (Bhuiyan et al. 2009). Maximum yields were obtained when fertilizers arc 

applied along with Rhizobium inoculation (Bali et al., 1991 ). By growing blackgram in 

Bangladesh, there is a large scope of utilizing the biological nitrogen fixing technology for 

obtaining protein rich food legume and also lo improve nitrogen fertility of the soil of this 

country. 
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ii) To find out the suitable combination of Brady rhizobium, nitrogen. moly bdcnum 

and boron for blackgram production. 

i) To investigate the effect of Bradyrhizobium inoculation, nitrogen. moly bdenum 

and boron on the growth. nodulation, ) ield and nitrogen uptake. and other ) ield 

contributing characters of black gram. 

boron with the following objectives: 

evaluate the response of blackgram to Bradyrhizobium inoculant, nitrogen. molybdenum and 

nodulation and yield of blackgram. The present inv estigation was, therefore, undertaken to 

effect of inoculation with different rnicronutrients (Mo and B) and their interaction on the 

mteractions (Bhuiyan el al .. 1999a. 1999b. 2005). Informations are not available regarding the 

available in relation lo single application of molybdenum. boron or rhizobial inoculum and their 

pulses (Bhuiyan el al., 1997a. 1999~ Khanam et al., 1994). Research re ults on pulse are 

molybdenum as well as nitrogen fixing bacteria (Rhizobium spp.), which causes poor yield of 

The soils of different parts of Bangladesh are more or less deficient in boron and 

researchers (Rerkasem el al., 1987; Bhuiyan el al .• I 999a. I 999b, 2005a etc.). 

deficiency of boron and response of different grain legumes have been reported by many 

(Mulder, 1948). Boron is essential tor plants. has been considered a nonessential nutrient for 

rhizobia. The deficiency of B affects some grain legumes (Rerkasern el al.; 1987). Inc 

Boron is essential micronutrient for cell division in the proce s of nodule formation 

et al. l 996a. 1996b. 1997a. l 997b. 1998~ I 998b. 1999~ I 99Qb, 2005a ). 

and therefon: • sufficient supply of Mo is essential for nitrogen fixation in legumes. I ff ects of 

molybdenum application on different grain legumes nodulation have been documented ( Bhuiyan 



Bhalu et al (1995) conducted a field experiment during the rnmy season of 1990 at 

Junagadh, Gujarat With blackgram ( J 1s:110 mungo) and seed was inoculated with UJ11:oh111m 

or not inoculated and given lo. 20 or 10 kg and 20. 40 or 60 kg P Os ha 1 eed inoculation 

increased seed yield (471 vs 434 kg ha 1) Seed yield increased with up to 20 kg (464 kg) 

Sharma et al ( 199~) earned out a field criaJ in Che monsoon season of 1991 at 

Gwalior, Madhya Pradesh with blackgrarn ( J 1g11a m1111go) C\ JU-2 treated with 0, 15 or 30 

kg N, 0 30 or 60 kg P205 and 0 or 60 kg ha-1 Application of and P. either alone or with 

S increased Mn, Zn, Cu and Fe contents in seeds and straw and 1hc available Mn and Zn 

content m soil Application of 30 kg N -t oO kg P20s 60 kg S ha 1 gave the highest trace 

element content in blackgram Soil available Cu content decreased with increasing and P 

applications but increased with S application .. oil available Fe increased with mcreasing 

and P applications and decreased with increasing S applications 

2.1 Effect of nitrogen 

Effect of nitrogen on blackgrarn and other legumes ha' e been presented below 

CH PTER II 

REVIEW OF LITERATURE. 

Biofertilizers are microorganisms which benefit the plants by providing nitrogen or 

phosphorus or rapid mineralization of organic materials Of the biofertilizers, the use of 

Bradvrhizobium was studied in Bangladesh at large extent Work on other biofertilizer 1 

very httle Only limited number of research works has so far been carried out on the 

combined use of Brodyrhizobium inoculation on blackgrarn (I 1.st11a m1111go L) and other pulse 

crop However available information on the contribution of Brady rhizobium inoculation 

nitrogen, molybdenum and boron on blackgrarn has been rev iewed in this chapter 
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diamrnonium phosphate at flower initiation and 15 days later r- seed inoculation with 

Rhizobium produced the highest seed ields of 072 t ha1 111 1991 and 062 tin 199.2 

compared with the control vields of 0 42 and 0 40 r, respectively 1 he seed crude protein 

content was increased by 14 Sand 15 4°0 rn the highest iclding treatment compared with the 

controls 

foliar application of 2 - kg superphosphate + 74'0 kg enriched J· YM + 6 25 t I·) 1 

were used on blackgram (J'11[11a m1111go) cv CO 5 vield In 1992, seed treatment with 

fungicides was also included The application of 25 kg N as urea+ '\O kg P20s ha 1 as single 

AA and seed inoculation \\ ith Rhizobium applying in various combinations N, P, K FY 

Mathan et al (1996) conducted a field experiment during the monsoon easons ot 

1991-92 at Coimbatore, 1amil adu where a total of 7 treatments compared the effect of 

Trivedi 0 996) carried out fac\d trials in the ram) seasons of 1990-91 at Gwalior, 

Madhya Pradesh India with P. mu11go 0 1g11u m1111go) cv Jawahar rd-2 and was given 0-30 

kg , 0-60 kg PiOs and 0 or 60 kg S ha" Seed yield. net returns and , P and S contents in 

seed increased with rate of , P and app\ications 

Ii et al (1995) carried out field trials at :\fiar1channu 111 1992 and Layyah in 1993 on 

and loam soils low in OM and P and I. 1111111go was given nu fo1 tilizet s 01 50 kg N, 50 

kg +- 50. 75. I 00 or 125 kg P20s or 4'0 kg 12:; kg P20 + 50 kg K20 ha 1 NPK gave the 

highest number of pods plant 1 (21 01-23 75) and seed }ieJd (1080-1082 kg ha~1) bur was not 

significantly better than 50 kg N + 75 kg P205• which gav e the highest 1000-sccd weight 

(49 30 and 42 75 g in the 2 trials, respectively) traw yields did not differ significantly 

among the treatments Seed protein content was the highest with PK 

and Prates et return was the highest with seed inoculation 

and P uptakes and seed protein content increased with mcreasrng and 40 kg P20~ (475 kg) 



Sharma el al ( l Q99) conducted a field experiment in 1997/9R in J limachal Pradesh 

and i. m1111go cv Pant U-19 was seed inoculated \\ ith one of eleven Rl11:oh111m strains or not 

inoculated and given 0 or 20 kg 1 ha" Seed yield \\8S the highest with inoculation , v ith <I 

7 

Maida I and Ray ( 1999) conducted a field experiment v. here rnungbean C\ BI 05. BI 

and Hoogly local were untreated, seed inoculated \\ ith Brady rluzobinm and 20, JO, or 40 kg 

N ha·• as urea were given The results revealed that nodulation was greatest with inoculation 

in B 1 OS and Hoogly local v .. hile it was decreased by inoculation and t\. treatment in BIO~ 

Gunjkar <!I al (1999) carried out an experiment on blackgram (J 'tgna mungo; at 

Parbhani during kharif (monsoon) I 994 and reported that blackgrarn gave seed yields of 6-C'\8, 

870 and 921 kg ha·1 with O. 25 and 4\0 kg N ha·1• and 768, 800, 816 and 863 kg ha·1 '' ith o, 
25. SO and 75 kg P20~ ha~•. respectively 

Trivedi et al. ( 1997b) carried out a field experiment on blackgrarn Cl 1g11a n11111Ro) 

where 0. l 5 01 30 kg N ha": 0, 30 or 60 kg P30~ ha" and 0 or 60 kg S ha·' were given on 

sandy loam soil at Gwalior, Madhya Pradesh, during the rainy seasons (kharif) of I 990 and 

1991. Increasing levels of N, P20~ and S significantly increased the seed and stover yields 

Increases in mean seed vield over controls were 2I1, 273 and 109 kg ha"1 with 30 kg N, 60 kg 

P20~ and 60 kg S ha", respectively The application of r with S significantly enhanced the 

yield Increasing levels of N, P10.c; and significantly increased the total uptake of N. P and 

S The maximum net return (Rs )893 ha.1) and BCR (2 01) was obtained with 30Po0Si;o 

I'riv edi et al ( t 997a) conducted a field experiment to study the effect of nitrogen, 

phosphorus and sulfur on ield and nutrient uptake of blackgrarn (l 1gna m1111go} at Gwalior 

Madhya Pradesh during the 1990-91 kharif (monsoon) seasons pplication of JO kg N 60 

kg P:!O and 60 kg Sha·' increased yield, net profit and null icnt uptake. 
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Srinivas and Shaik (200~) studied the effects of N (0. 20, 40 and 60 kg ha-1) and P O. 

25. 50 and 75 kg ha"1) along with seed inoculation with Rhr:,ob111111 culture on the growth and 

yield components of greengram w ere determined in a field experiment conducted during the 

kharif seasons Plant height generally increased with increasing rates of P and with increasing 

rates of N up to 40 kg ha-1 followed b) decrease with further increase in N umber of seeds 

per pods, t 000-seed weight, seed and haulm yield!'> generally increased Seed inoculation with 

UJ11=ohi11m resulted in higher values for the parameters measured relative to the control The 

An investigation was carried out by Singh el al. (2002) LO study the effect of N. P and 

K application on seed yield and nutrient uptake by blackgram at Central Agricultural 

University, Imphal, Manipur, India during 1998 and 1999 In the grain yield, response of 

blackgram to the various treatments combinations of (0 and 15 kg ha"), P (0, JO and 60 kg 

ha") and K (0 and 20 kg ha"1), the highest y\eld was. obtained from \he application of 

15.60 20 kg N·P20:'i K20 ha" which was at par with control and this might be due to higher 

values of organic carbon, , P205 and K20 in the soil The total uptake of nutrients by 

blackgram was as ociated with higher biomass production 

Sharma et al (2000) carried out a field experiment during kharif 1997 at Palarnpur, 

Hirnachal Pradesh. India where J. m1111gv was seed inoculated with I of 9 Uh1::oh111m strains 

and given 0 or 20 kg N ha"1 Growth, ) icld and dry matter accumulation increased v. ith 

application and Rhizobium inoculation, with the local strain giving the best results 

local stram (I 30 t ha") The application of 20 kg N gave higher seed yield than no N ( l 24 

vs l l 4 t) Application of nitrogen and \nocu\a\\on increased n<.}du\atkm and nodule dry 

weight plant", crop growth rate and relative growth rate o significant effects were observ ed 

in protein content of seed and straw but a slight improvement was observed over control 



A pot study was conducted by Sheikh er al (200]) to investigate the effects of seed 

inoculation with Rl11zoh111111 sp anti N P .K (at 0 0.0, 5 15 IO. I 0 30.20, 15 45 so and 

20·60 40 kg ha") on growth and physiornorphological traits of blackgrarn cv PU 19 irrigated 

with thermaJ power plant waste water (TPP\\'). sewage waste waler($,\!) and ground water 

(GW) Sampling was conducted at the vegetative (25 days after SO\! ing, DAS), flow ering (40 

DAS), and fruiting (55 DAS) stages Both SW and TPP\.V were elIicieru for improving the 

vield, vegetative growth, physiological characteristics and vield \\ aste water application 

increased the leaf nitrate reductase act iv ity, carbonic anhydrase I carbonate anhydrase J 

activity and total chlorophyll content of Rhi=ohium-inoculated plants The optimum fertilizer 

treatment was N P Kat JO JO 20 kg ha·' and NPK-trcated plants showed better performance 

under inoculated conditions than uninoculated 

Asraf el al (2003) conducted a tield experiment to study the effects of seed 

inoculation of a biofertilizer and NPK application on the performance mungbcan cv M-Y8 

at Faisalabad in Pakistan The treatments consisted of the seed inoculation of Rhizobium 

phaseoli singly or in combination with 20.50 O. 40:50 0 or 50 50 50 NPK kg ha" (urea). P 

(single super phosphate) and K (potassium su\phate) were aµ~)l\ed during sowing The tallest 

plants (69 93 cm) were obtained with seed inoculation t 50.50 O kg PK ha-1 Seed 

inoculation + 50 50 0 or "0.SO·SO kg ha-1 resulted in the highest number of pods plant" 

(28 97, 56 00 63 90 and 32 56, respective\)') and seed y\e\d ( '053, \066, \075 and \072 kg 

ha"), Harvest index was 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) Seed inoculation along with NPK at 30 50 0 

kg/ha was optimum for the production of high seed yield by rnungbean C\ 'r-..1-98 

interactions effects between N and P were not significant for the number pods plant", pod 

\ength and seed hau\m yield 
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Sharma et al ( 1999) conducted a field experiment in 1997/98 in Himachal Pradesh 1: 

1111111go C\ Pant U-19 where seed inoculated with one of elev en Rhizobium strains or not 

inoculated and given O or 20 kg N ha' Seed yield was the highest with inoculation with a 

local strain (I 30 l ha") The application of 20 kg N gav e higher seed yield than no (I 24 

\IS I 14 t) Application of nitrogen and inocu\at\on increased nodu\cnion and nodule dry 

weight plant", crop growth rate and relative growth rate No significant effects were observ ed 

in protein content of seed and straw but a slight irnprov ernent was observ ed over control 

N and Prates et return was highest with seed inoculation 

and P uptakes and wed protein coment increased Wlth increasing and 40 kg P20s (475 kg) 

Bhalu et al (1995) coducted a field experiment during the rainy season of 1990 at 

Junagadh, Gujarat with blackgram (Vigna m1mgo) and seed was inoculated with Hh1::oh111m 

or not inoculated and gi' en I 0, 20 or 30 kg N and 20, 40 or 60 kg P20~ ha" Seed inoculation 

increased seed yield ( 4 71 vs 434 kg ha") Seed ·ield increased with up to 20 kg ( 464 kg) 

2.2 Effect of Bradyrhizobiam inoculation 

Effect of Bradyrhizobium inoculation on blackgrarn and other legumes have been 

presented below 

field experiment was conducted bv Redd 1 el al. (2005) during rabi 2002-0J on a 

clay loam soil at the Agricultural Research Station Warangal .. Andhra Pradesh India to study 

the influence of foliar fertilizer application of 2% urea on the yield of urdbean with nine 

treatments The results revealed that significantly higher plant height, yield attributes, N 

uptake, seed yield and net returns were observed w ith 2~o urea spray at 30 .. 40 and 60 days 

after sowing and was superior to all other treatments 



maximum of 84 nodules plant" were found during the reproductive stage of the crop The 

In plants inoculated w it h the VM isolate, nodules appeared 12 da s after sowing. and a 

were used to stud) their effect on nodulat ion and nitrogen content of blackgrarn cultivar T-C> 

isolates. isolated respectiv el) from black gram, Arm his /l_l'fmJ.!uca and Sesbania grandiflora, 

inoculation methods. Three isolates of R/11;:oh111111, viz Vf\f isolate. AH isolate and "G 

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

blackgram was studied The initiation of nodulation was early and the numbers of nodules 

crop The effect of three different methods or J</11::ob111m inoculation on the nodularion of 

l I 

studied by Reddv and Mallaiah, 200 I Rhizobium sp was rsolated from the T-9 cultivar of the 

1 he nodulation characteristics of 8 \ arieties of blackgram (I Tgna 1111111;:0) were 

increased efficiency of the crop to fi ·the atmospher\~ 

the number {2.2° o) and mas« (9 5%) of root nodules plant" compared to the control indicating 

application of25 to 45 kg P ha", respectively Rhizobium inoculation significantly increased 

par with the application of 25 and 35 kg P ha·•. uptake \n<:reased from 20 to >0 kg ha" w\th 

and N, P and K uptake. P at 45 kg ha" produced the highest grain and straw yield and was al 

yield and nutrient uptake pplicarion of P significantly increased the grain and straw yield 

study the effect of different lev els of P fertilization and /<J11::ob111m inoculation of seeds on 

Singha and Sarma (~00 J) conducted an experiment in India on blackgram cv T-9 to 

inoculation 

found that dry matter production was increased by about -oo o due Lo Bradyrhizobtum 

application and RJ11::oh111m inoculation, with the local strain giv ing the best results They also 

ha" Grov .. th, vield and drv matter accumulation increased with ,, and ~iven 0 or 20 kg ..... - 
Himachal Pradesh, India where I. m1111gu seed was inoculated with I of 9 Rl11=oh111m strain 

harm a et al (2000) can icd out a lield cxper i mcnt during khari I I ~97 at Palampur 



amendments on the nodulation and yield of blackgrarn C\ Varnban I 'J he treatments 

Balachandar (2002) during the khari f season or 1998 lo stud) the effects of 01 game 

A field experiment was conducted in \ arnban, Tami) 'adu, India by Nagarajan and 

mass, O 73 g kg" more m grain and 4 2% higher grain yield over PSB 

tudied Uh1=uh111m gave the highest and 21 0% more nodule number, 34 7'% more nodule dry 

P B at all the stages of plant growth recorded maximum increases in all the parameters 

20 kg P2Q., ha-1 were also obtained n iLh higher dose. 1nocu1aiion of R}11:ob111111 + V-\. \,1 

grain yield and 0 54 and 0.23 g kg" in and P concentrations of the grain, respectively. over 
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concentration of plant over 20 kg P20., ha-1 Similar significant increases of 0.59 g kg 1 in 

nodule dry weight. significant increases of 0 3 ~ g kg" in concentration and J 28 g kg-1 in P 

phosphorus control Forty kilograms of P20 .. each hectare recorded an increase of 20 6° o in 

content ( 5 4 mg kg") increased nodulaiion, grain yield, N and P in plant and grain over no 

on b1ackgram (J '1g11u m1111go) seed yield Phosphorus application in soil with medium P 

solubilizing bacteria (PSB. P.}<!udumona · strtata strain P-27) inoculation, with and without P. 

