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Abstract 

A pot experiment was conducted at the Net I louse and Laboratory of Soil Science 

Division. Bangladesh Agricultural Research Institute (BARI). Joydehpur. Gazipur (luring 

September to December 2007 to study the effect of nitrogen. molybdenum. boron and 

Brad yrhizobium inoculant on growth. nodulation. yield, yield contributing characters, 

nitrogen uptake of blackgram. The variety. BARI Mash-3 and I3radyrhizohiwn inoculant 

(BARI RVm-301) were used in the present experiment. There were twelve treatment 

combinations viz. T1: Control (non-inoculated and non-fertilized control). T2: PKMo, T3: 

PKB. T4: Brad vrhizohi urn inoculant. Tj: N, T(,: PKMo + Brad_vrhizobiuin Inoculant. 1',: PKB 

-f Bradyrhizahium lnoculanL Tg: NPKMo, TC): NPKB. TjI): PKMoB. T3  PKMoB i- 

Bradyrhizohiurn Inoculatit and T12: NPICMoB laid out in a Complete Randomized Block 

Design with 3 (three) replication. Nitrogen P. 50 kg N ha1, triple super phosphate Cip 22 kg P 

ha* muriate of potash (@ 42 kg K ha1, boron.@ I kg B ha' and molybdenum ( I kg Mo 

ha4  were applied as per treatments of the experiment as recommended levels. Gypsum @ 20 

kg S haS ' and zinc sulphate @ 5 kg ha1  were applied as basal in all pots except in control pot. 

After 30. 45 and 60 days of sowing. 2 plants were uprooted from each pot to study 

nodulation, dry matter production and plant growth. At maturity, yield and yield contributing 

charactcrs were recorded. Bradyrhizohi urn inoculation increased significantly the number of 

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

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

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

and also seed and stover yield. Rradyrhizohiwfl inoculation alone or in presence of Mo or 

boron also recorded higher nodulation over other treatmenL combinations. Brad yrhizohi urn 

inoculation was better than nitrogen in almost all the parameters studied. Molybdenum and 

boron performed better results. This result indicated that the use of liradyrhizohiurn 

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

blackgram production. 
vi 



CHAPTER I 	
444* 

rw)flt 2.CO 
INTRODUCTION 	

IOSII 
 

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 ci at. 1963). Many of the 

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

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

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

are the valuable food to the livestock. It is an excellent source of easily digestible 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 health 

Organization (WhO) suggests 45 day4  capita4  (BAR!. 1998) for a balanced diet. So. the 

people of Bangladesh take pulses in their daily diet far below than the recommendation. To 

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 l.egurninosae family sub-family Papilionaceae. The stem and 

leaves of the pulses are used in preparing a concentrate feed called J3hushi which is rich in 

protein. The husks of the seeds are also used as feed for much cows. Some pulses such as 

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

could be considered as an inevitable component of sustainable agriculture. 

Blackgram ( Vigna inungo 1.) 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 a source of protein. 



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-deficient soils 

(Hafeez ci at. 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 may provide organic N 

for the subsequent benefit of a cereal crop (Roasales ci al.. 1998). 1 ugh cost and 

environmentally risky chemical fertilizers cause serious and continuous problem for 

increasing hlackgram production in developing countries including Bangladesh. These 

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

from symbiosis between legume crops and root nodule bacterium RhizohiwwBradyrhizObi urn 

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

productivity. 

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

(23.482 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. It is used as 'dhal' and as ingredient in preparation of many foods in terms in 

Bangladesh. 

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

biological agent for fixing atmospheric nitrogen by process with legume crops and niake 

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

Rhizobiurn strains for some pulse crops. It has already selected some Bradj.rhizobiu;i: strains 

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

production could be achieved through seed inoculation with Bradyr/zizohiurn strains which is 

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



inoculation with Bradyrhizobiurn increased 28-58% higher nodulation, 9-1 7% higher do' 

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

inoculated control (Bhuiyan ci al., 2009). Maximum yields were obtained when fertilizers are 

applied along with Rhizobiurn inoculation (Bali ci al., 1991). By growing blaekgram in 

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

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

country. 

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

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

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

facilities for boro rice cultivation further reduced the area under pulses. 'l'herefhre. attention 

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

including application of biofertilizer in blackgram, sowing time, land preparation, sowing 

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

Kharif-I1 and Kharif1 season which can solve partial protein requirement. 

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 ci 

aL, I 996a I 996b). But deficiencies of these nutrients have been very much pronounced under 

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

Molybdenum is essential for N2-Iixation 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 (Ilanis ci al.. 1965). The nitrogen fixing enzyme nitrogenase is composed of molybdenum 

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

Molybdenum is a constituent of one of the two proteins, which together form Mo-nitrogenase. 

3 



and therefore a suflicient supply of MO is essential for nitrogen fixation in legumes. Effects of 

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

c/at. 1996a, 1996h. 1997a. 1997b, 1998a, 1998b, 1999a 1999h.2005a). 

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

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

rhizobia. The deficiency of B affects some grain legumes (Rerkasem ci at. 1987). The 

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

researchers (Rerkasern c/ at, 1987; FThuiyan ci at. I 999a, I 999h. 2005a etc.). 

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

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

pulses (Bhuiyan ci at. 1997a. 1999a Khanam ci at. 1994). Research results on pulses are 

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

interactions (Bhuiyan ci at, 1999a. 1999b, 2005). Informations are not available regarding the 

effect of inoculation with different mieronutrients (Mo and B) and their interactions on the 

nodulation and yield of blackgram. The present investigation was, therefore. undeitiken to 

evaluate the response of blackgram to /.Iradyrhizobiu:n inoculant. nitrogen. molybdenum and 

boron with the following objectives: 

i) 	To investigate the effect of Jiradyrhizohiwn inoculation, nitrogen, molybdenum 

and boron on the growth, nodulation, yield and nitrogen uptake, and other yield 

contributing characters of blackgram. 

To find out the suitable combination of Brad,vrhizobiutn. nitrogen. molybdenum 

and boron for blackgram production. 

Pit 



CHAPTER II 

REVIEW OF LITERATURE 

Biofertilizers are microorganisms which benefit the plants by providing nitrogen or 

phosphorus or rapid mineralization of organic materials 01' the hiofertilizers. the use of 

Brachrlziwhium was studied in Bangladesh at large extent. Work on other biofertilizers is 

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

combined use of Jirad r/n:olnum inoculation on blackgram ft',cp?cz mwigo I..) and other pulse 

crops. However, available information on the contribution of Thvdvi*i:obinrn inoculation, 

nitrogen, molybdenum and boron on blackgram has been reviewed in this chapter. 

2.1 Effect of nitrogen 

Effect of nitrogen on blackgram and other legumes have been presented below: 

Sharma et at (1995) carried out a field trial in the monsoon season of 1991 at 

Gwalior, Madhya Pradesh with blackgram (17gna inungo) cv. JU-2 treated with 0, IS or 30 

kg N, 0, 30 or 60 kg P2O5  and 0 or 60 kg S hi'. Application of N and P. either alone or with 

S. increased Mn, Zn, Cu and Fe contents in seeds and straw and the available Mn and Zn 

content in soil. Application ol 30 kg N + 60 kg P205  4 60 kg S ha4  gave the highest trace 

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

applications but increased with S application. Soil available Fe increased with increasing N 

and P applications and decreased with increasing S applications. 

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

Junagadh, Gujarat with blackgram (Jigizc: mango) and seed was inoculated with Rhiwbi uni 

or not inoculated and given 10, 20 or 30 kg N and 20, 40 or 60 kg P205 had. Seed inoculation 

increased seed yield (471 vs. 434 kg h15. Seed yield increased with up to 20 kg N (464 kg) 



and 40 kg P205  (475 kg). N and P uptakes and seed protein content increased with increasing 

N and P rates. Net  return was the highest with seed inoculation. 

Au i c/al. (1995) carried out field trials at Mianchannu in 1992 and I.ayyah in 1993 on 

sandy loam soils low in OM, N and P and LI awugo was given no lertilizers or 50 kg N, 50 

kg N + 50. 75, 100 or 125 kg P205  or 50 kg N + 125 kg P205  + 50 kg K20 ha'. NPK gave the 

highest number of pods plant" (23.03 -23.75) and seed yield (1080-1022 kg ha1) but was not 

significantly better than 50 kg N 	75 kg P203, which gave the highest 1000-seed weight 

(49.30 and 42.75 g in the 2 trials, respectively). Straw yields did not differ significantly 

among the treatments. Seed protein content was the highest with NPK 

Trivedi (1996) carried out field trials in the rainy seasons of 1990-91 at Owalior. 

Madhya Pradesh. India with P. ,mmgo (J'igna mango) cv. Jawahar tJrd-2 and was given 0-30 

kg N, 0-60 kg P205 and 0 or 60 kg S ha'1. Seed yield, net returns and N. P and S contents in 

seed increased with rate of N. P and S applications. 

Mathan e/ at (1996) conducted a field experiment during the monsoon seasons of 

1991-92 at Coimbatore. Tarnil Nadu where a total of 7 treatments compared the effect of 

applying in various combinations N. P, K. FYM. NAA and seed inoculation with Rhizobium 

were used on blackgram (17gna mango) cv. CO 5 yield. In 1992, seed treatment with 

fungicides was also included The application of 25 kg N as urea 50 kgPiOs ha1  as single 

superphosphate ± 750 kg enriched FYM 	6.25 t FYM + foliar application of 25 kg 

diammonium phosphate at flower initiation and IS days later ± seed inoculation with 

Rhizobium produced the highest seed yields of 0.72 t hi' in 1991 and 0.62 t in 1992, 

compared with the control yields of 0.42 and 0.40 t, respectively. The seed crude protein 

content was increased by 14.5 and 154% in the highest yielding treatment compared with the 

controls, 

6 



Trivedi ci al. (I 997a) conducted a field experiment to study the eflèct of nitrogen, 

phosphorus and sulfur on yield and nutrient uptake of blackgram (Vigna mwigo) at Gwalior, 

Madhya Pradesh during the 1990-91 kharif (monsoon) seasons. Application of 30 kg N, 60 

kg P205 and 60 kg S ha-1  increased yield, net profit and nutrient uptake. 

Trivedi ci al. (1 997b) carried out a field experiment on blackgram (('igna ,nungo) 

where 0, IS or 30 kg N hi'; 0, 30 or 60 kg PjO.s ha" and 0 or 60 kg S ha-1  were given on 

sandy loam soil at Gwalior, Madhya Pradesh, during the rainy seasons (kharif) of 1990 and 

1991. Increasing levels of N. P205 and S significantly increased the seed and stover yields. 

Increases in mean seed yield over controls were 217, 273 and 109 kg ha" with 30 kg N. 60 kg 

P205  and 60 kg S ha". respectively. The application of N with S significantly enhanced the 

yield. Increasing levels of N. P203  and S significantly increased the total uptake of N, P and 

S. The maximum net return (Its. 3893 ha-') and BCR (2.01) was obtained with N30Pj;oSo. 

Ounjkar el al. (1999) carried out an experiment on blackgram (V;gicz niungo) at 

Parbhani during kharif(nionsoon) 1994 and reported that blackgram gave seed yields of 658. 

870 and 921 kg ha" with 0. 25 and 50 kg N hi', and 768. 800. 836 and 863 kg ha" with 0. 

25. 50 and 75 kg P:Os ha". cespcctwety. 

Maldal and Ray (1999) conducted a tickd experiment where mungbean cv. BIOS, RI 

and I loogly local were untreated, seed inoculated with /lradyr/ii:obiniii and 20. 30, or 40 kg 

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

in BIOS and Hoogly local while it was decreased by inoculation and N treatment in BIOS. 

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

and V. mnngc) cv. Pant li- I 9 was seed inoculated with one of eleven Rlzizobium strains or not 

inoculated and given 0 or 20 kg N ha". Seed yield was the highest with inoculation with a 
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local strain (130 t hi'). The application at 20 kg N gave higher seed yield than no N (1.24 

vs. 1. 14 t). Application of nitrogen and inoculation increased nodulation and nodule dry 

weight plant", crop growth rate and relative growth rate. No significant effects were observed 

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

Sharma ci a! (2000) carried out a Field experiment during kharif 1997 at Palampur, 

['liniachal Pradesh, india where il inungo was seed inoculated with I of 9 Rhizohinin strains 

and given 0 or 20 kg N ha'. Growth, yield and dry matter accumulation increased with N 

application and J?/ü:ohinm inoculation, with the local strain giving the best results 

An investigation was carried out by Singh cial. (2002) to study the effect of N. P and 

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

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

blackgram to the various treatments combinations of N (0 and IS kg 	p (0, 30 and 60 kg 

ha') and K (0 and 20 kg hi'), the highest yield was obtained Cronx the application of 

15:60:20 kg N:P205:K20 ha" which was at par with control and this might be due to higher 

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

hlackgram was associated with higher biomass production. 

Srinivas and Shaik (2002) studied the effects of N (0. 20. 40 and 60 kg hi') and p (0, 

25. 50 and 75 kg hi') along with seed inoculation with Rhi:o/;imn culture on the growth and 

yield components of greengrani were 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" followed by decrease with further increase in N. Number of seeds 

per pods, 1000-seed weight, seed and haulm yields generally increased. Seed inoculation with 

Rizizobium resulted in higher values for the parameters measured relative to the control. The 
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interactions effects between N and P were not significant for the number pods planf', pod 

length and seed hauhw yield 

Asraf c/ cii. (2003) conducted a held experiment to study the effects of seed 

inoculation oN biofcrtilizer and NPK application on the performance mungbean cv. NM-98 

at Faisalabad in Pakistan. The treatments consisted of the seed inoculation of Rhi:ohimn 

phciseoii singly or in combination with 20:50:0, 40:50:0 or 50:50:50 NPK kg hi' (urea), P 

(single super phosphate) and K (potassium su(phate) were applied during sowing. The tallest 

plants (69.93 cm) were obtained with seed inoculation + 50:50:0 kg NPK hi'. Seed 

inoculation + 50:50:0 or 50:50:50 kg hi' resulted in the highest number of pods planC' 

(28.97, 56.00, 63.90 and 32.56, respecUvely) and seed yield (1053, 1066. 1075 and 1072 kg 

had). Hai-vest index was highest with seed inoculation in combination with NPK and 40:50:0 

(2523), 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 mungbean cv. NM-98. 

A pot study was conducted by Stieikh et of. (2003) to investigate the etlècts of seed 

inoculation with Rhizobium sp. and N:P:K (at 0:0:0, 5:1510, 10:30:20, 15:45:30 and 

20:60:40 kg hi') on growth and phvsiornorphological traits of blackgram cv. PU 19 irrigated 

with thermal power plant vaste water (J'PPW), sewage waste water (SW) and ground water 

(GW). Sampling was conducted at the vegetative (25 days after sowing. DAS). flowering (40 

DAS), and fruiting (55 DAS) stages. [loth SW and TPPW were efficient for improving the 

yield, vegetative growth, physiological characteristics and yield. Waste water application 

increased the leaf nitrate reductase activity, carbonic anhydrase Icarbonate anhydrase] 

activity and total chlorophyll content of Rhi:ohiwn-inoculated plants. The optimum fertilizer 

treatment was N: P' K at 10:30:20 kg 	and NPK-treated plants showed better perl'ormance 

under inoculated conditions than uninoculated. 
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A field experiment was conducted by Reddy ci of. (2005) during robE 2002-03 on a 

clay loani 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 atiributes, N 

uptake, seed yield and net returns were observed with 2% urea spray at 30, 40 and 60 days 

a tier sowing and was superior to all other treatments. 

2.2 Effect of Rrudyr/aiwbiu,n inoculation 

Effect of Jiradyr/zizohinin inoculation on blackgram and other legumes have been 

presented below: 

Rhalu ci at (1995) coducted a field experiment during the rainy season of 1990 at 

Junagadh, (Iujarat with blaekgrani (Hg/ul znungo) and seed was inoculated with Rhizobi run 

or not inoculated and given 10, 20 or 30 kg N and 20, 40 or 60 kg P20 ha* Seed inoculation 

increased seed yield (471 vs. 434 kg ha). Seed yield increased with tip to 20 kgN (464 kg) 

and 40 kg P205  (475 kg). N and P uptakes and seed pcotein content ücceased with increasing 

N and P rates. Net  return was highest with seed inoculation. 

Sharma ci cii. (1999) conducted a field experiment in 1997/98 in Ilimachal Pradesh l 

inmigo cv. Pant U-19 where seed inoculated with one of eleven Rhizobium strains or not 

inoculated and given 0 or 20 kg N hi'. Seed yield was the highest with inoculation with a 

local strain (1.30 t hi'). The application of 20 kg N gave higher seed yield than no N (1.24 

vs. 1. 14 t). Application of nitrogen and inoeutaüon increased nodutation and nodule dry 

weight plan(', crop growth rate and relative growth rate. No significant effects were observed 

in protein content of seed and straw but a slight improvement was observed over control. 
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Sharnia el ciL (2000) carried out a Field experiment during kharif 1997 at Palampur, 

1-limachal Pradesh, India where F. mango seed was inoculated with I of 9 J?/ü:obinm strains 

and given 0 or 20 kg N hi'. Growth, yield and dry matter accumulation increased with N 

application and R/ii:ohiam inoculation, with the local strain giving the best results. They also 

found that dry matter production was increased by about SO% due to Braclythiz.cthnun 

inoculation. 

