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Abstract

A field experiment was conducted during March to June 2009 at the research field
of Soil Science Division, Bangladesh Agricultural Research Institute (BARI), Joydebpur,
Gazipur to study the effect of nitrogen, Bradyrhizobium inoculant, molybdenum and
boron on growth, nodulation, and yield, yield contributing characters, nitrogen content
and uptake of mungbean. The variety BARI Mung-5 and Bradyrhizobium inoculant
(BARI RVr-401) was used for the above experiment. There were twelve treatment
combinations viz. T1: Control (non-inoculated and non-fertilized control), T,: PKMo, Ts:
PKB, T4: Bradyrhizobium inoculant, Ts: N, Te: PKMo + Bradyrhizobium Inoculant, T+:
PKB + Bradyrhizobium Inoculant, Tg: NPKMo, Tg: NPKB, T19: PKM0B, T1:: PKMoB +
Bradyrhizobium Inoculant and T1,: NPKMoB. After 35 and 50 days of sowing, 5 plants
were uprooted from each plot in each days of nodule collection to study nodulation, dry
matter production and plant growth. At maturity, yield and yield contributing characters
were recorded. Bradyrhizobium inoculation significantly increased number of nodules,
nodule weight, root and shoot length, seed and stover yield, yield attributes, nitrogen and
protein yield of mungbean compared to non-inoculated control. Bradyrhizobium
inoculation in presence of Mo and B recorded the highest nodule number and nodule
weight, and also seed and stover yields. Bradyrhizobium inoculation alone or in presence
of Mo or B aso recorded higher nodulation over other treatment combinations.
Bradyrhizobium inoculation was better than nitrogen in ailmost all the parameters studied.
Molybdenum and boron also performed better results. This result indicated that the use of
Bradyrhizobium inoculants with molybdenum and boron appeared to be an effective

method for successful mungbean production.



CHAPTER|

INTRODUCTION

Mungbean (Vigna radiata L. Wilzek) is one of the major pulse crop grown in
Bangladesh. It is considered as the quality pulse in the country but the production per unit
areais very low (763 kg ha') as compared to other countries of the world (BBS, 2006).
Among the pulses, mungbean possess nutrient value having crude protein about 26.0%,
crude fibre 5.2%, nitrogen free extract 62.9%, ether extract 1.1%, total ash 4.4%, Ca

0.2% and P 0.5% (Gowda and Kaul, 1982).

Mungbean is one of the widely grown pulse crops in Bangladesh for human
consumption, animal fodder as well as soil fertility building purpose. But costly and
environmentally risky chemical fertilizers cause serious and continuous problem for
increasing mungbean production in developing countries including Bangladesh. These
problems are likely to become serious in future. Biological Nitrogen Fixation (BNF)
resulting from symbiosis between legume crops and root nodule bacterium
Bradyrhizobium can ameliorate these problems by reducing the chemical N-fertilizer

input required to ensure productivity.

The successful growing of mungbean is dependent on the availability of its
microsymbiont bacteria in soil. Bradyrhizobium strains are present in al soils of
Bangladesh but they may not be equally effective in nodulation and N-fixation. In this
situation, inoculation can meet the challenge by providing superior strains in the soil, so

that the most effective nodulation and nitrogen fixation are obtained. Thus it was thought



that there is a scope for utilizing the effective bradyrhizobial strains for obtaining more
yield of mungbean under field conditions which may play vital role in improving soil
environment and agricultural sustainability.

Now a day a number of organisms like Bradyrhizobium has been identified to use
as biological agent for fixing atmospheric nitrogen by processing with legume crops and
make available to the plants. Bangladesh Agricultura Research Institute (BARI) isolated
some Rhizobium strains for some pulse crops. It has already been selected some
Bradyrhizobium strains especialy for mungbean varieties. To reduce the production cost
and to fulfill the demand, more pulse production could be achieved through seed
inoculation with Bradyrhizobium strains which is known to increase biological nitrogen
fixation. Bradyrhizobium inocul ation increased mungbean seed yield from 4.3% to 16.2%
(Vaishya et al., 1983). In Bangladesh, inoculation with Bradyrhizobium increased 25%
dry matter production, 28% grain yield and 21% hay yield over non-inoculated control
(Bhuiyan and Mian, 2007). Maximum yields were obtained when fertilizers applied
together with Bradyrhizobium inocula. Singha and Sarma (2001) reported that Rhizobium
inoculation significantly increased the number (2.2%) and mass (9.5%) of root nodules
plant™ compared to control. Meenakumari and Nair (2001) reported that N content of
fresh seed was 5.78% in the inoculated plants, while that in non-inoculated control was
only 2.7%. Seed inoculation with Bradyrhizobium significantly increased seed yield (0.88
t ha’, 28.0% increase over control) and stover yield (2.18 t ha) of mungbean (Bhuiyan
and Mian, 2007). Bradyrhizobium inoculation also significantly increased pods plant™,

seeds pod™ and 1000-seed weight (Bhuiyan et al., 20083).



Micronutrients play an important role in increasing yield of pulses and oilseed
legume through their effects on the plant itself and on the nitrogen fixing symbiotic process
(Bhuiyan et al., 1996a; 1996b). But deficiencies of these nutrients have been very much
pronounced under multiple cropping systems due to excess remova thereby necessity of

their exogenous supply.

Molybdenum is essentia for N-fixation and the amounts required are so small that
the seed of grain legumes can contain sufficient molybdenum for the growth of one
generation of plant (Harris et 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, and therefore a sufficient supply of Mo is essentia for
nitrogen fixation in legumes. Effects of molybdenum application on different grain legumes

nodul ation have been documented (Bhuiyan et al., 1999a, 2005).

Boron is essentia micronutrient for cell division in the process of nodule formation
(Mulder, 1948). Boron is essentia for plants, has been considered a nonessentia nutrient for
rhizobia. The deficiency of B affects some grain legumes (Rerkasem et al., 1987). The
deficiency of boron and response of different grain legumes have been reported by some

researchers (Rerkasem et al., 1987; Bhuiyan et al., 1999b, 2005 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 et al., 1999a; Khanam et al., 1994). Research results on pulses are available



in relation to single application of molybdenum, boron or rhizobiad inoculum and their

interactions (Bhuiyan et al., 1999a, 1999b, 2005).

Keeping the above viewpoint, this experiment was undertaken with the following
objectives:

)] To investigate the effect of Bradyrhizobium inoculation, nitrogen,
molybdenum and boron on the growth, nodulation, yield and nitrogen uptake,

and other yield contributing characters of mungbean.

i) To find out the suitable combination of Bradyrhizobium, nitrogen,

molybdenum and boron for mungbean production.



CHAPTERII

REVIEW OF LITERATURE

Biofertilizers are cultivars of microorganisms which benefit the plants by
providing nitrogen or phosphorus or rapid mineralization of organic materials. Of the
biofertilizes, the use of Bradyrhizobium was studied in Bangladesh at large extent. Work
on combined use of Bradyrhizobium inoculation, boron and molybdenum is very little.
Only limited number of research works has so far been carried out on the combined use
of Bradyrhizobium inoculation on mungbean (Vigna radiata L.) and other pulse crops.
However, available information on the contribution of Bradyrhizobium inoculation,

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

2.1 Effect of nitrogen

Effect of nitrogen on mungbean and other legumes have been presented below.

Sharma et al. (2001) carried out a field experiment on mungbean cv. Pusa
Baisakhi which was fertilized with various levels of nitrogen (0, 10 and 20 kg N ha') and
phosphorus (0, 30 and 60 kg P,Os ha®) under mid-hill conditions in Himachal Pradesh,
India during the kharif seasons of 1998 and 1999. The highest levels of N and P,Os
applications resulted in the average maximum test weight, biological and grain yields,

harvest index and seed protein content.

Srinivas and Shaik (2002) conducted field experiment during the kharif seasons to
study the effects of N (0, 20, 40 and 60 kg ha*) and P (0, 25, 50 and 75 kg ha™) along

with seed inoculation with Rhizobium culture on the growth and yield components of



greengram. Plant height generally increased with increasing rates of P and with
increasing rates of N up to 40 kg ha followed by decrease with further increase in N.
Number of seeds pod™, 1000-seed weight, seed and haulm yields generally increased.
Seed inoculation with Rhizobium resulted in higher values for the parameters measured
relative to the control. The interaction effects between N and P were not significant for

the number of pods plant™, pod length, seed and haulm yield.

Malik et al. (2003) carried out a field experiment on mungbean (Vigna radiata L.)
in Pakistan to determine the effect of varying levels of nitrogen (0, 25 and 50 kg ha®) and
phosphorus (0, 50, 75 and 100 kg ha™) on the yield and quality of mungbean (Vigna
radiata) cv. NM-98. Although plant population was not affected significantly, various
growth and yield components were significantly affected by varying levels of nitrogen
and phosphorus. A fertilizer combination of 25 kg N + 75 kg P ha’ resulted in the
maximum seed vyield (1,113 kg ha™). Protein content (25.6%) was maximum in plots
treated with 50 kg N + 75 kg P ha*, followed by 25.1% protein content in plots treated at
25 kg N + 75 kg P ha’. The highest net income (Rs. 21,375) was obtained by applying 25

kgN + 75 kg P ha™.

Patel et al. (2003) conducted a field experiment in Gujrat, India during the
summer seasons of 1995 to 1998 on sandy loam soils to determine the suitable sowing
date, and nitrogen and phosphorus requirements of summer mungbean (cv. GM3).
Treatments comprised: all the 27 combinations of three sowing dates. 15 February, 1
March and 15 March; three nitrogen rates: 10, 20 and 30 kg N ha*; and three phosphorus

rates: 20, 40 and 60 P ha*. Results indicated that sowing mungbean on 1 March recorded



significantly higher grain yields, 37 and 16% higher than those of early (15 February) or
late-sown crops (15 March), respectively. Application of 10 kg N ha® recorded
significantly higher grain yield over the control. Treatment with 40 kg P ha™* produced 15
and 18% higher grain yields than treatments with 20 and 60 kg P ha*, respectively. The
highest net return of Rs. 18,240 ha* was recorded from mungbean sown on 1 March and

treated with 20 kg N ha* and 40 kg P ha™.

Sangakhara (2003) carried out a field experiment in Sri Lanka in 1999 to
determine the impact of effective microorganisms (EM) on N dynamics in a cerea
(maize cv. Ruwan)-legume (mungbean) cropping system, using 15N labeled maize or
mungbean residues. EM increased the 15N concentrations of maize at the V8 growth
stage indicating better use of applied nutrients from organic matter. The uptake of 15N
was greater from mungbean residues rather than from maize. EM aso increased
biological N fixation. The synergistic effects of EM in organic systems were evident from

thisfield study.

Asraf et al. (2003) conducted a field experiment at Faisalabad in Pakistan to
observe the effects of seed inoculation of a biofertilizer and NPK application on the
performance mungbean cv. NM-98. The treatments consisted of the seed inoculation of
Rhizobium phaseoli singly or in combination with 20:50:0, 40:50:0 or 50:50:50 NPK kg
ha' (urea), P (single super phosphate) and K (potassium sulphate) were applied during
sowing. The tallest plants (69.9 cm) were obtained with seed inoculation + 50:50:0 kg
NPK ha’. Seed inoculation + 50:50:0 or 50:50:50 kg ha* resulted in the highest number

of pods plant™ (29.0, 56.0, 63.9 and 32.6, respectively) and seed yield (1,053, 1,066,



1,075 and 1,072 kg ha?). Harvest index was the highest with seed inoculation in
combination with NPK and 40:50:0 (25.23), 50:50:0 (24.70) or 50:50:50 (27.5). 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.

Panda et al. (2003) conducted field experiments in West Bengal, Indiato evaluate
the effects of NK application on the productivity of yambean (Pachyrhizus erosus)-
pigeonpea (Cajanus cajan) intercropping system and its residual effect on the succeeding
mung (Vigna radiata). Marketable tuber yield of yambean increased linearly with
increasing NK levels, with the highest being recorded with NK at 80 kg ha™* applied in 2
splits (22.9 t ha™) closely followed by 100 kg NK ha™ applied in 2 splits (22.4 t ha™). For
pigeonpea, the maximum grain (14.38 q ha), stick (8.08 q ha') and bhusa yield (9.96 q
ha') were recorded with 80 kg NK ha™* applied in 2 splits. The highest level of NK (100
kg ha) applied in 3 splits to yambean-pigeonpea intercropping system registered the
maximum grain yield of the succeeding mungbean (9.43 q ha*), which was 33% higher

than the untreated control.