Rl11=oh111m, vesicular arbusculai mycorrhiza (\'AM, Glomus culedoniumy and phosphate 

Research Statton. Uihani. Uttar Pradesh India, during kharif 1994-95 to studv the effect of . - - 

Tornar et al (2001) conducted a field experiment at the GB Pant University 

failed to produce nodules on blackgrarn 

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

plants inoculated with the All isolate showed better nodulation and nitrogen content 

was " 78° o in the inoculated plants. while that in uninoculated controls was onlv 2 72% The 

(45-day-old plants) and 1 O~o al the harvesting stage The nitrogen content of the fresh seeds 

the shoot was I 9uo at the vegetative stage (2'-day-old plants} 3 0°o at the reproductive stage 

nitrogen content of the nodules at the reproductive stage was 4 "'}o. The nitrogen content of 



Sattar and Ahmed ( 1995) carried out a field experiment on mungbean (Vigna raidata 

L.) to study the response of inoculation with Bradyrhizobium inoculants incorporating Bl \ 

403, BINA 407, RCR 3824 and RCR 3825 strains as single and mixed culture The) obscrv ed 

that Bradyrhizobium inoculation increased the number of nodules, nodule weight seed. ha} 

and total protein yield significantly compared 10 uninoculated treatments 
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Sarkar et al (2002) inoculated the seed of blackgram with strains of Bradyrhizobium 

viz M-10, 129-USA~ 480-l\.t and MK-" before sowing in a field experiment conducted to 

determine the cultivars and Bradyrhizobium strain for suitable use in the locality Cultivars 

M-16 recorded longer roots and higher root volume plant", number of nodules plant" and test 

weight compared to A-43. The interaction effects between culfrvar A-43 and Bradyrhizobium 

strain MK-5 resulted in the highest root volume plant" (I 30), number of nodules plant" 

(7 03) and test weight (4 23 g), whereas the interaction effects between cultivar A-41 and 

Bradyrhizobium 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 

consisted of Rhizobium (strains CRU 7 for blackgram and CRM I I for greengram) seed 

inoculation 15 t farmyard manure (FYM ha 1 FYM + RJ11zoh111m~ 5 t compost ha-' (prepared 

from leaves and twigs of Sesbania sesban S grandiflora C<HHa fi.'1111/a, Cassia 

auriculiformis, and Claricidia (< Ihrtcidta) along with cowdung and rock phosphate), compost 

Rhizobium, 5 t biodigested slurry ha-1 ~and biodigested slurry + Rhizobium In general seed 

inoculation of Rhizobtum and application of organic amendments enhanced biomass, root 

nodulation, and grain yield Biodigested slurry at 5 t ha" + Rl11:oh111m gave the greatest plant 

height (42 7 and 53 7 cm for blackgram and greengram, respectively), nodule number {23 3 

and 24.0). nodule weight (45 3 and 42.3 mg), and grain yield (758 3 and 732.0 kg ha-1) 



Das et al ( 1997) conducted field trials where t 1~11a radiata C\ Noyagrah local seed 

were inoculated with Rhizobium and/or \I A t culture, which was applied at the rate of I~ kg 

ha 1 Thev observed that number of nodules was increased with dual inoculation compared 

with uninoculated control 

-+urea 

Patra and Bhattacharyya ( 1997) carried out a field trial with T ·,K"" radiata cv B-1. 

Bradyrhizobium and urea (25 kg ha·') I'hey found that all 11 eatrnents increa ed nodulation 

compared control. They also reported that the highest nodules were gi\ en by Bradyrhizobium 
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Shukla and Dix it (I 996b) stated a field experiment where green gram cv Pusa 

Baisakhi was seed inoculated with Hhi::oh111111 or not inoculated .. sown in row s, 20 30 and 40 

cm apart and given 0-60 kg P20 ha·' They found that seed inoculation increased seed yield 

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

mungbean to Rhizobium inoculation Rhizobium inoculation delayed 50°'0 flowering, whereas 

it increased number of branches plant", plant height and the dry mailer accumulation 

Thakur and Panwar ( 1995) conducted a field trial where ViK"" rudtata cv Pusa-105 

and PS-16 were given seed inoculation of both They found I hat inoculation either singly or 

combined increased plant height compared with no inoculation 

Behari el al. ( 1995) carried out an experiment with I 1g11a radiata cv K85 l and B 16" 

Seeds were treated with I 0 different Bradyrhizobium strains (applied alone or in pairs) and 

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

cultivars in terms of nodulation Seed yields were generally improv ed by using multi-strain 

inoculants 



root nodules by 254~0 

seed weight by I 0%, seed N content by ')8 3° e, seed starch content by JO O~o and number of 

v .. ith strain CIAl\1 1901 augmented the herbage mass by 46 6°0, seed mass b~ 39 2o/o, 1000- 

Provoro et al. (1998) observ ed that seed inoculation of mungbcan (/ 'igna radiafu) 

increased by o0% over the uninoculated control 

Gupta el al. ( 1998) reported that nodule occupancy of Bradyrhizobium strain S 24 was 

hizhest from combined inoculation with all three microorganisms ~ ~ 

They found that nodulation and population of microorganisms in the rhizosphere were 

with Bradyrhizobium, Bactllus polymixa and C Homus fasciculatum in different combinations 

rnashkalai ( V1g11a mu11xu). mung (I 'igna radiatu) and lentil (Lens esculentusi were inoculated 

Ghosh and Poi ( 1998) carried out a pot expenrnent v. here soybeans, groundnuts, 
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I 0 4o/o and l 9 :1~o. respect i ely compared to the uninoculated control 

On an average, single strain and multistrain RJ11zoh111m inoculants increased the seed yield b~ 

number of nodules. nodule dry biomass and grain yield were better in multistrain inoculants 

inoculants in field experiments with summer mungbean variety S IL 32. They found that 

Shanna and Khurana ( 1997) studied the effectiveness of single and rnultistrain 

competitiveness 

at a much lower ratio This indicated that a factor other than bacieriocin affected its 

together, VRF5 7 formed a higher proportion of nodules than VRF 10 even when inoculated 

nodule biomass ' as much greater than for VRF 10 When the two strains were inoculated 

nodulating capacity) and VRF57 (superior nodulating capacity), VRF57 fewer nodules but 

were inoculated w ith one or both of 2 bacreriocin-nroducing Uf11=oh1111n strains. VRF IO (poor 

Goel et al (1997) carried out an experiment with 1'1~11a radtata cv K8" 1, where seed 
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up to 40 kg P20s (2 01 t ha~1) 

observed that seed yield was higher with inoculation fZ 02 vs I 87 t ha-1) and increased wit h 

inoculated with Rhizobium or not inoculated and U-60 kg P20~ ha~1 \\3" applied The' 

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

rncreases in seed and straw yields were observed up to 40 kg P10 and 20 kg S ha·1~ mainly 

due to improvement in plant height, branches plant" and pods plant" 

surface of dry seeds before sowing helped to improve the seed and straw -ields Significant 

RJ11znb111m on growth and yield of blackgram Inoculation of RJ11=oh111m culture on the 

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

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

conditions seed yield was increased by inoculation. 

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

inoculated singly with 5 UJ11zoh111m strains and exposed to 3 water regimes She found that 

Paul ( 1999) conducted a pot experiment where mungbean cv PS-16 was seed 

in BIOS and Hoogly local while it was decreased by inoculation and f treatmeni in BJ05 

and Hoogly local were untreated, seed inoculated with H1£1tl)rl11=oh111m and 20, 30, or 40 kg 

N ha" as urea were given. The results revealed that nodulation was urearest with inoculation ~ ~ 

Maida! and Ray ( 1999 > conducted a field experiment where rnungbean cv BI 05. Bl 

plus urea fertilizer produced significantly high yield compared to the control 

control plants From a field trial, they also reported that plant seed inoculated with Rhizobium 

plants exhibited significantly high root and shoot weights compared to the uninoculated 

Hh1zob111m seed inoculation on I tgna radiata cv BI l'hey observed that seed inoculated 

Patra and Bhattacharyya ( 1998) conducted a pot experiment to assess the effects of 



Tomar et al (200 l) conducted a field experiment al the G B. Pant Universitv 

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

Rhizobium, vesicular arbuscular mycorrhiza (VA~I. < i/011111 ... c·t.1'edo11111111) and phosphate 

solubilizing bacteria (PSB, Pseudomonas strtata strain P-27) inoculation with and without P, 

on blackgrarn (I 'igna numgo) seed yield Phosphorus application in soil with medium P 

content (5 4 mg kg.1) increased nodulation, grain ) ield, and P in plant and grain over no 

phosphorus control Forty kilograms of P20 .. each hectare recorded an increase of 20 6° o in 

nodule dry weight, significant increases ofO J<i ,g kg 1 in N concerurauon and I 28 g kg-1 in P 

concentration of plant over 20 kg P20s ha" Similar significant increases of 0 '\9 g kg" in 
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Bhattacharyya and Pal (2001) conducted a field experiment in West Bengal, India. 

during the pre-kharif season to study the effect of Bradyrhizobium inoculation P (at 0, 20 kg 

ha-1) and Mo (at 0, 0 5 and 1 kg ha") on the number of nodules plant" of summer greengrarn 

cv f-44. Inoculation and applicarion of P and Mo sign\ficantly innuenced the number of 

nodules plant", dry matter accumulation in the shoot, crop grow th rate and plant height 

comparing with control 

Chowdhury et al (2000) canied out a pot experiment during kharif in 1995 with 

mungbean in IPSA, Salna, Bangladesh where mungbean line Nl\.1-92 was inoculated \\ ith 

Rhizobium strain TAL 303. They found that dry matter production was increased by about 

S~ o due to Hradyrhizobium inoculation 

Kavathiya and Pandey (2000) conducted a pot experiment with RJ11:ob111m on 

mungbean V 1g11a radiata C\ K 8 ~I ) and found that nodule plant" increased significantly 

over uninoculated control They also 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 Uhr=oh111111 treatment 



observed to be highly significant in plants inoculated with Bradv r/11;:oh111m strains and P.SB 

rare of nodularion and N content The percentage increased in seed yield over control was 

the sowing The plants inoculated 1,,\ ith /Jrad_\ rJ11;:oh111m strains and P B showed increased 

Bacillu polymyxa and P\1!i1domo1111\ trtata at a population of7 x 1 o~ cells rnr1 at the Lime of 

106 and 32 66 x I 06 cells rnl", respectively phosphate solubilizing bacteria containing 

inoculated with strains of RJ11zoh111m, i e JCa-1 and M-10 strains at a population of 28.20 x 

rnungbean cv B-1 in field trial conducted in West Bengal. Seeds of mungbean wer e 

Bradyrhizobium and phosphate oluble bacteria (PSB) on nodulation and grain yield of 

Chatterjee and Bhartacharjee (2002) studied the effects of inoculation with 

biological yield of mungbean significantly over uninoculared control 

combined application of IJ. vigna and A. vinelcmdii increased seed yield, I 00-seed weight and 
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and 100%) on mungbean cultivars (Kawmy-L VC-4. VC-9 and King) and found that the 

biological (Brad) rhizobiuin vrgna and Azotobacter vmelandiis and NPK fertilizers (25. 50 

El-Kramany (200\) conducted a pot trial lo in estigare the combined impact of 

munubean were uniformlv better at catezorv A locations - ~ ~ - 
observed that root nodulation and plant growth characters of cowpea, blackgrarn and 

IOOt nodulation and plant growth characters of cowpea, blackgrarn and greengrarn and 

Meenakurnari and Nair (200 l ) conducted a study in 7 different locations to evaluate 

mass, 0 71 g kg-1 more N in grain and 4 2° o higher grain ·ield over PSB 

studied Rhizobium gave the highest and 21 0° o more nodule number. 34 7°"o more nodule dry 

PSB at all the stages of plant growth recorded maximum increases in all the parameter. 

grain yield and 0 54 and 0 21 g kg 1 in 'and P concentrations of the grain, respectively, over 

-0 kg P20) ha-1 were also obtained ~\\h higher dose h\oc.ula\ion o\' Rhizobinm + VAM + 
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Osunde et al (2003) tested the response of rwo mungbean cultivars (I GX 14'i6-2l: I 

and TGX1660-19F) to Brm{vrl11zoh111111 inoculation in a two vear trials in the farmers fields 

of igeria Cu Ith ar effect of plant height and nodulation number was significant only in the 

Perveen et al (2002) conducted a field experiment to observe rhizo pheric 

microorganisms on growth and yield ofgreengram (Phuscoius radtata) The treatment were 

single, dual and combined inoculantx of Bradyrhizobium, Azotobocter chroococc 11111 and 

Aspergillus The maximum root dry weight {O 37 g plant 1) and eed \ ield (6 6 g plant") were 

ob erved with single Hradyrl11:oh111m sp 

Srinivas and Shaik (2002) studied the effects of N (0, 20, 40 and 60 kg ha·•) and P (0. 

25, 50 and 7 kg ha 1) along with seed inoculation with RJ11~oh111m culture on the growth and 

\ ields components of grecngram were deter mined in a field experiment conducted during the 

kharif seasons Number of seeds pods", 1000-sccd weight, seed and haulm yields generally 

increased eed inoculation with Rh1:oh111m resulted m hi,gher 'aloe for the parameters 

measured relative to the control I'he interactions effects between and P were not 

significant for the number pods plant 1, pod length and seed haulm yield Plant height 

generally increased with increasing rares of P and \.-\ ith increasing rate· of up to 40 kg ha" 

followed by decrease with further increase in ' 

1altk et al (2002) studied the effects of seed inoculation with Rl11;:uh111111 and P 

application (at 0 JO ~O, 90 and I I 0 kg ha-1) on the g,rO\'\th seed -ield and quality of 

mungbean cv 1!\1-98 in a field c perirncnt conducted at Faisalabad in Pakistan during the 

autumn of 2000 ced inoculation v. ith Rhizobium and application of 70 kg ha") resulted in 

the highest number of pods plant 1 <22 n). number of seed pod 1 (\2 06), 1000-seed weight 

(42 27 g) and seed ield (I I 58 kg ha-1) Plant height at harvest was highest when inoculated 

with Brodyrhrzobtum (68 13 cm) 
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stud was conducted by Kurnari and air (200~) to isolate efficient native strains of 

Rl11=ob111111 01 Bradys l11=ob111111 spp. and tu develop suitable package of practices 

recommendations for their efficient use The initial isolation of Bradyrhizobium spp was 

done from seven different locations in Kera la. India, where the soil v as generally acidic in 

nature A total of 26 isolates ( lJ each from blackgrarn ( Vign« m1111go) and greengram (J: 

radlatas were obtained and were screened for nodulation efficiency The experiment was 

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

unsterilized oil of pli 4 89 without an) amendment such as applications of F)~t or 

chemical fertilizers It was also repeated under amended soil conditions The selected isolates 

were further evaluated under field (Yellavani and Kavamkularn) conditions along with a 

package of practices recommendation (POP) developed by the Kerala Agricultural 

University The extent of root nodulation, plant growth and vield were more in blackgram 

and greengrarn where Bradyrhizobium inoculation was done along with the POP 

recommendation \t Vellayani, the nodule number. plant dry weight and yield in blackgrarn 

were significantly high in the treatment combination of POP K -1·-B-6 At Kayamkularn, 

significant increases were obtained onlv in nodule number, nodule drv weight and yield l'he 

re ults indicated that for acidic soils the mere development of efficient nativ e strains of 

/U11zoh111m or Bradvrhizobium alone was not sufficient hut it should be along with a package 

of practices recommendation consisting of applicai ion or organic manure and liming 10 

neutralize the soil pl I 

first cropping season of the trial Inoculation increased 40% seed yield in the first cropping 

season. while no such ) icld difference occur red in the second season 1 he proportion of 

nitrogen derived from nitrogen fixation ranged from 27° o to "0° o in the both cropping 

sea ons and this was dependent on crop management on the farmer's field, rather than any 

cultivar or inoculation effect 
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A study was undertaken by Tam' ar ct al (2003a conducted in Rajast han, J ndia 

during kharif 1996 to investigate the effect of P (0, 20, 40 and 60 kg ha"1) and biofcrtihzers 

.. rirarnachandrasekharan and Vaiyapuri (2003) coducted a pot culture experiment to 

rud the effect of carbofuran in association \\ ith Rhizobiutn on the nodulation growth and 

yield of blackgrarn cv. ADT 3 Plant height (40 3 cm), number of nodules plant" (36 4), 

effective number of nodules plant" (24 5 ), nodule dry "eight (20 2 g), root length (2 5 cm), 

shoot weight (0 82 g). root weight (0 32 g) number of pods pof1 (\&'.!),pod yield pot" (5" 6 

g), root weight (0.32 g), and stov er yield pot" (90 1 g) , .. as the highest \\ ith 2 50 ppm 

carbofuran and decreased thereafter .,: ith further increase in carbofuran concentration 