Singha and Sarma (2001) conducted an experiment in India on blackgram cv. T-9 to 

study the effect of ditierent levels of P fertilization and Rhi:ohiuni inoculation of seeds on 

yield and nutrient uptake. Application of P significantly increased the grain and straw yield 

and N. P and K uptake. P at 45 kg hi' produced the highest graiti and straw yield and was at 

par with the application of 25 and 35 kg P ha'. N uptake increased cram 20 to 30 kg ha4  with 

application of 25 to 45 kg P hi', respectively. Rhi:ohinm inoculation significantly increased 

the number (2.2%) and mass (9.5%) of root nodules plant' compared to the control indicating 

increased efficiency of the crop to fix the atmospheric N. 

The nodulation characteristics of 8 varieties of blackgram (I 'igna mango) were 

studied by Reddy and Mallaiah. 2001. Rizizohiwn sp. was isolated from the T-9 cultivar of the 

crop. The effect of three different methods of Rhi:ohiu,n inoculation on the nodulation of 

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

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

inoculation methods. Three isolates of Rh/rob/urn, vi.. VM isolate. AH isolate and SO 

isolates, isolated respectively from blackgram, Arcw/sis /ivpogaea and Seshcmia grand/7oro, 

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

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

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



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

the shoot was 1.9% at the vegetative stage (25-day-old plants). 3.0% at the reproductive stage 

(45-day-old plants) and 1.0% at the harvesting stage. The nitrogen content of the fresh seeds 

was 5.78% in the inoculated plants, while that in uninoculated controls was only 2.72%. The 

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

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

failed to produce nodules on blackgram. 

Tomar c/ at (2001) conducted a field experiment at the G.B. Pant University 

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

I?/;iwbizun, vesicular arbuscular mycorrhiza (VAM. (Eoflms caleeionium) and phosphate 

solubilizing bacteria (PSB. Pseudomunas sir/ala strain P-27) inoculation, with and without P. 

on blackgram (V/gnu mungo) seed yield. Phosphorus application in soil with medium P 

content (5.4 mg kg4 ) increased nodulation, grain yield. N and P in plant and grain over no 

phosphorus control. Forty kilograms of P20, each hectare recorded an increase of 20.6% in 

nodule dry weight. significant increases of 0.35 g kg'1 in N concentration and 1.28 g kg" in P 

concentration of plant over 20 kg P205 ha". Similar significant increases of 0.59 g kg" in 

grain yield and 0.54 and 0.23 g kg" in N and P coneentrations of the grain, respectively, over 

20 kg P205 ha4 were also obtained with higher dose. inoculation of Jthi:ohiwn ~ VAM 

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

studied. R/uwbium gave the highest and 21.0% more nodule number, 34.7% more nodule dry 

mass, 0.73 g kg" more N in grain and 4.2% higher grain yield over PSB 

A field experiment was conducted in \Ta,nban, lamil Nadu, Thdia by Nagarajan and 

Balachandar (2002) during the kharif season of 1998 to study the effects of organic 

amendments on the nodulation and yield of blackgram cv. Vamban I. The treatments 
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consisted of R/zizobiznn (strains CRU 7 for blackgram and CRM II for greengram) seed 

inoculation, 15t farmyard manure (FYM ha1. FYM + Rhiwbium, St compost ha4  (prepared 

from leaves and twigs of Sesbania seshan.S. gr(znd/flora. (i'assia [is/n/a, (Tczisia 

auricnliforrnts. and C/aricidia (Gliricic/la) along with cowdung and rock phosphate), compost 

4 /?Jziwhinm. S t biodigested slurry ha1, and hiodigested slurry t /?Jiiwhimn. In general, seed 

inoculation of /?hi:obiw;; and application of organic amendments enhanced biomass, root 

nodulation. and grain yield. Biodigested slurry at 5 1 hi' + Rbizo/'inm gave the greatest plant 

height (42.7 and 53.7 cm for btackgran and gceengcam, cespective1v, nodu(e number (23.3 

and 24.0), nodule weight (45.3 and 42.3 rng), and grain yield (758.3 and 732.0 kg hi'). 

Sarkar ci al. (2002) inoculated the seed of blackgram with strains of J?radyrhi:ohinn; 

viz. M-10. 129-tJS& 480-M. and M1C-5 before sowing in a field experiment conducted to 

determine the eultivars and JIradyrhizohinm strain for suitable use in the locality. Cultivars 

M-ló recorded longer roots and higher root volume plani', number of nodules planf' and test 

weight compared to A-43. The interaction effects between cukivar A-43 and Rradyrhi:ohiuni 

strain MK-5 resulted in the highest root volume plant' (1.30), number of nodules planf' 

(7.03) and test weight (4.23 g). whereas the interaction effects between cultivar A-43 and 

Brac/yrhiwbium strain 480-M resulted in the longest roots (14.72 cm). Correlation coefficient 

studies showed high correlation between seed yield and thy weight. and root weight. Root 

length and root volume were inversely correlated with test weight. 

Sattar and Ahrned (1995) carried out a field experiment on mungbean ( Vigna raida/a 

L.) to study the response of inoculation with Bra4vrhiz0binn: inoculants incorporating BINA 

403, BINA 407. RCR 3824 and RCR 3825 strains as single and mixed culture. They observed 

that Bradyrhizohiwn inoculation increased the number of nodules, nodule weight seed, hay 

and total protein yield signilicantly compared to uninoculated treatments. 
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l3chari et al. (1995) carried out an experiment with Vigna radiata cv. K85 I and B 165. 

Seeds were treated with 10 different /?radvr/si:oh/um 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 improved by using multi-strain 

inoculants 

Thakur and l'anwar (1995) conducted a field trial where UYg,icz rczdki&z cv. Pusa-l05 

and PS-16 were given seed inoculation of both. They found that inoculation either singly or 

combined increased plant height compared with no inoculation. 

Shukla and Dixit (1996a) laid out a field trial to study the response of summer 

niungbcan to Rh&obiurn inoculation. Riuwluwn inoculation delayed 50% liowering, whereas 

it increased number of branches plant''. plant height and the dry matter accumulation. 

Shukia and Dixit (I 996h) stated a field experiment where greengrant cv. Pusa 

Baisakhi was seed inoculated with R/,j;o/,,wn or not inoculated, sown in rows. 20, 30 and 40 

em apart and given 0-60 kg P20c ha* They found that seed inoculation increased seed yield. 

Patra and Bhattacharyya (1997) carried out a field trial with Vigna ,ztdiaia cv. 13-1. 

llraclyr/zizobinin and urea (25 kg ha4 ). They found that all treatments increased nodulation 

compared control. They also reported that the highest nodules were given by Bradvrhizobine'n 

+ urea. 

Das c/at (1997) conducted field trials where Vigna radiati, cv. Noyagrah local seed 

were inoculated with /ffii:ohiunz and/or \'AM culture, which was applied at the rate of 15 kg 

ha* They  observed that number of nodules was increased with dual inoculation compared 

with uninoculated control. 
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Goel diii. (1997) carried out an experiment with Hgna md/ala cv K85 t, where seed 

were inoculated with one or both of 2 bacteriocin-producing J?J,,whiwn strains, VRF 10 (poor 

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

nodule biomass was much greater than for VRFIO. When the two strains were inoculated 

together, VRF57 formed a hie.hcr proportion of nodules than VItRO, even when inoculated 

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

competitiveness. 

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

inoculants in field experiments with summer mun,ghean variety SMI. 32. They found that 

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

On an average, single strain and multistrain Rhizobium inoculants increased the seed yield by 

10.4% and 19.3%. respectively compared to the irninoculated control. 

Ghosh and Poi (1998) carried out a pot experiment where soybeans, groundnuts. 

mashkalai ( Vigna mungo), mung (i7gna nd/ala) and leniil (Lens escu/enlus) were inoculated 

with Bnadyrhizohinin, Bacillus po/vmixa and Glomusfasciculatum in different combinations. 

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

highest from combined inoculation with all three microorganisms. 

Gupta c/aL (1998) reported that nodule occupancy of Bradyrhizobium strain S 24 was 

increased by 60% over the uninocutated control. 

Provorov et at (1998) observed that seed inoculation of mungbean (I 'igna rat/ui/c:) 

with strain ClAM 1901 augmented the hcrbage mass by 46.6%, seed mass by 39.2%, 1000-

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

root nodules by 254%. 
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Patra and Bhattacharvya (1998) conducted a pot experiment to assess the effects of 

I?Jn:olnn,n seed inoculation on Vigna rczthcaa cv. B I They observed that seed inoculated 

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

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

plus urea fertilizer produced si%nilicantly high yield compared to the control. 

Maldal and Ray (1999) conducted a field experiment where mungbean cv. 2105. 131 

and I loogly local were untreated, seed inoculated with /lradvrinzohiwn and 20, 30, or 40 kg 

N ha1  as urea were given. The results revealed that nodulation was greatest with inoculation 

in B 105 and Hoogly local while it was decreased by inoculation and 'J treatment in 13 105. 

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

inoculated singly with S /?/,i:abiuin strains and exposed to 3 water regimes. She found that 

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

conditions seed yield was increased by inoculation. 

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

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

/?hi:(,bium on growth and yield of blackgram. Inoculation of R/,i:obium culture on the 

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

increases in seed and straw yields were observed up to 40 kg P205  and 20 kg S hi', mainly 

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

Upadhyay ci aL (1999) conducted a field experiment where green gram was seed 

inoculated with Ithizohizun or not inoculated and 0-60 kg P205  hi' was applied. They 

observed that seed yield was higher with inoculation (2.02 vs. 1.87 t ha1) and increased with 

up 1040 kg P205  (2.01 t ha1). 
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Kavathiya and Pandey (2000) conducted a pot experiment with Ith,:obiwn on 

munghean (Jgizci radiata cv. K 85) and found that nodule plant-' increased significantly 

over uninoculated control. They also reported that maximum seed germination (966%), 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 Riuwbiwn treatment. 

Chowdhury ci at (2000) carried out a pot experiment during kharif in 1995 with 

mungbean in IPSA. Salna. Bangladesh where mungbean line NM-92 was inoculated with 

1?Jn:oh,zsm strain TA!. 303. They found that dry matter production was increased by about 

50% due to Brac/vr/zizohi:itn inoculation 

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

during the pre-kharif season to study the effect of Bradyr/uwbi urn inoculation. P (at 0. 20 kg 

hi') and Mo (at 0, 0.5 and I kg ha4) on the number of nodules plant'
[  of summer greengram 

cv. T-44. Inoculation and application of P and Mo signifteantly influenced the number of 

nodules plant". dry matter accumulation in the shoot, crop growth rate and plant height 

comparing with control. 

Tomar ci cii, (2001) conducted a field experiment at the G.B. Pant University 

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

Ithiwbiurn, vesicular arbuscular mycorrhiha (VAM. GFomus ccz/cda,nrnn) and phosphate 

solubilizing bacteria (PSB. Pscudornt'rnas sir/ala strain P-27) inoculation, with and without P. 

on blackgram (Viguc: rnzugo) seed yield. Phosphonis application in soil with medium P 

content (5 .4 mg kg') increased nodulation, grain yield. N and P in plant and grain over no 

phosphorus control. Forty kilograms of P205  each hectare recorded an increase of 20.61/0 in 

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

concentration of plant over 20 kg P20 ha1. Similar significant increases of 0.59 g kg' in 
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grain yield and 054 and 0.23 g kg' in N and P concentrations of the grain, respectively, over 

20 kg P205  hi' were also obtained with higher dose. tnocutation of Rhizohiurn k VkM + 

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

studied. I?hiwbium gave the highest and 21.0% more nodule number. 34.7% more nodule dry 

mass, 0.73 g kg' more N in grain and 4.2% higher grain yield over PSB. 

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

root nodulation and plant growth characters of cowpea, blackgram and greengrarn and 

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

mungbean were uniformly better at category A locations. 

E1-Krarnany (2001) conducted a pot trial to investigate the combined impact of 

biological (Bradyrhizohiuni vigiza and Awiohac(er vinelundhi) and NPK fertilizers (25, 50 

and 100%) on mungbean cultivars (Kawmy-1, VC-4. VC-9 and King) and found that the 

combined application of IL vigna and A. vine/ant/il increased seed yield, 100-seed weight and 

biological yield of mungbean significantly over uninoculated control. 

Chatterlee and l3hattacharjee (2002) studied the effects of inoculation with 

Braclyrhizohiwn and phosphate soluble bacteria (Nil) on nodulation and grain yield of 

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

inoculated with strains of J?hizobiuin, i.e JCa-1 and N4-10 strains, at a population of 28.20 x 

lOt' and 32.66 x 106  cells ml', respectively, phosphate solubilizing bacteria containing 

Bacillus polyrnyxa and Pseudornonus s/rio/a at a population of 7 x I 0 cells ml' at the time of 

the sowing. The plants inoculated with Bracvrhizohium strains and PSB showed increased 

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

observed to be highly significant in plants inoculated with Brad rhizohium strains and P58. 



Malik c/ at. (2002) studied the effects of seed inoculation with J?h,zobimn and P 

application (at 0. 30, 50, 90 and 110 kg haj on the growth, seed yield and quality of 

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

autumn of 2000. Seed inoculation with Rhizohium and application of 70 kg hi') resulted in 

the highest number of pods plant4  (22.47), number of seed podS' (12.06), 1000-seed weight 

(42.27 g) and seed yield (1158 kg hi'). Plant height at harvest was highest when inoculated 

with Bradyrhizohium (68.13 cm). 

.Srinivas and Shaik (2002) studied the effects of N (0. 20. 40 and 60 kg hi') and p (0. 

25. 50 and 75 kg hi) along with seed inoculation with R1,kohiurn culture on the growth and 

yields components of greengram were determined in a field experiment conducted during the 

kharif seasons. Number of seeds pods'. 1000-seed weight, seed and haulm yields generally 

increased. Seed inoculation with Rhi:ohinm resulted in hi&ther valucs for the parameters 

measured relative to the control. The interactions effects between N and P were not 

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

generally increased with increasing rates of P and with increasing rates of N up to 40kg ha4  

followed by decrease with ftirther increase in N. 

Perveen c/ at (2002) conducted a field experiment to observe rhizospheric 

microorganisms on growth and yield of greengram (Phaseohis rat/ia/a). The treatments were 

single, dual and combined inoculants of Bradvr/zizobin'n, Azotohacler chroococcurn and 

Aspergillus. The maximum root dry weight (0.37 g plani') and seed yield (6.6 g planf') were 

observed with single flraJr/pi:obmm sp. 

Osunde ci at (2003) tested the response of two mungbean cultivars (TGXI456-2E) 

and TGXI660-19F) to Bradyrhi:ohsurn inoculation in a two year trials in the farmers' fields 

of Nigeria. Cultivar effect of plant height and nodulation number was significant only in the 



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

season, while no such yield differences occurred in the second season. The proportion of 

nitrogen derived from nitrogen fixation ranged from 27% to 50% in the both cropping 

seasons and this was dependent ott crop management on the iarmefs field, rather than any 

cultivar or inoculation effect. 

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

lthi:ohium or Bradyr/zcobwm spp. and to develop suitable package of practices 

recommendations for their efficient use. The initial isolation of Brczdvrhizobiuin spp. was 

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

nature. A total of 26 isolates 03 each from blackgram (l'igna inungo) and greengram W. 

radiata) 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 soil of ph 1 4.89 without any amendments such as applications of FYM or 

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

were further evaluated under field (Vellayani and Kayamkulam) conditions along with a 

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

University. The extent of root nodulation, plant growth and yield were more in blackgrant 

and greengram where Bradyrhi:obinn inoculation was done along with the POP 

recommendation. At Vellayani, the nodule number, plant dry weight and yield in blackgram 

were significantly high in the treatment combination of POP KA-F-B-6. At Kayamkulam, 

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

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

Ithizohasm or Iircsdyr/:i.rohium alone was not sufficient but it should be along with a package 

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

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

inoculation of a biofertilizer and NPK application on the pertbrmance munghean cv. NM-98 

studied in Faisalabad. Pakistan. The treatments consisted of the seed inoculation of 

!iradyrhizobhwi pIuLccoii singly or in combination with 20:50:0, 40:50:0, 50:50:0. or 

50:50:50 kg NPK hi' (urea). P (single superphosphatc), and K (potassium sulphate) were 

applied during sowing. Seed inoculation ± 50:50:0 or 50:50:50 kg ha4  resulted in the highest 

number of pods plani' (28.97. 56.00. 63.90 and 32.56, respectively) and seed yield (1053, 

1066, 1075 and 1072 kg lm'). Ftar.est index was the highest with seed inoculation in 

combination with NPK and 40:50:0 (25.23), 50:50:0 (24.70) or 50:50:50 (27.5). Seed 

inoculation along with NPK at 30:50:0 kg hi1) was optimum for the production of high seed 

yield by mungbean cv. MM-98. The tallest plants (69.93 cm) were obtained with seed 

inoculation + 50:50:0 kg NPK hi'. 