Hayat et al. (2004) conducted a field experiment during kharif 2000 in
Rawalpindi, Pakistan to find out the effect of N and Rhizobium sp. inoculation on the
yield, N uptake and economics of mungbean (cultivars NM 92 and NCM 209). The
treatments were: control; 500 g Rhizobium inoculum, 30, 60 and 90 kg N ha* and
inoculum combined with N at 30, 60 and 90 kg ha*. N content was higher in nodules of
NM 92 than NCM 209. The highest N content in nodules (2.80%) was obtained with

inoculation + 30 kg N ha*. NCM 209 had higher N shoot content (2.13%) than NM 92



(1.87%). The highest shoot N content was obtained with inoculation + 30 kg N ha*. The
highest soil N content was obtained with inoculation + 90 kg N ha™*. NCM 209 produced
higher yield than NM 92. The maximum economic yield for NM 92 and NCM 209 (768
and 910 kg ha*, respectively) was obtained with inoculation + 90 kg N ha™. The
maximum biological yield (4,889 kg ha') was obtained in NCM 209 with inoculation +
30 kg N ha™. NCM 209 showed higher biological yield than NM 92. The highest harvest
index of 18.45% was obtained with inoculation + 30 kg N ha™*. The maximum net income
(Rs. 18,329 and Rs. 13,003 ha*) in NCM 209 and NM 92 was obtained with inoculation
aone and inoculation + 30 kg N ha™, respectively. The highest benefit: cost ratio was

obtained in NCM 209 with the inocul ation treatment alone.

A field experiment was laid out by Oad and Buriro (2005) to determine the effect
of different NPK levels (0-0-0, 10-20-20, 10-30-30, 10-30-40 and 10-40-40 kg ha 1) on
the growth and yield of mungbean cv. AEM 96 in Tandojam, Pakistan during the spring
season of 2004. The different NPK levels significantly affected the crop parameters. The
10-30-30 kg NPK ha' was the best treatment, recording plant height of 56.3 cm,
germination of 90.5%, satisfactory plant population of 162, prolonged days taken to
maturity of 55.5, long pods of 5.02 cm, seed weight per plant of 10.5 g, seed index of
3.52 g and the highest seed yield of 1,205 kg ha*. There was no significant change in the

crop parameters beyond this level.

Kabir et al. (2005) carried out a field experiment on mungbean to find out the
effects of salinity, the growth, plant water relations as well as uptake of nutrient elements

in mungbean (Vigna radiata L. Wilczek). This study was initiated to examine whether



the application of higher levels of nitrogen (N) would improve the salinity tolerance of
this crop. Mungbean plants (var. BARI Mung 3) were grown in pots; each filled with 12
kg air-dried loamy soil, inside a plastic greenhouse under natural light conditions during
the summer of 2001, with three levels of N, equivaent to 13.3 (low), 40 (medium) and 60
(high) kg ha* with 0 and 75 mM NaCl. Salinity disturbed the plant water status seriously.
Relative water content, xylem exudation rate and leaf water potential decreased by
salinity. Application of higher levels of N improved the water status of the plants. Yield
and yield components were also adversely affected by salinity, except for the number of
seeds per pod. Grain yield and yield components were noticeably improved by the
application of high levels of N. The concentrations of N, P, K and Ca markedly decreased
by salinity, while that of Na remarkably increased. The concentrations of the nutrients
tended to increase, while that of Nato decrease with the application of increased levels of
N. It was concluded that the application of higher levels of N improved the water
relations and accumulation of nutrient elements as well as yield in mungbean under saline

conditions.

Rana and Choudhary (2006) conducted a field experiment during 2000 and 2001
in New Delhi, India to evaluate the relative moisture utilization by maize grown as sole
crop or in maize-mungbean intercropping system. Total grain production in terms of
mai ze equivalent was higher in maize (75 cm) + two rows of mungbean. Total N uptake
and water use efficiency were also highest in maize (75 cm) + two rows of mungbean.
All parameters increased with increasing concentration of N up to 120 kg ha™.

Tickoo et al. (2006) carried out a field experiment in Delhi, India during the

kharif season of 2000 with mungbean cultivars Pusa 105 and Pusa Vishal which were



sown at 22.5 and 30 m spacing and supplied with 36-46 and 58-46 kg NP ha*. Cultivar
Pusa Vishal recorded higher biological and grain yield (3.66 and 1.63 t ha'*, respectively)
compared to cv. Pusa 105. Differences in the values of the parameters examined. NP
rates had no significant effects on both the biological and grain yield of the crop. Row

spacing at 22.5 cm resulted in higher grain yields in both crops.

Sultana et al. (2009) conducted a field experiment during the period from March
2007 to June 2007 at Sher-e-Bangla Agricultural University, Dhaka with nitrogen and
weed management in mungbean where nitrogen (0, 20 kg ha* at vegetative, 20 kg N ha™
at vegetative and flowering) and weeding (no weeding, one weeding at vegetative, two
weeding at vegetative and flowering) was done. Result showed that application of 20 kg
N ha basal showed significantly higher values of all growth parameters like number of
leaflet (24.3 at 20 DAS and 24.3 at 40 DAYS), leaf area (23.3 cm? at 20 DAS and 102.2
cm? a 40 DAS), Leaf dry weight (0.30, 6.99 and 10.61 g at 10, 17 and 24 DAS,
respectively) and shoot dry weight (2.76 and 4.69 g at 17 and 24 DAS, respectively). This
treatment also produced significantly more number of branches (1.67), pods plant™ (17.8)

and seed yield (1,982 kg ha™).

2.2 Effect of Bradyrhizobium inoculation
Effect of Bradyrhizobium inoculation on mungbean and other legumes have been

presented below:

Kavathiya and Pandey (2000) conducted a pot experiment with Rhizobium on
mungbean (Vigna radiata cv. K 851) and found that nodule plant™ increased significantly

over uninoculated control. They also reported that maximum seed germination (96.6%),



plant height (24.6 cm), fresh shoot weight (5.33 @), fresh root weight (4.42 g) and
nodulation (69 healthy nodules plant™) was recorded in the Rhizobium treatment.

Navgire et al. (2001) carried out an experiment on mungbean cultivars to different
Rhizobium strains under rainfed conditions. Seeds of mungbean cultivars BM-4, S-8 and
BM-86 were inoculated with Rhizobium strains M-11-85, M-6-84, GR-4 and M-6-65.
Cultivars S-8, BM-4 and BM-86 recorded the highest mean nodulation (16.7), plant
biomass (8.29 q ha®) and grain vyield (4.79 q ha') during the experimental years. S-8,

BM-4 and BM-86 recorded the highest nodulation, plant biomass and grain yield.

Bhattacharyya and Pal (2001) conducted a field experiment in West Bengal,
India, during the pre-kharif season to study the effect of Bradyrhizobium inoculation, P
(at 0, 20 kg ha™) and Mo (at 0, 0.5 and 1 kg ha™) on the number of nodules plant™ of
summer greengram cv. T-44. Inoculation and application of P and Mo significantly
influenced the number of nodules plant™, dry matter accumulation in the shoot, crop

growth rate and plant height comparing with control.

Singha and Sarma (2001) conducted an experiment in India on blackgram cv. T-9
to study the effect of different levels of P fertilization and Rhizobium 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 ha™ produced the highest grain and straw yield
and was at par with the application of 25 and 35 kg P ha™. N uptake increased from 20 to
30 kg ha™* with application of 25 to 45 kg P ha™, respectively. Rhizobium 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.

A field experiment was conducted in Vamban, Tamil Nadu, India by Nagargjan
and Balachandar (2001) during the kharif season of 1998 to study the effects of organic
amendments on nodulation and yield of blackgram cv. Vamban 1. The treatments
consisted of Rhizobium (strains CRU 7 for blackgram and CRM 11 for greengram) seed
inoculation, 15 t farmyard manure (FYM ha', FYM + Rhizobium, 5 t compost ha’
(prepared from leaves and twigs of Sesbania sesbhan, S grandiflora, Cassia fistula,
Cassia auriculiformis and Claricidia (Gliricidia) along with cowdung and rock
phosphate), compost + Rhizobium, 5 t biodigested slurry ha*, and biodigested slurry +
Rhizobium. In general, seed inoculation of Rhizobium and application of organic
amendments enhanced biomass, root nodulation, and grain yield. Biodigested slurry at 5t
ha' + Rhizobium gave the greatest plant height (42.7 and 53.7 cm for blackgram and
greengram, respectively), nodule number (23.3 and 24.0), nodule weight (45.3 and 42.3

mg) and grain yield (758 and 732 kg ha'%).

Sarkar et al. (2002) inoculated the seed of blackgram with strains of
Bradyrhizobium viz. M-10, 129-USA, 480-M, and MK-5 before sowing in a field
experiment conducted to determine the cultivars and Bradyrhizobium strain for suitable
use in the locality. Cultivars M-16 recorded longer roots and higher root volume plant™,
number of nodules plant™ and test weight compared to A-43. The interaction effects
between cultivar A-43 and Bradyrhizobium strain MK-5 resulted in the highest root

volume plant™ (1.30), number of nodules plant™ (7.03) and test weight (4.23 g), whereas



the interaction effects between cultivar A-43 and Bradyrhizobium strain 480-M resulted
in the longest roots (14.7 cm). Correlation coefficient studies showed high correlation
between seed yield and dry weight, and root weight. Root length and root volume were

inversely correlated with test weight.

Chatterjee and Bhattacharjee (2002) studied the effects of inoculation with
Bradyrhizobium and phosphate soluble bacteria (PSB) on nodulation and grain yield of
mungbean cv. B-1 in field trial conducted in West Bengal. Seeds of mungbean were
inoculated with strains of Rhizobium, i.e JCa-1 and M-10 strains, at a population of 28.20
x 10° and 32.66 x 10° cells ml™, respectively, phosphate solubilizing bacteria containing
Bacillus polymyxa and Pseudomonus striata at a population of 7 x 108 cells ml™ at the
time of the sowing. The plants inoculated with Bradyrhizobium 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 Bradyrhizobium

strains and PSB.

Malik et al. (2002) studied the effects of seed inoculation with Rhizobium and P
application (at 0, 30, 50, 90 and 110 kg ha) on the growth, seed yield and quality of
mungbean cv. NM-98. Seed inoculation with Rhizobium and application of 70 kg ha
resulted in the highest number of pods plant™ (22.5), number of seed pod™ (12.1), 1000-
seed weight (42.3 g) and seed yield (1,158 kg ha'). Plant height at harvest was the

highest when inoculated with Bradyrhizobium (68.2 cm).

Potdukhe and Guldekar (2003) carried out a field experiment to find out the

synergistic effects of combined inoculations of Rhizobium, phosphate-solubilizing



bacteria (PSB, Azospirillum brasilense) and antagonistic bacteria (AB) on nodulation and
grain yield of mungbean cv. TARM-18 which were investigated during the kharif season
of 1997-98, 1998-99 and 1999-2000 in Akola, Maharashtra, India. The highest nodule
number (20.3 plant™) and nodule dry weight (107.2 mg plant™) were obtained under the
treatments with Rhizobium alone and Rhizobium + AB. Plant dry weight was maximum
under the treatment Rhizobium + AB. High grain yield (507 kg ha*) was obtained under

the seed treatment with Rhizobium + A. brasilense + AB.

A study was conducted by Kumari and Nair (2003) to isolate efficient native
strains of Rhizobium or Bradyrhizobium spp. to develop suitable package of practices
recommendations for their efficient use. The initial isolation of Bradyrhizobium spp. was
done from seven different locations in Kerala, India where the soil was generally acidic
in nature. A total of 26 isolates (13 each from blackgram (Vigna mungo) and greengram
(V. radiata) were obtained and were screened for nodulation efficiency. The extent of
root nodulation, plant growth and yield were more in blackgram and greengram where
Bradyrhizobium 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
Rhizobium or Bradyrhizobium alone was not sufficient but it should be along with a
package of practices recommendation consisting of application of organic manure and

[iming to neutralize the soil pH.



A field experiment was conducted by Kumar et al. (2003) during 2001-02 on the
sandy loam soil of Haryana, India to investigate the effect of Rhizobium sp. seed
inoculation, FYM (farmyard manure) at 5 t ha*, vermicompost at 2.5 and 5 t ha™, and 4
levels of fertilizers (control, no chemical fertilizer; 75% recommended dose of fertilizer,
RDF; 100% RDF. N:P at 20:40 kg ha’; and 125% RDF) on the performance of
mungbean cv. Asha Rhizobium sp. inoculation significantly increased the grain yield.
Increasing RDF levels up to 100% also increased grain yield. Vermicompost at 5 t ha*
produced 16.5 and 9.5% higher grain yield compared to FYM a 5 t ha' and
vermicompost at 2.5 t ha, respectively, in 2002. However, the organic amendment did
not affect the grain pod™* in 2001 and the 1000-grain weight in both years. The interaction
of the different treatments was significant in 2002. Vermicompost application at both
levels resulted in higher yield compared to FYM. Yield increased with increasing
fertilizer rate up to 125% RDF, when applied with FY M, but yield was higher under the

treatment 100% RDF + vermicompost (both rates).

Solaiman et al. (2003) carried out a study on mungbean to find out the response of
mungbean cultivars BARI Mung-2, BARI Mung-3, BARI Mung-4, BARI Mung-5, BINA
Moog-2 and BU Mung-1 to Rhizobium sp. strains TAL169 and TAL441 was investigated
in Bangladesh. Bacterial inoculation of the seeds increased nodulation, nitrogenase
activity, dry matter production, N content and N uptake. The best characteristics were
obtained with BARI Mung-4 inoculated with strain TAL169.