Irrespective ot the levels of carbofuran /U11zoh111111-inoculatcd blackgrarn showed better 

growth and higher pod vield (50 3 g) and stover yield pot 1 (81 I g) than the uninoculared 

crop 

shraf et al (200~) conducted a field experrment to observe the effects of eed 

inoculation ot a biofertilizer and NPK application on the vcrformance mungbean cv N 1-98 

nudied in Faisalabad, Pakistan The treatments consisted of the seed 'inoculation of 

Bradvrhizobium phaseoti singly or in combination with 20 C\Q 0, 40 50 0, 50 50 o or 

~O C\Q SO kg NPK ha 1 (urea), P ( ing.le superphospharc) and K (potassium sulphate) were 

applied during sowing Seed inoculation + 50 SO 0 or 50 50 l\Q kg ha 1 resulted in the highest 

number of pods plant 1 (28 97 "6 00, 6"' 90 and 1'2 • 6, respectively) and seed yield () 053, 

1066, 1075 and 1072 kg ha"1) Harvest index was the highest. with 5eOO inoculation m 

combination with NPK and 40 50 0 (2~ 23), 50 50 0 (24 70) or 50 50 50 (27 5) eed 

inoculation alongw ith NPK at 30 -o 0 kg ha 1) was optimum for the production of high seed 

yield by mungbean cv ~\-98 The tal\c~\ plants (69 93 cm) were obtained with seed 

inoculation+ 50 50 0 kg PK ha-• 
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Bhuiyan et al. (2006) carried out a field study with five mungbean varieties with or 

without Bl(xll'!'l11zoh111m at Bangladesh Agricultural Universitv farm during kharif-l 2001 

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

different growth periods of mungbean They found that inoculated plant produced 

significantly higher nodule number (I 7 51 plant" in 2001 and 17 61 plant" in 2.002) at 42 

DAS compared to uninoculated plant (11 -,5 plant" in 200 I and 11 "2 plant 
1 

in 2002) The 

An e perirneru was carried out by Bhuiyan et al. (2005b) with five mungbean 

varieties with or without Bradyrhizobiutn at Bangladesh Agricultural University Farm during 

kharif-I 2001 and kharif-I 2002 seasons to find out the time of nodule initiation, nodulation 

pattern and their size distribution by where five mungbean varieties viz BARI Mung-Z, 

BARI Mung-4. BARI Mung-S, BlNA Mung-Z and Barisal local, and rhizobial inocu1um 

(Bradyrhizobium strain BAUR-604) was used The nodules were first v isible at 9 DAS. when 

onlv a few small nodules were observ ed. The number of nodules increased progressively with 

the increasing growth period and reached the peak at 42 DAS (i e at 50o/o flowering stage) 

Inoculated plants recorded higher number of nodules than uninoculated plants at all the 

sampling dates The results suggested that nodule initiation in the roots of mungbean varieties 

started at 9 days or sowing seeds <DAS) reached the peak at 42 DAS and thereafter started 

reducing in numbers until 70 DAS due to spontaneous degeneration 

(Rhizobium sp and Hac1//11 ... megatertum var phasphaticum) on the nutrient content and 

uptake of blackgrarn The biotertilizet s were applied singly 01 in combination The crop 

yield. N and P contents, and 1 and P uptake increased with increasing Prate up to 80 kg ha-1 

Inoculation with the combination of the biofertilizers resulted in higher yield, N and P 

content i and P uptake or the grain and straw compared lo no inoculation and individual 

inoculation 
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ha 1 10 2001, 27°0 increase over control and 0 75 t ha 1 in 2002 .. 29'?o increase over control) 

shoot dry weight seed and stover yields Seed inoculation ignificanrl increased seed (0 98 t 

study Application of Bradyrhizobium inoculant produced significant effect on nodulation 

Bai isal local, and rhizobial inoculurn ( Bradyrhizobium st min BAl R-604) "as used for the 

rnungbean vaneues viz B RI Mung-Z, BARI Mung-4. BJ\RI Mung-S, HINA fong-2 and 

kharif-I 2002 seasons to observe nodulation, biomass production and yield of mungbean Five 

five mungbean varieties at Bangladesh \gricultural niversitv farm during kharif-I 2001 and 

Bhuiyan and han (2007) conducted experiment with or v ithout Bradvrhizobium in 

<2 0 mm), 5 6 (2 \-4 0 mm) and 0 l-0 2 (>4 mm) nodules p\a\\t 1 

al different DAS in both the years Bradyrhizobium inoculation produced 8 8 { 2 0 mm) 8 5- 

8 6 (2 1-4 0 mm) and 0 2-0 4 (>4 mm) nodules plant 1, while uninoculated plant produced 5 7 

nodule in different sizes (<2 0 rnrn, 2 1-4 0 mm and >4 mm) was observ ed in HARJ mung-2 

reducing in numbers until 70 DAS due to spontaneous degeneration Higher number of 

started at 9 da s of SO\\: ing ceds (DA ·) reached the peak at 4~ DA"' and thereafter started 

up to 63 DAS The result suggested that nodule initiation in the roots of munghean varieties 

nodules. the declining was noticeable after 56 DAS. while the bigger nodules were increased 

nodules of 2-4 mm size started to decline after 42 DAS sharply and rn case of <2 mm size 

grc wth period and reached ihe peak al 42 DAS (i e at 50°/o flowering stage) I'he number ot 

their size distribution l he number of nodules increased progressively with the increasing 

and kharif-l '2002 eason to find out the time of nodule initiation. nodulation pauern and 

without Bradyrhizobium al Bangladesh Ag1 icultural ni er sit I arm during kharif-I 200 I 

Bhui an et al. (2007a) earned out an experiment with tive mungbean vaneues with or 

DA with uninoculated plants 

lowe t number of nodules (3 50 plant" in 200 I and 3 4 7 plant 1 in 2002) was produced at 14 
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Bhuiyan et al. (2008a) earned out field studie with and without Bradvrhuobtum with 

fh e mungbean var:ietie to ob ervc the icld and yield attribute of mungbean 1 he ob en. ed 

that application of Bradyrhizobium inoculant produced igniticant effect on seed and stover 

yields Seed inoculation ignificantly increased eed (0 98 t ha" in 2001 27°0 mcrea e over 

control and O 75 t ha 1 in 2002, 2~ e increa e over contro\) and ~\over (2 3 l t ha 1 in 200 l and 

2 04 t ha 1 m 2002) yields of mungbean Bradid11=ob111111 inoculation also ignificantly 

increased pods plant", seeds pod 1 and J 000-seed weight Inoculated BARI 1ung-2 produced 

the highest seed and stover yields as weU as yield attnbutes such as pod plant" and seed 

pod I 

hat et al (2007) reported that seed yield, plant height, pod length, pods plant 1, eed 

pod 1 ~ I 000-seed weight were the highest in full do es ot fertilizers w hile control plant 

recorded the lowest yield and also other parameters 

vaneue were observed on dry matter production and nitrogen uptake Bradyrhizobium 

inoculant significantly increased dry matter production I'he highc t dry matter production 

plant 1 at 77 DA wa recorded in Brad; rhizobium inoculated plots lnoculated B RI 1ung- 

2 produced the highest shoot weights 

ignificant influence of the mungbean uptake by mungbean at different growth stage 

Bhuiyan et al. (2007b) earned out field tudies with five mungbcan varietie with 

without Brodyrhtzobtum inoculation at the Banglade h Agricultural rnver ny Farm during 

Kharif-1 2001 and Kharif-I 2002 ea ons to observe shoot dry matter production and nitrogen 

and stover (2 3 I t ha 1 in 2001 and 2 04 t ha 1 in 2002) yields of mungbean Inoculated BARI 

Mung-2 produced the highest nodulation, dry matter produ~t1on, seed and tover vields 
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Boron enhances uptake and translocation of sugar and ts implicated in arbohv drate 

metabolism Thi might be another reason for high grain weight and high r gram ield of 

( 1976) 

Boron rs an essential micronutrient for cell division in the process of nodule formation 

(Mulder, 1948) It i~ one of the most important micr onutrierns which is required for growth 

and development of plant It helps in fruit setting and grain formation The development of 

anthers and pollen is affected by boron deliciencv In boron deficient crop the pollen doc· 

not accumulate tarch and the nuclei when pre ent are abnormal It ha been suggested that 

boron deficiency affects pollen development during the pollen mother cell stage (Canhong 

and Rerkasem. 1992) Thus boron deficiency can cause) ield reduction by reducing grain set 

through impaired de' elopment of anther and pollen grain ( Sansance and Benchawan. 1989) 

Rerkasern el al ( 1991) observed that 1 he poor grain set in wheat reduced grain yield by 40- 

500 o on soils with low boron content (0 08-0 12 mg B k .. ~f1) Grain -ield of wheat is depres ed 

bv poor number of grains ear" which may result from boron deficiency ( \bed in et al 1994 

The problem can be corrected b boron application to the oil It has been reported that the 

crop responds better to soil applicat ion than to foliar application (Chatterjee et al, 1980) I'he 

added boron causes higher formation of grains resulting in higher grain vicld of wheat 

(Jahiruddin, 1991. Hossain et al, 1994. Khan er al, 1996) Improvement in grain set and 

J 000-gram weight in w heat b) boron application was also ob erved bv 'ingh and ingh 

2.3 Effect of boron 

Bhuiyan rt al (2008b) conducted a field experiment at Regional Agricultural 

Research tauon larnalpur on blackgram and reported that inoculated plant gave 

significamltly higher nodule number, nodule weight shoot weight and seed yield compared 

to non-inoculated plants 



26 

together produced significantly higher nodule number, nodule and hoot weights and stox er 

and gram yields over control Crops response to B ' a better than the 1o rams ield of 

o and B differences were observed m all the characters tudied Rhizobial inoculant 

Field e periment were conducted b Bhui an el al (I 998b) at gncultural Re earch 

talion Thakurgaon Banglade h to find out the effect of 1o B and rhizobial inoculant on 

nodule number. nodule and shoot weight and stover and grain ield of lentil ignificant 

n experiment \\85 conducted b) Bhui an er al (r997a) on Gte\ 1 errace oil of 

Gazipur, Bangladesh to ob erve the effect of rhizobial inoculum to and B on the 

nodularion, yield and economic performance of groundnut 1 hey reported that Rh1=oh111m 

inoculation m presence of P K 1o and B fertilizers significant Iv mcrea cd nodulatton dry 

matter and nut yield of the crop 

Bhui an el al ( l 996a) conducted field experiment on Gre 1 errace 011 ot Gazipur 

Bangladesh to evaluate the effect of rhizobial inoculum molvbdenurn and boron on the 

growth. yield and economic performance of o bean The ob erved that the highe t 

nodulation, dry matter ield and gram ield were recorded with the treatment of P22K.,2B1 

inoculurn Inoculation with mol bdenum boron and mol bdcnurn and onl moculum also 

gave better performance in producing nodule numbers nodule weight, hoot and root drv 

weight stover and grain ield Inoculation either with boron or with molybdenum increa ed 

nodulation and yield than the combined application of boron or and mol bdcnurn 

wheat due to boron application to wheat Plant height number of pike rn number of filled 

grams spike 1 
~ 1000-gram weight gram ield and traw ~te\d were found to increase by boron 

application up to 3 kg B ha 1 (Rahman I 989) Application of boron at the rate of 2 9 kg ha 

al o mcreased the number of spikelet spike 1 and number of gram spike 1 (Saleh et al 

l<)82) 
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Mishpra et al (200 I) conducted an experiment on the effect of nutrient management 

and plant growth regulators on the ield and econonuc of chickpea 111 Iadh a Pradesh 

India during the rabi eason of 1998-99 eeds and stover ield were higher in B and 

cephalexin treatment compared to the other growth regulator treatment Boron and P with s 

treatments gave the highe t net return 

An experiment wa conducted by Bhui an et al (I 999a) on Hirnala an Piedmont 

Soils of Dinajpur and I hakurgaon Bangladesh to observe the effect of Moll and rhizobial 

inoculum on nodulation ~ ield and economic performance of cluck pea lnculation "uh 

RJ11zoh111m strain (RCa-220) in pre ence of P, K 1o and B fertilizer ignificantl increa ed 

nodulation, top dry matter and seed vield of the crop I he magnitude ot increa e in seed 

vield over control was 143° o and 86° o at Dinajpur and I 2° o and 174° o at ·1 hakurgaon for 

two consecutive rabt ea on 

inoculation With Mo and B produced significantly higher nodule number nodule and hoot 

weight and straw and eed vield compared with control ccd vield wa 107 and 148°0 higher 

than control in tw o consecutiv e growth seasons 

ignificant differences were ob crvcd in all character studied RJ11zoh111111 and ield 

even different treatment combinations of rhizobia, Io and B fertilizer along with a 

control were C\ aluated b Bhui an et al (I 998a) at the gricultural Re ear ch tation 

Rajshahi to investigate their effect on nodule number nodule and hoot weight and traw and 

seed ield, m order the select a suitable combiantion of treatment for better chickpea growth 

lentil were 115 and 94° o higher over uninoculated and unfertilzed control during to rabi 

season 
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Bharti et al (2003) conducted a field trail in Iuzaffarpur Bihar India during the 

1997-()8 rabi eason on chickpea cultivar (BG256) to tud the effect ot boron I he 

treatments comprised O I 5 and 2 5 kg B ha 1 1 he number dry weight nitrogenase activ it\ 

leghaernoglobin content and active iron content of the nodules increased with B applicat ion 

Boron at I 5 kg ha 1 was optimum for mo t of the characteri tic 

Ali et al (2002) reported that yield losses of v arymg magnitude in chickpea. e g 22- 

5~ o due to iron (Fe) up to 100°0 due to boron (B) and 16-30°0 due to sulphur ( ) enotyprc 

differences m response to application of Fe, B and zinc (Zn) have al o been found arnonu 

chickpea genotype 

Bharti et al (2002) earned out a field experiment in Bihar India during the winter of 

1997-98 to observe the effect of B (0 1 5 and 2 5 kg ha 1) application on the yield and 

nutntion of chickpea (cv BG256) They reported that the mean seed yield, and seed rover 

and B content increased whereas tover yield decreased with mcrea mg B rate 

field e periment were conducted b ingh et al (2002) m sandv loam calcareou 

sod in ttar Pradesh India during 1995-96 to tudy the effect of boron application on ield of 

pea (cv Rachna) and blackgram (C\ PV-19) Boron was applied as borax at the rate ol 1 2 

3 and 4 kg bora ha 1 with a control pplication ofbora up to 4 kg bora ha 1 significantly 

increased the gram yield of black gram 1 he maxunum y\e\d was \ 5 42 q ha 1 and mmimum 

grain yield of I 65 q ha 1 was found in the control The additional grain yield O\ er the control 

was 280 431 899 and 1~77 kg ha" at l 0 20 30 and 40 kg borax ha 1, respectively 

pplication of B progre sively increased the gram yie\d of pea from S \0 to t &4 kg ha 1 up 

to 4 kg borax ha 1 
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highe t pod yield of 24 99 q ha 1 and arowth parameter total number of nodule (C:..7 4) and 

their dry weight (100 2 mg plant 1 ), number of effectiv c nodule (27 80) and their d weight 

!lo 0 032 mg kg') lie ob erved that the nucronutnents hewed ignificant effect on ield 

ml content and growth parameters I he Zn at 4 g 1o at 2 g kg 1 seed treatment recorded the 

iranjana (2005) conducted a field experiment to mv estigate the effect of B ( 1 g kg 1 

seed) Zn (2 and 4 g kg 1 seed) and Mo 2 and 4 g kg 1 seed) as .eed treatments on the growth 

and yield of groundnut C\ KRG-1 on lfi ol, which wa deficient in Zn (O 46 mg kg 1) nd 

weight and seed vield than combined application of B and 1o 

eed ) ield of the crop Inoculation either with B or 1o mcrea ed nodule number nodule 

fertilization produced the highest nodule number nodule and hoot drv weight stover and 

on the growth vield and economic performance of ovbean Inoculation with P K and B 

011 of Jes ore to tudy the effect of R/11zob111111 inoculation and micronutrient ( 1o and B) 

Bhuivan et al (200Sb) conducted field experiment on ( alcareou Brown Floodplain 

and \4 8° o for JL 24 Zinc had the mo t pronccnced effect on ~\c\d followed by and B 

at 40 kg ha 1 1 he vicld meres e 0\ er the control wa 24 2° o for TM\ 7 ..., at I 0 kg ha 1 and 

yield increase wa obtained with the ml application of Zn at 5 kg ha 1 m combination with B 

A ubstantial application of Zn. 13. and 1o. and also the seed treatment with Zn B and 

hitde hwari and Poongothai (2004) prevailed the re pon e of groundnut to the oil 

recommended doses of PK fertilizers Combined application of SO kg ha 1 25 kg p O 

ha 1 25 kg K20 ha 1 along with Fe"O 10 0 kg ha·•. Zn 04 a 5 0 kg ha 1 and borax a IO kg 

ha 1 maximized the groundnut vield and net re.tun\ 

growth and ield were ignificantl higher when iron. zinc and boron were applied with 

Janakir a man <'I al (2004) conducted a field e penment to determine that groundnut 
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Johnson et al (2004') found that the primary micronutrient problem in grain legume 

is B deficiency w hile in rice (01 \Za sativa'; Zn deficienc 1 more nnportant and wheat 