Sriramachandrasekhalan and Vaiyapuri (2003) coducred a pot culture experiment to 

study the eiThct of carbot'uran in association with /?Jaizobium on the nodulation. growth, and 

yield of blackgram cv. ADT 3. Plant height (40.3 cm), number of nodules planl' (36.4), 

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

shoot weight (0.82 g), root weight (0.32 g), number of pods potT' 09.2. pod yield pot4  (55.6 

g), root weight (0.32 g). and stover yield p01' (90.1 g) was the highest with 2.50 ppm 

carboluiran and decreased thereafter with further increase in carbofuran concentration. 

Irrespective of the levels of carbofhran, R/,iwbiflm-illOculated blackram showed better 

growth and higher pod yield (50.3 g) and stover yield p011  (81.1 g) than the uninoculated 

crop. 

A study was undertaken by Tanwar ci cii. (2003a) conducted in Rajasthan. India 

during kharif 1996 to investigate the etièct of p (0. 20, 40 and 60 kg hi') and biofertilizers 
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(/thi:(jhium sp. and Bacillus ,negak'riUh? var. 17ho.sphczticiiin) on the nutrient content and 

uptake of blackgrani. The biofertilizers were applied singly or in combination. The crop 

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

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

content, N and P uptake of the grain and straw compared to no inoculation and individual 

inoculation. 

An experiment was carried out by Bhuiyan et at (2005b) with five mungbean 

varieties with or without Bradyrhiobiulfl 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-2, 

BARI Mung-4, BARI Mung-5. BENe\ Mung-2 and Barisal local, and rhizobial inoculum 

(Bradvrhiwbiwfl strain BAUR-604) was used. The nodules were first visible at 9 DAS, when 

only a few small nodules were observed. The number of nodules increased progressively with 

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

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

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

started at 9 days of sowing seeds (DAS). reached the peak at 42 DAS and thereafter started 

reducing in numbers until 70 DAS due to spontaneous degeneration. 

Bhuiyan ci aL (2006) carried out a field study with five mungbean varieties with or 

without Brad%rhi;obiulfl at Bangladesh Agricultural University Farm during kharif-I 2001 

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

ditlèrent
They found that inoculated plant produced growth periods of mungbean.  

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

DAS compared to uninoculated plant (11.35 plant' in 2001 and 11.52 plant' in 2002). The 
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lowest number of nodules (350 plantd in 2001 and 3.47 plan(1  in 2002) was produced at 14 

DAS with uninocutated plants. 

Bhuiyan el al. (2007a) carried out an experiment with live mungbean varieties with or 

without Bradyrhizobiiin at Bangladesh Agricultural University Farm during kharit'-1 2001 

and kharif-! 2002 seasons to find out the time of nodule initiation, nodulation pattern and 

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

growth period and reached the peak at 42 DAS (i.e. at 500/a flowering stage) The number of 

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

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

up to 63 DAS. The results suggested that nodule initiation in the roots of mungbcan varieties 

started at 9 days of sowing seeds (DAS), reached the peak at 42 DAS and thereafter started 

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

nodule in different sizes (<2.0 mm, 2.1-4.0 mm and >4 mm) was observed in BAR! inung-2 

at different DAS in both the years. Bradyrhi:o/'iuifl 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, while uninoculated plant produced 5.7 

(<2.0 mm), 5.6(2.1-4.0 mm) and 0.1-0.2(>4 mm)noduttstartf'. 

Bhuiyan and Mian (2007) conducted experiments with or without Brac/yr/:izobiitni in 

five mungbean varieties at Bangladesh Agricultural University Farm during kharif-1 2001 and 

kharif-1 2002 seasons to observe nodulation, bioinass production and yield of mungbean. Five 

mungbean varieties viz. BAR! Mung-2, SARI Mung-4, BAR! Mung-5, BThA Mung-2 and 

Barisal local, and rhizobial inoculum (Bradvrhi:ubiwfl strain BAUR-604) was used tbr the 

study. Application of Bradyrhiwbin?n inoculant produced significant effect on nodulation, 

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

haS ' in 2001, 27% increase over control and 0.75 t ha" in 2002, 29% increase over control) 
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and stover (2.3 It ha" in 2001 and 2.04 t hi' in 2002) yields of mungbean. Inoculated BARI 

Mt,ng-2 produced the highest nodulation. dry matter pcochscüon. seed and stover yields. 

Bhuiyan ci al. (2007b) carried out field studies with five mungbean varieties with/ 

without Bradyrhizohisitu inoculation at the Bangladesh Agricultural University Farm during 

Kharif-T 2001 and Kharif-1 2002 seasons to observe shoot dry matter production and nitrogen 

uptake by mungbean at different growth stages. Significant influences of the mungbean 

varieties were observed on dry matter production and nitrogen uptake. Bradyrhizobiwn 

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

plani' at 77 DAS was recorded in Brad yrhizobium inoculated plots. Inoculated BAR! Mung- 

2 produced the highest shoot weights 

Shil ci at (2007) reported that seed yield, plant height, pod length. pods plani', seeds 

pod", 1000-seed weight were the highest in full doses of fertilizers while control plants 

recorded the lowest yield and also other parameters. 

Bhuiyan ci at (2008a) carried out field studies with and without Brcuvrhizohiwi2  with 

five mungbean varieties to observe the yield and yield attributes of mungbean. They observed 

that application of Bradyrhizohn:n inoculant produced significant cliect on seed and stover 

yields. Seed inoculation significantly increased seed (0.98 t ha" in 2001, 27% increase over 

control and 0.75 t ha" in 2002. 29% increase over contcot acd sto'er (2.31 t ha" in 2001 and 

2.04 t ha" in 2002) yields of mungbean. Braclyr/zi:ohium inoculation also significantly 

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

the highest seed and stover yields as well as yield attributes such as pods plant" and seed 

pod". 

I ihrrv I 	i) 
:1 
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Bhuiyan ci at (200th) conducted a field experimeni at Regional Agricultural 

Research Station. Jamalpur on blackgrani and reported that inoculated plants gave 

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

to non-inoculated plants. 

2.3 Effect of boron 

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

(Mulder, 1948). It is one of the most important micronutrientS which is required for growth 

and development of plant. It helps in fruit setting and grain fbrmation. The development of 

0 
anthers and pollen is affected by boron deficiency. In boron deficient crop. the pollen does 

not accumulate starch and the nuclei when present are abnormal. It has been suggested that 

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

and Rerkasem. 1992). Thus boron deliciency can cause yield reduction by reducing grain set 

	

..- 	through impaired development of anther and pollen grain (Sansance and Benchawan. 1989). 

Rerkasem ci al. (1991) observed that the poor grain set in wheat reduced grain yield by 40-

50% on soils with low boron content (0.08-0.12 mg B kg4). Grain yield of wheat is depressed 

by poor number of grains ear which may result from boron deficiency (Abedin cial., 1994). 

	

-.2 	The problem can be corrected by boron application to the soil. It has been reported that the 

rt- 
00 crop responds better to soil application than to foliar application (Chatterjee ci aL, 1980). The 

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

(Jahiruddin, 1991; Hossain el al.. 1994; Khan ci al., 1996). Improvement in grain set and 

1000-grain weight in wheat by boron application was also observed by Singh and Singh 

(1976). 

Boron enhances uptake and translocation of sugar and is implicated in carbohydrate 

metabolism. This might be another reason for high grain weight and higher grain yield of 
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wheat due to boron application to wheat. Plant height, number of spikes m', number of fitted 

grains spike. 1000-grain weight, grain yield and straw 'ietd wtce found to increase by boron 

application up to 3 kg B ha" (Rahman. 1989). Application of boron at the rate of 2.9 kg ha4  

also increased the number of spikelets spike" and number of grains spike4  (Salch el cii., 

1982). 

Bhuiyan el oF. (1 996a) conducted field experiment (in Grey Terrace Soil of Gazipur, 

Bangladesh to evaluate the effect of rhizobial inoculum, molybdenum and boron on the 

urowth, yield and economic performance of soybean. They observed that the highest 

nodulation, dry matter yield and grain yield were recorded with the treatment of P22K4213, + 

inoculum. Inoculation with molybdenum, boron and molybdenum, and only inoculun, also 

gave better performance in producing nodule numbers. nodule weight, shoot and root dry 

weight, stover and grain yield. Inoculation either with boron or with molybdenum increased 

nodulation and yield than the combined application of boron or and molybdenum. 

An experiment was conducted by Bhuiyan et ci?. ((997a) ott Grey Terrace Soil of 

Gazipur, Bangladesh to ohserve the effect of rhizobial inoculuni, Mo and B on the 

nodulation, yield and economic performance of groundnut. They reported that Rh,:obizun 

inoculation in presence of P. K. Mo and B fertilizers sinit'icantly increased nodulation, dry 

matter and nut yield of the crop. 

Field experiment were conducted by Bhuiyan ci al. (1 998b) at Agricultural Research 

Station, Thakurgaon. Bangladesh to find out the effect of Mo, B and rhizobial inocutant on 

nodule number, nodule and shoot weights, and stover and grain yields of lentil. Significant 

differences were observed in all the characters studied. Rhizobial inoculant. Mo and B 

together produced significantly higher nodule number, nodule and shoot weights, and stover 

and grain yields over control. Crops response to B was better than the Mo. Grains yield of 
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lentil were 115 and 94% higher over uninoculated and unfertilzed control during to rubE 

seasons. 

Seven different treatment combinations of rhizobia, \'to and B fertilizers along with a 

control were evaluated by Bhuiyan ci al. (1998a) 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. Rhiwbium 

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

weight and straw and seed yield compared with control. Seed yield was 107 and 14% higher 

than control in two consecutive growth seasons. 

An experiment was conducted by Bhuiyan ci at'. (1999a) on Himalayan Piedmont 

Soils of Dinajpur and Thakureaon, Bangladesh to observe the effect of MoB and rhizobial 

inoculum on nodulation. yield and economic performance of chickpea. Inculation with 

i?hizobiun; strain (RCa-220) in presence of P. K. Mo and B fertilizers significantly increased 

nodulation, top dry matter and seed yield of the crop. The magnitude of increases in seed 

yield over control was 143°/o and 
350/s at Dinajpur and 132% and 174% at Thakurgaon for 

two consecutive rub, season. 

Mishpra et al. (2001) conducted an experiment on the effect of nutrient management 

and plant growth regulators on the yield and economics of chickpea in Madhya Pradesh. 

India during the rubE season of 1998-99. Seeds and Mover yields were higher in B and 

cephalexin treatments compared to the other growth regulator treatments. Boron and P with S 

treatments gave the highest net returns. 
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A tield experiments were conducted by Singh ci cii. (2002) in sandy loam calcareous 

soil in tJttar Pradesh, India during 1995-96 to study the etlect of boron application on yield of 

pea (cv. Rachna) and blackgram (cv. p\1_J9) Boron was applied as borax at the rates of I, 2. 

3 and 4 kg borax ha1, with a control. Application of borax up to 4 kg borax ha4  significantly 

increased the grain yield of black gram. The maximum yield 'a--. I S.42 q haP'  and minimum 

grain yield of 1.65 q hi' was found in the control. The additional grain yield over the control 

was 280. 431. 899 and 1377 kg ha' at 1.0, 2.0. 3.0 and 4.0 kg borax ha", respectively. 

Application of B progressively increased the grain yield of pea from 510 to 1843 kg haS' up 

to 4 kg borax ha4  

Bharti etal. (2002) carried out a field experiment in Bihar. India during the winter of 

1997-98 to observe the effects of 8 (0. 1.5 and 2.5 kg ha4) application on the yield and 

nutrition of chickpea (cv. BG256). They reported that the mean seed yield, and seed stover N 

and B content increased, whereas stover yield decreased with increasing B rates. 

All dat (2002) reported that yield tosses of varying magnitude in chickpea. e.g., 22- 

50% due to iron (Fe) up to 100% due to boron (B). and 16-30% due to sulphur (S). Genotypic 

differences in response to application of Fe, B and zinc (Zn) have also been found among 

chickpea genotypes. 

Rharti ci at (2003) conducted a field trail in Muzailarpur, Bihar. India during the 

1997-98 raM season on chickpea cultivar (BG256) to study the etiect of boron. The 

treatments comprised 0, 1.5 and 2.5 kg B ha* The number, dry weight, nitrogenase activity, 

lcghaemoglobin content and active iron content of the nodules increased with B application. 

Boron at 1.5 kg ha4  was optimum for most of the characteristic. 
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Janakiraman el at (2004) conducted a field experiments to determine that groundnut 

growth and yield were significantly higher when iron, zinc and boron were applied with 

recommended doses of NPK fertilizers. Combined application of 50 kg N ha1, 25 kg P205 

hi'. 25 kg K20 ha1  along with FeSO4 10.0 kg ha* ZnSO1 @ 5.0 kg hi1  and borax @ 1.0 kg. 

%ç1  maximized the groundnut yield and net return. 

Chitdeshwari and Poongothai (2004) prevailed the response of groundnut to the soil 

application of Zn, B, S and Mo, and also the seed treatment with Zn, B and S. A substantial 

yield increase was obtained with the soil application of Zn at 5 kg ha1  in combination with B 

at 1.0 kg ha' and S at 40 kg ha4. The yield increase over the control was 24.2% for TMV 7 

and 14.8% for JL 24. Zinc had the most pronounced effect on 'jield, foUowed by S and B. 

Bhuiyan ci al. (2005b) conducted field experiments on Calcareous Brown Floodplain 

Soils of Jessore to study the effect of fthcoh:wn inoculation and niicronutrients (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 yield than combined application of B and Mo 

Niranjana (2005) conducted a field experiment to investigate the effect of B (I g k1Z1  

seed), Zn (2 and 4 g kg1  seed) and Mo, (2 and 4 g kg-' seed) as seed treatments on the growth 

and yield of &oundnut cv. KRG-1 on Altisol, which was deficient in Zn (0.46 nig kg-') and 

Mo (0.032 mg kg-'). He observed that the micronutrients showed significant effect on yield. 

oil content and growth parameters. The Zn at 4 g Mo at 2 g kg4  seed treatment recorded the 

highest pod yield of 24.99 q ha4  and growth parameters, total number of nodules (57.4) and 

their dry weight (100.2 mg plantj. number of effective nodules (27.80) and their dry weight 

29 



(70 mg plan() as well as root length (13.66 cm) and its dry weight (887 mg), over the 

control. The extent of kncrease was 24.11 % over the contco. 

Johansen ci al. (2005) Found that chickpea grown on residual soil moisture after rice 

harvest is a promising crop for the I Ugh Barind Tract (HBT), an uplifted, slightly undulating 

area in northwestern Bangladesh where the soils have an acid surface horizon (pH 4.5-5.5 at 

010 cm). To determine which elements could be limiting to chickpea. A subtractive design 

was used in which the absence of sulphur (S), boron (13), zinc (Zn) or molybdenum (Mo) was 

compared to a complete nutrient control, Only Mo was found to be limiting, giving a grain 

yield response of 73%. 

Nassar (2005) conducted an experiment to evaluate the effect of foliar application of 

boron, zinc, manganese or iron on the seed and pod yields of groundnut as well as on the 

nutrient, oil and protein content of seeds. Boron was applied at rates of 75, ISO and 300 mg 

litre" as boric acid, whereas zinc, manganese and iron were applied at rates of ISO. 300 and 

600 rng litre" in 1DTA form. Foliar spraying with 600 m Fe. 600 mg Zn. 300 mg Mn and  

150 mg B litre" gave the highest seed and pod yields and recorded the highest seed nutrient. 

oil and protein contents. 

Johnson ci al. (2005) found that the primary micronutrient problem in grain legumes 

is B deficiency, while in rice (On:a saliva), Zn deficiency is more important, and wheat 

(i)'iticum aeslivum) suffers from both deficiency. A series of field experiments was carried 

out over two seasons to compare soil fertilization and micronutrient seed priming as methods 

of improving Zn and B nutrition of each crop. Micronutrient treatments were evaluated for 

their effect on grain yield micronutrient content. Soil B fertilization increased B content of 

the grain on lentil (!.dns cU/mans), chickpea (Giver arielinrun). 
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Srivastava ciaL (2005) observed that in absence of applied B, there was no yield as 

any pods formed, in comparison to a yield of 300 kg ha4  in the full nutrient treatments. •Fhere 

was yellowing of younger leaves and typical 'little leaf symptoms when B was omitted. A 

critical concentration range of 15-20 ppm B was found for the shoot tips of chickpeas. 