A field experiment was conducted by Singh and Pareek (2003) during the rainy
season of 1998 in Indiato investigate the effect of P fertilizers (at 0, 15, 30, 45 and 60 kg

P,Os ha) and biofertilizers (Rhizobium sp.; phosphate solubilizing bacteria, PSB; and



combination of Rhizobium + PSB) on the growth and yield of mungbean cv. RMG 62.
All biofertilizer treatments increased growth and yield characters, except pod length and
test weight. The highest values for al the parameters studied were obtained with
Rhizobium + PSB: dry matter accumulation m™ row at 50 days after sowing and at
harvest; branches plant™ at harvest; number of nodules plant™; pods plant™; and seed
yield ha™. The dry matter accumulation, pods plant™, number of seeds plant™, test weight

and seed yield were highest with P at 45 kg P,Os ha™* than the other P rates.

A field trial was conducted by Sharma and Upadhyay (2003) during in kharif
seasons of 1998 and 1999 in Palampur, Himachal Pradesh, Indiato investigate the effect
of seed inoculation with Bradyrhizobium sp. strains (Ludhiana, Local and IARI isolates,
in a sticker solution of 10% sugar and 40% gum arabic) on the growth and yield of
mungbean. Seed inoculation with the local strain resulted in the maximum values for
plant height and dry matter accumulation, followed by Ludhiana and 1ARI strains. The
local strain also resulted in the highest yield, number of pods per plant and number of

branches plant™.

Kumar and Chandra (2003) conducted a field experiment during 1995/96 at
Pantnagar, Uttar Pradesh, India to investigate the effects of combined inoculation of
Rhizobium strain M-27 (a nitrogen-fixing bacterium) and Glomus caledonium (a vesicular
arbuscular mycorrhiza or VAM) with different levels of P (0, 25, 50 and 75 kg ha') on
nodulation, biomass production and grain yield of mungbean cv. Pusa Baishakhi.
Combined inoculation of Rhizobium + VAM gave significantly more nodules at 30 and

50 days after sowing (DAS) and higher grain yield and biomass than single inoculation



with either Rhizobium or VAM. Application of P significantly reduced VAM
colonization at 30 and 50 DAS, but increasing P level significantly increased biomass

production and grain yield over the untreated control.

Muhammad et al. (2004) conducted afield experiment in Pakistan during 2003 to
study the effect of phosphorus and Rhizobium inoculum on yield and yield components of
mungbean cv. NM-92 under the rainfed conditions. Phosphorus at 0, 20, 35, 50, 65 and
80 kg ha™* combined with a basal dose of 20 kg N ha' was applied with and without
inoculum. Plant height and number of branches plant™ were significantly affected with
both inoculum and P application. The highest plant height (72.6 cm) was recorded in the
plot receiving 35 kg P,Os ha' + Rhizobium inoculum while the highest number of
branches plant™ (4.2) was recorded at 65 kg P,Os + Inoculum. The impact of inoculum
and P was also significant on the number of pods plant™. The maximum numbers of pods
(17.0) were recorded at 80 kg P,Os ha™ + Inoculum. However, the number of grains pod™
increased only with an increase of P levels. The maximum grains pod™ (10.9) was
recorded at 80 kg P,Os ha followed by 10.83 at 65 kg P,Os ha™. Both inoculum and P
equally contributed in the increase of 1000-grain weight. The highest 1000-grain weight
(52.3 g) was recorded in treatments receiving 65 and 80 kg P,Os ha' + Inoculum.
Similarly, both P and inoculum significantly affected grain yield. The highest grain yield
(1,018 kg ha*) was with 65 kg P,Os ha* + Inoculum but was at par with the grain yield
recorded at 35 kg P,Os ha™ + Inoculum. Rhizobium inoculation increased grain yield by
7.4%. The application of 35 kg P,Os ha* + Rhizobium inoculum was the most economical
rate giving additional net return of Rs. 5,975 ha’ with VCR of 7.6 compared to the

control.



Hayat et al. (2004) conducted a field experiment on mungbean during kharif 2000
in Rawalpindi, Pakistan to find out the effect of N and Rhizobium sp. inoculation on the
yield, N uptake and economics of mungbean (cultivars NM 92 and NCM 209) was
investigated The treatments were: control; 500 g Rhizobium inoculum, 30, 60 and 90 kg
N ha*; and inoculum combined with N at 30, 60 and 90 kg ha™. N content was higher in
nodules of NM 92 than NCM 209. The highest N content in nodules (2.80%) was
obtained with inoculation + 30 kg N ha™™. NCM 209 had higher N shoot content (2.13%)
than NM 92 (1.87%). The highest shoot N content was obtained with inoculation + 30 kg
N ha’. The highest soil N content was obtained with inoculation + 90 kg N ha™. NCM
209 produced higher yield than NM 92. The maximum economic yield for NM 92 and
NCM 209 (768 and 910 kg ha*, respectively) was obtained with inoculation + 90 kg N
ha'. The maximum biological vyield (4,889 kg ha™) was obtained in NCM 209 with
inoculation + 30 kg N ha*. NCM 209 showed higher biological yield than NM 92. The
highest harvest index of 18.45% was obtained with inoculation + 30 kg N ha™. The
maximum net income (Rs. 18,329 and Rs. 13,003 ha™) in NCM 209 and NM 92 was
obtained with inoculation alone and inoculation + 30 kg N ha™, respectively. The highest

benefit: cost ratio was obtained in NCM 209 with the inocul ation treatment alone.

A pot experiment was conducted by Raza et al. (2004) in a greenhouse to study
the effect of co-inoculation with Rhizobium japonicum [Bradyrhizobium japonicum] and
2 plant growth promoting rhizobacteria (PGPR) strains (Q7 and Q14) on mungbean. R.
japonicum, Q7 and Q14 showed better results than the uninoculated control whether

inoculated alone or in combination with each other. The co-inoculation of Q7 and Q14



with R. japonicum showed better results than R. japonicum aone. Q7 + R. japonicum
increased plant height, root length, number of nodules and number of grains pod™ by
10.8, 5.5, 56.5 and 37.7%, respectively compared with R. japonicum aone, while Q14 +
R. japonicum decreased these parameters but increased the number of pods plant™, 100-
grain weight and number of grains plant® by 66.1, 43.1 and 68.6%, respectively,
compared with R. japonicum alone. Q7 promoted vegetative growth but grain size was
less compared with the other treatments while Q14 showed bold grain size and more

yield.

Hossain and Solaiman (2004) carried out a field experiment to study The effects
of Rhizobium inoculation on the nodulation, plant growth, yield attributes, seed and
stover yields, and seed protein content of six mungbean (Vigna radiata) cultivars were
investigated. The mungbean cultivars were BARI Mung-2, BARI Mung-3, BARI Mung-
4, BARI Mung-5, BINA Moog-2 and BU Mung-1. Rhizobium strains TAL169 and
TAL441 were used for inoculation of the seeds. Two-thirds of seeds of each cultivar were
inoculated with Rhizobium inoculant and the remaining one-third of seeds was kept
uninoculated. The number and dry weight of nodules plant™, plant height, root length,
number of main branches plant™, number of pods plant™, pod length, 1000-seed weight,
seed and stover yields, and seed protein content of the crop increased significantly due to
inoculation of the seeds with Rhizobium strains. Among the cultivars, BARI Mung-4
performed the best in all aspects showing the highest seed yield of 1,135 kg ha™.
Rhizobium strain TAL169 did better than TAL441 in most of the studied parameters. The

number of pods plant™ and 1000-seed weight had positive correlations with seed yield. It



was concluded that BARI Mung-4 in combination with TAL169 performed the best in

terms of nodulation, plant growth, seed and stover yields, and seed protein content.

An experiment was conducted by Mozumder et al. (2005) from March to June
2003 in Mymensingh, Bangladesh to evaluate the response of summer mungbean
cultivars Binamoog-2 and Kanti to Bradyrhizobium inoculation (inoculated and non-
inoculated) and N application (0, 20, 40, 60 and 80 kg ha™). Nitrogen was applied as
urea, whereas liquid mixture of Bradyrhizobium inocula (BINA MB 441, BINA MB 169
and BINA MB 301) was mixed with the seeds before sowing. Data were recorded for
days to flowering, dry matter weight, number of nodules plant™, dry weight of nodule,
plant height, number of branches plant™, number of pods plant™, percentage of mature
pods, number of seeds pod™, percentage of filled seeds, 1000-seed weight, seed weight
plant™, seed yield, straw yield and harvest index. Benefit: cost (BC) ratio was aso
calculated. The highest seed yield (1,461 kg ha') and BC ratio (2.18) were obtained in
the treatment with 40 kg N ha’ along with Bradyrhizobium inoculation. The highest
straw yield (4,702 kg ha') was obtained in the treatment with 60 kg N ha' with

Bradyr hizobium inoculation.

Dudga and Duhan (2005) carried out a field experiment to focuses on nitrogen
fixation, particularly in mungbeans (Vigna radiata) and urdbeans (Vigna mungo). Field
responses of mungbean and urdbean to rhizobial inoculation, strategies to improve and
optimize nitrogen fixation (via appropriate management practices, selection of efficient
host genotype and selection of efficient and competitive rhizobia), effects of

macronutrients and micronutrients, of interaction with different microbes, of different



stresses (e.g. salinity) and of inoculation strategies on growth, nitrogen fixation,

nodulation and yield were observed.

Sharma et al. (2006) conducted a field experiment to evaluate efficacy of liquid
and carrier based Rhizobium inoculants with respect to nodulation, leghaemoglobin
contents and grain yield in mungbean, urdbean and pigeonpea during kharif 2003 in
Punjab, India. Liquid as well as carrier based inoculants of Rhizobium strains were tested
along with uninoculated control. All the inoculants significantly increased nodule number
as compared to uninoculated control in all the three pulse crops (13-66%). No significant
difference in leghaemoglobin contents was observed with carrier and liquid based
Rhizobium inoculants in al the three pulse crops. Significant increase in grain yield was
recorded with liquid inoculant in urdbean (20%). However in mungbean and pigeon pea,
performance of liquid based Rhizobium inoculants was at par to carrier based inocul ants.
Thus, the liquid inoculants were found to be equaly effective to the carrier based

inocul ants

Mandal et al. (2006) conducted a study to identify strains of Rhizobium that can
grow in acid soils and fix nitrogen in mungbean. Forty six Bradyrhizobium strains were
isolated from nodules of mungbean crop collected from Ranchi, Dumka and Singhbhum
districts of Jharkhand, India, and were screened for their ability to grow in low pH, low P
and high Al concentration in liquid basa medium imposing stress in different
combinations. Acid tolerant mungbean isolates (BRM 1 and BDKM 4) were used for
incorporation of antibiotic. Two bulk soil samples having different pH (4.6 and 5.5) were

collected from upland and medium land field at BAU Research Farm, Kanke, Ranchi, for



pot experiment. Results indicated that in general, soils of moderate acidity (pH 5.5)
supported more population at both early and prolonged periods than soil with high
acidity. Higher adhesion of cells of al isolates along with respective uninoculated control
on homologous host was observed in moderately acidic soil than in soil of high acidic
value. The highest number of adhered cells on respective host was found in case of
isolate BDKM 4 of mungbean (mean 18.7 cells), which were significantly superior to
BRM 1 isolate and over control. Interactions of isolate x soil pH were also significant.
Isolate BDKM 4 was identified as the most effective (number of nodules plant™ 3.95 and
adhered cells of 21.1%). It is concluded that acid tolerant isolates (BRM 1 and BDKM 4)
exhibited better survival in soil of less acidity. The isolate BRM 1 was found to be highly
ineffective and was able to infect and form nodules on the host. Isolate BDKM 4 showed

superiority over native rhizobiain terms of dry mass of nodules and shoot.

Anjum et al. (2006) conducted afield experiment on mungbean (Vigna radiata) is
capable of fixing atmospheric nitrogen through Rhizobium species living in its root
nodules to evaluate the effect of inoculations and nitrogen levels on performance of
mungbean, a pot experiment was conducted during spring 2004. Mungbean cv. NM-98
was sown at 20 kg ha™ in pots. Seed and soil inoculation, and nitrogen levels at 15, 30
and 45 kg ha' were applied. Data on number of pods plant™, number of seeds plant™,
100-seed weight and seed yield were recorded. Yield and yield components of mungbean
crop were significantly affected by both inoculation and fertilizer application. Seed

inocul ation was more effective and gave better results than soil inoculation.



Bhuiyan et al. (2007a) carried out an experiment with five mungbean varieties
with or without Bradyrhizobium at the Bangladesh Agricultura University Farm during
kharif-1 2001 and kharif-I 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
50% flowering stage). The number of nodules of 2-4 mm size started to decline after 42
DAS sharply and in case 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 mungbean varieties started at 9 days of sowing seeds
(DAYS) 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 BARI mung-2 at different DAS.
Bradyrhizobium inoculation produced 8.8 (<2.0 mm), 8.5-8.6 (2.1-4.0 mm) and 0.2-0.4
(>4 mm) nodules plant™, while uninoculated plant produced 5.7 (<2.0 mm), 5.6 (2.1-4.0

mm) and 0.1-0.2 (>4 mm) nodules plant™.