('J 1111a1111 aestivum} uffer from both deficiencv ene of field e periment wa earned 

our o er two ea on to compare 011 fertilization and micronutnent seed pnrnmg a method 

of irnpro mg Zn and B nutrition of each crop 11cronutnent treatment were evaluated for 

their effect on grain ield micronutrrent content oil B fertilization mcrea cd B content of 

the gram on lentil(/ e11 c11/111arH) chickpea (Cicer arieunumj 

assar 2005) conducted an e periment to evaluate the effect of foliar application of 

boron zmc manganese or iron on the eed and pod yield of groundnut as \\CU a on the 

nument 011 and protein content of eeds Boron "as applied at rates of 75, 150 and 300 mg 

litre 1 a bone acid, whereas zinc man zane e and iron were applied at rates of I SO .. 300 and 

600 mg litre 1 m EDl form Foliar pray ing with 600 mg Fe, 600 mg Zn, 300 mg 1n and 

1 SO mg B litre 1 gav e the highe t seed and pod ) ield and recorded the highc t eed nutrient 

011 and protein contents 

wa u ed an w hich the absence of sulphur S boron B zrnc Z nJ or molybdenum ( to) wa 

compared to a complete nutrient control Only 1o \\3 found to be limiting, giv mg a grain 

ield re ponse of T'0 o 

subtractive design 0-10 cm) o determine which element could be limiting to chickpea 

Johansen et al (200 found that chickpea grown on re idual Oil moisture after nee 

harve t 1 a prormsmg crop for the High Barind Tract (HB I) an uplifted slightly undulating 

area in northwestern Banglade h "her the oil have an acid urface horizon (pH 4 5-5 5 at 

70 mg plant 1) a well a root length J .> 66 cm) and rt drv weight (887 mg) over the 

ntro\ 1 he "' lent of mcrea e was 24 \ \ 0 e over the conwct 



2.4. Effect of molybdenum 

Molybdenum pla a vital role an legume production It 1 an c ential mrcrouument 

for all plant being necessar for the formaiton of nitrate reducta e However m legumes It 

Sha I el al 2007) found that boron pla ed major role m augmenting ield 1 he highest 

mean yield (l 23 t ha 1) was obtained with 2 kg ha 1 Band l kg ha 1 1o which wa ~2°o 

higher over control The optimum economic dose of boron "as found to be I 76 kg ha 1 

Rao et al (2006) carried out a field study to evaluate the re pon e of mu tard to zinc 

(0 S0o zinc sulfate) boron (1 0 ppm borax) and molybdenum (0 1°0 ammonium molybdate) 

application in addition to the recommended PK and FY 1 alone ombmed application of 

Zn B and Mo gave the highest values for mo t vield attribute clo el folio" ed b B and 

Mo However integrated u e of B and Mo recorded the highest 1000- eed weight and eed 

yield. accounting for 24°0 increase over the recommended NPK and 56°0 increa e over F) 1 

alone 

Singaravel (2006) conducted a pot trial e penment to determine the effects of the 

different fertilizer on the growth and ield of uroundnut cv \RI 2 Me found that the 

recommended PK in combination with 25 kg zmc ulfatc ha 1 10 kg borax ha 1 and 10 t 

composted coif pith ha 1 gav e the highe t value for plant height dry matter production 

during the flowering po t-flowering and han esting rage of the crop umber of pod 

plant 1 crop yield and P K Zn and B uptake of the groundnuts also increa ed 

nva tava t t al (2005) observed that in absence of apphcd B there wa no icld a 

any pods formed an comparison to a ield ot 00 kg ha 1 m the full nutncnt treatments I here 

wa yellowing of younger leave and t pical • liule leaf S} mptom when B was omitted 

critical concentration range of I 5-20 ppm B wa found for the hoot tip of chickpeas 



infiltration rate but showed significant negative relationship ,. ith splash loss 

relarionsbip w ith nodule count, soil water con::,l.!rvation~ waler stable aggregates and 

decreased after the harvest of succeeding safflower Plant canopy showed significant positiv e 

available P K. S and Mo in soil increased considerably after the harv est of blackgram but 

conserved more soil water Water stable aggregates, infiltration rare, 01 ganic carbon. total N .. 

rain fed blackgram ( Vigna 1111111go). yield of succeeding safflower and reduced splash loss and 

found that P, S and Mo application significantly increased the canopy. nodule count,) ield of 

haudhary and Oa5 ( 1996) conducted an exper\men\ m uar Pradesh, lndia and 

increased with increasing N and P applications and decreased with increasing applications 

and P applications but increased with S application Soil available Fe w ith increasing 

ga e the highest trace element content in black gram Soil available Cu content decreased 

harms et al. ( 1995) observ ed that application of JO kg N + 60 kg P:!Os + 60 kg S ha-1 

and uptake by blackgrarn and other legume crops are cited here· 

some of the information on the effect of Mo regarding blackgram and other legumes yield 

et al, 1996b; Bhuiyan et al, 1998a, Bhuiyan et al, J999b. Bhuiyan el al., 200Cib) However, 

Robson. 1993, Kanzaria and Patel, 1985, Rckrasem et al 1987 Iiah et al 1992 Bhuiyan 

and George, 1977. Kulkarni ct al .• 1989. Brodrick and Giller, 1991, Giller and Wilson, I 99 J, 

and boron on different grain legumes have been reported by some researchers (Muralidharan 

studies on the influence of molvbdenurn on blackgram are limited Respnse or molybdenum 

But in the legumes. it plays an additional role in the symbiotic nitrogen fixation But research 

Vermae1al 1988~Ti\.\arieta/ 1989,t\tiaheta/ 1992,Bhuiyane/al, l996a, 1996b,e1c) 

legumes have been reported by various researchers (Pradhan and Sa1 kar l 98Ci, Pal 1986 

pla s an additional role in symbiotic nitrogen fixation Effect of Mo and Bon different grain 



Ali el al. (1993) observed that soybean cv Clark was supplied with the equivalent of 

O, 30 or 60 kg P feddan" plus o, 5 or l 0 ppm Mo The highest OM yield plot" number of 
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Yanni ( 1992) reported that seed ) ields of chickpea, lentil and Lupinus a/b11J were 

generally the highest due to Mo application 

Singh el al. ( 1992) carried out field experiments to assess the effects of Mn and 'lo 

with Rhizobtum culture on yield and protein content of cow pea (I tgna 1111g111c11/a1a) The) 

found that application of Mn and Mo. either singly or in combination \\ ith Rhtzohtum 

increased yield Grain protein and soil available nitrogen also increased with Rh1=ob111111 

inoculation and increasing doses of Mn and Mo 

Singh el al. ( 1992) noted that application of Mn and Mo, either singly or In 

combination with Rhizobium culture significantly increased grain yield of cowpea Protein 

content of grain and available nitrogen in soil also increased w ith increasing dose of Mn and 

Mo with Rhizobtum inoculation 

Olufajo and Adu ( 1991) conducted a field experiment on soybean (cv Sam soy) 

inoculated with Brodyrhizobium Japomcum and Mo application @ 270 g Mo ha·' and 

reported increased nodulation 

Solaiman el al. ( 1991) carried out an experiment with two varieties of lentil. Utfala 

and Mymensingh local I'hey reported that 2 kg Mo ha·• v.. hen applied with Rhizobtum 

inoculant was found stimulating in respect of nodulation and dry matter production of the 

crop. 

olaiman and Habibullah ( 1990) stated that at 50° o flowering stage of groundnut. 

Rhizobium inoculant treatment in presence of P .. K and Mo gave significantly higher amount 

of total dry matter yield plant" compared to the treatment of I 00 kg N ha·1 at farm fertility 
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ev en different treatments of rhizobia moh bdenum and boron fertilizer along w ith a 

control "ere evaluated b Bhui ran et al (I 996b) at Regional \gncultural Re earch tatron 

I hurdr Pabna to find their effects on nodule number shoot weight and stover ield and nut 

yield and also to select the uitabl combination of rhizobial inoculum 1o and B 

mrcronument for better growth and ield of g1 oundnut 1 hev opined that rhizobial 

inha et al ( 1994) ob erved that lent ii cv B77 was gl\ en 0 6 or I 2 kg B ha 1 a 

borax, 4 4 kg Zn ha"1 as zinc ulphate or 0 S kg Mo ha 1 as sodium molybdatc \ngl~ or m 

various combination Compared with the control ) ield, application of the trace element 

increased seed vield by between 14 and 5 °o \pplication of 1o Zn gave the highest eed 

yield of 2 29 l ha 1 the highe t net return 

Johal and Chahal ( 1994) noted that nodule number and dr weight of mungbean 

were the greate t with 5 ppm 1o odule lcghaernoglobin content increased with up to 5 

ppm !lo a did nodule nitrogenase activ It\ 

attar el al. ( 1993) conducted ix field experiment on two chickpea vaneue (Nabin 

and Hv pro ola w ith Rlu=oh111111 inoculation a affected b I SP (60 kg P105 ha 1) 1P a 30 

kg K 0 ha 1 and ammonium molvbdatc (a l kg 1o ha 1) at 6 locations 1 he obser ed that 

fertilizer application tirnulated the activit of Rhizobium pecially in producing root nodule. 

and yield of the crops 

faurya et al ( 199 ) reported from a pot expenmcm that Rhtzobinm inoculation with 

1o m urdbean (J 1g1111111111go) mcrea ed nodule number and weight IOOO- ccd weight and 

uptake 

nodule and and 1o uptake pot 1 came from the rat of I 0 ppm 1o 60 kg P feddan 1 [ 1 

feddan 0 42 ha] 



Seven different treatment combinations of rh\zob\a, ~1o ami B ferti\izers along w\th a 

control were evaluated by Bhuiyan et al ( I 998a) at the Agricultural Research Station, 

Rajshahi to investigate their effect on nodule number. nodule and shoot weight, and straw and 

seed yield. in order the select a suitable combiantion of treatment for better chickpea growth 

and yield Significant differences were observed in all characters studied Rhizobnnn 

inoculation with Mo and B produced signiflcanuy higher nodule number, nodule and shoot 

weight and straw and seed yield compared with control Seed yield was l07 and 148°0 higher 

than control in two consecutive growth seasons 

Rosolem and Caires (1998) reported that a high N-uptake had been observed in limed 

plots probably due to an increase in molybdenum availability 

Manda\ et al. l 199&) observed \hat dry matter y;e\d of \en\\\ was increased by the 

application oflime, P and Mo Plant dry matter pot" was the highest with l OOo/o lime r 50 mg 

P + i mg Mo Yield response to \1o application was the highest, followed by lime and P 

Experiment were conducted at Central Farm of Bangladesh Agricultural Research 

Institute. Joydebpur, Gazipur by Bhuiyan et al. ( 1997b) to determine the effect of rhizobial 

inoculum, B and Mo on the growth, yield and economic performance of chickpea They 

noted tbat Rhizobium inoculurn along with P. K. B and Mo gave significantly higher nodule 

number. nodule weight, shoot weight, stov er ) ield and seed yield. Rhizobium inoculurn in 

presence or absence of P. K Mo or B also gave better performance in producing nodule 

number and nodule weight 

inoculation \ ith to and B produced significantly higher number, nodule weight, shoot 

weight, stover icld and nut vield 
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Niranjana (2005) conducted a field experiment to investigate the effect or B (I g kg" 

seed}. Zn <._2 and 4 g kg-1 seed} and Mo (2 and 4 g kg"1 seed) as seed \rcatmenls on the growth 

and vield of groundnut cv KRG-1 on Alfi sol, which was deficient 111 Zn (0 46 mg kg 
1 

l and 

Mo (0 032 mg kg" ). He observed that the micronutricnts showed significant effect on ield, 

Bhuiyan el al {~005a) conducted field experiments on Calcareous Brown Floodplain 

Soils of Jessore to study the effect of Rliizobium inoculation and rnicronutrienis (Mo and B) 

on the growth, yield and economic performance of soybean Inoculation with P. K and B 

fertilization produced the highest nodule number. nodule and shoot dry weight, stover and 

seed yield of the crop Inoculation either with B or Mo increased nodule number, nodule 

weight and seed vield than combined application of B and Mo 

Bhattacharvya and Pal ( 200 I a) conducted a field experiment in West Bengal, India, 

during the pre-kharif season to study the effect Bradyrhizabium inocularion, P (at 0, 20 kg 

ha-1) and Mo (at 0, 0 5 and 1 kg ha-1) on the number of nodules plant" of summer greengrarn 

C\ T-44 Inoculation and application of P and Mo significantly influenced the number of 

nodules per plant and plant height 

An experiment was conducted bv Bhuivan et al ( l 999b) in the light soil of I'obacco 

Research Station .. Rangpur, Bangladesh to study the effect or I hizobial inoculurn and 

micronutrients (Mo and B) on the growth yield and economic performance of chickpea. A 

significant increased over control in nodule number, nodule mass. shoot mass, stover ) ield 

and seed yield due to rhizobial inoculation in the presence of P .. K Mo and B Molybdenum 

or B application with P K and Rhizobium also resulted in higher nodule number, nodule 

mass. stover yield. and seed vield then the other treatments except PKMoB + lnoculum 

Rhtzobtum without any chemical fertilizer also gave significantly higher nodule number and 

mass then the uninoculated control 
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Shil el al (2007) found that boron phn ed major role m augmenting vield 1 he highe t 

mean yield (I 23 t ha 1) "a obtained with 2 kg ha 1 B and I kg ha 1 lo which was 52° o 

higher over control The optimum economic dose of boron was found to be I 76 kg ha 1 

Rao et al (2006) carried out a fie\d \ud".) to c~a\uate. the response of mustard to zsnc 

(0 5°. 7JnC sulfate). boron (1 0 ppm borax) and molvbdenum (0 1°0 ammonium rnolybdate) 

application in addition to the recommended PK and FYM alone ombined application of 

Zn B and 1o gave the highe 1 values for mo l ield attributes clo cl followed b B and 

Mo However integrated use of B and 1o recorded the highe t I 000- eed \ eight and eed 

~ ield, accounting for 24° o increase over the recommended PK and 56° o increase over FY 1 

alone 

Johansen et al (2005) found that chickpea grown on re idua! oi! moi ture after nee 

harvest is a promising crop for the High Barind I ract (HB I) an uplifted, slightly undulating 

area in northwe tern Bangladesh where the oils have an acid urface honzon (pl I 4 5-5 5 at 

0-10 cm) To determine which elements could be limiting to chickpea A ubtractive de 1gn 

was used m which the ab ence of ulphur (S) boron (B) zmc (Zn) or molybdenum ( 1o) wa 

compared to a complete nutrient control Only Mo wa found to be limiting, giving a gram 

ield response of 73° o 

oil content and growth parameters The Zn at 4 g + Mo at 2 g kg 1 ced treatment recorded the 

highest pod y,e\d of24 99 q ha 1 and growth parameters total number of nodules (57 4) and 

their dry weight (100 2 mg plant 1) number of effective nodules (27 80) and their dry weight 

(70 mg plant') as well a root length (13 66 cm) and us dry weight (887 mg), O\e1 the 

control The extent of increase wa 24 \ l 0 o over the con\ro\ 



composite 011 sample "a kept m polyeth lenc bag for chemical tubble and hard clod 

analy 1 

3.3 ollection and preparation of soil sample 

1 he soil used in thi experiment was collected from a selected area of entral Farm of 

Bangladesh Agricultural Re earch Institute, Joydebpur azipur The initial urface 01] of 

0-1 S cm depth "ere collected I he oils were put mto pol eth lene bag and were taken to the 

laboratorv hen it wa spread on the 11001 and sun dried for oue month when dried the 

clod were broken with hammer to bake at friable The oil wa ieved to remove weed 

3.2 E:iperimenrnf site 

I'he experiment was earned out at the et House of oil cience Di' ision 

Bangladesh Agricultural Research In tuute (B \RI) Joydebpur Gazipur 

3.1 Objecti\ e 

The experiment \\8 conducted to stud the response of Brad rh1=oh111111 nurogen 

molvbdenum and boron on the growth nodulation yield. nitrogen uptake and other yield 

contributing characters of black gram 

his chapter deal w ith the e perimental aspect at the work Details of the 

experimental material and methods followed in the tudv arc pre cnted in tin chapter he 

experiment wa carried out during eptember to December 2007 'I his chapter offers a brief 

description of 01). treatment design, fertilizer biofertilizer, intercultural operation 

chemical and tatistical analysis 

C II PTER 111 

D 1 f I HODS 



and it was released in 1996 by the National Seed Board for stable and high yield with 
... 9 

BARl Mash-3 was developed by Bangladesh Agricultural Research Institute (BARI) 

J.6.1 Blackgram variety BARI Mash-3 

3.6 Crop: Blackgram ( Vign11 111ungtJ L) 

period (November 2U06 to April 2007) is presented in App 4 3 1 

weather data regarding rainfall, temperature and relative hurniditv prevailed during the stud) 

occurs in the monsoon (Mid April to Mid August) and scantv during rest of the year The 

l'he climate of the experimental site is sub-tropical. wet and humid Heavy rainfall 

Grev 
Stick3 and mud when wet 

63 
17 ~ 
0 22 
9.4 l 
7 15 
0 15 
0 95 

0 072 
13 0 
15 0 
1 59 
0.59 
\ 19 
3 ~ ---- 

27 5 
33 5 
39 0 

Clay loam 

Values 

J.5 Climate 

Colour 
Consistency 
pH (1 2 5 Soil-\Vater) 
CEC (cmol kg') 
Exchangeable K (cmol kg'") 
Exchangeable Ca ( crnol kg"1) 

Exchangeable Mg (cmol kg") 
Exchangeable a (cmol kg") 
Organic C (0'0) 
Total N (o/o) 
Available P (mg kg") 
Available S (mg kg") 
Available Zn (mg kg-1) 

Available Cu (mg kg-1) 

Available Fe (mg kg-1) 

Available Mn (mg kg-1) _ 

Mechanical fractions· 
0n Sand (0 2-0 02 mm) 
0 o Silt (0 02-0 002 mm) 
0 oClay (< 0 002 mm) 
f extural class 

Characteristics 

fable 3.1. Physical and chemical characteristics of the soils 

p1 esented in Tables 3 l 

I he morphological, physical and chemical characteristics of the experimental soil are 

3.4 Soil 
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3. 7 Year: 2007 (Kharif-rl) 

3.8 Treatments: 12 (T"\\ elve) 

T 1 Control (Uninoculated and unfertilized 

T2: PK.Mo (P221<42.Mo1 kg ha-• i.e. P1 w1'-.10Mos mg I 0 kg·1 soil) 

T:~ PKB (P22K12B kg ha·1 i e P110K21C,B~ mg I 0 kg·1 soil) 

Toi. Inoculum ( 1 "kg lnoculurn ha-• i.e 7 5 mg lnoculum 10 kg" soil) 

Ts N (N50 kg ha·1 i e N2somg 10 kg" soil)) 

T6 PKJ\to + lnoculum (P22KcM01 kg ha" i c P11rJK210Mo mg 10 kg-1 soil 4 7 5 mg lnoc) 

T~ PKB ..i. lnoculum (P22K42B1 kg ha" i e P110K2wB~ mg 10 kg" soil+ 7 S mg Inoc.) 