Singaravet (2006) conducted a poi trial experiments to determine the effects of the 

ditThrent fertilizers on the growth and yield of groundnuts cv. VRI 2. He found that the 

recommended NPK in combination with 25 kg zinc sulfate hi', tO kg borax hi' and 10 

composted coir pith ha1  gave the highest values for plant height, dry matter production 

during the flowering, post-flowering and hanesting stage of the crop Number of pods 

plant1, crop yield, and N. P. K, Zn and B uptake of the groundnuts also increased. 

Rao ci al. (2006) carried out a field study to evaluate the response of mustard to zinc 

(0.5% zinc sulfate), boron (1.0 ppm borax) and molybdenum (0.1% ammonium molybdate) 

application in addition to the recommended NPK and FYM alone. Combined application of 

Zn. B and Mo gave the highest values for most yield attributes, closely followed by B and 

Mo However, integrated use of B and Mo recorded the highest 1000-seed weight and seed 

yield, accounting for 24% increase over the recommended NPK and 56% increase over FYM 

alone. 

Shil etal. (2007) found that boron played major role in augmenting yield. '[he highest 

mean yield (1.23 t ha'1) was obtained with 2 kg ha" B and 1 kg ha'1  Mo, which was 52% 

higher over control. l'he optimum economic dose of boron was found to be 1.76 kg ha". 

2.4. Effect of niolybdenuni 

Molybdenum plays a vital role in legume production, it is an essentiat micronutrient 

for all plants, being necessar for the formaiton of nitrate reductase. However, in legumes. it 



plays an additional role in symbiotic nitrogen fixation. Effect of Mo and B on different grain 

Iegwncs have been reported by various researchers (Pradhan and Sarkar, 1985; Pal, 1986: 

Verma eta!, 1988; Tiwari c/at. 1989;   Miah cia!, 1992; l3huiyan etal., 1996a, I 99th, etc.) 

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

sttLdies on the influence of molybdenum on blackgram are limited. Respnse of molybdenum 

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

and George, 1977; Kulkarni ci at, 1989; I3rodrick and Giller. 1991: GiBer and Wilson. 1991: 

Robson, 1993; Kanzaria and Patel, 1985; Rckrasem ci cii., 1987: Miah cial., 1992; Bhuiyan 

ciat, 1996b; Bhuiyan ci at. 1 998a; Bhuiyan c/at, I 999b; Bhuiyan ci at, 2005b). However, 

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

and uptake by blackgram and other legume crops are cited here: 

Sharma ciat (1995) observed that application o130 kg N i (iD kg P205 + 60 kg S hi' 

gave the highest trace clement content in black grain. Soil available Cu content decreased 

with increasing N and P applications but increased with S application. Soil available Fe 

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

Chaudhary and l)as (1996) conducted an experirntnt in tluar Pradesh, India and 

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

rainfed blackgram (1 'igna mm:go), yield of succeeding safflower and reduced splash loss and 

conserved more soil water. Water stable aggregates, infiltration rate, organic carbon, total N. 

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

decreased after the harvest of succeeding safflower. Plant canopy showed significant positive 

relationship with nodule count, soil water conservation, water stable aggregates and 

infiltration rate but showed significant negative relationship with splash loss. 
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Solaiman and Habibullah (1990) stated that at 50% [lowering stage of groundnut. 

RI,i:ohiunz inoculant treatment in presence or P. K and Mo gave signi[icantly higher amount 

of total dry matter yield plant' compared to the treatment 01100 kg N hi' at farm fertility 

Solaiman ci at ( 1991 ) carried out an experiment with two varieties of lentil, Utfala 

and Mymensingh local They reported that 2 kg Mo ha when applied with Riuwbium 

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

crop. 

Olufajo and Mu (1991) conducted a field experiment on soybean (cv. Samsoy) 

inoculated with flradvrhizobimn japonidum and Mo application Cl). 270 g Mo hi' and 

reported increased nodulation. 

Singh ci at (1992) noted that application of Mn and Mo. either singly or in 

combination with Rhi:ohimn culture significantly increased grain yield of cowpea. Protein 

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

Mo with Rizizobium inoculation. 

Singh cia! (992) carried out field experiments to assess the effects of Mn and Mo 

with Rhi:ohiun, culture on yield and protein content of cowpea (Vigna unguiculala). They 

found that application of Mn and Mo, either singly or in combination with Rhizohiwn 

increased yield. Grain protein and soil available nitrogen also increased with Rhiwbium 

inoculation and increasing doses of Mn and Mo. 

Yanni (1992) reported that seed yi&ds of chickpea, kntil and Lupimis a/bus were 

generally the highest due to Mo application. 

All ci at (1993) observed that soybean cv, Clark was supplied with the equivalent of 

0. 30 or 60 kg P feddan' plus 0, 5 or 10 ppm Mo. The highest OM yield plot", number of 



nodules and N and Mo uptake pof' came from the rates of 10 ppm Mo 60 kg P feddan1  [I 

feddan =0.42 has. 

Maurya ci cii. (1993) reported from a pot experiment that Rhizobium inoculation with 

Mo in urdbean (I?gnci inwigo) increased nodule number and weight. 1000-seed weight and N 

uptake. 

Sattar ci cii. (1993) conducted six field experiments on two chickpea varieties (Nabin 

and Hyprosola) with Rhizuhiiim inoculation as allected by TSP (60 kg P20, hi'), V1P © 30 

kg K 20 hi') and ammonium molybdate (@ 1 kg Mo hi') at 6 locations. They observed that 

fertilizer application stimulated the activity of Rhi:obium specially in producing root nodules 

and yield of the crops. 

Johaf and Chahal (1994) noted that nodule numbers and dry weight of mungbean 

were the greatest with 5 ppm Mo. Nodule lcghaemoglobin content increased with up to 5 

ppm Mo as did nodule nitrogenase activity. 

Sinha ci at (3994) observed that lentil cv. B77 was given 0.6 or 1.2 kg B ha" as 

borax. 4.4 kg Zn ha" as zinc sulphate or 0.5 kg Mo ha1  as sodium motybdate singly or in 

various combinations. Compared with the control yield, application of the trace elements 

increased seed yield by between 14 and 55%. Application of Mo -'- Zn gave the highest seed 

yield of 2.29 t ha1. the highest net return 

Seven different treatments of rhizobia. molybdenum and boron fertilizers along with a 

control were evaluated by Bhuiyan c/c:!. (1996b) at Regional Agricultural Research Station, 

Ishurdi. Pabna to find their effects on nodule number, shoot weight and stover yield and nut 

yield and also to select the suitable combination of rhizobial inoculum, Mo and B 

micronutrients for better growth and yield of groundnut. They opined that rhizobial 
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inoculation with Mo and B produced significantly higher number, nodule weight, shoot 

weight, stover yield and nut yield. 

Experiment were conducted at Central Farm of Bangladesh Agricultural Research 

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

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

noted that Rhizohium inoculum along with P. K. B and Mo gave significantly higher nodule 

number, nodule weight, shoot weight, stover yield and seed yield. RIsizobium inoculum in 

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

number and nodule weight 

Mandal cc aL (1999) observed that drv matter yield of lentil was increased by the 

application of lime, P and Mo. Plant dry matter pal' was the highest with I00% lime 50 mg 

P + I mg Mo. Yield response to Mo application was the highest, followed by lime and P. 

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

plots probably due to an increase in molybdenum availability 

Seven different treatment combinations of rhizobia. Mo and B cenilizers along with a 

control were evaluated by Bhuiyan ci 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. Rhizohiuni 

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

weight and straw and seed yield compared with control. Seed yield was 107 and 148% higher 

than control in two consecutive growth seasons. 



An experiment was conducted by Bhuiyan etal. (1999h) in the light soil of Tobacco 

Research Station., Rangpur. Bangladesh to study the effect of rhizobial inoculum and 

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

signitican; increased over control in nodule number, nodule mass, shoot mass, stover yield 

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

or B application with P. K and Rh/rob/nm also resulted in higher nodule number. nodule 

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

Rinwinum without any chemical lbrtilizer also gave significantly higher nodule number and 

mass then the uninoculated control. 

Bhattacharyya and Pal (2001 a) conducted a field experiment in West Bengal! India, 

during the pre-kharii season to study the effect Bradyrhizobiul?z inoculation. P (at 0, 20 kg 

ha5 and Mo (at 0, 0.5 and I kg ha1) on the number of nodules plani' of summer greengram 

cv. T-44. inoculation and application of P and Mo significantly influenced the number of 

nodules per plant and plant height. 

Bhuiyan c/a/i (2005a) conducted field experiments on Calc.areous Rrown Floodplain 

Soils of Jessore to study the effect of Rhi:oh/nrn inoculation and micronutrients (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 yield than combined application oIB and Mo. 

Niranjana (2005) conducted a field experiment to investigate the effect of B (I g kg" 

seed). Zn (2 and 4 g kg' seed) and Mo (2 and 4 g Ig1  seedi as seed treatments on the growth 

and yield of groundnut cv. KRG-I on Allisol. which was deficient in Zn (0.46 mg kg") and 

Mo (0032 mg kg"). He observed that the micronutrients showed significant effect on yield. 
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oil content and growth parameters. The Zn at 4 g ± Mo at 2 g kg" seed treatment recorded the 

highest pod yield of 2499 q ha" and growth parameters, total number of nodules (57.4) and 

their dry weight (100.2 mg plant"), number of effective nodules (27.80) and their dry weight 

(70 mg plant") as well as root length (13.66 cm) and its dry weight (887 mg). over the 

control. The extent of increase was 24.1 1% over the control. 

Johansen et at. (2005) found that chickpea grown on residual soil moisture after rice 

harvest is a promising crop for the High Barind Tract (1-1131), an uplifted, slightly undulating 

area in northwestern Bangladesh where the soils have an acid surface horizon (pH 4.5-5.5 at 

0-10 cm). To determine which elenients could be limiting to chickpea. A subtractive design 

was used in which the absence of' sulphur (S), boron (B). zinc (Zn) or molybdenum (Mo) was 

compared to a complete nutrient control. Only Mo was found to be limiting, giving a grain 

yield response of 73%. 

Rao ci al. (2006) carr,ed out a field stud' to evaluate the response of mustard to zinc 

(0.5% zinc sulfate), boron (1.0 ppm borax) and molybdenum (0.1% ammonium molybdate) 

application in addition to the recommended NPK and FYM alone. Combined application of 

Zn, B and Mo gave the highest values for most yield attributes, closely followed by B and 

Mo. However, integrated use of B and Mo recorded the highest 1000-seed weight and seed 

yield, accounting for 24% increase over the recommended NPK and 56% increase over FYM 

alone. 

Shil ci at (2007) found that boron played major role in augmenting yield. The highest 

mean yield (1.23 t ha") was obtained with 2 kg ha" B and I kg ha" Mo, which was 52% 

higher over control. The optimum economic dose of boron was found to be 1.76 kg ha* 

f.,..  

(( I  
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CHAPTER lii 

MATERIALS AND MEFUODS 

This chapter deals with the experimental aspect at the work. Details of the 

experimental materials and methods followed in the study are presented in this chapter. The 

experiment was carried out during September to December. 2007. This chapter offers a brief 

description of soil, treatments, design. fertilizer, biofertilizer. intercultural operations, 

chemical and statistical analysis. 

3.1 Objective 

1 he experiment was conducted to study the response of Bradvrhizohnan. nitrogen, 

molybdenum and boron on the growth, nodulation. yield, nitrogen uptake and other yield 

contributing characters of blackgrarn 

3.2 Experimental site 

The experiment was carried out at the Net House or Soil Science Division, 

Bangladesh Agricultural Research Institute (BAR!), Joydebpur. Gaxipur. 

3.3 Collection and preparation of soil sample 

The soil used in this experiment was collected from a selected area of Central Farm of 

Bangladesh Agricultural Research Institute, Joydebpur. Gazipur. The initial surface soils of 

0-15 cm depth were collected. The soils were put into polyethylene bag and were taken to the 

laboratory. Fhen, it was spread on the floor and sun dried for one month when dried, the 

clods were broken with hammer to bake it friable. The soil was sieved to remove weeds. 

stubbles and hard clods. A composite soil sample was kept in polyethylene bag for chemical 

analysis. 



3.4 Soil 

The morphological, physical and chemical characteristics of the experimental soil are 

presented in Tables 3.1. 

Table 3.1. Physical and chemical characteristics of the soils 

- 	Characteristics -  	Values 

chanical fractions: 
% Sand (0.2-0.02 mm) 
% Silt (0.02-0.002 mm) 
%Clay (C 0.002 mm) 
Textural class 

Colour 
Consistency 
pH (1:2.5 Soil-Water) 

CEC (cmol kg') 
Exchangeable K (cmol kg') 
Exchangeable Ca (cmol kg') 
Exchangeable Mg (cmol kj') 
Exchangeable Na (cmol kg1) 

Organic C (%) 

Total N (%) 

Available P (mg kg') 
Available S (mg kg') 
Available Zn (tug kg') 
Available Cu (nig kg) 
Available Fe (wig kg') 
Available Mn (s kg')______ 

27.5 
33.5 

39.0 
Clay loam 

Grey 
Siicky and mud when wet 

6.3 

17.5 
0.22 
9.41 
7.15 
0.15 
0.95 
0.072 
13.0 
15.0 
1.59 
0.59 

7.9 
3.5 

3.5 Climate 

The climate of the experimental site is sub-tropical, wet and humid. Heavy rainfall 

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

weather data regarding rainfall, temperature and relative humidity prevailed during the study 

period (November 2006 to April 2007) is presented in App. 4.3.1. 

3.6 Crop: Biackgram ( Vigna rn'rngo L) 

3.6.1 Blackgram variety: hARt Mash-3 

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

and it was released in 1996 by the National Seed Board for stable and high yield with 
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combined resistant to YMV caused by the yellow mosaic virus and Cercospora leaf spot 

(CLS). Plant height of this variety ranges from 35-37 cm maximum field duration from 70-

75 days and average yield from 1600-1800 kg ha1. This variety possesses the special 

characteristic of photo-insensivity and synchrony in maturity. Leaves are trithliate, alternate, 

and green. Leaf pubescence is present. Petioles are short and purple-green. The corolla is 

yellowish-green The raceme position is under the canopy. Mature pods are black with dense 

pubescence. Seeds are drum-shaped and blackish. It has a 100-seed weight of about 4.8 g. 

Because of its wide adaptability, the cultivar was recommended for three different blackgram 

growing seasons [kliar4f-Jf (August-October). k/KIT?!-' (February-May) and late rabi (January-

April)] for cultivation in all blackgram growing areas in Bangladesh. Seeds of BAR! Mash-3 

have 86 6% kernel content, but produce 78.5% head dhal (intact kernel after splitting) using 

the traditional method of dchulling. it takes about 22 minutes to cook and shows solid 

dispersion of 23.8%. BAR! Mash-3 contains 23.9% protein and 46.8% carbohydrate (Bakr ei 

al., 2004). 

3.7 Year; 2007 (FCharif-It) 

3.8 Treatments: 12 (Twelve) 

Tj: Control (Uninoculated and unfertilized) 

T2: PKMo (P22K42M01  kg hi' i.e. PiiuK2,oM05 rng 10 kg' soil) 

1 : PKB (P22K.B kg ha 1 i.e. P110K210Bmg 10 kg4  soil) 

Inoculum (1.5 kg lnoeuluni hi' i.e. 7.5 rng inoculum 10 kg' soil) 

N (N50 kg ha1  i.e. N2c( rng 10 kg4  soil)) 

T.: PKMo inoculum (PK 42Mo, kg ha1  i.e. p,,K 21 M05  mg 10 kg' soil + 7.5 mg Inoc.) 

N: PKB + Inoculum(P22K.,2B, kg hi' i.e. P,,0K210B5ni9 10 kg" soil + 7.5 mg Inoc.) 

f.< NPK.M() (N 5uP:2K42M01 kg hi' i.e. N 25 P110K210M05mg 10 kg" soil) 

19: NPKB (N 50P 22K4 2B1 kglia" i.e. N 0P,,0K 21(,B5mg 10 kg" soil) 

T,0: PKMoB (PK42M0113i kg ha4  i.e. P,10K210M05B5 mg 10 kg' soil) 

Ii,: PKM0B+lnoc.(PnK42MoiBikS ha" i.e. P,,K2I,,MoB5rng 10kg" soil+7 S mg Inoc.) 

T12 : NPKM0B (NPK.,2Mo,Bi kg ha1  i.e. P,,0K 21 ,Mo5B5mg 10 kg" soil) 
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3.9 Treatment combination and experimental design 

There were 12 treatment combinations for each test pot. The experiment was laid out 

in a complete randomized design (CRD) with three replications and total treatment 

combinations were 36. 

3.10 Pot preparation 

To conduct the experiment (35 x 25 cnY) earthen pots were collected and each pot 

was poured with 10 kg finely 2round of sieved soil. Triple super phosphate, muriate of 

potash, gypsum and zinc sulphate (Monohydrate) was applied as recommended at the time of 

pot tilling. 