Bhuiyan and Mian (2007) conducted experiments with or without
Bradyrhizobium in five mungbean varieties at the Bangladesh Agricultural University
Farm during kharif-1 2001 and kharif- 2002 seasons to observe nodulation, biomass
production and yield of mungbean. Five mungbean varieties viz. BARI Mung-2, BARI
Mung-4, BARI Mung-5, BINA Mung-2 and Barisal local, and rhizobial inoculum
(Bradyrhizobium strain BAUR-604) was used for the study. Application of
Bradyrhizobium inoculant produced significant effect on nodulation, shoot dry weight,

seed and stover yields. Seed inoculation significantly increased seed (0.98 t ha™ in 2001,



27% increase over control and 0.75 t hain 2002, 29% increase over control) and stover
(2.31t ha’ in 2001 and 2.04 t ha in 2002) yields of mungbean. Inoculated BARI Mung-

2 produced the highest nodulation, dry matter production, seed and stover yields.

Bhuiyan et al. (2007b) carried out field studies with five mungbean varieties with/
without Bradyrhizobium inoculation at the Bangladesh Agricultural University Farm
during Kharif-l 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.
Bradyrhizobium inoculant significantly increased dry matter production. The highest dry
matter production plant™ at 77 DAS was recorded in Bradyrhizobium inoculated plots.

Inoculated BARI Mung-2 produced the highest shoot weights.

Sharma et al. (2007) conducted a field experiments during 2001-2006 to study the
effect of agronomic management practices on biological nitrogen fixation in the extra-
short-duration mungbean variety SML 668 in summer and kharif seasons in Punjab,
India. Seed inoculation with Rhizobium recorded increase in yield by 12-16%.
Conjunctive use of Rhizobium with phosphate solubilizing bacteria (PSB) and plant
growth promoting rhizobacteria (PGPR) revealed synergistic effect on symbiotic
parameters and grain yield of mungbean. Genotypes, VC 3890A, VC 6368, VC 6369-30-
65, VC 6173-10 and VC 6090A showed higher nodulation and leghaemoglobin content
than check SML 668. Their nodulation pattern was in clusters and mainly on the tap toot.

The time of sowing showed remarkable variation in size and shape of nodules and



leghaemoglobin content. Data recorded from tillage versus no-tillage experiment revealed

more nodulation and leghaemoglobin content in no-tillage treatment.

Bhuiyan et al. (2008a) carried out field studies with and without Bradyrhizobium
with five mungbean varieties to observe the yield and yield attributes of mungbean. They
observed that application of Bradyrhizobium inoculant produced significant effect 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 control) and stover
(2.31 t ha' in 2001 and 2.04 t ha’ in 2002) yields of mungbean. Bradyrhizobium
inoculation also significantly increased pods plant™, seeds pod™ and 1000-seed weight.
Inoculated BARI Mung-2 produced the highest seed and stover yields as well as yield

attributes such as pods plant™ and seed pod™.

Bhuiyan et al. (2008b) conducted a field experiment at Regional Agricultural
Research Station, Jamalpur on blackgram and reported that inoculated plants gave
significantltly higher nodule number, nodule weight, shoot weight and seed yield

compared to non-inocul ated plants.

Delic et al. (2009) carried out a field experiment on Vigna mungo (L.) with
rhizobial inoculation in Serbian soils and estimated that inoculation plants produced
significantly higher shoot dry weight (SDW), yield , total N content as well as protein
yield in respect to untreated control. According to plant shoot yield and yield attributes
strain 542 was highly effective without significant differences in comparison to its
treatment in combination with mineral nitrogen as well as uninoculated control with full

rate of mineral N, 80 kg N ha’. Taking into account these results and aims of sustainable



agriculture 542 strains might be recommended as active agent of N microbiological

fertilizer.

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
formation. The development of 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 boron deficiency affects pollen development
during the pollen mother cell stage (Canhong and Rerkasem, 1992). Thus boron
deficiency can cause yield reduction by reducing grain set through impaired development
of anther and pollen grain (Sansance and Benchawan, 1989). Rerkasem et 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 kg'). Grain yield of wheat is depressed by poor number
of grains ear’ which may result from boron deficiency (Abedin et al., 1994). The
problem can be corrected by boron application to the soil. It has been reported that the
crop responds better to soil application than to foliar application (Chatterjee et al., 1980).
The added boron causes higher formation of grains resulting in higher grain yield of
wheat (Jahiruddin, 1991; Hossain et al., 1994; Khan et al., 1996). Improvement in grain
set and 1000-grain weight in wheat by boron application was aso observed by Singh and

Singh (1976).



Reinbott and Blevins (1995) carried out experiments to determine the foliar
applications of boron (B), magnesium (Mg), or B + Mg on soybean yield. Foliar 3 or Mg
applied separately four times during reproductive growth did not affect soybean yield.
However, four foliar application of B + Mg increased soybean yield by 12% at Mount
Vernon and 4% at Columbia over a three-year period They also reported that 2.8 kg ha™
B application to soil eight weeks prior to planting increased soybean yield by 11% during
the first year and 13% in the second year but had no affect on soybean yield by the third
year after application. When results from the first two years were combined, 2.8 kg ha™* B
applied to soil increased the number of pods branch™ by 17% and the number of branch

pods plant™ by 39%.

Isam et al. (1995) in a field experiment on Grey Floodplain Soils at Bogra,
Bangladesh, Cicer arietinum cv. Nabin was given 20 kg N + 60 kg P + 40 kg K+ 5 kg Zn
+1kg B + 1 kg Mo ha (complete fertilizer package, CFP). Omission of N, P, K, S, Zn,
Mo and B gave seed yields of 73, 67, 50, 85, 96, 80 and 7% of the yield with CFP,
respectively. Applying NPKS only or NPKS + cattle manure gave 5 and 8% of the yield
with CFP. CFP + 1 kg B ha™ gave 37% higher yields than with CFP alone. In the
following year (1993/94), application of 2 kg B + 1 kg Mo ha’ gave the optimum yield

which was 14% higher than that obtained from 2 kg B alone.

Zhu et al. (1996) conducted an experiment with rapeseed and reported that the
foliar application of B at seedling and internodes elongation stages gave better results
than seed treatment or basal application. Concentrations of B in the spray solution in the

range of 0.1 to 0.25% increased the seed yield significantly where 0.2% being the



optimum concentration with a 17.8% yield increase over the control. Foliar application of

B and Zn in combination produced higher than the application of either element alone.

Bowszys (1996) conducted a field trial with rapeseed and reported that the
application of 0.4 kg B ha* increased seed yield significantly along with higher rates of

seed formation.

Subbaiah and Mittra (1996) found in a field experiment on Brassica juncea cv.
Varuna due to afoliar application of 500 ppm each of Zn and B and 50 ppm Mo singly or
in all combinations. The application of Zn or B with recommended 80:40:20 kg N:P:K
ha*, respectively increased the seed yield by 26 and 18% in the first year and by 49 and
47% in the second year over NPK aone, respectively. The increase in seed yield was

associated with the increase in 1000-seed weight.

Saha et al. (1996) carried out afield trials in pre-kharif [pre-monsoon] seasons of
1993-94 at Pundibari, India where yellow sarson [Brassica campestris var. sarson] was
given 0, 2.5 or 5.0 kg borax and 0, 1 or 2 kg sodium molybdate ha™* applied as soil, 66%
soil + 33% foliar or foliar applications and the residual effects were studied on summer
greengram [Vigna radiata]. Greengram seed yield was the highest with a combination of
5 kg borax + 2 kg sodium molybdate. Soil application gave higher yields than foliar or

soil + foliar application.

Islam et al. (1997) carried out experiments on a silt loam soil (Aeric Haplaguept)
in Bangladesh to study the effect of S, Zn and B applications on autumn rice and their

residual effects on the following mustard crop. Autumn rice responded significantly to S,



Zn and B applications. Application of any two nutrients together increased grain yield but
such an increase was significant only when S and Zn were applied combined. The highest
grain yield (4.5t ha) was obtained in S+ Zn + B treatment with a record of 41.8% yield
increase over control while the application of S, Zn or B aone gave yield increases of
23.3, 21.7 and 14.6%, respectively. A large portion of the applied nutrients remained in
the soil, which significantly increased the seed yield and nutrient uptake by the mustard

crop.

Bora and Hazarika (1997) reported that B application increased the seed yield of
mustard. The application of 30 kg borax produced the highest seeds yield of 1.30t ha™.

Boron application aso increased seed oil content.

Lourdurg et al. (1997) conducted a field experiment and revealed that groundnut
yield and monetary returns were increased by application of iron, zinc, boron and
gypsum. When basal application of NPK was combined with application of 5 kg borax
ha' + 25 kg ZnSO, kg ha* along with application of 500 kg gypsum ha™* and 1% FeSO,

spray on the 45th day, groundnut yield and returns were maximized.

Field experiment were conducted by Bhuiyan et al. (1998b) at Agricultura
Research Station, Thakurgaon, Bangladesh to find out the effect of Mo, B and rhizobial
inoculant on nodule number, nodule and shoot weights, and stover and grain yields of
lentil. Significant differences were observed in al 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 lentil were 115 and 94% higher over uninoculated and
unfertilzed control during to rabi seasons.

Singh et al. (1998) conducted a field experiment at Kanpur, Uttar Pradesh in zaid
(spring-summer) was given B, Fe, Zn, Mn, Cu, Mo or Na by soil or foliar application.
Plant height, branch number, and stem, leaf and total dry weight were not significantly
affected by treatment. Seed yield was 988 kg ha™ in controls and 1,213-1,500 kg ha*

with trace element fertilizers. The highest yield was given by soil-applied NapM 00O,.

YongHua and HongYan (1998) carried out a field experiment of boron (B)
amelioration of aluminum (Al) toxicity was studied with mungbean cv. Minglu seedlings
and cuttings (without roots) in a growth chamber. Mungbean seedlings and cuttings were
grown in a solution culture with 0, 5 or 50 micro M B and 0, 2 or 5 mM Al for 16 days.
The addition of B promoted elongation of epicotyls and hypocotyls, and increased
seedling height and dry weight in the Al treated plants. High concentrations of B
decreased soluble protein and increased chlorophyll content in seedlings treated with 2
mM Al. B had no ameliorative effect on cuttings grown with Al, athough Al increased
soluble protein content. It is concluded that B aleviation of Al toxicity was related to root

function and Al toxicity may possibly be due, in part, to B deficiency.

An experiment was conducted by Bhuiyan et al. (1999a) on Himalayan Piedmont
Soils of Dingjpur and Thakurgaon, Bangladesh to observe the effect of Mo, B and
rhizobial inoculum on nodulation, yield and economic performance of chickpea
Inculation with Rhizobium 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% and 86% at Dingpur and

132% and 174% at Thakurgaon.

Wang et al. (1999) reported that there is limited risk of B toxicity due to the use
of borax fertilizer at up to 4 to 8 times recommended rates in rape-rice cropping rotations
in Southeast China. The low risk of B toxicity can be attributed to relatively high B
removal in harvested seed, grain and stubble, the redistribution of fertilizer B by leaching

in the O to 60 cm layer and to boron sorption.

Verma and Mishra (1999) carried out a pot experiment with mungbean cv. PDM
54, boron was applied by seed treatment, soil application (basaly or at flowering) or
foliar spraying. Boron increased yield and growth parameters, with the best results in
terms of seed yield plant™ when the equivalent of 5 kg borax ha’ was applied at

flowering.

Mishra 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 rabi season of 1998-99. Seed and stover yields were
higher in B and cephal exin treatments compared to the other growth regulator treatments.

Boron and P with S treatments gave the highest net returns.

Rizk and Abdo (2001) carried out two field experiments to investigate the
response of rnungbean with some micronutrients. Two cultivars of mungbean (V-2010
and VC-1000) were used in this investigation. Zinc (0.2 or 0.4 gL™), Mn (1.50r 20gL"

), B (3.00r5.0gL™) and amixture of Zn, Mnand B (0.2, 1.5 and 3.0 g L™), in addition



to distilled water as control were sprayed once at 35 days after sowing (DAS). Generally,
cultivar VC-1000 surpassed cultivar V-2010 in yield and its components as well asin the
chemical composition of seeds with exception in 100-seed weight and phosphorus
percentage in seeds. All treatments increased yield significantly and its components
especially Zn (0.2 g L™), which showed highly significant increase in all characters under
investigation compared to the control. All adopted treatments increased significantly

protein percentage in seeds of the two mungbean cultivars.

Abdo (2001) conducted two field experiments at Giza Experimental Station,
ARC, Egypt during the 1998 and 1999 seasons to study the effect of foliar spray with
micronutrients (Zn, Mn, or B) on morphological, physiological and anatomical
parameters of two mungbean (Vigna radiata) cultivarsV-20 10 (Giza-1) and VC-1000.
Zn(0.20r0.4gL™), Mn(1.50r20gL™), B (3.00r 5.0g L™ and amixture of Zn, Mn
and B (0.2, 1.5and 3.0 g L™%) in addition to distilled water as control were sprayed once at
35 days after sowing (DAS) The results showed that foliar spray with the adopted
concentrations of Zn, Mn or B aone or in a mixture, increased significantly most of the
growth parameters over control. Application of Zn (0.2 g L™) aone followed by a
mixture of micronutrients resulted in better morphological and physiological parameters,
stem length, number of branches, number of leaves, leaf area (LA), leaf areaindex (LAI)
and shoot dry weight plant™. It was observed that mungbean cv. VC-1000 surpassed cv.

V -2010 in al parameters under investigation.

Ali et al. (2002) reported that yield losses 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.