18· PK Mo (Ns0P22K 12Mo1 kg ha" i e N2.r;oP110K2w?\ Jo .. mg l 0 kg·1 soil) 

T9 NPKB (N~1P22K:nB1 kg ha·' i e N2soP1 0K:?10Bs mg I 0 kg·' soil) 

T 
10: 

PKMoB (P22K.t2Mo1R1 kg ha" i e P111,K210Mo.-.B, mg I 0 kg" soil) 

T11 PKMoB-i lnoc. (P22K12Mo1H1kg ha-1 i e P110K-.10MosBs mg 10kg"1 soil 7 5 mg Inoc > 

T12 NPKMoB (N-.fJP22K 12Mo1B1 kg ha" i e P111,K1111MosB5 mg 10 kg' sorl) 

al. 2004) 

dispersion of 2_) 8° o, BARI ~lash-3 contains 23 9% protein and 46 8° o carbohydrate (Bakr et 

the traditional method of dehulling H takes about 22 minutes to cook and shows solid 

have 86.6o/o kernel content, but produce 78 5° o head dhal (intact kernel after splitting) using 

April)] for cultivation in all blackgram growing areas in Bangladesh Seeds of BARI Mash-J 

growing seasons [kharif-/1 (August-October), k/1(111(-J (February-May) and late rabi (Januarv - 

Because of its wide adaptability ... the cultiv ar \A. as recommended for three different blackgram 

pubescence eeds are drum-shaped and blackish It has a l 00-seed weight of about 4.8 g 

yellowish-green The raceme position is under the canopy Mature pods are black with dense 

and green I eaf pubescence is nrcsent Petioles are short and purple-green I'he corolla is 

characteristic of photo-insensix itv and synchrony in maturitv Leaves are trifoliare, alternate. 

75 days and average yield from 1600-1800 kg ha·1 I'his variety possesses the special 

(CLS) Plant height of this varietv ranges from 35-17 cm .. maximum field duration from 70- 

combined resistant to \ 1\.t\ caused h~ the yellow mosaic virus and Cercospora leaf spot 
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3.12 Preparation and amendment of peat material 

1 he peat 011 was collected trorn Gopalgonj and the pl t was measured b~ gla s 

electrode method l he plil of the peat ·011 wa 4 5 and it was adjusted to 6 8 bv adding 

Ca 03 Fifi grams of amended peat hav mg 8 percent moisture was taken in each 

pol~ ethylene bag and the bags were ea led up 1 hen the were terilized bv autoclaving fur 

three consecutiv e da for one hour each day 1 he sen led peat \..S readv for inoculation 

3.11 Fertilizer application 

G psum and zinc sulphate were applied according to the fertilizer recommendation 

guide (B R 200 ) G -psum @ 20 kg "' ha~• and zinc ulphate a 5 kg ha 1 were applied a 

basal m a\\ pots except in comro! pots Half amount of urea and fuH doses of other fertilizers 

were applied one da before of ced 0\\ mg The re t half amount of urea \\8~ applied at 20 

davs after sowing CD\ ) itrogen a 50 kg ha 1• tnplc uper pho phate a 22 kg P ha" 

mus rare of pota h Cl 12 ~-S K 1,a·1 boron a l kg B ha 1 and molybdenum a I kg 1 ha 

were applied a per treatments oft he e penment a recommended lev els 

3.10 Pot preparation 

Io conduct the experiment (3 25 cm ) earthen pot were collected and each pot 

\\3 poured with 10 kg finch ground of re ed oil 1 riple super phosphate, mur:iate of 

potash gypsum and zinc ulphatc (Monohydrate) was applied a recommended at the time of 

pot filling 

3.9 Freatment combination and experimental design 

1 here were 12 treatment combination tor each te t uot I he experunent wa laid out 

m a complete randomized de rgn { RD) w ith three replication and total treatment 

combination were 36 
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3.15 Procedu re for inoculation 

Inoculation was done just before sow mg Healthy black gram seeds d> 20 seeds for 

each pot were taken into polyethylene bags separately and a little amount of the sticker 

solution (4% gum acacia solution) was added to each bag with sterilized pipettes It was 

followed by addition of desired peat based Bradyrht=ohium inoculam to each polyethy lene 

3.14 Viability count of Bradyrhizobium 

Viability count of brad rhizobia in the inoculant was made one day before injecting 

the peat following plate count method C Vincent, 1970) The average number of bradvrhizobia 

was approximately abov e l 08 cells g"1 in the inoculant The initial soil bradvrhizobial 

population was below \03 ceH g·' of so\\ 

J.13 lnoculum preparation 

The rhizobial inoculant was prepared in the Soil Microbiology Laboratory of the 

Bangladesh Agricultural Research Institute (BARI) using the broth culture I'he 

Bradyrhizobium strain (BARJ R Vm-30 I) was collected from the stock culture of the 

laboratory Yeast extract mannitol broth was prepared an a C\00 ml, Erlenmeyer flask I he 

liquid medium was sterilized for 30 minutes at 121° C at 15 PSI I'he medium was kept for 

cooling After cooling, a small portion of Rl11=oh111111 culture was aseptically transferred from 

agar slant to the liquid medium rn the flask with the help of a sterile inoculation needle I'he 

flask was then placed in the shaker at 28° C under 120 rpm ro enhance rhizobial growth After 

4-5 days, the medium in the flask showed dense growth and then the broth culture was taken 

out from the shaker. From this ready broth, 30 mL were taken out b~ sterile syringe and 

injected into the polyethylene packet having the sterile peat Finally, the moisture percent of 

the packet was adjusted to 50 percent The inoculated packets were then incubated at 28°C for 

two weeks to make them ready for seed inoculation. 
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experi ment 

the growth. vield and nutrient content from the sample plants during the course of 

production and leaf number of blackgrarn The follow ing observation" were made regarding 

Bradvrhizobinm nitrogen. molvbdenum and boron on the growth, nodulation, dry matter 
- '1 .... .,, 

1 he plant samples were collected at 10. 45 and 60 D S to obserx e the response of 

3.18 Collection of sam pies 

crop No disease was observed in the pot experiment 

until crop maturity to maintain proper moisture content Pest did not infest the blackgrarn 

was allowed tor growth Necessary water was added to the pols at a regular interval of 7 day 

weeding was done 20 days after the first weeding. After second weeding 12 plants in each pot 

behind Finall three plants were kept in each pot for final harvesting of the crop. econd 

training Uprooting was not done since this injures the adjacent seedlings that were left 

each in which both the planted seeds germinated ·1 he ger minated eedlings were removed for 

"ere done S days after sowing of seeds In thinning one of the seedlings was removed from 

The seedlings of the crop emerged out v. ithin 3-4 DAS Thinning and first weeding 

3. t 7 !lntercultural operation 

so" ing the seed, the soil was saturated with \,\ eicr. 

sown on 5lh September 2007 taking 20 seeds in each pot following dibbling method After 

Healthy blackgram seeds {BARl Mash-S) with inoculated and non-inoculated was 

3. 16 Seed SO\\ ing 

surface of each seed 

hag and mixed thorough Iv for unitor m distribution and good adherence of inoculant on the 
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3.18.6 Leaf number 

Leaf number of the three selected plant were recorded 

3.18.5 Shoot length and root length 

... hoot length and root length of the plant samples of three selected plants were 

recorded 

3.18.4 Shoot weight and root weight 

After separation of the roots, the dry shoot and root weights of three selected plant · 

were recorded 

3.18.3 Nodule number and ma s 

The data on nodule number and nodule mass were recorded by taking J randomly 

elected plants from each pot at different DAS. The data on nodule mass were expressed in 

mg plant' 1 on O\ en dry basis 

3.18.2 Study on nodulation 

The plants uprooted for sampling were washed in running waler cautiouslv to make 

them free from adhering soil particles and dipped in fresh water contained in a tray to avoid 

shrinkage of nodules The nodules were counted. kept separately pot-wise and their dry 

weights were recorded 

Plant samples were collected at 30, 45 and 60 DAS In record data on nodule and shoot 

parameters Three plants from each pot were selected randomly and uprooted caretullv bv 

digging soil wit h the help of .. khurpi" All possible precaution. were taken to minimize the 

loss of nodules 

J.18.1 Plant 
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following the methods described below 

Seed and stover of blackgrarn \\3S analyzed tor determination of N concentrations 

3.19.2 Chemical anal) sis of plant samples 

were stored in polyethylene bags for determination 

powder, the samples were finely ground and passed through a 60-mesh siev e The samples 

into smaller pieces Plant sample were dry at 70-80..iC for 72 hours To obtain hornogenous 

surface contamination. The seed and stover was immediately air-dried and was chopped off 

was washed under running tap water followed by rinsing v. ith distilled water to remov c 

Plant sample (seed and stov er) was collected from bulk harvest The seed and stover 

J.l 9.1 Collection and preparation of plant samples for chemical analysis 

3.19 Plant analysis 

I'he concentrations in seed and stover were determined by rnicro-Kjeldahl method 

3.18.8 Estimation of N 

i) Pod vield lg plant") 

ii> Seed yield (g plant" 1) 

iii} Sto' er yield (g plant") 

iv) Plant height (cm) ..., 

v) Pod length (cm) 

\ i) Pods plant" 

vii) eeds pod" 

viii) l Ou-seed weight ( g) 

following parameters were recorded: 

weighed adjusting at 14° o moisture content and yields were converted to g plant" I he 

Yield data were collected from each pot 'I he seeds and stover were dned and 

3.18. 7 Harvesting and data recording on yield and yield con tributing characters 
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s.:B:.:u::l.:.:k...:de:=.:n:.::.s::.:•t"'---l-C~o--'rc 5a.1!!plmg proc1,,-durc (Black, 196:'\ > 
Water holding Dctcrrmncd grav imetrically using brass box follow mg the method of Klurc as 
ca acnv described bv Black (I 96") 

CEC 

NHJ-N 

Total 

Methods l 
1-1) drornctcr method (Black l 96_:5_) _T_h_c texture class was determined using Marshall"s~ 
Tnan ular Coordinates of USDA S\stcm 
Glass-electrode H mct~r with I 2 5 so1J-,,atcr rauo (Jackson. 1973) ~_;.,,~~"~~~~~~~~ 

Organic carbon Wet digestion method (Nelson and Sommers, IQ82). The organic matter was oxidized 
by IN potassium dichromatc and the amount of organic carbon m the aliquot was 
determined b) titration against U "'N icrrous suJphatc hcptah~ drarc solution in 

1----~--+Erescncc.; of 0 02" M 0-phenanthrolinc ferrous complex 
Microkjcldhal method (Bremner and Mulvaney, 1982) Soil sample was digested with 
cone. H2SO..:i m presence of K.so~ cata\:'~\ rmxnrre { ~ SO~ CuSO.i Sc = l o 1 \) 
Nitrogen in the digest was estimated b) distilling the digest with IO. NaOH followed 
b' titration of the d1st11Jate era c:d in H3B03 indicator soluuon "1th O O 1 N H SO 1 

Extracted b) 21\-f KCf solution (I ro soil-cxtractant ratio) The aliquot was steam 
d1sulled '' ith MgO and De' ardas a.Ho) ( Kecncl and clson 1982) 
Sodium acetate saturation method (Rhoades I 9X~) The soil was leached wrth an 
excess of l M sodium acetate solution to remove the exchangeable canons and 
saturate the exchange material ,., ith sodium The replaced sodium was determined bv 
flame hotometcr 1----~---~--f-~~ ....... Extracted by 0 5M Na.J-ICO (pH 8 5) and determined calorirnctrically using 
moh bdatc blue ascorbic acid method ( Ols~n and Sommers. 1982) 
Extracted b) repeated shaking and cerurifugation of the soil w ith neutral IM H.i.OAc 
followed b) decamation The K concentration in the extract was determined bv flame 

hotomctcr as outlined b' Knudsen er al ( 1982) 1----~...,...---f-C-~ --:-..~-:..;~~~~~~~~~---~--i 
Available S Extracted b~ 'iOO ppm P solut1011 Iorm Ca<ll:.POJ). H.O and estimated b~ nirb1dic~ 

method usm ' BaCh (Fox et al I Q64 
Available Zn Extracted b' 0 05N HCI solution and determined dircctlx bv AAS (P~ et al. 11.)89) 
Available Cu Extracted by 0 lJOl\M Dl PA solution and directly measured b) AAS (Lindsay and 
Mn and Fe Norvell. 197~) 

Table 3.2. Me-thods used for soil analysis 

Methods of soil analysis are presented in Table 3 2 

3.21 Soil analysis 

chemical concentration and dry matter yields of seed and siov er 

Nitrogen uptake bv seed and stover of blackgrarn was computed from the respective 

3.20 Nutrient uptake 

l 0 J 0 J) at hydrogen peroxide and K2S04-catalyst mixture ( K2SO, CuS04 51 120 Se 

200°C for one and a half-hour 

1 he plant sample (O I g gram seed and stover) was digested with cone I tiS04 

itrogen 
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3.23 Statistical analysis 

The collected data were anal) zed statistically and Duncan's Multiple Range Test 

(DMRT) usmg a computer IRRISfAT and Mvsrat package programmes (freed, 1992) 

adjudged the means The correlation co-efficient and regression analysis were done for 

different variables w herever needed using Microsoft EXCEL programme 1997 

Protein yield by blackgrarn seed/stover was competed from protein concentration of 

seed/srov er and secd/stov ei ields 

3.22 Calculation of protein concentration and protein yield 

Protein concentration of blackgram seed and stover was determined by multiplying 

the concentration of nitrogen (0'o) in blackgrarn seed and stover with 6 25 



boron showed statistically significant response in nodule formation on main root over control 

inoculum plus 11101) bdenurn, inoculum plus boron and inoculum plus molybdenum plus 

the lowest nodules ' ere noted in control All the fertilizer u eaunents receiv mg inoculum 

the number of main root nodules were also observed in PK 1oB + lnoculurn treatment and 

that nodule formation on main root increased with the passage of time At 30 and 4 - D 

produced at 60 days aficr sov.\ng (OJ.\S) \n PK~1oB; \m.)cu\ums treatmem. 'w'fhich indicates 

'PK 1o and PKB The highest nodules on main root ( 14 29 plant") were PKB. 

than control treatment at 30 D1\S At 4 - DAS the nodules form on main root b control 

treatment was identical w ith • NPKB and PKMoB, and al 60 DA", identical \\ ith PK.1\lo, 

and App 1) All the treatments showed significant result in forming nodules on main root 

presented \n Figure 4 \ and App \ The h\ghest nt)duies on ma\n root p\an\ 1 (5 00. \2 - , and 

14 29) were recorded in PKl\loB + lnoculum al .>0, 45 and 60 DAS, respectively (Fig 4 1 

The results on the production of nodule on main 1 om plant" under different treatments were 

Bradyrhtzobnun bacterium and it grows inside the nodules. and can fix atmospheric nitrogen 

inoculants in blackgram odule is formed on roots of blackg,ram plant through infection h~ 

Nodulation is an important factor for biological nitrogen fixation b) Hradyrhtzobium 

4.1.l odule on main root plant 1 

4.1 Effect of nodu1ation 

characters of blackgrarn The results arc presented and discussed in this chapter 

boron on the growth, nodulation, yield, nitrogen uptake and other yield contributing 

of Soil Science Division of the Bangladesh Agricultural Research Institute, Joydebpur, 

Gazipur with a view to obserx e the response of Bradyrhtzobium nitrogen, molybdenum and 

I he experiment was carried out during September 10 December 2007 in the net house 

ltESUL I' \NO DJS< SSIO 

cu PTt:R IV 
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T, Control, T2- PKMo, T3 PKB, T, lnocolum, T5 N, T6 PKMo + lnoculum, T7 PKB + lnoculum, 
Ts NPKMo, T9 NPKB T10 PKMoB. TH PKMoB + lnoculum, T,2 NPKMoB 