331 Fertilizer application 

Gypsum and zinc sulphate were applied according to the fertilizer recommendation 

guide (BARC. 2005) Gypsum @ 20 kg S ha' and zinc sulphate q 5 kg hi' were applied as 

basat in 
all  pots except in controt pots. Ha(f an\ount of ucea ad full doses of other fertilizers 

were applied one day before of seeds sowing. The rest half amount of urea was applied at 20 

days after sowing (DAS). Nitrogen 	So kg N hi', triple super phosphate @ 22 kg P ha* 

muriate of potash 42 kg K ha', boron j kg B ha' and molybdenum © I kg Mo hat 

were applied as per treatments of the experiment as recommended levels. 

3.12 Preparation and amendment of peat material 

The peat soil was collected from Gopalgonj and the pH was measured by glass 

electrode method. The pH of the peat soil was 4.5 and it was adjusted to 6.8 by adding 

CaCO3. Fifty grams of amended peat having 8 percent moisture was taken in each 

polyethylene bag and the bags were sealed up. Then they were sterilized by autoclaving for 

three consecutive days for one hour each day. The sealed peat was ready for inoculation. 

41 



3.13 Inoculum preparation 

The rhizobial inoculant was prepared in the Soil Microbiology Laboratory of the 

Bangladesh Agricultural Research Institute (BAR!) using the broth culture. The 

Bmdvr/ziwbium strain (BAR) RVm-301) was collected from the stock culture of the 

laboratory. Yeast extract mannitol broth was prepared in a 500 niL Erlcnnieyer flask. The 

liquid medium was sterilized for 30 minutes at 121° C at 15 PSI. The medium was kept for 

cooling. After cooling, a small portion of R/zi:ohium culture was aseptically transferred from 

agar slant to the liquid medium in the flask with the help of a sterile inoculation needle. The 

flask was then placed in the shaker at 28°  C under 120 rpm to 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 by 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. 

3.14 Viability count of J?radrhizobiuin 

Viability count of bradyrhizohia in the inoculant was made one day before injecting 

the peat following plate count method (Vincent. 1970). The average number of bradyrhizobia 

was approximately above lox cells g' in the inoculant. The initial soil bradyrhizobial 

population was below 10
3  cell g' of soil. 

3.15 Procedure for inoculation 

Inoculation was done just before sowing. Healthy blackgram seeds @ 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 I.Irad rhizohinin inoculant to each polyethylene 
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bag and mixed thoroughly for unilhrm distribution and good adherence of inoculant on the 

surface of each seed. 

3.16 Seed sowing 

Healthy blackgrani seeds (BARI Mash-3) with inoculated and non-inoculated was 

sown on 
5th  September 2007 taking 20 seeds in each pot following dibbling method. After 

sowing the seed, the soil was saturated with water. 

3.17 Intercultural operation 

The seedlings of the crop emerged out within 3-4 DAS Thinning and fist weeding 

were done 5 days after sowing of seeds. In thinning one of the seedlings was removed from 

each in which both the planted seeds germinated. The germinated seedlings were removed for 

training. Uprooting was not done since this injures the adjacent seedlings that were left 

behind. Finally three plants were kept in each pot for final harvesting of the crop. Second 

weeding was done 20 days after the first weeding. After second weeding 12 plants in each pot 

was allowed for srowth. Necessary water was added to the pots at a regular interval of 7 days 

until crop maturity to maintain proper moisture content. Pest did not infest the blackgram 

crop. No disease was observed in the pot experiment 

3.18 Collection of samples 

The plant samples were collected at 30. 45 and 60 DAS to observe the response of 

Bradyrhizobiwn, nitrogen, molybdenum and boron on the growth, nodulation, dry matter 

production and leaf number of blackgram. The following observations were made regarding 

the growth, yield and nutrient, content from the sample plants during the course of 

expenment. 
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3.18.1 Plant 

Plant samples were collected at 30, 45 and 60 DAS to record data on nodule and shoot 

parameters. Three plants from each pot were selected randomly and uprooted carefully by 

digging soil with the help of "khurpi" All possible precautions were taken to minimize the 

loss of nodules. 

3.18.2 Study on nodulation 

The plants uprooted for sampling were washed in running water cautiously to make 

them free from adhering soil particles and dipped in fresh water contained in a tray to avoid 

shrinkaize of nodules. The nodules were counted, kept separately pot-wise and their dry 

weights were recorded. 

3.18.3 Nodule number and mass 

The data on nodule number and nodule mass were recorded by taking 3 randomly 

selected plants from each pot at different DAS. The data on nodule mass were expressed in 

mg plant" on oven dry basis. 

3.18.4 Shoot weight and root weight 

After separation of the roots, the dry shoot and root weights of three selected plants 

were recorded 

3.18.5 Shoot length and root length 

Shoot length and root length of the plant samples of three selected plants were 

recorded 

3.18.6 Lealnuniber 

Leaf number of the three selected plant were recorded. 
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3.18.7 Harvesting and data recording on yield and yield con(ributing characters 

Yield data were collected from each pot- The seeds and stover were dried and 

weighed adjusting at 14% moisture content and yields were converted to g plant". The 

following parameters were recorded: 

I) 	Pod yield (g plant") 

Seed yield (g plant-') 

Stover yield (g plant-') 

Plant height (cm) 

Pod length (em) 

Pods plant-' 

Seeds pod' 	 - I 
100-seed weight (g) 

3.18.8 Estimation of N 

The N concentrations in seed and stover were determined by micro-Kjeldahl method. 

3.19 Plant analysis 

3.19.1 Collection and preparation of plant samples for chemical analysis 

Plant sample (seed and stover) was collected from bulk harvest. The seed and stover 

was washed under running tap water followed by rinsing with distilled water to remove 

surface contamination. The seed and stover was immediately air-dried and was chopped off 

into smaller pieces. Plant sample were dry at 70-80°C for 72 hours. To obtain homogenous 

powder. the samples were finely ground and passed through a 60-mesh sieve. The samples 

were stored in polyethylene bags for N determination. 

3.19.2 Chemical analysis of plant samples 

Seed and stover of blackgram was analyzed for determination of N concentrations 

following the methods described below 

45 



Nitrogen 

The plant sample (01 g grain seed and stover) was digested with cone. H2SO4, 

hydrogen peroxide and K2SO4-catalyst mixture (K7SO4: CuSO.i .51-120: Se 	10: 1: 0.1) at 

200°C: for one and a half-hour. 

3.20 Nutrient uptake 

Nitrogen uptake by seed and stover of black,gram was computed from the respective 

chemical concentration and dry matter yields of seed and stover. 

3.21 Soil analysis 

Methods of soil analysis are presented in 'Fable 3 2. 

Table 3.2. Methods used for soil analysis 

Soil Propemes 	. _____________________ M - 	ethods - 	 - 	- - - - 

Soil texture 	Hydrometer method (Black. 1965). The texture class was detennined using Marshall's 
- 	Trianaular Coordinates of USDA sstem 	 - 	- 

ph 	 IGlass.eleephmcterwiL 1:2.5 soil-water ratio (Jackson. 1973). 
Organic carbon Wet digestion method (Nelson and Somniers. 1982). The organic matter was oxidized 

by IN potassium dichromate and the anwtint of organic carbon in the aliquot was 
determined by titration against O.5N krrovs sniphaie heptahydrate solution in 

- 2rCSCI1cCOf0 025 M O-phcnamhroline_lerroLis complex. 	 _____________ 

Total N 	Mierokjcldhal method (Bremner and Mulvanev. 1982). Soil sample v.as digested with 
'cone. H;.SO.s in presence of K:SO catthst nfrstute iK:SO4: CuSO4: Sc 
Nitrogen in the digest as estimated by distilling the digest with ION NaOH followed 
by titration of the distillate trapped in ft}3O; indicator solution with WOIN H2SO4. 

NI-11 -N 	Extracted by 2M KG solution (1:10 soil-extractant ratio). The aliquot was steam 
distilled with MgO and Devardas alloy (Keenev and Nelson. 1992)   

CEC 	Sodium acetate saturation method (Rhoades. 1982). The soil cas leached with an 
excess of I M sodium acetate solution to remove the exchangeable cations and 
saturate the exchange material with sodiLini. The replaced sodium 'as determined by 
flame photometer. 	-  

Available P 	Extracted bs O.5M NaHCO3  (pIt 8.5) and determined calorimetrically using 
molvbdate blue ascorbic acid method (Olsen and Sommers. 1982). 

Available K 	Extrnctcd by repeated shaking and centri6agatioa of the soil with neutral I NI Nt{OAc 
followed b decantation. The K concentration in the extract was determined by Ilam& 

______________ photometer as outlined by Knudsen ci al. (1982). - - 	- - 

Atailablc S 	Extracted by 500 rtnn  P solution tbrrn C'aQ1-PO4. H20 and estimated by turbidity 
method using BaCl (Fox cial.. 1964.  

Available Zn 	Extracted by O.05N HCI solution and determined directly by AAS (Page Yal.. 1989). 
Available Cu lExtracted by 0.005M DPA solution and directly measured by AAS (Lindsay and. 
Mn and FeNon-elI, 1978).  
Bulk density 	Core sampling procedure (Black. 1965).  
Water holding Determined gravimetricallv using brass box following the method of Kline as 
capacity 	described by Black (1965).  
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3.22 Calculation of protein concentration and protein yield 

Protein concentration of blackgram seed and stover was determined by multiplying 

the concentration of nitrogen (%) in blackgram seed and stover with 625. 

Protein yield by blackgrarn seed/stover was competed from protein concentration of 

seed/stover and seed/stover yields. 

3.23 Statistical analysis 

The collected data were analyzed statistically and Duncan's Multiple Range Test 

(DMRT) using a computer 1RRISTAT and M-stat package programmes (Freed. 1992) 

adjudged the means. The correlation co-efficient and regression analysis were done for 

different variables wherever needed using Microsoft EXCEL programme 1997. 
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ChAPTER LV 

RESULTS AND DISCUSSION 

The experiment was carried out during September to December 2007 in the net house 

of Soil Science Division of the Bangladesh Agricultural Research Institute, Joydebpur. 

Gazipur with a view to observe the response of Jirac/yrhi:ohiwn, nitrogen, molybdenum and 

boron on the growth, nodulation, yield, nitrogen uptake and other yield contributing 

characters of hlackgram. The results are presented and discussed in this chapter. 

4.1 Effect of nodiflation 

4.1.1 Nodule on main root pIanI 

Nodulation is an important factor for biological nitrogen fixation by Braclyrhi:obium 

inoculants in black-warn. Nodule is formed on roots of hlackgrani plants through infection by 

Bradyr/zizobisun bacterium and it grows inside the nodules, and can lix atmospheric nitrogen. 

The results on the production of nodule on main root plani' under different treatments were 

presented in Figure 4.1 and App. t.The hkghest nodules on naü root p(ant' (5.00. 12.51 and 

14.29) were recorded in PKMoB Inoculuni at 30. 45 and 60 DAS, respectively (Fig. 4.1 

and App. 1). All the treatments showed significant result in forming nodules on main root 

than control treatment at 30 DAS. At 45 DAS, the nodules t'orni on main root by control 

treatment was identical with N. NPKB and NPKMoB, and at 60 DAS, identical with PKMo, 

PKB, N, NPKMo and NPKB. The highest nodules on main root (14.29 plant') were 

produced at 60 days after sovin, (0 PS in PKMoB ± (noculums treatment which indicates 

that nodule formation on main root increased with the passage of time At 30 and 45 DAS, 

the numbers of main root nodules were also observed in PKMoB + Inoculum treatment and 

the lowest nodules were noted in control. All the fertilizer treatments receiving inoculum. 

inoculum plus molybdenum, inoculuni plus boron and inoculum plus molybdenum plus 

boron showed statistically significant response in nodule formation on main root over control. 



SODAS •45DAS M60DAS 
16 

14 

14 

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

nodulation of cowpea, blackgram and mungbean, and observed that root nodulation of 

cowpea. blackgram and mungbean were uniformly better when Jiradyrhizobiwn inoculant 

was applied. Kumari and Nair (2003) found that the extent of improvement in root nodulation 

was more in blackgram and greengram inoculated with Bradyrhizobikm. Tanwar ci al. (2002) 

reported that the interaction between P rate and biofertilizers was significant in regard to the 

number of nodules. The inoculation of both biofertilizers along with the application of 60 kg 

P205 gave the highest number of nodules planf' (40.5). Tomar ci al. (2003) observed that P 

application and inoculation treatments increased the nodulation in blackgram. 

Ti T2 T3 T4 T5 16 T/ W I nj 

Treatments 

F. 4.1. E&ct of nftrogerl. Brad)chiZObILffl inoculant and micronutriefltS (io & B) 

on main root nodule in blackgram 

T1: Control, T2: PKM0, T3: PK8, T4: Inoculum. T5: N. I. rrrvu r IIIuIuIuI!I., .7. I  

T8 : NPKMO. T9 : NPKB, T10 : PKM0B, T11: PKMOB + Inoculum, 112: NPKMOB 
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4.1.2 Nodule on branch root plant' 

Higher number of nodules (3 .tt plant4  at 30 DAS and 9.03 pta& at 45 DAS) on 

branch root was recorded in PKMoB + inoculuni which were significantly higher over all 

other treatment combinations (Fig. 4.2 and App. I). At 60 DAS, the highest nodule on branch 

root (903 plant4
) was noted in PKMo + inoculuni which were identical with PKMoB - 

Inoculum but statistically different from all other treatment combinations. Lower number of 

nodule on branch root plani' was recorded in each case than the main root in all the DAS. 

Among the treatn\ents, PKMo + BradyrIüzO6iItI1 and PICB * Rradyl111Wf3i14111 showed stm%aT 

performances in nodule formation on the branch root at 30 and 45 DAS. Nitrogen has 
110 

significant impact on nodule formation on branch root. Tomar c/ al. (2001) reported that 

phosphorus application increased nodulation in blackgram. The above result was similar with 

the result at Bhuiyan ef al. (2006). Jayakumar ci al. (1997) reported that Rhizobiwn 

inoculation increased number of nodules plani' compared to control. Nagarajan and 

Balachandac (2001) reported that seed inocuaticM\ of RI;izohiuni enhanced coot nodulation. 

Tanwar ci al. 
(2002) reported that the interaction between P rates and biofertilizers was 

significant with regard to the number of nodules. The inoculation of both biofertilizers along 

with the application of 60 kg 1120 g4ve the highest number of nodules planf' (40.5). Tomar 

cial. 
(2003) observed that P application and inoculation treatments increased the nodulation 

in blackgrani. 
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Fig. 4.2. EIct of jitrogen, Ba 	zobitifl inoculant and nicronutdents (io & 8) 

on branch rod nodule in blackglam 

T: Control, T2: PKMo. T3, PKB, Ti Inoculum, 1 5 : N. T8 : PKMo + Inoculum.. T7 : P1(8 + Inoculum, 

T5 : NPKMO, T9: NPKS, T10 : PKMOB, T11: PKMoB + Inoculum, T12 : NPKMoB 

4.1.3 Total nodule number plani' 

The highest number of nodules (8.11 at 30 DAS, 20.50 at 45 DAS and 22.22 at 60 

DAS) was recorded in the treatment. PKMoB + Inoculum (Fig. 4.3 and App. 1). Among the 

treatments, Bra4yrl:iZObiUm 
inoculated plants produced significantly higher number of 

nodules plani' than the non_inoculated control plants or N treated plants. It was observed that 

the highest number of total nodules of 22.22 plant' was recorded at 60 DAS, which indicates 

production of nodules plant' increased with the increasing of time upto 60 DAS. At 30 DAS, 

the highest number of total nodules 8.11 was noted in PKMoB + Inoculum treatment was 

which was significantly higher over all other treatment combinations. The second highest 

number of total nodules was observed in PKMo + Inoculum treatment and the lowest number 

of total nodules was noted in control. At 45 DAS, the highest number of total nodules (20.50 

nodules plant') was found in PKMoB + Inoculum treatment that was significantly higher 

over all other treatment combination. This might be due to synergistic effect of 
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niieronutrients with IJradyrIzi:ohiurn inoculant for nodule formation. The treatment, PKM0 -r 

lnocuktm showed significantly higher number of nodules (14.03 pLant4 ) which was 

statistically different from other tTeatnlents but interior to PKMoB + Inoculum. At 60 DAS. 

the highest total number of nodules (2222 plant1) was found in the same treatment (PKMoB 

(nocuhnn) which was also sgsicsctttky highec over all othec tceatffiet combinations. 

Among the treatments. /iradjrhi:obiiini inoculant produced higher number of nodule plant' 

than the micronutrients (Mo and B). llradyr/ü:obiuni in combination with micronutrient 

molybdenum or boron should better pertbrinance in nodule formation than NPKM0 or NPKB 

at all the three DAS. Nitrogen showed very low effect on nodule formation. it indicates that 

nitrogen reduced nodule formation. Nagarajan and Balachandar (2001) reported that seed 

inoculation with Rhiw/,iu,n enhanced root nodulation. Bhattacharyya and Pal (2001) found 

that inoculation with /?J,i:obi,im significantly influenced the number of nodules plant4. 