Bharti et al. (2002) carried out afield experiment in Bihar, India during the winter
of 1997-98 to observe the effects of B (0, 1.5 and 2.5 kg ha'*) application on the yield and
nutrition of chickpea (cv. BG256). They reported that the mean seed yield, and seed and

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

Islam et al. (2002) conducted a field experiment to study the effects of B, Zn and
S, and weeding on the incidence and severity of yellow mosaic disease of mungbean and
found that the mungbean was exposed to natural infection of yellow mosaic virus. The
disease incidence, severity and mosaic in leaves were minimum with B + Zn + S treated
plots when weeding was done. Consequently, there was a significant increase in yield
compared to the plots when weeding was not done. Disease incidence and severity was
also low inthe B, Zn or S treated plots when weeding was done compared to B, Zn or S
treated plots when weeding was not performed. The percentage of reduction in plant
height, pod length, 1000-seed weight and seed yield due to yellow mosaic disease was
minimum in B + Zn + S plot with weeding compared to B, Zn or Sor B + Zn + S plot

without weeding, respectively.

A field experiments were conducted by Singh et al. (2002) in sandy loam
calcareous soil in Uttar Pradesh, India during 1995-96 to study the effect of boron
application on yield of pea (cv. Rachna) and blackgram (cv. PV-19). Boron was applied
as borax at therates of 1, 2, 3 and 4 kg borax ha, with a control. Application of borax up

to 4 kg borax ha’ significantly increased the grain yield of blackgram. The maximum



yield was 15.42 q ha* and minimum grain yield of 1.65 q ha* was found in control. The
additional grain yield over the control was 280, 431, 899 and 1,377 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 peafrom 510 to 1,843 kg ha™ up to 4 kg borax ha™.

Bharti et al. (2003) conducted a field trial in Muzaffarpur, Bihar, India during the
1997-1998 rabi season on chickpea cultivar (BG256) to study the effect of boron. The
treatment comprised 0, 1.5 and 2.5 kg B ha®. The number, dry weight, nitrogenase
activity, leghaemoglobin content and active ion content of the nodules increased with B

application. Boron at 1.5 kg ha™* was optimum for most of the characteristics.

Chitdeshwari and Poongothai (2004) revealed 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 ha' in
combination with B at 1.0 kg ha* and S at 40 kg ha™. The yield increase over the control
was 24.2% for TMV 7 and 14.8% for JI 24. Zn had most pronounced effect on yield,

followed by S and B.

Johnson et al. (2005) found that the primary nutrient problem in grain legumesis
B deficiency, while in rice (Oryza sativa), Zn deficiency is more important and wheat
(Triticum aestivum) suffer from both deficiencies. A series of field experiments were
carried out over two seasons to compare soil fertilization and micronutrient seed priming
as methods of improving Zn and B nutrient of each crop. Micronutrient treatments were

evauated for their effects on grain yield and grain micronutrient content. Soil B



fertilization increased B content of the grain of lentil (Lens culinaris) and chickpea (Cicer

arietinum).

Srivastava et al. (2005) observed that in absence of applied B, there was no yield
as no yield as no pods were founds, in comparison to a yield of 300 kg ha in the full
nutrient treatment. There was yellowing of younger leaves and typical little leaf symptom
when B was omitted. A typical concentration range of 15-20 ppm B was found on the

shoot tips of chickpeas.

Johansen et al. (2005) found that chickpea grown on residual soil moisture after
rice harvest is a promising crop for the High 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 0-10 cm). to determine which elements 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%.

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, 150 and
300 mg litre™ as boric acid, whereas zinc, manganese and iron were applied at rates of
150, 300 and 600 mg litre™* in EDTA form. Foliar spraying with 600 mg 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.



Janakiraman (2005) observed that the effects of Fe, Zn and B fertilizers on the
performance of groundnut (cv. K-134) and the treatments consisted of FeSO, at 10 kg ha
1 ZnSO, at 5 kg ha*, borax at 1.0 kg ha. The highest mean pod yield (1,688 kg ha*
58% increase over the control), oil content (48.5%), seed germination (90%), seedling
length (25.6 cm), vigour index (2,304) and field emergence (89%) were obtained with

combined effect of FeSO, + ZnSO, + borax.

Niranjana (2005) conducted a field experiment to investigate the effect of B (1 g
kg™ seed), Zn (2 and 4 g kg™ seed) and Mo (2 and 4 g kg™ seed) as seed treatments on the
growth and yield of groundnut cv. KRG-1 on Alfisol, which was deficient in Zn (0.46 mg
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 kg™ seed
treatment recorded the highest pod yield of 24.99 q ha’ and growth parameters, total
number of nodules (57.4) and their dry weight (100.2 mg plant™), number of effective
nodules (27.8) and their dry weight (70 mg plant™) as well as root length (13.7 cm) and

its dry weight (887 mg), over the control. The extent of increase was 24.1.

Singaravel et al. (2006) performed a pot trial experiment to determine the effects
of the treatment on the growth and yield of groundnuts cv. VRI 2. He found that the
recommended NPK in combination with 25 kg zinc sulphate ha*, 10 kg borax ha* and 10
t composted coir pith ha’ gave the highest values for plant height, dry matter production
during the flowering, post flowering and harvesting stage of the crop. Number of pods

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



Rao et al. (2006) carried out a field study to evaluate the response of mustard to
zinc (0.5% zinc sulphate), boron (1.0 ppm borax) and molybdenum (0.1% ammonium
molybdate) application in addition to the recommended NPK and FY M aone. 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 aone.

Shil et al. (2007) found that boron played mgor role in augmenting yield. The
highest mean yield (1.23 t ha™) was obtained with 2 kg ha* B and 1 kg ha* Mo, which
was 52% higher over control. The optimum economic dose of boron was found to be 1.76

kg hal.

Halder et al. (2007) reveded that Zn either single or in combination with B made
significant effect on ginger production in micronutrient deficient soils. However boron
produced 46.7% higher yield in first year and 89.9% higher yield in second year over
boron control (Bo) while zinc 52.3% over zinc control. Integration of Zn and B at the
maximum level (boron 3 kg ha’ and Mo 4.5 ha) significantly produced the highest
ginger yield (25.5 and 26.8 t ha) and 125 and 143% vyield increase over Boron-Zinc

control in two successive years of study.

2.4. Effect of molybdenum
Molybdenum plays a vita role in legume production. It is an essentia
micronutrient for al plants, being necessary for the formation of nitrate reductase.

However, in legumes, it plays an additional role in symbiotic nitrogen fixation. Effect of



Mo and B on different grain legumes have been reported by various researchers (Verma
et al., 1988; Tiwari et al., 1989; Bhuiyan et al., 1996a, 1996b, etc.). But in the legumes, it
plays an additional role in the symbiotic nitrogen fixation. But research studies on the
influence of molybdenum on blackgram are limited. Response of molybdenum and boron
on different grain legumes have been reported by some researchers (Brodrick and Giller,
1991; Giller and Wilson, 1991; Robson, 1993; Bhuiyan et al., 1998a; Bhuiyan et al.,
1999b; Bhuiyan et al., 2005). However, some of the information on the effect of Mo
regarding mungbean and other legumes on yield is cited here:

Zaman et al. (1996) conducted an experiment on mungbean and observed that
application of Mo (1 kg ha™) produced 97% and 150% higher nodule number and nodule
weight, respectively over control and application of 2 kg B ha* in combination with 2 kg
Mo ha' produced 176% to 229% higher nodules plant™ over control and 1000-seed

weight increased by 34.2% over control due to application of Mo (2 kg ha™).

Chaudhary and Das (1996) conducted an experiment in Uttar Pradesh, India and
found that P, S and Mo application significantly increased the canopy, nodule count,
yield of rainfed blackgram (Vigna mungo), 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.

Geetha et al. (1996) reported that pod yields of mungbean were significantly

increased by seed treatment with 8 gm Mo kg™ seed.



Sfredo et al. (1997) found that Mo significantly increased seed yield up to 0.48 t

ha.

Experiment were conducted at Central Farm of Bangladesh Agricultural Research
Institute, Joydebpur, Gazipur by Bhuiyan et al. (1997b) to determine the effect of
rhizobial inoculum, B and Mo on the growth, yield and economic performance of
chickpea. They noted that Rhizobium inoculum aong with P, K, B and Mo gave
significantly higher nodule number, nodule weight, shoot weight, stover yield and seed
yield. Rhizobium inoculum in presence or absence of P, K, Mo or B also gave better

performance in producing nodule number and nodule weight.

Dwivedi et al. (1997) observed that soybean was given 0-12 kg P,Os and 0-1.5 kg
Mo ha’. Seed yield increased with increasing P and Mo rates.
Hazra and Tripathi (1998) observed that Mo application at the rate of 1.5 kg ha*

to berseem increased forage and seed yield in cal careous soil.

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

limed plots probably due to an increase in molybdenum availability.

Mandal et al. (1998) observed that dry matter yield of lentil was increased by the
application of lime, P and Mo. Plant dry matter pot™ was the highest with 100% lime +
50 mg P + 1 mg Mo. Yield response to Mo application was highest, followed by lime and

P.

Mishra and Masood (1998) carried out a field study at Kanpur, Uttar Pradesh,

mungbeans (Vigna radiata) cv. K-851 were given 0, 25 or 50 kg P,Os ha* and 0, 2, 4 or



6 g Mo kg™ seed by seed pelleting. Seed yield was 422, 624 and 714 kg ha* with the P
rates as listed, and 486, 583, 649 and 628 kg from seed pelleting with increasing Mo
rates. Nodule numbers were not significantly affected by treatment. Yield component

data are tabulated.

Solaiman (1999) found increased nitrogenase activity due to seed inoculation
along with Mo application in soybean. The highest nitrogenase activity (82.44 p.mol

CHs  plant*hr?) was obtained by inoculant + 1.5 kg Mo ha™.

An experiment was conducted by Bhuiyan et al. (1999b) 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 significant increased over control in nodule number, nodule mass, shoot
mass, stover yield and seed yield due to rhizobia inoculation in the presence of P, K, Mo
and B. Molybdenum or B application with P, K and Rhizobium aso resulted in higher
nodule number, nodule mass, stover yield, and seed yield then the other treatments except
PKMoB + Inoculum. Rhizobium without any chemical fertilizer also gave significantly
higher nodule number and mass then the uninoculated control.

Bhattacharyya and Pal (2001) conducted a field experiment in West Bengal,
India, during the pre-kharif season to study the effect Bradyrhizobium inoculation, P (at
0, 20 kg ha') and Mo (at 0, 0.5 and 1 kg ha') on the number of nodules plant™ of
summer greengram cv. T-44. Inoculation and application of P and Mo significantly

influenced the number of nodules plant™ and plant height.



Kliemann et al. (2002) conducted an experiment on productivity of soybean as a
function of the application of cobalt and molybdenum and they found that cobalt and

molybdenum did not increase the yield of soybean.

Bhuiyan et al. (2005) conducted field experiments on Calcareous Brown
Floodplain Soils of Jessore to study the effect of Rhizobium 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 of B

and Mo.

Johansen et al. (2005) found that chickpea grown on residual soil moisture after
rice harvest is a promising crop for the High Barind Tract (HBT), an uplifted, slightly
undulating area in northwestern Bangladesh where the soils have an acid surface horizon
(pH 4.5-5.5 a 0-10 cm). To determine which elements 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 et al. (2006) carried out a field study to evaluate the response of mustard to
zinc (0.5% zinc sulphate), boron (1.0 ppm borax) and molybdenum (0.1% ammonium
molybdate) application in addition to the recommended NPK and FYM aone. 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 aone.

Shil et al. (2007) found that boron played magor role in augmenting yield. The
highest mean yield (1.23 t ha™) was obtained with 2 kg ha’ B and 1 kg ha* Mo, which
was 52% higher over control. The optimum economic dose of boron was found to be 1.76

kg hal.

Srinivasan et al. (2007) conducted field experiments during two consecutive
seasons (rabi and kharif-2005) of India on acid soil to study the response of mungbean
variety VBN (Gg) 2 to different methods and levels of molybdenum (Mo) application on
number of nodules, grain yield and protein content. Doses applied were: 0.5, 1.0 and 1.5
kg Mo ha’ as sodium molybdate (Na< sub>2</ sub>MoO< sub>4</ sub>) for soil
application, 1.75, 3.5 and 5.25 g sodium molybdate kg™ seed for seed treatment and 5 mg
Na< sub>2</ sub>Mo00O< sub>4</ sub>/L for foliar application. Pooled data revealed that
foliar application of Mo significantly increased the grain yield by 12.2%. Soil application
of 1.0 kg Mo ha* and seed treatment with 3.5 g Na< sub>2</ sub>MoO< sub>4</
sub>/kg seed aso increased the grain yield by 8.2% and 9.3% over the yields at lower
doses while it was at par with yields at higher doses of Mo. Protein content of grain,
number of nodules plant™ of mungbean also increased with increasing doses of Mo under
all methods of application. Based on the present findings it can be concluded that Na<
sub>2</ sub>Mo00O< sub>4</ sub> should be sprayed for obtaining higher seed yield of

good quality mungbean under acid soil conditions.