Treatments 
Fig. 4.1. Eftect of nitrogen, Bradyrhizob11111 inocutant and micronutnents (Mo & B) 

on main root nodule in blackgram 

T4 T3 T2 T1 19 T10 T11 T12 T8 T7 T6 TS 

16 •30 DAS •<45 OAS •60 DAS 

14 

- - 12 c • Ci - 10 0 e 
c 8 'ii 
E 
c 6 0 • ~ 

'"Cl 4 0 z 
2 

0 

application and inoculation treatments increased the nodulation in blackgram 

P20, gave the highest number of nodules plant" (40 5) Tornar er al (2003) observed that P 

number of nodules The inoculation of both biofertilizer along with the application of 60 kg 

reported that the interaction between P rate and biofertilizers was significant in regard to the 

was more in blackgrarn and greengram inoculated with Bradyrhizobium Tanwar et al (2002) 

was applied Kumari and air (2003) found that the extent ofimprovement in root nodulation 

cowpea, blackgrarn and mungbean were uniformly better when Bradyrhizobium inoculant 

nodulation of cowpea, blackgram and mungbean, and observed that root nodulation of 

Meenakumari and Nair (200 I) conducted a tudy in 7 different locations to evaluate root 
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Balachandar (200 \) reported that seed \nocu\M\<>n of /~/uzobmm enhanced root noduh\t\on 

1 anwar el al (2002) reported that the interaction between P rates and biofertilizer wa 

igni ficant \ ith regard to the number of nodules I he inoculation of both biofertilizers along 

with the application of 60 kg P1.0 gB.\J e the highest number of nodules plant 1 
( 40 S) l omar 

et al (2003) ob erv ed that P application and inoculation treatments mcrea cd the nodulation 

m blackgrarn 

agarajan and inoculation mcrea ed number of nodule plant 1 compared to control 

~ ignificant impact on nodule formation on branch root I ornar et al 200 I) reponed that 

pho phorus application increa ed nodulation in blackgram I he abov ere ult wa irnilar with 

the re ult at Bhuiy an et al (2006) Ja akurnar et al ( 1997) reported that Rh1=ob111m 

itrogen has no performance m nodule formation on the branch root at 30 and 45 DA 

r 01 9 0 plant 1) was noted m PK llo -+ inoculum \ hich were identical with PK loB 

lnoculum but tall tically diflercnt from an other treatment combinations I owcr number of 

nodule on branch root plant 1 wa recorded m each case than the main root in all the DA 

Among the treatments PK l\o Br 1C(y1 lu:obmm and PKB Bradvrhtzc b11m1 showed ~\mi\ar 

the highe t nodule on branch other treatment combination (I ig 4 2 and pp I) t 60 D 

4.1.2 odule on hranch root plant 1 

Hlghei number of nodutes { l l phmt 1 at 30 DJ\ and 8 0 plant 1 al S DA ) on 

branch root wa rec rded m PK 1oB inoculum which were ignificantly higher O\Cr all 
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over all other treatment combination This might be due to ynergistic effect of 

nodules plant") was found in PKMoB + lnoculum treatment that wa ignificantl ' higher 

of total nodules was noted in control At 45 DA • the highest number of total nodul (20 50 

number of total nodules was observed in PKMo + Inoculurn treatment and the lowest number 

which wa ignificantly higher over all other treatment combinations The second highest 

the highest number of total nodules 8 11 wa noted in PKMoB + Inoculum treatment was 

the highest number of total nodules of22 22 plant" was recorded at 60 DAS, which indicates 

production of nodules plant" increased with the increa ing of time upto 60 DAS At 0 DA..,, 

nodules plant" than the non-inoculated control plants or treated plants It wa observed that 

treatments, Brodyrhizobium inoculated plants produced significantly higher number of 

DAS) wa recorded in the treatment, PKf\.1oB + lnoculum (Fig 4 3 and App 1) Among the 

The highest number of nodules (8 I I at 30 DAS. 20 50 at 45 DAS and 22 22 at 60 

4.1.3 Total nodule number plant 1 

T, Control, T2 PKMo, Ts- PKB, T. lnoculum, T6 N, T0 PKMo + lnoculum, T1 PKB + lnoculum 
T11 NPKMo, Tg NPKB, T,0 PKMoB, Tu PKMoB + lnoculum, T12 NPKMoB 

Treatments 
Feg. 4.2. Elect of nitrogen, Bradyrhlzobiim moculant and mcronuments (Mo & B) 

on branch root nodule m blackgram 
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inoculation with Rhtzobium enhanced root nodulation Bhattacharyya and Pal (2001) found 

that inoculation '' ith Rhizobtum significantly influenced the number of nodules plant 1 

I'omar et al (200 l ) noted that inoculation of Rhrzobtum induced the highe t and 21 ~ o more 

nodule number in blackgram 1eenat...."Umari and air (200 l ] conducted a tudv in 7 different 

locations to evaluate root nodulation of cowpea, blackgram and mungbean and ob erved that 

root nodulation of CO\\ pea blackgram and mungbcan were uniform! better at ategory 

Chatterjee and Bhattacharjee (2002) studied the effect ot inoculation with IJradirl11=ob111111 

and found that inoculation with Bradyrhizobium strains increased rate of nodulation and 

content Kuman and air (2003) found that the e tents of nnprovement m root nodulation 

were more m btackgram and greengram inoculated '' ith Brad) rhtzobtum Bhui an and fian 

(2007) al o found that application of Bradvrhtzobtum moculant indu ed ignificant effect on 

nodulation Bhattachanrva and Pal (200 I) conducted a field experiment m \\ e t Bengal. 

India, during the pre-khanf season to tud the effect B1ad\1 l11zoh111111 inoculation P at 0 20 

kg ha"1) and 1o (at 0 0 5 and l kg ha 1) on the number of nodules plant 1 of summer 

greengram C\ f-44 and observed that Bradyrhtzobtum inoculation and application of P and 

Mo signi ficantl influenced the number of nodule \>I ant 1 
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agarajan and Balachandar (200 I) reported that eed nitrogen reduced nodule formation 

itrogen showed \Cl) low effect on nodule formation It indicates that at all the three D 

rrucronutnent , .. ith Bradvrlnzobmm m culant for nodule for matron I he treatment, PKMo 

lnoculum hewed ignificaml higher number of nodule (14 03 plant 1) which wa 

tatisricall different from other treatment but inferior to PK 1oB lnoculum At 60 I) 

the highe t total number of nodule (22 22 plant 1) was found in the arne treatment (PKMoB 

lnocu\um) wh\ch was also s\gmfk.an\\y h\ghc\ eves a\\ other \rca\men\ combina\\ons 

mong the treatment Bradvrhizobium inoculant produced higher number of nodule plant 1 

than the rnicronutrients ( 1o and B) Bradyrhizobium m combination w ith nucronutnent 

mol bdenurn or boron hould better performance m nodule formation than PK 1o or PKB 



biodigested slurry at 5 t ha" + RJ11zoh111m produced the highest nodule dry weight (42 3 mg) 

Tomar el al (200 I) who reported that application of phosphorus increased nodule weight in 
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showed better result on nodule dry weight Nagarajan and Balachandar (2002) reported that 

effect on nodule weight When molybdenum and Bradyrhizobium inoculated simultaneously 

inoculant recorded the lowest nodule weight at all the three DAS Nitrogen showed very low 

noted in PK.Mo + Inoculum The plant which did not take any chemical fertilizer or 

produced higher nodule weight than nitrogen at all the dates of nodule collection The econd 

highest nodule weight (30 07 mg plant" at 45 DAS and 48 86 mg plant" at 60 DAS) wa. 

weight increases with the passage of time Among the treatments, only Brodyrhizobium 

which was significantly different from all other treatments (Fig 4 4 and App I) odule 

4.1.4 Nodule weight 

The highest nodule dry weight (4 00 mg plant" at 30 DA , 46 l 5 mg plant" at 45 

DAS and 65 66 mg plant" at 60 DA ) was recorded in T11 (PKMoB + Bradyrhizobiumj 

T, Control, T2- PKMo, T3- PKB, T, lnoculum, T5 N, Te PKMo + lnoculum, T7 PKB + lnoculum 
Te NPKMo, T9 NPKB, T10 PKMoB, T11 PKMoB + rnocetum. T,2 NPKMoB 

Treatments 
Ftg. 4.3. Eh:t of mrogen, Braclymzobi1.111 inoculant and rricronutrieots (Mo & B) 

on total nodule number in blackgram 
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T, Control, T2' PKMo T3- PKB, T. lnocolum, T6 N, Ta PKMo + lnoculum. T1 PKB + lnoculum, 
Te NPKMo, T9 NPKB, T 10 PKMoB, T11 PKMoB + lnoculum, T,2 NPKMoB 

Treatments 
Ftg. 4.4. Efl9ct of nitrogen, 8radythizob11m inoculant and rricronutnents (Mo & B) 

on nodule weight in blackgram 
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Rhizobium inoculation 

Kumari and Nair (2003) observed significant increases in nodule dry weight due to 

Tomar et al (200 I) found that RJ11zob111m gave the highest and 34. 7% more nodule dry mass 

that Rhizobium gave higher nodule weight ( 45 3 and 42 3 mg) in blackgram and greengrarn 

nodule dry weight than non-inoculated control Sharma et al ( 1999) found that application of 

inoculants increased nodule dry weight plant" agarajan and Balachandar (2001) reported 

blackgram ingha and Sarma {200 I) reported that Rh1:ob111m inoculant had 9 5% higher 



(5 33 g) wa recorded m the Rl11=oh111111 treated plot Bhattachary a and Pal (200 I) conducted 
s" 

( ontrol treatment) Kavathiya and Pandey 2000} reported that maximum fre h hoot weiclu 

the highest hoot weight (I 02 8 plant 1) while the lowcs t • hoot \\ eight as found 111 I 

the treatment PK oB Inoculum ( 111) and PK lfoB produced the treatments At 45 D 

at 30 and 60 l) hawed ignificant difference among but shoot weight g plant 1 at 4~ D 

pp 2) I here \\3 no 1gmficam diflerence among the d1fferem trestmems m hooz \\e1gh1 

4.2.2 hoot \\eighr 

l he highe L hoot weight (2 37 g plant 1) wa obtained 111 11 (PK 1oB 

Bradyrinzobtum) and the lowe t (I 63 g plant 1) wa obtained m r, ( ontrol) (I 1g 4 6 and 

biornas in blackgram 

et al (2003) observed that P application and inoculation treatment increased the plant 

that seed inoculated with I of 9 Rluzobium st rams increased drv matter accumulation Tomar 

harma et al (2000 reported observed \n \nocu\a\\on with smg\e Br adyrlt1zoh1 um sp on\ 

(Pho eolu radiatay and reported that the maximum root dry weight (0 37 g plant 1) "a 

ob en. e the eff ect of rhizospheric microorganism on growth and ~ icld of greengra m 

the Rl11=oh111m moculation treatment Perveen et al (2002) conducted a field e penment to 

of 1992- J 993 in Gujrat, I ndia and reponed that fre h root weight ( 4 42 g) were recorded m 

(2004) Kavathiya and Pande (2000) conducted a pot experiment during the ummer ea on 

"uh mcrea mg, of tune he re ult are m agreement \ ith the findings of~ ingh and ingh 

treatment produced higher root weight than over control at 60 DA Root "eight increa e 

the IO\\C t root weight Among the treatment there was no significant difference but all the 

111 and 112 and T1 at 60 DJ\ ~ h\\e the nO\\-inOC\.\\a\ed and non-feru\\zed control ( 11) gave 

growth rage Fig 4 and pp 2) 1 ht' highest mot weight (0 17 g plant 1) was obtained 111 

hemical or biofertilizer have no ignificant effect on root weight at anv of the 

4.2.1 Root "eight 

4.2 Root and shoot di) "eight 
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T1 Control, T2 PKMo, Ti- PKB, T, lnoculum. T0 N, Te PKMo + lnoculum, T1 PKB + lnoculum 
Ta NPKMo. T8 NPKB, T '° PKMoB, T 11 PKMoB + lnoculum. T 12 NPKMoB 

Treatments 
F1g 4 6. E81ct of nitrogen, Bradymizob1um moculent and m1cronutnents (Mo & B) 

on shoot weight 1n blackgram 
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Treatments 
F19 4.5 E98ct of nitrogen, S~obun 1nocul.m and micronutrients (Mo & B) 

on root weeght in bl8ckgram 
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tram 480-M re ulted the longe 1 root 14 72 cm Javakumar N al (1997) earned out a pot 
57 

with the local strain gt\ mg the best results Sarker et al (2002) reported that bradyrhrzobi il 

harrna et al (2000) reported that plant grov th was mu eased with Rhtzobtum inoculation 

good mfluence on root grO\\lh of blackgram plant I he above result confirmed the re ults of 

combination It indicate that combinauon application of B or lo and Bradvrhtzohsum ha a 

wa recorded m T11 PK 1oB BradJrl11=oh111111) which wa identical to all other treatment 

t 60 DA the highe t root length (6 67 cm) root lengths were obtained in \ at all the DA 

except 1• T2 fl and I 4 at 45 DA and except I 1. J 2 1 i. T4 and 1 at 60 D S The lowe t 

PK 1oB) was identical 10 all other treatments The highest root length ob er cd m T12 

1 he econd highest root length at 45 and 60 D S were found m 1 n (PK 1oB lnoculum) 

from l 12 ( f.PK 1oB) and the lowc t root lengths "ere noted in control (I rg 4 7 and App .. ) 

and 9 55 cm at 60 D ) were obtained The highe t root lemzth (8 2~ cm at 45 I) 

4.3.1 Root length 

4.3 Root and shoot length and leaves 

and inoculation increased the plant biomass in blackgrarn 

with the application of 25 and 35 \,g P ha 1 lomar er a! {200 ) observed \ha\ P application 

Pat 45 kg ha 1 with Rl11=ob111m inoculation produced the highest straw yield and was at par 

eed treatment produced rnarkedlv higher dr matter ingha and ·arma (2001) reported that 

tram mcrea ed df) matter accumulation Maniv annan et al (2003) reported that RJ11=oh111111 

matter production harma et al (2000) reported that ecd inoculated with I of 9 Rhizobium 

Poi (2000) found that mo ulation with 1-10 strain m greengram resulted in the highe l drv 

Rhtzobtum inoculation mer ca ed the di) \i eight of plants compared to controls Sriva tav and 

matter accumulation m the sh ot inuh and ingh (2004) found that dry matter yield 

mcrea ed with the application of phosphorus Jayakurnar et al ( 1997) reported that 

effect ol Rhtzobium 1110 ulation and reported that inoculat ion 1g.111 ficantlv influenced dry 

a field e penment an West Bengal I ndia dur mg the pre-ldw11f season of 1998 to tud the 
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significantly increased with increasing pho phorus application imilar result were ob. erved 

treatments except T1. T2. T~ and T4 Mahmud et al (1997) reported that plant height wa 

highest shoot length (43 3 cm) was found in 1'12 ( PKMoB) which was indicated to all other 

3). The lowest shoot length was obtained from f 1 (control) at all the DAS At 45 DA , the 

from T12 (NPKMoB) which was stan tically similar with all the treatments (Fig 4 8 and App 

shoot length at 30 and 60 OAS Through the highest shoot length (50 4 cm) was obtained 

Bradyrhizobium inoculant alone or in combination with PKt\108 had no effect on 

4.3.2 Shoot length 

T1 Control, T2 PKMo, T;,. PKB, T, lnoculum, T6 N, Ta PKMo + lnoculum, T7 PKB + lnoculum 
Ta NPKMo. Te NPKB, T '° PKMoB, T11 PKMoB + lnoeulum, T,2 NPKMoB 

Treatments 
Fig 4 7 EIJect of nitrogen, 8radyrhizob1um moculant and micronutnents (Mo & B) 

on root length in blackgram 
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culture expenment where blackgram (J 1g11a m1111gn plants were rai ed from uninoculated 

seeds. uninoculated seeds with 250 g pot" coir-pith compost applied at 15 and 45 days after 

sowing and found that inoculated seeds increased root length compared to controls (43 3 cm) 

was found in T12 (NP.KMoB) which was indicated to all other treatments except 11• T~ T3 

and T.a 



arkar er Cl/ (2002) mocu\ated the seed ofb\ackg.ram with swams of Bradyrhizobium viz t\- 

10. 129- .. A. 480- 1. and MK-5 before sowing in a field experiment conducted to determine 

the uitable cult hi ars and Brad r/11zoh111111 train for use m the locality C ultivars M-16 

recorded longer roots and higher root volume plant 1 number of nodules plant 1 and re t 