Tomar ci cii. (2001) noted that inoculation of R/zi:ohiuin induced the highest and 21.0% more 

nodule number in blackgram. Meenakumari and Nair (20011 conducted a study in 7 different 

locations to evaluate root nodulation of cowpea. blackgram and mungbean, and observed that 

root nodulation of cowpca. blackgram and mungbean were uniformly better at Category. 

Chatterjee and Bhattacharjee (2002) studied the effccts of inoculation with Bract rhizobiwn 

and found that inoculation with Bmdyrhizohiuflt strains increased rate of nodulation and N 

content. Kumari and Nair (2003) found that the extents of improvement in root nodulation 

were more in blackgram and geengTam inoculated with liradyr/uzohiurn. Bhuiyan and Mian 

(2007) also found that application of Braclyrh&ohiwn inoculant induced significant effect on 

nodulation. Bhattacharyya and Pal (2001) conducted a field experiment in \Vest Bengal, 

india, during the pre-kharif season to study the effect Brczdyr/iizobiwfl inoculation, P (at 0. 20 

kg hi') and Mo (at 0, 0.5 and 1 kg ha4) on the number of nodules plant4  of summer 

greengram cv. T-44 and observed that Bradyr/ü:obiu'fl inoculation and application of P and 

Mo significantly influenced the number of nodules plant1. 
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4.1.4 Nodule weight 

The highest nodule dry weight (4.00 mg plant1  at 30 DAS, 46.15 mg planf' at 45 

DAS and 65.66 mg planf' at 60 DAS) was recorded in T11  (PKMoB + Brad)rhizobium) 

which was significantly different from all other treatments (Fig. 4.4 and App. 1). Nodule 

weight increases with the passage of time. Among the treatments, only Jiradyrhizobiurn 

produced higher nodule weight than nitrogen at all the dates of nodule collection. The second 

highest nodule weight (30.07 mg plant' at 45 DAS and 48.86 mg plant" at 60 DAS) was 

noted in PKMo + Inoculum. The plant which did not take any chemical fertilizers or 

inoculant recorded the lowest nodule weight at all the three DAS. Nitrogen showed very low 

effect on nodule weight. When molybdenum and Bradyrhi:obiu'fl inoculated simultaneously 

showed better result on nodule dry weight. Nagarajan and Balachandar (2002) reported that 

biodigested slurry at 5 t ha" + Rhizobi urn produced the highest nodule dry weight (42.3 mg). 

Tomar ci al. (2001) who reported that application of phosphorus increased nodule weight in 
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blackgram. Singha and Sarma (2001) reported that Rhizobium inoculant had 9.5% higher 

nodule dry weight than non-inoeWated control. Shanna etal. (1999) found that application of 

inoculants increased nodule dry weight planf'. Nagarajan and Balachandar (2001) reported 

that Rhizohium gave higher nodule weight (45.3 and 42.3 mg) in blackgram and greengrarn. 

Tomar etal. (2001) found that R/uzobiurn gave the highest and 34.7% more nodule dry mass. 

Kumari and Nair (2003) observed significant increases in nodule dry weight due to 

Rhizohium inoculation. 
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4.2 Root and shoot dry weight 

4.2.1 Root weight 

Chemical or biofertilizer have no significant effect on root weight at any of the 

growth stage (Fig. 4.5 and App. 2). The highest root weight (0.17 g plan(') was obtained in 

Tn. and Tn and T1 at 60 DAS whUe the non-i%\c3c(ated and non-fectUzed control (T1' gave 

the lowest root weight. Among the treatments there was no significant difference but all the 

treatments produced higher root weight than over control at 60 DAS. Root weight increases 

with increasing of time. The results are in agyeernent with the iindings of Singh and Singh 

(2004). Kavathiya and Pandey (2000) conducted a pot experiment during the summer season 

of 1992-1993 in Gujrat. india and reported that fresh root weight (4.42 g) were recorded in 

the I?/,izubiurn inoculation treatment. Perveen ci at (2002) conducted a field experiment to 

observe the effect of rhizospheric microorganisms on growth and yield of greengram 

(Phasco/us rat/ia/a) and reported that the maximum root dry weight (0.37 g plani') was 

observed in inocuation with sisgte Rrudyrhizobhni sp. onki. St'2sna ct at. (2000) reported 

that seed inoculated with I of 9 R/ii:ohimn strains increased dry matter accumulation. Tomar 

c/ W. (2003) observed that P application and inoculation treatments increased the plant 

biomass in blackgram. 

4.2.2 Shoot weight 

The highest shoot weight (2.37 g planf') was obtained in T11  (PKM0B + 

Bradyrhiwbitan) and the lowest (1.63 g plant1) was obtained in T1  (Control) (Fig. 4.6 and 

App. 2). There was no significant difference among the di! Terent treatments in shoot weight 

at 30 and 60 DAS but shoot weight g planC' at 45 DAS showed significant difference among 

the treatments. At 45 DAS. the treatment PKMoR + Inoculum (T, 1 ) and NPKM0B produced 

the highest shoot weight (1.02 .g plantj while the lowest shoot weight was found in T 

(Control treatment). Kavathiya and Pandey (2000) reported that maximum fresh shoot weight 

(5.33 g) was recorded in the /?.hizohiu,n treated plot. Bhattacharyya and Pal (2001) conducted 

cc 



! 0.20 	 L2 	w601 

0.16 

0.12 
 

(5 

a 

0.08 

CY 

0.04 

0.00 ii 12 13 T4 15 16 17 TB 19 110 111 112 

Treatments 

Fig. 4.5. Effect of nitrogen. Brad,thiZObiUm inoculant and micronutrients (Mo & B) 

on root weight in blackgram 

- 	- 	 •......I,..nT. - PKR  + tnoculuin. 
T1:COr%VOI. T2: PKPk.1i PKB, I,: IflOCUIUi. 	'6 

T: NPKMO. T, NPKB. 	PKM0B. T1,: PKMoB + noculum, T1 : NPKMQB 

2.50 	 L 	DAS .4 S DAS I 

2.00 

w 
U. 

.9 1.50 
C 

I 

0 o 1.00 
C 
(0 

0.50 

0.00 
TI 12 13 T4 15 TB 17 TB TO 110 Tfl 112 

Treatments 

Fig. 4.6. E&ct of nitrogen. Bradyitiizobiwfl inoculant and micronutTients (Mo & B) 

on shoot weight in blackgram 

T. - PKB + noculurn. 
T 	ConUol. T2: PKMo, T PSU, i: tnocuuun.. 15.r., .5 ...... 

To: NPKMO. To: NPKB. l: PKMoB.T,1 PKMoB + 
Inoculum. liz: NPKMOB 

56 



a field experiment in \Vest Bengal, India. during the pre-k/rarsf season 011998 to study the 

effect of Ithizobiun; inoculation and reported that inoculation significantly influenced dry 

matter accumulation in the shoot. Singh and Singh (2004) found that dry matter yield 

increased with the application of phosphorus. Jayakumar ci cii. (1997) reported that 

J?/iizobiwn inoculation increased the dry weight of plants compared to controls. Srivastav and 

Poi (2000) found that inoculation with M-10 strain in greengram resulted in the highest dry 

matter production. Sharma ci al. (2000) reported that seed inoculated with I of 9 Ithiwbium 

strains increased dry matter accumulation. Manivannan ci al. (2003) reported that lthizobimn 

seed treatment produced markedly higher dry matter. Singha and Sarma (2001) reported that 

P at 45 kg hi' with lthi:obium inoculation produced the highest straw yield and was at par 

with the application of 25 and S kg, P haT' Toswac e at. (2003' observed that P appticaton 

and inoculation increased the plant biomass in blackgram 

4.3 Root and shoot length and leaves 

4.3.1 Root length 

The highest root length (8.25 cm at 45 DAS and 955 cm at 60 DAS) were obtained 

from T12 
(NPKMoB) and the lowest root lengths were noted in control (Fig. 4.7 and App. 3). 

The second highest root length at 45 and 60 DAS were found in T (PKMoB Inoculuni). 

The highest root length observed in T12  (NPKM0B) was identical to all other treatments 

except T1. T2, T and T4  at 45 DAS and except Ti, i'2, Ti. T4  and T5  at 60 DAS. The lowest 

root lengths were obtained in Tt  at all the DAS. At 60 DAS, the highest root length (667 cm) 

was recorded in T13  (PKM0B + Hradt.rhiwbiiim) which was identical to all other treatment 

combinations. It indicates that combination application of B or Mo and 
/3racrhw)hiUfl has a 

good influence on root growth of blackgram plant. The above results conlirmed the results of 

Sharma ci al. (2000) reported that plant growth was increased with Rhizohium inoculation, 

with the local strain giving the best results. Sarker ci at (2002) reported that bradyrhizobial 

strain 480-M resulted the longest roots (14.72 cm). Javakumar ciaL (1997) carried out a pot 
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culture experiment where blackgram (Vigna inungo) plants were raised from: uninoculated 

seeds; uninoculated seeds with 250 g pof' 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 
(NPKMOB) which was indicated to all other treatments except T,, T2, i'3 

and T4. 
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on rod length in tAackgram 
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4.3.2 Shoot length 

Bradyrhizohiwn 
inoculant alone or in combination with PKMoB had no effect on 

shoot length at 30 and 60 DAS. Through the highest shoot length (50.4 cm) was obtained 

from T12 
(NPKM0B) which was statistically similar with all the treatments (Fig. 4.8 and App. 

3). The lowest shoot length was obtained from 1, (control) at all the DAS. At 45 DAS, the 

highest shoot length (43.3 cm) was found in T1 2 (NPKM0B) which was indicated to all other 

treatments except T1, T2, T3 and T4. Mahmud et al. (1997) reported that plant height was 

significantly increased with increasing phosphorus application. Similar results were observed 
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by Maqsood c'i aL (2001) and Kumar ci al. (2000). l'hakur and Panwar (1995) conducted a 

field trial where seeds of I7gna radiata cv. Pusa-lOS and PS-lb were inoculated with 

inoculant. They found that inoculation either singly or combined increased plant height 

compared with non-inoculated control treatment. Bhattacharyya and Pal (2001) reported that 

application of rhizobial inoculum influenced plant height in comparison to control. Nagarajan 

and Balachandar (2001) conducted a field experiment and observed that seeds treated with 

bio-digested slurry at S t ha' + Rhizohium produced the highest plant height (53.7 cm). 

Saskar c at. (2002) inoculated the sced of ktckgcan with stcains of l3rnd rhi:ohiu'n viz. M-

10, 129-USA. 480-Ni. and MK-5 before sowing in a field experiment conducted to determine 

the suitable cultivars and Isradvrhiwhiiiin strain for use in the locality. Cultivars N1-16 

recorded longer roots and higher root volume planf1
. number of nodules plant and test 

weight compared to A43. 480-1
1M resulted in the longest roots (14.72 cm). lvteenakumari and 

Nair (2001) conducted a study in 7 different locations to evaluate plant growth characters of 

cowpea, blackgram and mungbean and observed that and plant growth characters of cowpe& 

blackgram and mungbean were uniformly better with inoculation. Kumari and Nair (2003) 

found that the extent of improvement in plant growth was more in blackgram and mungbean 

inoculated with Bradyriziwbillin SrirarnachandraSekharan and Vaiyapuri (2003) conducted a 

pot culture experiment to study the effect of carbofuran in association with Ru,i:obnim on 

growth of blackgram cv. AD!' 3. Rhi:obi'iin_inOcUlated blackgram showed better growth than 

the non-inoculated crop. Nlahmud el 0/. (1997) reported that plant height was significantly 

increased with increasing phosphorus application. Similar results were observed by Maqsood 

et a/. (2001) and Kumar cial. (2000). Ashraf etal. (2003) found that the tallest plants (69.93 

cm) were obtained with seed inoculation. Kumari and Nair (2003) observed that the extent of 

plant growth were more in blackgram and greengrarn where BradythizohIlllhI inoculation was 

done. Sriramachandrasek haran and Vaiyapuri (2003) reported that /;Qbiull-ifloCtllated 

blackgram showed better growth than the non-inoculated crop. 
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4.3.3 Leaves plani' 

Fertilizers did not show any remarkable influence on the number of leaves plant' at 

30, 45 and 60 DAS, respectively through the highest leaves plant' was obtained from T,, 

(IPKM0B ± Bradyr/ü:ohiuFfl) and the lowest leaves plant" was obtained from T1  (control) at 

30 DAS (Fig. 49 and App. 3). At 45 and 60 DAS, the highest number of leaves were found 

in Ti,(PKMoB + Inoculum) and the lowest leaves were found in control. 

SriramachafldraSekhatan and Vaiyapuri (2003) conducted a pot culture experiment to study 

the effect of carbothran in association with Rhizobi inn on the nodulation, growth, and yield of 

blackgram cv. ADT 3. Rhizohiu'n-inoculated blackgram showed higher leave plant' than the 

non-inoculated crop. 
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4.4 Growth and yield attributes 

4.4.1 Plant height 

The highest plant height (44.3 cm) was obtained from 112 (NPKM0B) which was 

identical to all other treatments but significantly higher than Ti (control) and Inoculum 

treatment (Table 4,1). Among the nutrient elements and Rhftobium, B micronutrient gave 

38.9 cm plant height, which was higher than the other nutrient elements N (37.2 cm), Mo 

(38.1) and Bradjrhizobiurn (35.0 cm). But, combined application of both the micro nutrient 

element with !Jradyrhizobiz#n gave better plant height (40.7 cm) than individual application 

of Mo. B or Bradyr/zivbium. Mahmud et ci. (1997) reported that phosphorus application 

increased plant height in blackgram. The result corroborated with the findings of Maqsood et 

ci. (2001) and Kumar et at (2000). Thakur and Panwar (1995) found that inoculation either 

singly or combined increased plant height compared with no inoculation. Bhattacharyya and 

I 
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Pal (2001) reported that application of rhizobial inoculum influenced plant height comparing 

with control. Meenakumari and Nair (2001) conducted a study in 7 different locations to 

evaluate plant growth characters of cowpea, blackgram and mungbean and observed that 

plant growth characters of cowpca, blackgram and mungbean were uniformly better when 

J?hizohnun inoculant was applied. SriramachandraSekharan and Vaiyapuri (2003) conducted a 

pot culture experiment to study the effect of carboftiran in association with Ithizohiwn on 

growth of blackgram cv. ADT 3 and observed that Rh&ohium-inoculated blackgram showed 

better growth than the non-inoculated crop. Sharma el al. (2000) reported that the growth was 

increased with Rhizobium inoculation and the local strain gave the best results. Nagarajan and 

Balachandar (2001) reported that Rhizohiwn gave the gTeatcst plant height (42.7 and 53.7 cm 

for blackgram and weenwain. respectively). L3hattacharyya and Pal (2001) reported that 

Rhcohwm inoculation significantly influenced plant height. Malik ci al. (2002) studied that 

plant height at harvest was the highest when inoculated with llradyr/uzobiwn (68.13 cm). 

Kumari and Nair (2003) observed that the extent of plant growth were more in blackgram and 

greengram vhere Bradvr/zizohiu in inoculation was done. 

4.4.2 Pod length 

All the fertilizer treatments showed insignificant response in terms of pod length. The 

highest pod length (4.23 cm) was recorded in treatment TI? (NPKMoB) that was identical to 

all other treatment combinations but different from T1  and the lowest pod length of 3.28 cm 

was recorded in control plot (Table 4. I). Shil el at (2007) reported that the highest pod 

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

length. Srinivas and Shaik (2002) studied that the interactions effects between N and P were 

not significant for pod length. 

62 



Table 4.1. Effect of nitrogen, Bradyrhizohilirn inoculant and inicronutrients 
(inolybdentifli and boron) on yield attributes of blackgraflt 

- 	 r 	 - - - __- 
Plant height Pod length 	 -1 I 	 100-seed 

Ireatment 	 (cm) 	cmrP0ds 	t Seeds Pod 	wciglng 

T1 : Contro? 	 3.28b 	4.89c 	2.25 	5.08 

PKMo 	 38.1ab 	3.07ab 	6.77abc 	3.17 	5.13 

T3: PKB 	 38.9ab 	3.80th 	7.05ab 	2.97 	5.33 

1.1: Inoculum 	 35.Obc 	3.86a 	6,94ab 	3.78 	5.54 

N 	 37.2ab 	3.79ab 	6.55bc 	3.70 	5.63 

T; PKM0-Flnoculum 	40.7ab 	3.80ab 	7.SSab 	3.70 	5.59 

T7: PKBtlnoculum 	40.7ab 	420a 	7.33ab 	3.67 	5.40 

T: NPKMo 	 38.Oab 	3.80th 	7.55th 	3.86 	I 	5.64 

T0: NPKB 	 38.lab 	3.87a 	7.66ab 	3.51 	5.62 

PKMoB 	 38.9ab 	4.13a ) 7.55ab 	3.49 	5.57 

i: PKMoB±1i1OCUlun 	40,3ab 	4.16a 	8,55ab 	4.01 	5.89 

-12  PoB 

	

194, 	12.2 
99 

In a column, means followed by a common letter are not significantly differed at 5% level by 

DMRT 
NS = Not significant 

4.4.3 Pods plan(' 

Number of pods pianf' in different zreatments showed sniflcant variation The 

highest pod number (8.78) was obtained from T1  (MPKMOB). which was significantly higher 

than control (Ti) (4.89) but identical to all other treatments (Table 4.1). Between two 

micronutrient. B showed better performance (7.05 pods plani 5 than Mo but combined 

application of both the rnicroTtutfleflt Mo and B with inoculum (/ira(Ivrl?iwhi urn) gave better 

pods number (7.88 and 733 respectively) rather than individual application of both the 

micronutrient. Malik eta! (2002) reported that seed inoculation with J?/ziwhiii'fl resulted in 

the highest number of pods pl anit (22.47).  Ashraf ci ci. (2003) observed that seed 

inoculation t 
50 50 0 or 50 50 : 50 kg N: P: K hi' resulted in the highest number of pods 
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planC (28.97. 56.00, 63.90 and 32.56. respectively). Rhuiyan ci al. (2008a) reported that 

Brcsdyrhizohiwfl inoculation in ilvangbewN 	 increased pods plant'. 