CHAPTER 11

MATERIALSAND METHODS

This chapter deals with the experimental aspect of the work. The materials used
and methods followed in performing this experiment has been presented in this chapter.
This offers brief description of soil, experimental design, chemical fertilizer, intercultural

operations and statistical analysis.

3.1 Objective
The experiment was conducted to study the response of Bradyrhizobium,
nitrogen, molybdenum and boron on the growth, nodulation, yield, nitrogen uptake and

other yield contributing characters of mungbean.

3.2 Siteand soil

This experiment was conducted in the Soil Science Field of the Bangladesh
Agricultural Research Institute, Joydebpur, Gazipur during the period from March to
June 2009. The physical and chemical characteristics of the soil are presented in Table

3.1.

3.3 Collection of soil sample

Three composite soil samples were collected from a depth of 0-15 cm taking one
from each block immediately before fertilizer application. Each composite sample was air
dried and ground to pass through a 10 mesh sieve and stored in polythene bags for

mechanical and chemical analysis.

3.4 Climate



The climatic condition of the experimental area was characterized by high

temperature and heavy rainfall during kharif season (March-September) and low rainfall

and moderately low temperature during rabi season (October-February).

Table 3.1. Physical and chemical characteristics of the soils

Characteristics BARI farm

Mechanical fractions:

% Sand (0.2-0.02 mm) 27.4

% Silt (0.02-0.002 mm) 33.3

%Clay (< 0.002 mm) 39.3

Textural class Clay loam
Colour Grey
Consistency Sticky and mud when wet
pH (1:2.5 Soil-Water) 6.2
CEC (cmol kg™ 18.4
Exchangeable K (cmol kg™) 0.21
Exchangeable Ca (cmol kg™) 10.42
Exchangeable Mg (cmol kg™) 7.34
Exchangeable Na (cmol kg™ 0.16
Organic C (%) 0.93
Total N (%) 0.07
Available P (mg kg™) 12.1
Available S (mg kg™) 14.1
Available Zn (mg kg™) 1.79
Available Cu (mg kg% 0.66
Available Fe (mg kg™) 16.8
Available Mn (mg kg% 31

3.5Crop

Summer mungbean (Vigna radiata L.) variety BARI Mung-5 was used as the test

crop. The seeds of mungbean were collected from Soil Science Division, BARI,

Joydebpur, Gazipur. The seeds were healthy, pulpy, well matured and free from mixture

of the other seeds, weed seeds and extraneous materials.

3.6 Variety




The salient characteristics of BARI Mung-5 are presented below:

BARI released BARI Mung-5 in 1997. Plant height of this variety ranges from 40
to 45 cm and seeds are deep green in colour. One thousand seed weight is about 40 to 42
g. The variety requires 55 to 60 days to mature, and average yield is 1,200 kg ha™. It is
resistant to Cercospora leaf spot and tolerant to yellow mosaic virus (BARI, 1998). One
of the main characteristics of the variety is synchronization in pod ripening in the summer
season.
3.7 Land preparation

The land was opened on 01 March 2009. Ploughing and cross-ploughing were
done with disc ploughs and harrows, and then well prepared by ploughing and cross-
ploughing with the country plough followed by laddering uniformly. Weeds and stubbles
were collected and removed. Plots were made by raising bunds. Land preparation was

completed on 07 March 2009 to make it ready for sowing.

3.8 Fertilizer application

Gypsum and zinc sulphate were applied according to the Fertilizer
Recommendation Guide (BARC, 2005). Gypsum @ 20 kg S ha™ and zinc sulphate @ 5
kg ha* were applied as basal in al plots. Half amount of urea N and 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 @ 50 kg N ha™* as urea, phosphorus @
22 kg P ha* as triple super phosphate, potash @ 42 kg K ha* as muriate of potash, boron
@ 1 kg B ha* as boric acid and molybdenum @ 1 kg Mo ha* as sodium molybdate were

applied as per treatments of the experiment as recommended levels.



3.9 Treatment under investigation

T1: Control (Uninocul ated)

T, PKMo (PoK4Mo; kg hat)

Ts: PKB (P2K4:B1 kg ha)

T4: Inoculum (1.5 kg Inoculum ha 1)

Ts: N (Nso kg ha®)

Te: PKMo + Inoculum (PxK Moy kg ha* + 1.5 kg Inoculum ha®)
T+ PKB + Inoculum (PxK4:B1 kg ha + 1.5 Inoculum kg ha)

Ts: NPKMo (NsoPxK oMoy kg hat)

To: NPKB (NsoP2K 12B1 kg ha')

T10: PKMOB (P2:K4,M01B; kg hat)

T11: PKMoB + Inoculum (PK4,M0:B; kg ha + 1.5 kg Inoculum ha)

T1o: NPKMOB (NsoP2K 4,M0,B; kg hat)

3.10 Experimental design

The experiment was laid out in randomized complete block design with 4
replications. Each replication was represented by a block, which was distributed into 12
sub-plots. The treatments were randomly placed on the 12 sub-plots in each block. Thus,
the total numbers of unit plots were 48 (12 treatments x 4 replications). The size of each
unit plot was 4 m x 3 m and plot to plot distance was 1 m. Line to line distance was 30

cm and plant to plant distance was 10 cm

3.11 Preparation of inoculants

3.11.1 Collection of strain



Strain (BARI RVr-401) was collected from Soil Microbiology Laboratory, BARI,

Joydebpur, Gazipur.

3.11.2 Inoculation with peat media
From the ready broth, 20 mL were taken out with the sterile syringe and injected
into polyethylene packet having sterile 50 g of peat in each packet. The inoculated

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

3.11.3 Viability count of Bradyrhizobium

Viability count of bradyrhizobia in the inoculant was made one day before
injecting the peat following plate count method. The average number of bradyrhizobia
was approximately above 10° cells g* in the inoculant. The initial bradyrhizobial

population of the soil was below 10°cell g™ of soil.

3.11.4 Seed coating with inoculant

Seeds of mungbean were taken in small polyethelene containing 42 g per packet.
Out of 48 polyethylene packets 16 (T4, Ts, T7 and Tq1) packets were made ready for
mixing with 40% gum acacia @ 1 kg seed™. After gum coating the selected inoculum
was mixed with the seeds (@ 50 g inoculum kg™ seed) for each treatment by shaking the
bag thoroughly. For each inoculant, separate polyethylene bag was used and mixed well

with the seeds and care was taken to avoid contamination of the inocul ants.

3.12 Sowing of seeds



Seeds were sown on the furrows on 08 March 2009 in the morning and the
furrows were covered with soils soon after seeding. The line to line (furrow to furrow)

distance was maintained at 30 cm with continuous distribution of seedsin theline.

3.13 Germination of seeds
Germination of seeds started from 3 day of sowing. On the 4™ day the
percentage of germination was more than 80% and on the 5 day nearly all plants came

out of the soil.

3.14 Intercultural operation
a) Weeding and thinning
Weeding and thinning were done on 20" day after sowing when the plants

attained a height of about 8 to 10 cm. Plant to plant distance was maintained at 10 cm.

b) Drainage
During experimental period, once there was a heavy rainfall. At that time it was
essentia to drain the water from the field and the water was removed through the side

drain.

c) General observation

The field was frequently observed to notice any change in plant characters as well
asto check the attack of any pest and disease.
3.15 Plant sampling

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

harvest. From each plot, 10 plants randomly selected carefully uprooted with the help of a



spade so that no nodules were left in the soil. The roots were then washed out carefully in
water. The nodules from main root and branch root of each were collected and counted.
The shoot portion of each plant was then separated from the root. The length of roots and
shoots of each plant were recorded. The oven dried weights of roots, shoots and nodules

were recorded.

3.16 Harvest
The crop was harvested at physiological maturity on first week of June 2009 after
80 days after sowing. Data from 10 plants on number of pods and seeds plant™ and 1000-

seed weight were recorded.

3.17 Threshing and processing

From each plot 10 plants were randomly selected and collected and then plants of
each of 3 square meters were harvested and tied with rope separately. The harvested plant
materials of 3 square meters were allowed to dry in the sun for 3 days. After drying,
threshing and processing were done plot wise carefully. The processed seed and straw
were again dried in the sun for 3 days. Seed and straw yields were recorded plot wise,

which were then converted into yield in kg ha™.

3.18 Collection of plant (stover and seed)
About 50 g from each of dried seed and stover samples were collected from each
plot. The sample were stored in polyethylene bags separately and tagged for chemical

anaysis.



3.19 Analysis of soil and plant
3.19.1 Soil analysis

The initial soil sample was analyzed (texture, pH, CEC, organic matter, total
nitrogen, available phosphorous, sulphur and potassium) using the following

methodology.

i) Mechanical analysis
Mechanical analysis of the soil samples was carried out by hydrometer method
(Black, 1965) and the textural class was determined by using Marshall’s Triangular

Diagram (1947).

ii) Soil pH
Soil pH was determined using a glass electrode pH meter, soil water ratio being

1:2.5 as described by Jackson (1973).

iii) Organic carbon
Sail organic carbon was determined by wet oxidation method as outlined by
Jackson (1973). Organic matter content was cal culated by multiplying the percent organic

carbon with the “Van Bemmelen Factor of 1.723.

iv) Total nitrogen
Total nitrogen in soil was determined by the Micro-Kjeldahl method. Digestion

was made with H,O,, concentrated H,SO, and catalyst mixture (K,S0O,4:CuSQ,, 5H,0:Se



=10:1:0.1). Nitrogen in the digest was estimated by distilling with 40% NaOH followed

by titration of the distillate trapped in H,BO3 with 0.01 N H,SO, (Page et al., 1989).

V) Available phosphorus

Available phosphorus was extracted from the soil with 0.5 M NaHCO3 at pH 8.5.
The phosphorus in the extract was then determined by developing the blue colour by
SnCl, reduction of phosphomolybdate complex and measuring the colour

colorimetrically at 660 nm (Olsen et al., 1982).

vi) Exchangeable potassium
Exchangeable potassium of the soil was determined from the 1IN NH4OA c extract

of the soil using flame photometer as described by Page et al. (1989).

vii) Cation exchange capacity (CEC)

Cation exchange capacity of soil was determined by sodium saturation method as
outlined by Page et al. (1989). The soil samples were saturated with 1IN NaOAc solution
followed by replacing the Na* from the saturated samples by 1IN NH4OAc at pH 7.0. The
amount of Na" in the extract was then determined by flame photometer and putting the

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

3.19.2 Plant analysis (seed and stover)

The whole plant (seed and stover) samples of mungbean of al treatments were
powdered to 60 mesh separately using a Wiley mill and stored in a desiccators for
chemical analysis. For determination of nitrogen 0.1 g of oven dried ground sample was

taken into a 100 ml digestion flask and then 1.1 g of catalyst mixture (K,SO, : CuSQO,,



5H,0 : Se = 100:10.01) 2 ml 30% H,0, and 5 ml concentrated H,SO, were added. The
flask was swirled and allowed to stand for about 10 minutes then the flask was heated
until the conbtents became colorless. Digestion was carried out in digestion flasks at
380°C for 1.5 hour. After cooling the digest was transferred into a 100 mL volumetric
flask and the volume was made up to the mark with distilled water. The distillate was
titrated against 0.01 N H,SO,. A blank reagent was prepared by the same process. These

digests were used to determine total N.

3.20 Datawererecorded

a) Before harvest (35 and 50 days after sowing)
i) Total nodule plant™
i) Dry weight of nodules (mg plant™)
iii)  Root weight (g plant™)
iv)  Shoot weight (g plant™)
V) Root length (cm)
Vi) Shoot length (cm)

b) After harvest
)] Plant height (cm)
i) Pod length (cm)
iii)  Podsplant™
iv)  Seedspod®
v)  Seedyidd (kg ha?)
vi)  Stover yield (kg ha?)
vii)  1000-seed weight (Q)
viii) N content in seed



ix) N uptake by seed (kg ha?)
X) N content in stover

xi) N uptake by stover (kg ha)
xii) P content in seed

xiv)  Proteinyield (kg ha?)

3.21 Statistical analysis
Data of al the above characters have been anadyzed statistically. Statistical
anaysis was done following RCBD design of the IRRISTAT package Programme.

Duncan’s Multiple Range Test was done as and when necessary.