\: eight compared to A-43 480- 1 resulted in the longe t root ( 14 72 cm) 1eenakumari and 

air (200 I) conducted a tudv in 7 different locations to evaluate plant growth character of 

cowpea blackgrarn and mungbean and ob erved that and plant growth character of cowpea 

blackgram and mungbcan \\CIC uniform! better with inoculation Kumari and air (200") 

found that the extent of improvement in plant growth was more in blackgram and mungbean 

inoculated with Bradyrhizobtum 'riramachandra ckharan and Vai) a pun (200.>) conducted a 

pot culture experiment to tudy the effect of carbofuran m a sociation \\ ith RJ11=oh111m on 

growth of blackgrarn cv ADl .. Rlu=nhmm-inoculated blackgram showed better growth than 

the non-inoculated crop tahmud el al ( 1997) reported that plant height wa signi ficantl 

increa eel wnh increasing pho phorus application imilar re ult were ob erved bv 1aq ood 

et al (2001) and Kumar et al (2000) A hraf et al (2003) found that the tallest plant (69 93 

cm) \\CfC obtained with eed inoculation Kuman and air (200 observed that the e tent of 

plant growth were more in blackgram and greengram "here Bradvrhizolnum inoculation \\8 

done rirarnachandra ekharan and \ aiy apur i (2003) reported that Rl11=oh111111-rnoculated 

blackgram showed better grov.rth than the non-inoculated crop 
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Rl11=nh111111 produced the highe ;t plant height (53 7 cm) bio-dige ted lurry at S t ha 1 

b 1aq ood c 1 al (200 I) and Kumar cl al (2000) hakur and Pan war ( 1995) conducted a 

field trial where ccd of I 1g11a radtata cv Pu a-105 and P. -16 were inoculated with 

inoculant l he found that inoculation either ingly or combined increa ed plant height 

compared with non-inoculated control treatment Bhattachary ya and Pal (200 I) reported that 

application of rhizobial inoculum influenced plant height in cornpanson to control agarajan 

and Ba1achandar (200)) conducted a field experiment and ob erved that eeds treated with 
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non-inoculated crop 

blackgrarn cv ADT 3 RJ11zoh111m-inoculated blackgram hewed higher leave plant" than the 

the effect of carbofuran in association with RJ11zoh111m on the nodulation, growth. and yield of 

Srirarnachandrasekharan and Vaiyapuri (2003) conducted a pot culture experiment to stud 

in Tn (PKMoB + lnoculurn) and the lowest leaves were found in control 

30 DAS (Fig 4 9 and App 3) At 4S and 60 DAS, the highest number of leaves were found 

(PK.MoB + Bradyrhizobium] and the lowest leaves plant" wa obtained from T1 (control) at 

30, 45 and 60 DAS. respectively through the highest leaves plant" was obtained from T11 

Fertilizers did not show any remarkable influence on the number of leaves plant 1 at 

4.3.3 Leaves plant 1 

T1 Control, T2' PK.Mo, T3' PKB, T, lnoculum, T5 N, Te PKMo + lnoculum, T7 PKB + lnoculum, 
T8 NPKMo. T9 NPKB, T10 PKMoB, T., PKMoB + lnoculum. Tt2 NPKMoB 

F1g .t.8. Elect of ntrogen, Bradyrh/zobit.m 1nocu6ant and rricronutrieots (Mo & B} 
on shoot length in blackgram 
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singly or combined increased plant height compared with no inoculation Bhattachary a and 

al (2001) and Kumar et al (2000) Thakur and Panwar (1995) found that inoculation either 

increased plant height in blackgram The result corroborated with the finding of Maqsood et 

of Mo. B or Brodyrhizobium Mahmud et al (1997) reported that phosphoru application 

element with Bradyrhizobium gave better plant height (40 7 cm) than individual application 

(38 1) and Bradyrhizobium (35 0 cm) But. combined application of both the micro nutrient 

38 9 cm plant height. which was higher than the other nutrient elements ( 7 2 cm), Mo 

treatment (Table 4 I} Among the nutrient elements and Rhizobium, B micro nutrient gave 

identical to all other treatments but significantly higher than T1 (control) and lnoculum 

The highest plant height {44 3 cm) wa obtained from T12 ( PKMoB) which wa 

4.4.1 Plant ht-ight 

4.4 Growth and yield attrlbutes 

T, Control, Tc PKMo, T,. PKB, T4 lnoculum. T5 N, Te PKMo + lnoculum, T7 PKB + lnoculum 
T8 NPKMo, Tg NPKB, T 10 PKMoB T11 PKMoB + lnoculum, T 12 NPKMoB 

Treatments 
F1g. 4.9. Elect of nitrogen, Bradyrhizobit.m inoculant and rricronulrienls (Mo & B) 

on leaf number in blackgram 
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4.4.2 Pod length 

II the fertilizer treatment show cd insignificant response 111 term of pod length 1 he 

highe t pod length (4 23 cm) wa recorded in treatment I 12 PK 1oB) that wa identical to 

all other treatment combination but different from T 1 and the lowest pod length of 3 2 cm 

wa recorded in control plot I able 4 1) Jul et al. (2007) reported that the highe t pod 

length was the highe t m full do e of fertilizer w hile control plant recorded the IO\\e t pod 

length rinivas and Shaik (2002) tudied that the interacuons effects be-tween N and P were 

not 1gmficant for pod length 

Pal (200 I) reported that application or rhizobial inoculum influenced plant height comparing 

with ontrol 1ecnakumnn and air (2001) conducted a tudv 111 7 different locations to 

evaluate plant growth character of CO\\ pea blackgrarn ind rnungbean and ob ervcd that 

plant growth characters of cowpea blackgrarn and mungbean were uniformly better "hen 

Rhizobtum inoculant wa applied riramachandrasekharan and \ at apun (2003 conducted a 

pot culture experiment to studv the effect of carbofuran in association with Rl11=oh111m on 

growth of blackgr am cv DI 3 and ob en ed that Rl11=oh111m-moculated blackgram hawed 

better growth than the non-inoculated crop harma et al (2000 reported that the growth wa 

increased with Rhizobium inoculation and the local strain gave the best re ult agarnjan and 

Balachandar (2001) reported that Rhizobtum gave the greate t plant height (42 7 and 53 7 cm 

for blackgrarn and grecngram respectively) Bhauachai a and Pal (2001) reported that 

Rh1=oh111m inoculation significant! influenced plant height 1alik et al (2002) studied that 

plant height at harve t was the highc t when inoculated with Brads rhtzobium (68 13 cm) 

Kuman and air (2003) obser ed that the extent of plant growth were more 111 blackgrarn and 

greengrarn where Bradp·l11=ob111111 inoculation wa done 



inoculation 50 50 0 or 50 50 SO kg P Kha 1 resulted m the highe t number of pod 

hraf er al (2003) ob en ed that eed 

micronument Malik et al (2002) reported that eed inoculation ' uh RJ11=ob111m re ultcd m 

pod number (7 88 and 7 33 re pectivel ) rather than indiv idual application of both the 

application of both the micronutncni 1o and B with inoculum (/J1adJ1l11=oh111111) gave better 
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mrcronutnent B howcd better performance (7 05 pods plant 1) than 1o but combined 

19 4 
l '3 
14 8 

s 

the highe t number of pod plant 1 (22 47) 

than control (T1) (4 89) but identical to all other treatment (I able 4 1 Between two 

3 93 

highest pod number (8 78) wa obtained from r, 
umber of pods pJant 1 in different trestmem hoH ed 1gmficant vanauon J he 

3 49 

4 OJ 

4.4.3 Pods plant 1 
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PKB 
T10 PKMoB 

Tu PK 1oB lnoculum 

I 12 PKMoB 

1 .ii lnoculum 
Tc; 

T, PKMo-t lnoculum 

T1 PKB lnoculum 

T 'PK -to 

1 PK o 
1, PKB 

1 reatment 

1 able 4. L Ii ffect of nitrogen. ll~ady~hizuhium inoculant and micronutrient 
(mol) bdenum and boron) on) ield attribuie of blackgram 



3 87 g plant 1 was obtained fiom 111 (PK 1oll lnoculum) and the IO\\C t pod weight (I en 
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H the treatment hewed insignificant re ult m pod weight I he highe t pod \ eiaht of 

4.5.1 Pod weight 

4.5 ield characteri!Uic 

an the hiahe t I 000- eed \ eight ( 42 27g) 

2008a) opined that Bradv rl11=ob111111 inoculation al o ignificantl mcrea ed I 000-s ed 

weight Malik et al (2002} studied that eed inoculation w ith Rhszobium application re uhed 

inoculation hil el al (2007) reponed that 1000- eed weight \\8 the highc t m full do es of 

fertilizer while control plant recorded the lowc t m IOOO- eed weight Bhui an et al 

and haik (2002) reported that I 000- eed weight generall increa ed due to rhizobial 

PK '1oB lnoculum) weight The highe t 100-seed weiaht of S 89 \.\8 obtained from 111 

nruva and the lowe t I 00- eed weight of 5 08 g wa obtained from control treatment (I 1 

I'here \\SS no significant relationship among the different treatments in 100- eed 

4.4.5 l 00- eed "eight (g) 

mcrea ed the number of eeds pod 1 

seed inoculation m /~/u:obmm cu\\ure and reported that Rhizobium mocu\anon in mungbean 

control plants recorded the lowe t eed pod 1 rinivas and haik (2002) conducted trial on 

hil et al. (2007) reported that eeds pod 1 v a the highe t m full doses of fertilizer while 

(2008a) ob erved tha\ Hrod_\r/11zobnm1 mocu\a\\on a\oo S\gmEcat\\\ mcreascd seeds pod 1 

eeds pod 1 I he highest eed pod 1 (4 01) wa obtained from 111 lPK 1oB lnoculum) and 

the lowe t ced pod 1 (2 25) \\8 obtained from 11 (control) ( Fable 4 I) Bhuiyan el al 

o ignificant re pon e wa ob erved due to application of different fertilizer m 

4.4.4 eed pod 1 

Bhui an el al (2008a reported that plant 1 (28 97 6 00 6 90 and 2 '\6 re pcctivcl 



nramachandra ekharan and \ ar apun 200 ) conducted a pot culture experiment to tud 

the effect of carbofuran m a ocianon '' rt h Rluzobtnm on v ield of blackgram cv DI 3 

RJ11:zoh111m-moculatcd blackgram howed higher pod yield (50 3 g) than the umnoculated 

crop Kuman and air (2003) found that the extent of improvement in yield were more m 

blackgram and greengram inoculated w ith Bl'CJC:I) 1 J11zoh111111 Snva ta' and Poi (2000) found 

that K-4 inoculation into blackgram resulted m the highe t grain yield harma et al (2000) 

reported that ield mcrea ed with RJ11zolnw11 inoculation agarajan and Balachandar (2001) 

reported that Rl11=ob111m gav e higher grain yield (758 3 and 732 0 kg ha") m blackgram and 

greengram re pectivel 1alik el al (2002) tudied that seed inoculation with Rl11=oh111m 

re ulted m the highe t eed vield ( 1158 kg ha 1 ingha and .. arma (200 I) reported that P at 

45 kg ha 1 with RJ11zob111111 inoculation produced the highest grain ) ield and was at par with 

the application of 25 and 35 kg P ha 1 Tanwar et al (2002) reported that the interaction 

between p rate and b\ofert\hzcrs wa5 S\gmficam w\\h regard to the seed vield The 

inoculation of both biofertilizers along with the application of 60 kg P20~ gave the highe t 

eed vield nniva and haik (2002) tudied that the mieracuon effects between and P 

, ere not significant tor seed vield 1 omar et al 2003 ob erved that P application and 

inoculation treatments increa ed gram vields m blackuram 

ingh (2004) ingh and .. ingh (2004) and (2002) Patel and 1 hakur (200"') 

g] was obtained from I 1 (control) 1able4 2) 1ahmud et al ( t 997) reponed that weight of 

pod plant 
1 

ignificantl increased ' ith increa ing oho phorus application l he re ult are m 

agreement with Kumar et al (2000} 1aq od et al (200 I) 1 omar el al (200 I) Singh et al 
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(2002) opined that ecd inoculation with Bradys htzobtum culture enhanced haulm 'IJ ield in 

mungbean inaha and arrna (2001) reported that Pat 4 kg ha 1 with Rl11=oh111111 inocul lion 

how ed higher tov er \ icld pot 1 (81 I g) than the non-mo ulated crop nruva and haik 

riramachandr asekharan and \ a1\ apun (200 ) reported that Rl11=ob111111-moculated blackzram 

Balachandar (200 I) reported thnt seed inoculation of Rl11=oh111m enhanced bioma 

agarajan and Bradvt l11=oh111111 mocu I ant produced 1g111 ficant effect on 10 er weight 

obtained from 1, (commJ) (1 able 4 2) Bhun an and han (2007) reported that applicauon of 

of 4 47 g plant 1 wa obtained from I 11 (PKl\1oB lnoculum) and the lowe t of 2 22 g was 

Different fertilizer had 1g111 ficant effect on sto er weight l he highe t stover weight 

4.5.2 rov er "cighf 

ot significant 

means followed by a common letter arc not significant] differed at 5°0 level bv 

PK 1o 

PKB 

I 1 PK 1oB 

T, 1 PK.1'.1oB lnoculum 

lnoculum 

21 8 

87 
... 71 

" 5 

l 4 Jnoculum 

1~ 

PK Mo 

I\ PKB 
65 0 

58 7 

45 7 

400 

92 1 

84 
77 9 

84 3 

78 6 

90 0 

87 I 

eed 1eld 
mcrea c over 
control (0o) 

I 07 
17 6 

40 
362 

eed \\Cl~ht 
(g plant ) 

I 40c 

2 3 lab 

2 22ab 

2 04abc 

I 96bc 

2 66ab 

2 58ab 

2 49ab 
2 -sab 

2 50ab 
2 698 

2 62ab 

0 63 
1 s 8 

~&&ab 

63ab 

4 47a 

4 30'1 

1ab 

3 54ab 

3 Slab 

74ab 

2abc 

2 9'bc 

36abc 

tover ,,. eight 
(g plant 1) 

2 22c 

53 

Pod weight 
(g plant 1) 

I 97 

i 

41 

- 72 

2 71 

3 48 

ntrol 

Treatment 

1 able 4.2. f fleet of nitrogen, /Jrmlyr/1izohi11m inoculant anti micronutrient 
(mol) hdenum and boron) on) ield of blackgram 



(2003) found that yield were more m blackgram and greengram inoculated with 

Brodyrhizobium Sharma ct al (1999) performed a field e penrnent Ill 1997 98 an Hirnachal 

Pradesh and V. m11ngo cv Pant U-19 was seed moculated with one of elev en Rh1zob111n1 strains or 

not inoculated and given 0 or 20 kg ha 1 eed yield was highest with moculation with a local 

stram (l 30 t ha 1) The apphcarion of20 kg gave higher seed vreld than no (I 24 vs I 14 t) 

Snramachandrasekharan and Vaiyapuri (2003) observed that Rh1=oh111m-inoculated 

blackgram showed higher pod yield (50 3 g) than the non-inoculated crop :1athan et al 

( 1996) conducted a field expenment during the monsoon seasons of 1991 ~92 at (. oirnbatore 

Tamai adu where a total of 7 treatments compared the effect of applying rn vanous 

combinations P K FYM NAA and seed inoculanon with RJ11zob111m were u ed on blackgram 

(Vigna nmngo) cv CO 5 yield In 1992 seed treatment with fungrcrdes was also included The 

apphcanon of 2'.'\ kg as urea 50 kg Po~ ha 1 as smgle superphosphate 750 kg ennched 

FYM + 6 25 t FYM fohar application of 25 kg diammomurn phosphate al flower minanon and 

1 s days later seed inoculanon with Rh1:ob1Un1 produced the highest seed ields of 0 72 t ha m 
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Bradyrhizobium inoculant gave better result Kumari and air instead of applying urea 

moculant m combination with PKMoB perform better than PKMoB It indicate that 

ame trend was observed in 111 and I' 12 where Bradvrhizobtum than application of only 

4.5.3 Seed weight 

The highe t seed weight (2 69 g) was obtained from Tu (PKMoB lnoculum) and 

the lowest seed weight (1 40 g) wa obtained from T1 (control) (Table 4 2) The second 

highest seed weight (2 62 g) was found in T12 ( PKMoB) Application of PKMo lnoculum 

howed better performance than KPMo for eed weight On the other hand PKR 

lnoculum all showed higher seed yield than PKB Only moculum gav e better seed yield 

produced the highest straw yield and was at par with the application of 25 and 35 kg P ha 1 

Tomar et al (2003) observed tha\ P apphca\mn and \nocu\at\On treatments mcreased the p\ant 

biomass and yield in blackgram 



uptake of mungbean nva tav and Poi (2000) al o stated that inoculation with 1-10 tram an 

greengram re ulted in the highe t nitrogen fixation Redd and 1alla1ah {200 I) opined that 
6 

Hrad}rh1::ob111m inoculation and oh erved that inoculation significantly mcrea ed nitrogen 

Bhuiyan et al (2007b) earned out field tudie w ith fl e mungbcan vaneue with without 

the plants inoculated with Bradvrhtzobtum strains and P B howed mcrea ed rate of 

content 1 he lowe t N uptake (34 7 kg ha 1) m ced wa recorded an non-inoculated control 

Bhauacharjee (2002) studied the effects of inoculation w uh Brad) rhtzobium and reponed that 

content in eed than indiv idual application of both the rrucronutnent Chatterjee and 

application of micronutrient ( o and B) with Bradvrhtzobnun produce ignificantly higher 

highest N content (3 27° o) in eed obtained from Bradt rluzobtum inoculated plant Comb med 

and lnoculum (B1'{1dlrl11=uh111m) the (Table 4 3) Among the micronutrient ( 1o and B). 

and PK 1oB (NPKMoB). which wa significantly different from control PKMo PKB 

lnoculum) and T12 nitrogen content in eed 3 ""0° o was obtained from 111 (PK 1oB 

All the treatments vaned ignificantl an nitrogen content m eed The highe t 

4.6. itrogen and protein content 

4.6.1 itrogen content in seed 

ga e the highest seed ield (I 0 93 q ha 1) 

P application and inoculation treatments mcrea ed grain ields m blackgrarn Tanwar et al 

(2003a) observed that the application of 60 kg P ha 1 along with inoculation of RJ11:uh111111 

(2002) reported that the interaction between P rate and biofertilizers was significant with 

regard to the seed ield 1 he inoculation of both biofertilizer along with the applicat ion of 60 

kg p O« ga e the highe t seed acid nruv as and haik (2002) studied that the interaction 

effect between and P were not ignificant for eed yield I'omar et al (2003) ob erved that 

1q91 and 0 62 t m 1992 compared with the control vields ofO 42 and O 40 1 re pecuvely Singha 

and Sanna (200 I) reported that P at 4 kg ha 1 with Rhizobium inoculation produced the 

highest gram ield and was at par with the application of 25 and S ka P ha 1 I anwar et al .... 



conrem content (1 5300) was obtained from f11 (PKMoB t lnoculum) and the lowest 

4.6.2 Nitrogen content in stover 

II the rreatrnents showed positiv e response in N content in stover The highest ~ 

9 3 lcd 

060 I 

l 5:!ab 

content in 
stover (o/o) 

I 43f 

1 48d 

1 46e 

I 52ab 

l 51 abc 

1 47de 

l 49bcd 

I 48de 

I 49cd 

l 49cd 

I 53a 

20 ~c 9.3 lcd 

20.6a I 9.56a 

-1--- 20 ~~a_b_---i 
00_3__ 019 016 

1 0 0 60 1 I O~___. 