4.4.4 Seeds pod' 

No significant response was observed due to application of different fertilizers in 

seeds pod-'. The highest seeds pod-' (4.01) was obtained from 1,, (PKM0B + Inoculurn) and 

the lowest seeds pod' (2.25) was obtained from T1  (control) (Table 4.1). Rhuiyan ci al. 

(2008a) observed that Rrcxdvrhizobitsm inoc%atscMs also snifscantly increased seeds pod'. 

Shil ci at (2007) reported that seeds pod" was the highest in full doses of fertilizers while 

control plants recorded the lowest seeds pod-'. Srinivas and Shaik (2002) conducted trial on 

seed inoculation in Ri,izohiuni culture and cepocted that Rhi:ohiusn inoculation in mungbean 

increased the number of seeds pod-'.  

4.4.5 100-seed weight (g) 

There was no significant relationship among the different treatments in 100-seed 

weight. The highest 100-seed weight of 5.89 was obtained from T11  (NPKM0.B + lnocuhim) 

and the lowest 100-seed weight of 5.08 g was obtained from control treatment (Ti). Srinivas 

and Shaik (2002) reported that 1000-seed weight generally increased due to rhizobial 

inoculation. Shil etal. (2007) reported that 1000-seed weight was the highest in fufl doses of 

fertilizers while control plants recorded the lowest in 1000-seed weight. Bhuiyan ci al. 

(2008a) opined that !Jradvrhizobium inoculation also significantly increased 1000-seed 

weight. Malik ci at. (2002) studied that seed inoculation with Rhizobiurn application resulted 

in the highest 1000-seed weight (42.27g). 

4.5 Yield characteristics 

4.5.1 Pod weight 

MI the treatment showed insignilicant result in pod weight. The highest pod weight of 

3.87 g plant' was obtained from T1 , (PKMoB Inoculum) and the lowest pod weight (1.97 

64 



g) was obtained from T, (control) (Table 4.2). Mahmud dci!, (1997) reported that weights of 

pod plant"  significantly increased with increasing phosphorus application. The results are in 

agreement with Kumar cial. (2000), Maqsood ci al. (2001), Tomar ctal. (2001), Singh c/Cl!. 

(2002). Patel and Thakur (2003). Singh and Singh (2004) and Singh (2004). 

Sriramachandrasekhalafl and Vaiyapuri (2003) conducted a pot culture experiment to study 

the effect of carbofuran in association with ithizohiurn on yield of blackgram cv. ADT 3. 

lJnzoh,u,n-inoculated blackgram showed higher pod yield (50.3 g) than the uninoculated 

crop. Kumari and Nair (2003) found that the extents of improvement in yield were more in 

blackgram and greengram inoculated with Bra/yrhizobi ni;i. Srivastav and Poi (2000) found 

that NK4 inoculation into blackgram resulted in the highest grain yield. Sharma etal. (2000) 

reported that yield increased with Ithizohiwn inoculation. Nagrajan and Balachandar (2001) 

reported that Ithizobisun gave higher grain yield (758.3 and 732.0 kg hi') in blackgram and 

greengram respectively. Malik ci a/. (2002) studied that seed inoculation with Rhi:obiwn 

resulted in the highest seed yield (1158 kg ha"). Singha and Sarma (2001) reported that P at 

45 kg hi' with Rhir.obiwn inoculation produced the highest grain yield and was at par with 

the application of 25 and 35 kg P haS '. Tanwar ci al. (2002) reported that the interaction 

between P rate and biofectiUaecs was siticscant with regard to the seed yield. The 

inoculation of both biofertilizers along with the application of 60 kg P20 gave the highest 

seed yield. Srinivas and Shaik (2002) studied that the interactions effects between N and P 

were not signilicant for seed yield. Toniar ci al. (2003) observed that P application and 

inoculation treatments increased grain yields in blackgram. 
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Table 4.2. Effect of nitrogen, I3radyrhizobiuni inoculant and micronutrients 

(molybdenum and boron) on yield of blackgram 

Seedvield 
Pod weight Stover weight Seed weight 	i 

ncrease over 
Treatment (g plant 	) 

.1 
(g plant 	) 

1 
(g plant 

i
control (9) 

Control 1.97 2.22c 1.40c - 

PICNIc 3.31 3.36abc 2.3 tab 65.0 

T: PKB 3.41 3.32abc 2.22ab 58.7 

14: [noculum 272 2.95bc 2.04abc 45.7 

IS: N 2.71 3.54ah 1.96bc 40.0 

PKMo+lnoculurn 348 3.81ab 2.66ab 92.1 

PKB I Inoculum 3.53 3.74ab 2.58th 84.3 

NPKMo 3.40 3.83ab 2.49ab 77.9 

NPKB 3.62 3,%Sab 2.5%ab 84.3 

PKMoB 3.35 3.63ab 2.50ab 7&6 

Iii: PKMoB-lnoculurn 3.87 4.47a 2.69a 90.0 

T12. NPKMoB 3.71 4.30a 2.62ab 87.1 

tiso (0.05) NS I 	1.07 0.63  _ 

CV(%)____ ____ 21.8 - 	17.6 l5 

In a column, means followed by a common letter are not significantly differed at 5% level by 

DMRT 
NS 	Not significant 

4.5.2 Stover weight 

Different lertilizers had signiticant effect on stover weight. The highest stover weight 

of 4.47 g planf1  was obtained from ii, (PKMoB i Inoeulum) and the lowest of 2.22 g was 

obtained from T1  (control) (Table 4.2). Bhzfi yan and Mian (2007) reported that application of 

Iiradrrhi:obinrn inoculant produced significant effect on stover weight. Nagarajan and 

Balachandar (2001) reported that seed inoculation of Rhizobwm enhanced biomass. 

Sriramachandrasekharan and Vaiyapuri (2003) reported that /thiwb,tun-inoeulated hlackgram 

showed higher stover yield pot' (81.1 g) than the non-inocutated crop. Srinivas and Shaik 

(2002) opined that seed inoculation with Bradyrhi:obimn culture enhanced haulm yield in 

mungbean Singha and Sarma (2001) reported that Pat 45 kg hi' with Ithizobiwn inoculation 



produced the highest straw yield and was at par with the application of 25 and 35 kg P ha* 

Tomar ci a! (2003) observed that P sippticato ad tocaton treatments isicceased the pLant 

biomass and yield in blackgram. 

4.5.3 Seed weight 

The highest seed weight (2.69 ) was obtained from Itt (PKMoB + Inoculum) and 

the lowest seed weight (1.40 g) was obtained from T1  (control) (Table 4.2). The second 

highest seed weight (2.62 g) was found in T12 (NPKMOB). Application of PKMo + Inoculum 

showed better performance than NKPM0 for seed weight On the other hand. PKB + 

Inoculum all showed higher seed yield than NPKI3. Only inoculum gave better seed yield 

than application of only N. Same trend was observed in Tu and T12  where Brac&Thiwhiuni 

inoculant in combination with PKMoB perform better than NPKMoB it indicates that 

instead of applying urea N. Bradvr/,iwhiuifl inoculant gave better result. Kumari and Nair 

(2003) found that yields were more in blackgram and ureengram inoculated with 

Bmdyrhi:obiuin. Sharma ci al. (1999) perfomied a field experiment in 1997/98 in Himachal 

Pradesh and II itiunga cv. Pant !.J-19 was seed inoculated with one of eleven Riuzobuins strains or 

not inoculated and given 0 or 20 kg N hi'. Seed yield was highest with inoculation with a local 

strain 0.30 t hi'). The application o120 ks. N gave higher seed yield than no N (1.24 vs. 1.14 it. 

Sriramachandrasekharan and Vaiyapuri (2003) observed that R/;i:ohnirn-inoculated 

blackgram showed higher pod yield (50.3 g) than the non-inoculated crop. Mathan ci at 

(1996) conducted a field experiment during the monsoon seasons of 1991-92 at Coinibatore. 

Taniil Nadu where a total of 7 treatments compared the effect of applying in various 

combinations N, P. K, FYIvI, NAA and seed inoculation with Rhizobiwn were used on blackgram 

(Vigna niungo) cv. CO 5 yield. In 1992, seed treatment with fungicides was also included. The 

application of 25 kg N as urea 1 50 kg P205  ha4  as single superphosphate 4 750 kg enriched 

FYM ± 6.25 t FYM + foliar application of 25 kg diammonium phosphate at flower initiation and 

IS days later I seed inoculation with Rhizobium produced the highest seed yields of 0.72 t ha' in 
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1991 and 0.62 tin 1992, compared with the control yields of 0.42 and 0.40 t, respectively. Singha 

and Sarma (2001) reported that P at 45 kg ha4  with Ritizobiun; inoculation produced the 

highest grain yield and was at par with the application of 25 and 35 kg P ha* Tanwar el at 

(2002) reported that the interaction between P rate and biofertilizers was significant with 

regard to the seed yield. The inoculation of both biofertilizers along with the application of 60 

kg P205 gave the highest seed yield. Srinivas and Shaik (2002) studied that the interaction 

effects between N and P were not significant for seed yield. Tomar c/of. (2003) observed that 

P application and inoculation treatments increased grain yields in hlackgrarn. Tanwar c/ at 

(2003a) observed that the application of 60 kg I' ha4  along with inoculation of Riuzobuirn 

gave the highest seed yield (10.93 q ha4 ). 	 . 

4.6. Nitrogen and protein content 	 hraTVj) 

4.6.1 Nitrogen content in seed 	 1' 

All the treatments varied significantly in nitrogen content in seed. The highest 

nitrogen content in seed 3.30% was obtained from fl1 (PKMoB ± Inoculum) and T12  

(NPKMoB), which was significantly different from control. PKMo. PKB, N and PKMoB 

(Table 4.3). Among the micronutrients (Mo and B), N and lnoculum (Ifradyrhizohinin) the 

highest N content (3.27%) in seed obtained from Bradyrhizobi urn inoculated plant. Conibined 

application of micronutrieflt (Mo and B) with Braciyrhizobiiini produce significantly higher N 

content in seed than individual application of both the micronutrient. Chatterjee and 

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

the plants inoculated with llradyrhizohinin sirains and PSB showed increased rate of N 

content. The lowest N uptake (34.7 kg hi') in seed was recorded in non-inoculated control. 

Bhuiyan et at (2007b) carried out field studies with five mungbean varieties with/without 

Bradyrhinthinrn inoculation and observed that inoculation signiticantly increased nitrogen 

uptake of mungbean. Srivastav and Poi (2000) also stated that inoculation with NI-JO strain in 

greengram resulted in the highest nitrogen fixation. Reddy and Mallaiah (2001) opined that 
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the nitrogen content of the fresh seeds was 5.78% in the inoculated plants, while that in non-

inoculated controls was only 272%. Chatterjee and lIhattachariee (2002) noted that plants 

inoculated with Jlradyr/si:ohium strains showed increased N content. Tomar et al. (2003) 

obsen'ed that P application and inoculation treatments increased N content in blackgram. 

Tanwar c/cl!. (2003b) thund that the N contents increased with increasing P rate up to SO kg 

hi' with inoculation in blackgrarn. 

'fable 4.3. Effect of nitrogen, Itradyrizizahiurn inoculant and micronutrieflts 

(molybdenum and boron) on nitrogen and protein content in seed and 

stover of hlackgrani 

- 	
- 	 Protein 	Protein 

N content in 	N content in 	 . 	I  

Treatment 	 I 	 content in 	content in 

	

seed /o) 	I stover (%) seed (%) 	stover (%) 

T,: Control 	 3,lSe 	I 	l,43f 	19.7e 	 8.941 

T 2: PKMo 	 3.19d 	1.48d 	 19.9d 	9.25de 

T3:PKB 	 3.206 	 ).46e 	20.06 	 9.13c 

T4: inoculum 	 3.27abc 	1.52ab 	20.4abc 	9.50th 

T5:N 	 i 	3.26bc 	1.5labc 	I 	204bc 	9.44abc 

Ic,: PKMoflnoCUlUrn 	3.2Sab 	1.47dc 	20.5th 	9.19de 

T7: PKB-Inoculum 	 3.29ab 	1.49bcd 	20.6ab 	9.34bcd 

T: NPKMo 	 3.29ab 	1,48de 	20.6ab 	9.25de 

T9: NPKB 	 3.28th 	1.49cd 	20.5ab 	9.3lcd 

[Tic: P1CMoB 	 3.24c 	 L49cd 	20.2c 	9.31c6 

j
Tii: PKMoB+lnoculufll 	3.30a 	 1.53a 	 20.6a 	 9.56a 

112: NPKM0B 	 3.30" 	I.52ab 	20.6" 	9.50ab 

	

O.03 	 0M3 	 0.19 	 0.16 

I 	0.60L 	1.0 	 0.60 	 1.0 I 

In a column, means foLlowed by a common leuer are not sig.nirtcanuy differed at 5% level by 

DMRT 

4.6.2 Nitrogen content in stover 

All the treatments showed positive response in N content in stover. The highest N 

content (1.53%) was obtained from Ii; (PKMoB + Inoculum) and the lowest N content 
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(1 43%) in stover was obtained from T1  (control) (Table 4.3). Srivastav and Poi (2000) 

conducted held experiments to dctenrrine the symbiotic efficiencies of greengrani (11 

radiaza) and blackgram (IC inunga) after inoculation with a native /iradyrhiwhinn strain and 

the residual effects of 7 Bradvr/;i:ohiu'n strains (NG-1311. M-I0. Kuthi AR-I, Jca-1, Caj-3, 

NK-4 and Cajó/I) in neutral pU soil, in Mohanpur, West Bengal. India. Symbiotic variations 

of greengram and blackgram were observed due to the host and inoculant strains. Inoculation 

with M-10 strain in greengram resulted in the highest dry matter production and nitrogen 

fixation, while NTK-4 inoculation into blackgram resulted in the highest nitrogen uptake and 

grain yield. 

4.6.3 Protein content in seed 

Protein content in seed showed positive result by different treatments. The highest 

protein content (20.6%) in seed were obtained from 111 and 112 which significantly different 

from control plot (19.7%) (Table 4.3). The interaction effect between micronutrient and 

Bradyrhizohuan were significant Sharma ci at. (1999) performed a held experiment in 

1997/98 in Himachal Pradcsh and [ mango cv. Pant 13-19 was seed inoculated with one of 

eleven R/,i:ohin,n strains or not inoculated and given 0 0120 kg N had. They reported that no 

significant effects were observed 	pcten ccntec'at ot' seed and straw but a stght 

improvement was observed over control. Mathan ci al. ( 996) conducted a field experiment 

during the monsoon seasons of 1991-92 at Coimbatore, Tamil Nadu where a total of 7 

treatments compared the effect of applying in various combinations N, P. K, FYM, NAA and 

seed inoculation with Ithizohi am were used on blackgram (Vign(l mango) cv. CO 5 yield and 

reported that seed crude protein content was increased by 14.5 and 15.4% in the highest 

yielding treatment compared with the controls. 
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4.6.4 Protein content in stover 

Protein content in stover was significantly increased due to the cornbiued application 

of PKMoB ± Inoculum (Table 4.3). The highest protein content in stover (9.56%) was 

recorded at T11  (PKMoB + Inoculum) which was identical to NPKMoB. Inoculum and N but 

superior to all other treatments. The lowest protein content in stover (8.94%) was recorded at 

non-inoculated and non-fertilized control. 

4.7 Nitrogen uptake and protein yield 

4.7.1 Nitrogen uptake by seed 

Nitrogen uptake by seed of blackgrarn was significantly increased due to combined 

application of fertilizers (Fig. 4.10 and App. 4). The highest N uptake (88.1 nig plant) was 

recorded at T1)  (PKMcB tnccu(un which 'was identica% all othec weament contic'iation& 

except Control and N. The lowest N uptake in seed (44.2 mg plani') was recorded in control. 