CHAPTER IV

RESULTSAND DISCUSSION

The experiment was carried out during March 2009 in the field of Soil Science
Division of the Bangladesh Agricultural Research Institute, Joydebpur, Gazipur with a
view to observe the response of Bradyrhizobium, nitrogen, molybdenum and boron on the
growth, nodulation, yield, nitrogen uptake and other yield contributing characters of

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

4.1 Effect of nodulation
4.1.1 Nodule on main root plant™

Nodulation is an important factor for biological nitrogen fixation by
Bradyrhizobium inoculants in mungbean. Nodule is formed on roots of mungbean plants
through infection by Bradyrhizobium bacterium and it grows inside the nodules, and can
fix atmospheric nitrogen. The results on the production of nodule on main root plant™
under different treatments were presented in (Figure 4.1 and Appendix 1). The highest
nodules on main root plant™ (4.80 and 14.19) were recorded in PKMoB + Inoculum at 35
and 50 DAS, respectively. All the treatments showed significant result in forming
nodules on main root than control treatment at 35 days after sowing. The highest nodules
on main root (14.19 plant™) were produced at 50 days after sowing (DAS) in PK MoB +
Inoculums treatment which was significantly higher over al other treatment combination.
It also indicates that nodule formation on main root increased with the passage of time.
At 35 and 50 DAS, the highest numbers of main root nodules were observed in PKMoB

+ Inoculum treatment which was identica with PKMo + Inoculums treatment at 35



DAS and the lowest nodules at 35 and 50 days were found in control and Ts treatment
respectively. All the fertilizer treatments receiving inoculum, inoculum plus
molybdenum, inoculum plus boron and inoculum plus molybdenum plus boron showed
tatistically significant response in nodule formation on main root over control.
Meenakumari and Nair (2001) conducted a study in 7 different locations to evaluate root
nodulation of cowpea, blackgram and mungbean, and observed that root nodulation of
cowpea, blackgram and mungbean were uniformly better when Bradyr hizobium inoculant
was applied. Kumari and Nair (2003) found that the extent of improvement in root
nodulation was more in blackgram and greengram inoculated with Bradyrhizobium.
Tanwar et 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
dong with the application of 60 kg P,Os gave the highest number of nodules plant™

(40.5).

4.1.2 Nodule on branch root plant™

Higher number of nodules (3.29 plant™ at 35 DAS and 7.85 plant™ at 50 DAS) on
branch root was recorded in PKMoB + Inoculum which were significantly higher over all
other treatment combinations except T7 at 50 days (Fig. 4.2 and App. 1). Lower number
of nodule on branch root plant™ was recorded in each case than the main root in both the
DAS. Among the treatments, PKMo + Bradyrhizobium and PKB + Bradyrhizobium
showed similar performances in nodule formation on the branch root at 35 DAS
(Appendix 1). From the treatment PKMo and PKB showed similar performances in
nodule formation on the branch root at 50 DAS. Nitrogen has no significant impact on

nodule formation on branch root at 50 DAS. Potdukhe and Guldekar (2003) reported that



the highest nodule numbers was obtained under the treatment with Rhizobium. The above
result was similar with the result of Bhuiyan et al. (2006). Tanwar et 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 P,Os gave the highest number of nodules plant™ (40.5). Kumar and Chandra (2003)

reported that combined inoculation of Rhizobium gave significantly more nodule at 30

and 50 days after sowing (DAYS).
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4.1.3 Total nodule number plant™

The highest total number of nodules (8.09 at 35 DAS and 22.04 at 50 DAS) was
recorded in the treatment, PKMoB + Inoculum (Fig. 4.3 and App. 1). Among the
treatments, Bradyrhizobium inoculated plants produced significantly higher number of
nodules plant™ than the non-inoculated control plants or N treated plants which indicate
production of nodules plant® increased with the application of Bradyrhizobium
inoculation. The highest number of total nodules (8.09 at 35 DAS and 22.04 at 50 DAS)
was noted in PKMoB + Inoculum treatment which was significantly higher over al other
treatments combination. The second highest number of total nodules was observed in
PKMo + Inoculum treatment at 35 DAS and PKB + Inoculum at 50 DAS, the lowest
number of total nodules was noted in control at 35 days and at 50 DAS in Ts treatment.
This might be due to synergistic effect of micronutrients with Bradyrhizobium inoculant
for nodule formation. Among the treatments, Bradyrhizobium inoculant produced higher
number of nodules plant™ than did the micronutrients (Mo and B). Bradyrhizobium in
combination with micronutrient molybdenum or boron showed better performance in
nodule formation than NPKMo or NPKB at both the DAS. Nitrogen showed very low
effect on nodule formation. Chatterjee and Bhattacharjee (2002) studied the effects of
inoculation with Bradyrhizobium and found that inoculation with Bradyr hizobium 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 greengram
inoculated with Bradyr hizobium. Bhuiyan and Mian (2007) aso found that application of
Bradyrhizobium inoculant induced significant effect on nodulation. Bhattacharyya and

Pal (2001) observed that Bradyrhizobium inoculation and application of P and Mo



significantly influenced the number of nodules plant™. Bhuiyan et al. (2007a) reported
that number of nodules increased progressively with increasing growth period and

reached the peak at 42 DAS (i.e. at 50% flowering stage).



4.1.4 Nodule weight

The highest total nodule dry weight (8.00 mg plant™ at 35 DAS and 65.12 mg
plant™®at 50 DAS) was recorded in T1; (PKMoB + Bradyrhizobium) trestment 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 Bradyrhizobium
produced higher nodule weight than nitrogen at both the dates of nodule collection.
Among the treatment, PKMo + Inoculum and PKB + Inoculum showed statisticaly
similar performance in nodule weight both at 35 and 50 DAS. The treatment PKMo and
PKB showed similar performance in nodule weight at both DAS. The plant which did not
take any chemical fertilizers or inoculants recorded the lowest nodule weight at 50 DAS.
Nitrogen showed very low effect on nodule weight. When molybdenum and boron was
applied with Bradyrhizobium it showed better result on nodule dry weight than Mo +
Inoculum and B + Inoculum. Singha and Sarma (2001) reported that Rhizobium inoculant
had 9.5% higher nodule dry weight than non-inoculated control. Sharma et al. (1999)
found that application of inoculants increased nodule dry weight plant™. Nagargjan and
Balachandar (2001) reported that Rhizobium gave higher nodule weight (45.3 and 42.3
mg) in blackgram and greengram. Tomar et al. (2001) found that Rhizobium gave the
highest and 34.7% more nodule dry mass. Kumari and Nair (2003) observed significant
increases in nodule dry weight due to Rhizobium inoculation. Mozumder et al. (2005)
evaluated the response of summer mungbean cultivars Binamoog-2 and Kanti to
Bradyr hizobium inoculation (inoculated and non-inoculated) and N application (0, 20, 40,

60 and 80 kg ha'). Nitrogen was applied as urea, whereas liquid mixture of



Bradyrhizobium inocula (BINA MB). The highest dry weight of nodule was found when

Bradyr hizobium was applied.
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4.2 Root and shoot dry weight
4.2.1 Root weight

Chemical or biofertilizer have significant effect on root weight at 35 DAS at 50
DAS, they gave identical result (Fig. 4.5 and App. 2). The highest root weight (0.11 g
plant™) at 35 DAS was obtained in Ty, while the non-inoculated and non-fertilized
control (T1) gave the lowest root weight (0.06 g plant™). Among the treatments, PK Mo
and PKB showed identical root weight at 50 DAS, PKMo + Inoculums and PKB +
inoculums also showed similar performance in nodule weight and NPKMo and NPKB
showed similar performance in nodule weight. Root weight increases with increasing of
time. All the treatment gave identical root weight except Control, PK Mo and PKB at 50
DAS. The results are in agreement with the findings of Singh and Singh (2004).
Kavathiya and Pandey (2000) reported that fresh root weight (4.42 g) was recorded in the
Rhizobium inoculation treatment. Perveen et al. (2002) opined that the maximum root dry
weight (0.37 g plant™®) was observed in inoculation with single Bradyrhizobium sp. only.
Sharma et al. (2006) noted that seed inoculated with 1 of 9 Rhizobium strains increased

dry matter accumulation.

4.2.2 Shoot weight

The highest shoot weight 1.21 g plant™ at 35 DAS was observed in PKMoB +
Bradyrhizobium and 2.12 g plant™ at 50 DAS in NPKMoB, and the lowest (0.85 g plant™
at 35 DAS and 1.50 g plant™ at 50 DAS) was obtained in T, (Control) (Fig. 4.6 and App.
2). There was no significant difference among the different treatments in shoot weight at
35 and 50 DAS. Kavathiya and Pandey (2000) reported that maximum fresh shoot weight

(5.33 g) was recorded in the Rhizobium treated plot. Bhattacharyya and Pal (2001)



observed 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 et al. (1997) reported that Rhizobium 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 et al. (2006) reported that seed inoculated with 1 of 9 Rhizobium strains
increased dry matter accumulation. Manivannan et al. (2003) reported that Rhizobium
seed treatment produced markedly higher dry matter. Singha and Sarma (2001) reported
that P at 45 kg ha* with Rhizobium inoculation produced the highest straw yield and was
at par with the application of 25 and 35 kg P ha*. Sharma and Upadhyay (2003) reported
that seed inoculation with Bradyrhizobium sp strains showed maximum values of dry
matter production. Delic et al. (2009) reported that inoculation plants produced

significantly higher shoot dry weight (SDW).

4.3 Root and shoot length
4.3.1 Root length

The highest root length (5.54 cm at 35 DAS and 7.30 cm at 50 DAS) was
obtained from PKMoB + Inoculum and NPKMoB, respectively while the lowest root
lengths were noted in control (Fig. 4.7 and App. 3). The second highest root length at 35
and 50 DAS were found in T, (NPKMoB) and T1; (PKMoB + Inoculum), respectively.
The lowest root lengths were obtained in T, at both the DAS. It indicates that
combination application of B and Mo and Bradyrhizobium or N, B and Mo has a good
influence on root growth of mungbean plant. At 50 DAS, root length was significant. The

above results confirmed the results of Sharma et al. (2006) reported that plant growth was



increased with Rhizobium inoculation, with the local strain giving the best results. Sarker
et al. (2002) reported that bradyrhizobial strain 480-M gave the longest roots (14.7 cm).
Hossain and Solaiman (2004) showed that root lenth of the crop increased significantly

due to inoculation of the seed with Rhizobium strains.
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4.3.2 Shoot length

Bradyrhizobium inoculant alone or in combination with PKMoB had no effect on
shoot length both at 35 and 50 DAS though the highest shoot length (30.20 cm at 35 DAS
and 40.70 at 50 DAS) was obtained from T3, (NPKMoB) which was statistically similar
with all the treatments (Fig. 4.8 and App. 3). The lowest shoot length was obtained from
T1 (control). At 50 DAS, the highest shoot length (40.70 cm) was found in Ty,
(NPKMoB) which was indicated to al other treatments. Mahmud et al. (1997) reported
that plant height was significantly increased with increasing phosphorus application.
Similar results were observed by Magsood et al. (2001). Nagargan and Balachandar
(2001) observed that seeds treated with bio-digested slurry at 5 t ha’ + Rhizobium
produced the highest plant height (53.7 cm). Meenakumari 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 cowpea, 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 inocul ated
with Bradyrhizobium. Ashraf et al. (2003) found that the tallest plants (69.9 cm) were
obtained with seed inoculation. Sriramachandrasekharan and Vaiyapuri (2003) reported

that Rhizobium-inoculated blackgram showed better growth than the non-inocul ated crop.
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Fig. 4.8. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (Mo & B)

on shoot length in mungbean




4.4 Growth and yield attributes
4.4.1 Plant height

The highest plant height (43.2 cm) was obtained from T1; (PKMoB + Inoculum)
which were statistically identical to al other treatments but significantly higher than T,
(control) (Table 4.1). Among the nutrient elements, NPKMoB gave the second highest
plant height. Thakur and Panwar (1995) found that inoculation either singly or combined
increased plant height compared with no inoculation. Bhattacharyya and Pal (2001)
reported that application of rhizobial inoculum influenced plant height comparing with
control. Meenakumari and Nair (2001) observed that plant growth characters of cowpea,
blackgram and mungbean were uniformly better when Rhizobium inoculant was applied.
Sharma et al. (2000) reported that the growth was increased with Rhizobium inoculation
and the local strain gave the best results. Kumari and Nair (2003) observed that the extent
of plant growth were more in blackgram and greengram where Bradyrhizobium
inoculation was done. Srinivas and Shaik (2002) showed that 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. Malik et al. (2002) studied that plant
height (68.2 cm) at harvest was the highest when inoculated with Bradyrhizobium. Asraf
et al. (2003) observed that the tallest plants (69.9 cm) in mungbean were obtained with

seed inoculation + 50:50:0 kg NPK ha™.

4.4.2 Pod length
All the fertilizer treatments showed no significant response in terms of pod length.
The highest pod length (8.01 cm) was recorded in treatment T1, (NPKMoB) that was

identical to all other treatment combinations and the lowest pod length of 7.00 cm was



recorded in control plot (Table 4.1). Shil et al. (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. Hossain and Solaiman (2004) also reported that pod

length increased significantly due to inoculation of the seeds with Rhizobium strains.