3 29ab 

3 28ab 

3 28ab 

3 29ab 

3 27abc 

3 26bc 

t content in 
seed(~~) 

1 15e 

3 19d 

J.20d 

3 .)Oa f 
J 1CY' 

--- 
0 03 

ln a column, means l<.lllowed by a common tenec are not s.ig,nH\cantl~i differed at 5% level by 

D~IRT 

9 25de 
9 JJe 

9.SOab 

944abc 

9. I 9dc 

9 34bcd 

9 25de 

Protein 
content in 

Protein 
content in 
seed(%) 

19 7e 

19 9d 

20 Od 

20.4abc 

20 4bc 

20 5ab 

20 6ab 

20 6ab 

:!O. Sab 

Ts. N 
Tr. PKMo+lnoculum 

T7· PKB·H noculum 

T~ PKrvto 

T9· NPKB 

Tio PKl\foB 

T11• PKl\.1oB+lnoculum 

T12 NPl<r..1oB .,_ - 
1-L~SD~( ..... o_o_s,,__ __ 

CV (0{,} - 

T" lnoculum 

1'1. Control 

T2 Pla1o 

T.3 PKB 

Treatment 

Table 4.3. Effect of nitrogen. Brmlyrltizohium inocuhmt and micronutrients 
{molybdenum and boron) on nitrogen and protein content in seed and 
stover of black.gram 

ha~' with inoculation in blackgram 

l'anwar et al (2003b) found that the N contents increased with increasing, P rate up to 80 kg 

observed that P application and inoculation treatments increased N content in blackgrarn 

content Tomat et al (2003) inoculated \\ ith Brudvt hizobium strains showed increased 

inoculated conu ols was only 2 7'2° a Chatterjee and Bhauacharjce <2002) noted that plants 

the nitrogen content of the fresh seeds was 5 78°0 in the inoculated plants. while that in non- 
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4.6.3 Protein content in seed 

Protein content in ecd howed po iuve re ult b different treatments 'he highest 

protein content (20 6°0) in seed were obtained from T11 and 112 which ignificantlv different 

from control plot ( 19 7° o) (Table 4 3) r he interaction effect between rmcronutnent and 

Html rhizobtum were ignificant harrna et al (1999} performed a field experiment in 

1997/98 m Himachal Pradesh and I 1111111go C\ Pant -19 wa ced inoculated with one of 

eleven Rl11=oh111m strains or not inoculated and given 0 or 20 kg ha 1 1 he reported that no 

• ignificaot effects were observed m protem t.<m\e\'\ of seed and straw but a shght 

improvement wa ob en. ed O\ er control 1athnn '/ al ( 1996) conducted a field exper i ment 

during the monsoon sea on of 199 J-92 at Coimbatore I amil Nadu where a total of 7 

treatment compared the effect of apply mg. 111 vanou combination and 

ced inoculation with Rl11=oh111m were u ed on blackgrarn (I 1g11a mungo) cv 0 5 vield and 

reported that ecd crude protein content w as increased bv 14 5 and 15 4° o in the highe t 

\ ielding treatment compared with the control 

ot greengram and blackgram were ob en cd due to the host and inoculant strain Inoculation 

with 1-10 tram m greengram re ulted m the highest di) matter production and nitrogen 

fixation while K-4 inoculation into blackgram resulted m the highest nitrogen uptake and 

grain yield 

ymbiotic vanauon 8j6/1) m neutral pll soil 111 Mohanpur \ est Bengal India 

rodiatoy and blackgrarn ( J • 1111111go) after inoculation w ith a nativ e B1<1<l)IJ11zoh111m train and 

the residual effect of 7 Brads rlnzobtum tram ( ,_ J 3 I 1- 1 O. Kut hi R-1. Jca-1 CaJ-3 

K-4 and 

rnbiotic efficiencies of greengram (I condu ted field ex per unent to determine the 

(I 43°0) in rover wa obtained from I 1 (control) (Tab1e 4 3) nvastav and Poi (2000) 
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significantly 1 anwar ct al (200 b) found that the uptake incrca ed with mcreasmg Prate 

up to 80 kg ha 1 w nh inoculation m blackgram 

uptake bv wheat application and inoculation treatments 111 blackgram mcrea ed 

4. 7 itrogen uptake and protein yield 

4. 7 .1 itrogen uptake b~ seed 

urogen uptake b eed of blackgram was significantly increa ed due to combmed 

application of fertilizers (Fig 4 10 and \pp 4) The highe t uptake (88 I mg plant 1) was 

recorded at 1 u (PK oB \nocu\um) wh\ch wa \dent\ca\ a\\ othe\ trea\mem combinatiows 

except Control and I he lowest uptake in seed (44 2 mg plant 1) was recorded in control 

Bhui an et al (2007b) carried out field studies v ith five mungbcan varietie with/without 

Bradyrluzobtum inoculation and ob erved that inoculation significant! ' increased nitrogen 

uptake of mungbean "rivasta\ and POI (2000) found that inoculation ' nh K-4 mto 

blackgram re ulted m the highe t nitrogen uptake 1 omar et al (200'') ob erved that P 

4.6.4 Protein content in sto\ er 

Protein content m tover was significantly increased due to the combined application 

of PKMoB lnoculum (Table 4 3) 111e highe t protem content 111 rover (9 56° o) wa 

recorded at l 11 (PKMoB lnoculum) which was identical to PKMoB lnoculurn and but 

upenor to all other treatment 1 he lowe t protean content m tover (8 94°0) wa recorded at 

non-inoculated and non-fertilized control 
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with M-l O train in greengram resulted in the highest dry matter production and nitrogen 

found symbiotic variations due to the effect of both the host and inoculant strains Inoculation 

symbiotic efficiencies of greengram ( J 1g11a radiatay and blackgrarn O 1gna mungo) and 

recorded in control Srivastav and Poi (2000) conducted a field experiment to determine the 

in stover (68 3 mg plant) was recorded in T 11 (PK.Moe + lnoculum) which was different from 

control. PKMo. PKB, lnoculum only The lowest uptake in stover (3 I. 7 mg plant' 1) was 

in N uptake by stover of blackgram (Fig 4 11 and App 4) The highe t amount of uptake 

Application of fertilizers and Brodyrhizobium inoculants showed significant variation 

4.7.l Nitrogen uptake by stover 

T, Control Ti- PKMo, Tl- PKB, T• lnoculum. T5 N, T11 PKMo + lnoculum. T7 PKB + lnoculum. 
T11 NPKMo, T8 NPKB. T '° PKMoB, T,, PKMoB + lnoculum, T12 NPKMoB 

Treatments 
Feg. 4.10 Elect c:A nibogen, 8radyl'hizobi11n moculant and rricronutnents (Mo & B) 

on N uptake by seed in bfackgram 

T9 T10 T11 T12 18 T7 18 T4 T3 12 T1 
0 

80 - .... - c 
.!I 
a. r 60 - "U • I 
~ 40 
• t. ~ 
z 20 

100 
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wa recorded in control Bhuiyan et al. (2007b) found that inoculation significant! mcrea ed 

Jnoculum only (Fig 4 13 and App 4) The lowest protein yield by tover (193 mg plant") 

(PK.MoB + lnoculum) which was stan tically different from control. PKMo. PKB and 

4. 7 .4 Protein yield by stover 

The highe t amount of protein yield by rover (427 mg plant") wa noted m T11 

inoculation ignificantly increased protein yield by seed 

protein yield by seed (276 mg plant") was noted in control Bhuiyan et al (2007b) found that 

mg plant") which was identical to aJl other fertilizer treatments except control and the lowest 

seed (Fig 4 12 and App 4) The highe t protein yield by seed wa recorded at T 11 was ( 51 

Chemical fertilizers and Brodyrhizobium had significant effect on protein yield by 

4. 7 .3 Protein yield by seed 

T, Control, T2 PKMo, T3 PKB. T. lnoculum, T0 N, T0 PKMo + lnoculum T7 PKB + lnoculum 
T8 NPKMo, T9 NPKB. T,0 PKMoB, T11 PKMoB + lnoculum, T,2 NPKMoB 

Fig 4.11. Eh:t of nttrogen, Bradyrhizol:mm moculant and rricronutnents (Mo & B) 
on N uptake by stcwer in blackgram 

Treab nems 

T9 T10 T11 T12 T8 T7 18 T5 T4' 12 T1 
0 

80 
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T, Control, T2 PKMo, T3 PKB, T. lnoculum, Tt. N, Te PKMo + lnoculum, T7 PKB + lnoculum 
T, NPKMo, Tt. NPKB, T10 PKMoB, Tu· PKMoB + lnoculum, T,2 NPKMoB 

Treatments 
Fig 4 13 Etlect or nitrogen, Bradyrhaob1um 1noculant and m1cronutrientB (Mo & B) 

on protem yield by st~ m btackgram 

T9 T8 17 

\ 
'Zl 300 r 
I" 
~ - • 
Z; 200 
i ,. 
c ... 
1! 100 CL 

T10 111 T12 T6 T5 T4 13 12 T1 
0 

T, Con1rol, T'l' PKMo, T3• PKB, T4: lnoculum, T5 N, T8• PKMo+ lnoculum, T7 PKB+ lnoculum, 
T8• NPKMo, T9: NPKB, T,0 PKMoB. T11 PKMoB + lnoculum, T,2 NPKMoB 

Treab1a1ts 

Fig. 4. 12. E99ct or nitrogen, Btadyrhizobium inoculanl a1d micronulrients (Mo & B) 
on protein yield by seed in blackgram 
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Abridged account of \he d1fferet)\ plant characters were analyzed staristically and ihe 

sigmficant mean differences were adjusted bv D~ tRT 

Data for nodule number nodule on main root, nodule on branch root nodule weight, root 

weight. shoot weight, root length. shoot length and leaf number were recorded at three stage of 

growth VlZ 30 45 and 60 DAS. and for seed and stover and other ~ ietd annbuung data 

characters were taken at the time of plant maturity Nitrogen content. protein content. nitrogen 

uptake and protein yield data were taken after chemical analysis of plant and seed samples 

CllAPTER V 

SUl\U\IARY A 'D CONCLUSION 

A pot experiment was conducted at Net House of Sot! Science Division, the Bangladesh 

Agricultural Research Institute. Joydebpur, Gazipur during September to December 2007 to 

evaluate the effect of Hradyrl11:ob111111 inoculation, nurogen, molybdenum and boron on the 

growth, nodulation, yield and nitrogen uptake, and yield contributing characters of blackgram 

and to find out the suitable combination of Bradyrhizobium, nitrogen. molybdenum and boron 

for blackgrarn production followed by CRD technique Triple super phosphate (22 kg P ha-1 ), 

munate of potash (42 kg K ha"), gypsum (20 kg S ha"), zinc sulphate (5 kg Zn ha") and boric 

acid (1 kg B ha") were applied as basal dose at the rime of pot preparation All the feriilizers 

were calculated for l 0 kg soil which \l\'3S used for each pot Blackgram seeds were inoculated 

with respective inoculants and were sown on 1~1 September. 2007 Necessary water was applied 

to the pot at a regular interval of alternate days upto crop marunry to marntain proper moisture 

condition 



obtained m T1 (Control). The highest root length observed 10 T1:> ( NPKMoB) was identical to all 

other treatments e cepl 11 T2.1, and Ts at 45 DA. and except T1 T2 T"\. T~ and r, at 60 DA 

The lowest root lengths were obtained an 'I 1 at all the DAS. Bradyrhizobium inocularn alone or 

mcombtnat1on with PKMoB had no effect on shoot length at 30 and oO DAS Lea' es plant" has 

no significant effect by different fertilizers al 30, 45 and 60 D \S respecnvely though the Iughes: 
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Bradyrhizobium) and the lowest ( t 63 g plant") was DAS \.\'BS obtained 10 1'11 (PKMoB 

treatments there was no sjgnificant difference but all the treatments produced higher root weight 

than control at 60 DAS No significan! effect on shoot weight with was observ ed at 30 and 60 

OA:s due to Hrat{1·rluzohmm inoculation though the highest shoot weight (2 37 g plant 
1) 

at 60 

the non-inoculated and non-fertilJzed control (T1) ga' e the lowest root weight Among the 

The highest root weight (0.17 g plant") was obtained in T11. T 1:: and T 1 at 60 DAS while 

nodule weight than nitrogen at all the dates of nodule collection 

increases with the passage of ume Among the treatments, onlv Bradyrhizobium produced higher 

inoculated plants produced significantly higher number of nodules plant" than the non 

inoculated control plants or N treated plants I'he highes; number of total nodules of 22 22 plan(1 

was recorded al 60 0 \~ which indicates production of nodules plant" increased with the 

increasmg of lime upto 60 DAS It was observed that Bradvrhizobium inoculation and 

application of 1\IJo significantly influenced the number of nodules planf" Nodule weight 

Nitrogen has no s'ignificant impact on nodule formation on branch root Brady rhtzobuun 

l'he highest nodules 011 rnam root plant" (500. l'.!Sl and 1429) were recorded m 

PK loB + lnoculum at :lO, 45 and uO DAS, respecuvely All the inoculated treatments showed 

significant result in ml0m1111g nodules on ma m root than control plant The highest number of 

nodules (3. I l plant" at 30 DAS and 8 01 plant' at 45 DAS) on branch root was recorded in 

PKMoB + lnoculum which were Slg,mficantly higher over all other treauneru combinations 



All the treatment showed significant response in nitrogen content in seed I he highest 

nurogen content in seed (3 30°u) was obta ined from T11 ll'K~loB + lnoculum) and fp 

(NPKMoB), which was s1gmficantl •different from control, PKMo, PKB, 1 and PKMoB Ihe 
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1 he highest pod weight of 3 87 g plant" was obtained from T11 (PKJ\1foB + lnoculum) 

and the lowest pod weight ( l 97 g) was obtained ITQm T, (control] Hmd} rliizobium inoculaiton 

had significant effect on blackgrarn stover weight The highest stover "eight of 4 47 g plant" 

was obtained from T11 (PKMoB t lnoculum) and the lowest of2 ~2 g plant" was obtained from 

I, (control] The highest seed welght (2 69 g) was obtained from Tu (P~loB + Inoclum] and 

the lowest seed weight (I I.JO g) was obtained from T1 (conu ol) 

All the fertilizer treatments showed insrgnrficant response m terms of pod length The 

highest pod length (4 2~) cm) was recorded in treatment 1'12 (NPKMoB) that was identical to all 

other treatment combinations but different from T1 and the lowest pod length of 3 28 cm was 

recorded m control plant All the fertilizer treatments showed significant response in pods plant" 

except T2 and T~ The highest pod number (8 78) was obtained from T1:: (l'<P.h..MoB) which was 

sigruficaruly different from control (T1) (4 89) and 1\ but identical 10 all other treatments No 

srgnificant response due to application of different fertilizer was observed for seeds pod" There 

was no significant relationship among the different rreatments m J 00-seed weight The highest 

l 00-seed weight of 5 89 was obiamed from T11 (1 PKMoB + lnoculum) and the lowest l Ou-seed 

weight of 5.08 g was obtained from control treatment (T 1 ). 

lea ... es plant" was obtained from 1'11 (PKMol3 .i Hrac(vrh1=oh111111J and the lowest leaves plant" 

was obtamed from T' (control] al 30 DAS The highest plant hetght (44 3 cm) at harvesting stage 

was obtained from 1'12 ( PKMoB) which was identical 10 all other treatments but different from 

1'1 (control) and lnoculum 
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content ( I 43° o) in Sl0\e1 was obtained from r 1 (control) Protein content 111 seed showed 

positive result among the different treatments 

content ( 1 (iJ0 o) was obtained from T11 (PK!\1oB + lnoculurn) and the lowest highest 
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