Bhuiyan ci at (2007h) carried out field studies with five mungbean varieties with/without 

Iirc,dvr/,i;obisun inoculation and observed that inoculation significantly increased nitrogen 

uptake of mungbean. Srivastav and Poi (2000) found that inoculation with NK-4 into 

blackgram resulted in the highest nitrogen uptake. Tomar ci at (2003) observed that P 

application and inoculation treatments in black&arn increased N uptake by wheat 

significantly. Tanwar ci al. (2003b) found that the N uptake increased with increasing P rate 

LII) to 80 kg ha1  with inoculation in blackgram. 
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Fig. 4.10. Ect of ritrogen, &adflhizCbitIfl inoculard and nicronutdents (4o & B) 

on N uptake by seed in blackgram 

OVQ . ?nnrtilum 
T: Control, 1'2: PKMo, T3: PKB, T4: Inoculum, is; IN, Ia. rnIy'.' ...'-'-'• 

T8: NPKMO, T9: NPKB, T10; PKM3B, T11: PKMOB + Inoculum, T12: NPKMOB 

4.7.2 Nitrogen uptake by stover 

Application of fertilizers and Bradyrhizo1iUm inoculants showed significant variation 

in N uptake by stover of blackgram (Fig. 4.11 and App. 4). The highest amount of N uptake 

in stover (68.3 mg plant) was recorded in T,i (PKM0B + inoculum) which was different from 

control, PKMo, PKB, inoculum only. The lowest N uptake in stover (31.7 mg plant") was 

recorded in control. Srivastav and Poi (2000) conducted a field experiment to determine the 

symbiotic efficiencies of greengram (Vigna radiata) and blackgram (Vigna mungo) and 

found symbiotic variations due to the effect of both the host and inoculant strains, inoculation 

with M-10 strain in greengram resulted in the highest dry matter production and nitrogen 

fixation. 
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4.7.3 Protein yield by seed 

Chemical fertiliz,ers and Ijradyrhi:obizim had significant effect on protein yield by 

seed (Fig. 4.12 and App. 4), The highest protein yield by seed was recorded at T
1 1 was (551 

mg plan(') which was identical to all other fertilizer treatments except control and the lowest 

protein yield by seed (276 mg plan(') was noted in control. Bhuiyan ci al. (2007b) found that 

inoculation significantly increased protein yield by seed. 

4.7.4 Protein yield by stover 

The highest amount of protein yield by stover (427 mg plani ) was noted in T
1  

(PKMoB + Inoculum) which was statistically different from control, PKMo, PKB and 

inoculum only (Fig. 4.13 and App. 4). The lowest protein yield by stover (193 mg plan(') 

was recorded in control. Bhuiyafl ci al. (2007b) found that inoculation significantly increased 

the protein yield in mungbean and blackgram. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

A pot experiment was conducted at Net House of Soil Science Division, the Bangladesh 

Agricultural Research Institute, Joydcbpur, Gazipur during September to December 2007 to 

evaluate the effect of !Jradrhi:obwm inoculation, nitrogen, 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 Brad prhizohmm. nitrogen. molybdenum and boron 

for blackgram production followed by CRD technique. Triple super phosphate (22 kg P ha'5, 

muriate of potash (42 kg K ha"). gypsum (20 kg S ha1), zinc sulphate (5 kg Zn ha") and boric 

acid 0 kg B ha") were applied as basal dose at the time of pot preparation. All the fertijizers 

were calculated for 10 kg soil which was used for each pot. l3lackgram seeds were inoculated 

with respective inoculants and were sown on 1" September, 2007. Necessary water was applied 

to the pot at a regular interval of aitemalc days upto crop maturity to maintain proper moisture 

condition. 

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 viz. 30. 45 and 60 DAS. and for seed and stover and other yield attributing data 

characters were taken at the time of plant matunty. Nitrogen content, protein content, nitrogen 

uptake and protein yield data were taken after chemical analysis of plant and seed samples. 

Abridged account of the different plant characters vere analyzed statistically and the 

significant mean differences were adjusted by DMRT. 



The highest nodules on main root plant-' (5.00, 12.51 and 14.29) were recorded in 

PKMoB + Inocutum at 30, 45 and 60 DAS, respectively, AU the inoculated treatments showed 

significant result in informing nodules on main root than control plant. The highest number of 

nodules (3.11 plani' at 30 DAS and 8.03 plant' at 45 DAS) on branch root was recorded in 

PKMoB + Inoculum which were sA,nificantly higher over all othec treatment combinations. 

Nitrogen has no significant impact on nodule formation on branch root. /1radvrhiz0hnn, 

inoculated plants produced significantly higher number of nodules 	than the non- 

inoculated control plants or N treated plants. The highest number of total nodules of 22.22 plant" 

was recorded at 60 DAS, which indicates production of nodules plant4  increased with the 

increasing of time upto 60 DAS. It was observed that Jlradyr/zizobium inoculation and 

application of Mo significantly influenced the number of nodules plant". Nodule weight 

increases with the passage of time. Among the treatments, only Jiradvr/,izob,uni produced higher 

nodule weight than nitrogen at all the dates of nodule collection. 

The highest root weight (0.17 g plant4 ) was obtained in T,,. 112 and T7  at 60 DAS while 

the non-inoculated and non-fertilized control (T,) gave the lowest root weight. Among the 

treatments there was no significant ditlerence but all the treatments produced higher root weight 

than control at 60 DAS. No significant effect on shoot weight with was observed at 30 and 60 

DAS due to liradvrhizo/iiu,tz inoculation though the highest shoot weight (2.37 g plani5 at 60 

DAS was obtained in i'i, (PKMoB ± !Jrac/vrhizohium) and the lowest (1.63 g plant") was 

obtained in T1 (Control). The highest root length observed in T12  (NPKMoB) was identical to all 

other treatments except T,, T2. T3  and 1'4 at 45 DAS and except Ti. '12. T3. T4 and T5  at 60 DAS. 

The lowest root lengths were obtained in 'I', at all the DAS. liradyrhizohiwn inoculant alone or 

incombination with PKMoB had no effect on shoot length at 30 and 60 DAS. Leaves plant" has 

no significant effect by different fertiiizers at 30, 45 and 60 DAS. respectively though the highest 
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leaves plant' WaS obtained from Ti, (PKMoB + lJradvrhi:o/thim) and the lowest leaves plant1  

was obtained from T (control) at 30 DAS. The highest plant he%ht (44.3 cm) at harvesting stage 

was obtained from T12  (NPKMoB) which was identical to all other treatments but different from 

T1  (control) and Inoculum. 

All the fertilizer treatments showed insignificant response in terms of pod length. The 

highest pod length (4,23 cm) was recorded in treatment Tn (NPKMoB) that was identical to all 

other treatment combinations but different from T and the lowest pod length of 3.28 cm was 

recorded in control plant All the fertilizer treatments showed significant response in pods plant" 

except T2  and Ti. The highest pod number (8.78) was obtained from T,2  (NPKMoB) which was 

significantly different from control (T1) (4.89) and T, but identical to all other treatments. No 

significant response due to application of different fertilizer was observed for seeds pod". There 

was no significant relalionship among the different 1TeaJJDCMS in 100-seed weight. The highest 

100-seed weight of 5.89 was obtained from 'l' (NPKMoB 1 lnoculum) and the lowest 100-seed 

weight of 5.08 g was obtained from control treatment (T1  ). 

The highest pod weight of 3.87 g plant" was obtained from T11  (PKMoB + Inoculum) 

and the lowest pod weight (1.97 g) was obtained from T (control). liradythizobiurn inocutatton 

had significant effect on blackgram stover weight The highest stover weight of 4.47 g plant-' 

was obtained from Ti, (PKMoB + Inoculum) and the lowest of 2.22 g plant-' was obtained from 

T (control). The highest seed weight (2.69 g) was obtained from T,, (PKMoB ± tnocIunt) and 

the lowest seed weight (1.40 g) was obtained from T, (control). 

All the treatment showed significant response in nitrogen content in seed. The highest 

nitrogen content in seed (3.300/0) was obtained from T1, (PKMoB + lnoculurn) and TI:' 

(NPKMoB), which was significantly different from control, PKMo. PKB, N and PKMoB. The 
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highest N content (1.53%) was obtained from T,1  (PKMoB + Inoculum) and the lowest N 

content (1.43%) in stover was obtained from 'I\ (control). Protein content in seed showed 

positive result among the different treatments. 
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App. Table 1. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (molybdenum and boron) on nodulation in blackgram 

30 DAS 45 DAS  60 DAS  
_ 

Total Nodule 
Nodule Nodule Total Nodule 

Nodule Nodule Total Nodule 
Nodule 
on 

Nodule 

l'reatment nodule on main 
on 

branch 
weight nodule on main branch 

weight nodule on main 
root 

branch 
weight 

(mg 
number root root 

(mg 

) plant 
number 

. plant 
root 

. plant 
root 

(mg 
-1 plant ) 

number 
plant . plant 

root 
planf' 

plant 
plant plant plant" planf' 

IT,: Control 2.67 e 1.441 1.23 cd 2.01 c 4.53 g 2.72 g 1.81 1 9.15 e 6.00d 3.50de 2.50 e 13.11 e 

T2: PKMo 5.23 bed 3.78 be 1.45 bed 2.21 be 7.75 def 4.65 del 3.27 del 17.43 d 9.55 c 5.31 cd 4.24 b-e 30.65 c 

5.45 be 3.83 be 1.62 bed 2.25 be 8.25 del 5.03 de 3.22 del 18.56 d 9.33 c 5.00 cde 4.50 b-e 28.00 cd 

T 	Inoculum ~ ',: 6.00 b 4.03 be 1.97 b 2.55 be 10.51 cd 6.31 cd 4.20 bed 26.28 be 12.07 c 7.23 c 4.84 bed 35.21 c 

N 4.67 cd 3.00 de 1.67 bed 2.30 be 4.50 g 2.88 fg 1.621 10.12 e 5.93 d 3.12 e 2.81 de 18.79 de 

PKMo+lnoculum 6.23 b 4.17 b 2.06 h 2.72 b 14.03 b 8.22 b 5.81 b 30.07 b 18.62 b 9.59 b 9.03 a 48.86 b 

PKB+Inoculum 6.11 b 4.28 b 1.83 be 2.74 b 12.05 be 7.03 be 5.17 be 22,53 cd 12.17 c 7.21 c 4.96 be 35.51 c 

T: NPKMO 4.45 cd 1 3.33 ede 1.12 d 2.07 c 7.52 of 4.86 de 3.01 del 18.81 d 9,44 c 5.33 cd 4.11 b-c 29.32 cd 

T9: NPKB 5.23 bed 3.62 bed 1.61 bed 2.08 e 7.49 of 4.57 d-g 2.92 del 18.73 d 9.81 c 5.25 cd 4.58 b-e 28.90 cd 

T,0: PKMoB 5.45 be 3.73 be 1.72 bed 2.11 c 10.16 ede 6.30 cd 3.86 ede 20.86 cd 11.83 c 6.00 c 5.83 b 35.49 c 

Ti,: PKMoB+lnoculum 8.11 a 5.00 a 3.11 a 4.00 a 20.50 a 12.51 a 8.03 a 46.15 a 22.22 a 14.29 a 7.93 a 65.66 a 

T12: NPKMoB 4.23 d 2.67 e 1.56 bed 2.28 be 6.51 fg 4.10 efg 2.41 of 20.87 cd 9.75 c 6.13 e 3.62 cde 24.25 cd 

LSD (0.05) 1.02 0.8 0.53 0.49 1 	2.57 1.71 1.53 5.26 1 	2.88 1.95 1.88 10.5 

CV (%) j_11.3 11.1 18.2 I 	12.0 16.0 17.5 1 	24.0 1 	14.4 15.0 )_17.8 I 	22.6 18.9 
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App. Table 2. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (molybdenum and boron) on root and shoot dry weight 

of btackgram 

3ODAS 45DAS 6ODAS 

Treatment 
______

Root weight Shoot weight Root weight Shoot weight Root weiht Shoot weipht 

(g plant t ) (g plant') (g plant') (g plant') (g plant ) (g plant ) 

T1 : Control 0.04 0.32 0.06 0.61c 0.10b 1.63 

T2: PK.Mo 0.04 0.34 0.06 0.8labc 0.15a 1.80 

13: PKB 0.04 0.34 0.07 0.81abc 0.14a 1.83 

Inoculum 0.05 0.33 0.07 0.79bc 0.15a 1.87 

N 0.05 0.34 0.06 0.85ab 0.15a 1.83 

16: PKMo+lnoculum 0.05 0.35 0.07 0.89ab 0.16a 1.88 

T7: PKB+lnoculum 0.05 0.35 0.07 0.95ab 0.17a 1.98 

T3: NPKMO 0.05 0.34 0.07 0.84ab 0.16a 1.90 

Tg: NPKB 0.05 0.34 0.07 0.90ab 0.16a 2.01 

T19: PKMoB 0.05 0.36 0.07 0.94ab 0.16a 1.92 

PKMoB+Inoculum 0.05 0.36 0.08 1.02a 0.17a 2.37 

NPKMoB 0.05 0.36 0.08 1.02a 0.17a 2.03 

LSD (0.05) NS NS - NS 0.19 0.04 	 NS 

cv (%) 21.9 10.2 22.8 12.8 I_15.1 	 12.9 
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App. Table 3. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (molybdenum and boron) on root length, shoot length 

and leaf number of blackgram 

30DAS 45DAS  60DAS  

Treatment Root length Shoot length Leaves Root length IShoot lengthl Leaves Root length Shoot length[ Leaves 
plant" 

(cm) (cm) plant4  (cm) (cm) plan(' (cm) ......  (cm) 

Control 4.33 21.4 2.22 5.63c 32.Oc 4.00 6.00d 35.0 4.93 

PKMo 4.78 27,8 2.50 6.17bc 37.3b 4.75 6.53cd 39.7 5.33 

i': PKI3 4.75 26.6 2.33 6.00bc 40.5ab 5.00 7.16bcd 39.0 5.33 

Inoculum 4.89 26.6 2.44 6.00bc 37.Ob 4.67 6.60cd 39.5 5.75 

N 5.44 28.1 2.89 6.66abc 38.70ab 4.66 7.00bcd 39.8 5.83 

PKMo+Inoculum 5.78 29.3 2.56 7.00abc 40.5ab 5.50 7.90abc 41.9 5.70 

Ti: PKB+Inoculum 4.78 29.1 2.67 7.25abc 41.5ab 5.75 8.25abc 42.5 6.00 

18: NPKMo 5.67 27.5 2.78 6,70abc 40.7th 5.67 8.33abc 42.8 5.66 

Tg: NPKB 6.11 28.6 3.00 6.83abc 41.7ab 5.50 8.33abc 50.0 5.83 

Ti0: PKMoB 5.34 28.6 2.67 7.66ab 42.3a 5.50 8.66th 43.0 5.50 

PKMoB+lnoculum 6.67 27.1 2.67 8.20a 43,2a 5.83 9,20a 43.7 6.16 

NPKMoB 6.33 29.0 2.78 8.25a 43.3a 5.67 9.55a 50.4 6.10 

LSD (0.05) NS NS NS 1.61 4.441 NS 	1.63 	NS 	NS 

CV (%) 21.4 9.80 15.3 13.8 6.6 ) 	21.3 	12.4 	15.0 	12.8 
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App. Table 4. Effect of nitrogen, Bradyrhizobilifli inoculant and micronutrients (molybdenum and boron) on nitrogen uptake by seed 

and stover, and protein yield by seed and stover of blackgrarn 

N uptake by seed 	I 	N uptake by stover 	Protein yield by seed 	Protein yield by stover 

Treatment 	 -1 	
•1 

(nn n1nt ' 	 ( g olant ) 	- 	(mg plant ) 	 (mgplant 
k11bV"' / 

Ti: Control 	 44.2c 	 31.7d 	 276c 	 t93Q 

r2:PKMo 	 73.8ab 	 49.4bc 	 461ab 	 31lbc 

PKB 	 71.2ah 	 48.5bcd 	 445ab 	 303bc 

Inoculum 	 66.7ab 	 44.9cd 	 417ab 	 280cd 

15: N 	 64.Obc 	 53.4abc 	 400bc 	 334abe 

T6: PKMo+lnoculum 	 88.1a 	 56,1abe 	 551a 	 350abc 

T: PKB+lnoeulum 	 84.5ab 	 55.8abe 	 529ab 	 349abc 

18: NPKM0 	 82.9ab 	 56.8abc 	 512th 	 355abc 

T9:NPKB 	 84.7ab 	 57.8abc 	 530ab 	 36Iabc 

T10:PKM0B 	 81.1ab 	 54.1abc 	 507th 	 338abc 

T: PKMoB+lnOCUlUm 	87.7a 	 68.3a 	 548a 	 427a 

112: NPKMoB 	 86.3ab 	 65.4ab 	 540ab 	 408ab 

LSD 0.05 	 20.2 	 15.9 	 127 	_100 

I CV %) 	 15.7 	 17.6 	_15.7 	_17.6 
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