Table 4.1. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on yield attributes of mungbean

Treatment hgzr;[t Iei%?h POdi S&dls 1(\)/8293;6(1
@ | (m | P pod ©
T1: Control 30.1b 7.00 151 9.06 36.5
T,: PKMo 39.2ab 7.32 16.9 9.92 37.0
Ts: PKB 39.7a 7.35 15.1 9.90 36.8
T4: Inoculum 36.3ab 7.50 181 9.99 37.0
Ts: N 37.0ab 7.51 17.5 10.10 37.1
Te: PKMo+Inoculum 41.9a 7.61 18.9 10.39 36.7
T+ PKB+Inoculum 41.7a 7.60 18.8 10.40 37.3
Tg: NPKMo 40.7a 7.61 18.9 10.41 37.3
To: NPKB 40.3a 7.63 18.7 12.38 37.3
T10: PKMoB 40.0a 7.72 19.3 10.35 37.0
T11: PKMoB+Inoculum 43.2a 8.00 22.6 15.21 37.7
T12: NPKMoB 42.4a 8.01 20.9 14.40 37.7
Level of significance * NS NS NS NS
LSD (0.05) 8.58 - - - -
CV (%) 15.2 19.5 16.6 15.9 6.8

In a column, means followed by a common letter are not significantly differed at 5%
level by DMRT

NS = Not significant

4.4.3 Podsplant™




Number of pods plant™ in different treatments showed no significant variation.
The highest pod number (22.6) was obtained from T1; (PKMoB + Inoculum) and the
lowest in control T; (15.1) (Table 4.1). Between two micronutrient, Mo showed better
performance (16.9 pods plant™) than did B but combined application of each of the
micronutrients Mo and B with inoculums (Bradyrhizobium) gave better pods number
(18.9 and 18.8, respectively) rather than individual application of each of micronutrients.
Ashraf et al. (2003) observed that seed inoculation + 50: 50: 0 or 50 : 50: 50 kg N: P: K
ha' resulted in the highest number of pods plant® (29.0, 56.0, 63.9 and 32.6,
respectively). Bhuiyan et al. (2008a) reported that Bradyrhizobium inoculation in

mungbean plots also significantly increased pods plant™.

4.4.4 Seeds pod™

No significant response was observed due to application of different fertilizersin
seeds pod ™. The highest seeds pod™ (15.21) was obtained from T1; (PKMoB + Inoculum)
and the lowest seeds pod™ (9.06) was obtained from T, (control) (Table 4.1). Bhuiyan et
al. (2008a) observed that Bradyrhizobium inoculation significantly increased seeds pod™.
Shil et al. (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) opined

that Rhizobium inoculation in mungbean increased the number of seeds pod™.

4.4.5 1000-seed weight
There was no significant difference among the different treatments in 1000-seed
weight. The highest 1000-seed weight of 37.7 was obtained from Ti1; (PKMoB +

Inoculum) + T3, (NPKMoB) and the lowest 1000-seed weight of 36.5 g was obtained



from control treatment (T,). Srinivas and Shaik (2002) reported that 1000-seed weight
generaly increased due to rhizobia inoculation. Shil et al. (2007) reported that 1000-seed
weight was the highest in full doses of fertilizers while control plants recorded the lowest
in 1000-seed weight. Bhuiyan et al. (2008a) opined that Bradyrhizobium inoculation aso
significantly increased 1000-seed weight. Hossain and Solaiman (2004) reported that
1000-seed weight increased significantly due to inoculation of the seeds with Rhizobium
strains. Among the mungbean cultivars, Malik et al. (2002) studied that seed inoculation

with Rhizobium application resulted in the highest 1000-seed weight (42.3 g).

4.5Yield characteristics
4.5.1 Seed yield

The highest seed yield (1.39 t ha*) was obtained from Ty, (PKMoB + Inoculum)
and the lowest seed weight (0.71 t ha) was obtained from T (control) (Table 4.2). The
second highest seed weight (1.38 t ha) was found in T1, (NPKMoB). Application of
PKMo + Inoculum showed better performance than NPKMo for seed weight. On the
other hand, PKB + Inoculum also showed higher seed yield than NPKB. Only Inoculum
gave better seed yield than application of only N. Same trend was observed in T1; and T2
where Bradyrhizobium inoculant in combination with PKMoB performed better than
NPKMOoB. It indicates that instead of applying urea N, Bradyrhizobium inoculant gave
better result. Kumari and Nair (2003) found that yields were more in blackgram and
greengram inoculated with Bradyrhizobium. Srinivas and Shaik (2002) studied that the
interaction effects between N and P were not significant for seed yield. Tomar et al.

(2003) observed that P application and inoculation treatments increased grain yields in



blackgram. Tanwar et al. (2003) observed that the application of 60 kg P ha* along with
inoculation of Rhizobium gave the highest seed yield (10.93 g ha). Malik et al. (2003)
observed that fertilizer combination of 25 kg N + 75 kg P ha™* resulted in the maximum
seed yield (1,113 kg ha'). Asraf et al. (2003) showed that 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.

4.5.2 Stover yield

Different fertilizers had significant effect on stover yield. The highest stover
weight of 2.25 t ha' was obtained from Ty, (PKMoB + Inoculum) which is identical to
all other treatments except Control, PKB and Inoculum, and the lowest (1.10 t ha') was
obtained from T, (control) (Table 4.2). Among the treatments, T, Ts T; Tg and Ty
showed dtatistically similar performance. Bhuiyan and Mian (2007) reported that
application of Bradyrhizobium inoculant produced significant effect on stover weight.
Nagargjan and Balachandar (2001) reported that seed inoculation of Rhizobium enhanced
biomass. Srinivas and Shaik (2002) opined that seed inoculation with Bradyrhizobium
culture enhanced haulm yield in mungbean. Singha and Sarma (2001) reported that P at
45 kg ha* with Rhizobium inoculation produced the highest straw yield and was at par
with the application of 25 and 35 kg P ha'. Bhuiyan et al. (2008a) observed that
application of Bradyrhizobium inoculant produced significant effect on stover yields
(2.31tha'in 2001 and 2.04 t ha* in 2002) yields of mungbean.

Table 4.2 Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on yield of mungbean

Treatment | Stover | Seed | Seed yield increase




yield yield over control

(t ha) (t ha) (%)
T1: Control 1.10d 0.71c -
T, PKMo 1.69abc 1.17ab 64.8
Ts: PKB 1.67bc 1.15ab 62.0
T4 Inoculum 1.47cd 1.10ab 54.9
Ts: N 1.78abc 0.97bc 36.6
Te: PKMo+Inoculum 1.96abc 1.35ab 90.1
T+: PKB+Inoculum 1.88abc 1.29ab 81.7
Ts: NPKMo 1.95abc 1.25ab 76.1
To: NPKB 2.22ab 1.27ab 78.9
T10: PKMOB 1.81abc 1.23ab 73.2
T11: PKMoB+Inoculum 2.25a 1.39a 95.8
T12: NPKMoB 2.23ab 1.38a 94.4
Level of significance *ox *ok -
LSD (0.05) 0.49 0.33 -
CV (%) 18.6 19.3 -

In a column, means followed by a common letter are not significantly differed at 5%
level by DMRT




4.6. Nitrogen and protein content

4.6.1 Nitrogen content in seed

There was no significant variation in all the treatments on nitrogen content in seed. The
highest nitrogen content in seed 3.43% was obtained from T1, (NPKMoB) which was
significantly different from control (Table 4.3). Combined application of micronutrient
(Mo and B) with Bradyrhizobium produce higher N content in seed than individual
application of both the micronutrient. Chatterjee and Bhattacharjee (2002) reported that
plants inoculated with Bradyrhizobium strains and PSB showed increased rate of N
content. The lowest N content (3.19%) in seed was recorded in non-inoculated control.
Reddy and Mallaiah (2001) opined that the nitrogen content of the fresh seeds was 5.78%
in the inoculated plants, while that in non-inoculated controls was only 2.72%. Delic et
al. (2009) noted that inoculation plants produced significantly higher, total N content as
well as protein yield in respect to untreated control. Solaiman et al. (2003) investigated
that inoculation seeds increased N content in seed. Hayat et al. (2004) observed that N
content was higher in nodules of NM 92 than NCM 209. The highest N content in
nodules (2.80%) was obtained with inoculation + 30 kg N ha™. NCM 209 had higher N

shoot content (2.13%) than NM 92 (1.87%).

4.6.2 Nitrogen content in stover

All the treatments showed positive response in N content in stover as compared to
control. The highest N content (1.57%) was obtained from T1; (PKMoB + Inoculum) and
the lowest N content (1.47%) in stover was obtained from T, (control) (Table 4.3).
Srivastav and Poi (2000) reported that symbiotic variations of greengram and blackgram

were observed due to the host and inoculant strains. They also observed that inoculation



with M-10 strain in greengram gave the highest dry matter production and nitrogen

fixation, while NK-4 inoculation into blackgram gave the highest nitrogen uptake and

grainyield.

Table 4.3 Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on nitrogen and protein content in seed and
stover of mungbean

Protein Protein
N content N content content content
Treatment in seed in stover ) .
0 0 in seed in stover
(%) (%) 9
(%) (%)
T,: Control 3.19 1.47 19.93 922
To: PKMo 3.24 151 20.25 9.44
T3 PKB 3.25 1.50 20.31 9.30
T4: Inoculum 3.21 1.54 20.07 9.63
Ts: N 3.33 1.53 20.81 9.57
Tes: PKMo+Inoculum 3.34 1.56 20.88 9.75
T7: PKB+Inoculum 3.35 1.55 20.94 9.70
Ts: NPKMo 3.35 1.51 20.94 9.44
To: NPKB 3.24 1.52 20.25 9.50
T10: PKMOB 3.28 1.44 20.50 8.97
T11: PKMoB+Inoculum 342 1.57 21.35 8.92
T12: NPKMoB 343 1.56 21.46 9.75
Level of significance NS NS NS NS
LSD (0.05) - - - -

CV (%) 8.00 8.7 8.00 8.8

NS = Not significant

4.6.3 Protein content in seed

Protein content in seed showed positive result by the different treatments with

compare to control. The highest protein content (21.46%) in seed were obtained from T,

and the lowest from control plot (19.9%) (Table 4.3). Délic et al. (2009) noted that




inoculated plants produced significantly higher protein yield in seeds in respect to
untreated control. Malik et al. (2003) observed that protein content (25.6%) was
maximum in plots treated with 50 kg N + 75 kg P ha’, followed by 25.1% protein
content in plots treated at 25 kg N + 75 kg P ha™. Srinivasan et al. (2007) noted that
protein content in grain of mungbean also increased with increasing doses of Mo under

all methods of application

4.6.4 Protein content in stover

Protein content in stover was increased due to the combined application of
PKMoB + Inoculum (Table 4.3). The highest protein content in stover (9.75%) was
recorded at T1, (NPKMoB). The lowest protein content in stover (9.22%) was recorded at
non-inoculated and non-fertilized control. Delic et al. (2009) estimated that inoculation
plants produced significantly higher total N content as well as protein yield in respect to

untreated control.

4.7 Nitrogen uptake and protein yield
4.7.1 Nitrogen uptake by seed

Nitrogen uptake by seed of mungbean was significantly increased due to
combined application of fertilizers (Fig. 4.9 and App. 4). The highest N uptake (47.66 kg
ha') was recorded at T1; (PKMoB + Inoculum) which was identical to Ty, treatment. The
lowest N uptake in seed (22.77 kg ha') was recorded in control. Rosolem and Caires
(1998) reported that a high N-uptake had been observed in limed plots probably due to an
increase in molybdenum availability. Bhuiyan et al. (2007b) carried out field studies with

five mungbean varieties with/without Bradyrhizobium inoculation and observed that



inoculation significantly increased nitrogen uptake of mungbean. Srivastav and Poi
(2000) also stated that inoculation with M-10 strain in greengram gave the highest
nitrogen fixation. Srinivasan et al. (2007) observed that protein content of grain aso
increased with increasing doses of Mo under all methods of application. Bhuiyan et al.
(2007b) carried out field studies with five mungbean varieties with/without
Bradyrhizobium 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.

4.7.2 Nitrogen uptake by stover

Application of fertilizers and Bradyrhizobium inoculants showed significant
variation in N uptake by stover of mungbean (Fig. 4.10 and App. 4). The highest amount
of N uptake in stover (35.29 kg ha') was recorded in T1; (PKMoB + Inoculum) which
was which was identical with T, (NPKMoB). The lowest N uptake in stover (16.35 kg
ha') 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.

4.7.3 Protein yield by seed
Chemical fertilizers and Bradyrhizobium had significant effect on protein yield by
seed (Fig. 4.11 and App. 4). The highest protein yield by seed was recorded at T1; was

(297 kg ha*) which was identical to the treatment at Ty, and the lowest protein yield by



seed (142 kg ha') was noted in control. Bhuiyan et 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 (220 kg ha) was noted in Ti;
(PKMoB + Inoculum) which was identical to Ti» (Fig. 4.12 and App. 4). The lowest
protein yield by stover (102 kg ha) was recorded in control. Bhuiyan et al. (2007b)
found that inoculation significantly increased the protein yield in blackgram and

mungbean

4.7.5. Total nitrogen uptake by seed and stover

Application of fertilizers and Bradyrhizobium inoculants showed significant
variation in total N uptake by seed and stover of mungbean (Fig. 4.13 and App. 4). The
highest amount of N uptake in seed and stover (82.68 kg ha') was recorded in T1,
(NPKMoB) which was identica with T1; (PKMoB + Inoculum). The lowest total N

uptake in seed and stover (39.12 kg ha'') was recorded in control.
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Fig. 4.11. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (Mo & B)
on protein yield by seed in mungbean

T1: Control, T2: PKMo, Ts: PKB, T4: Inoculum, Ts: N, Te: PKMo + Inoculum., Tz : PKB + Inoculum,
Ts:NPKMo, Tg: NPKB, T1p: PKMoB, T1:: PKMoB + Inoculum, T12 : NPKMoB
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Fig. 4.12. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (Mo & B)
on protein yield by stover in mungbean

Ti: Control, T2: PKMo, Ts: PKB, T4: Inoculum, Ts: N, Tg: PKMo + Inoculum., Tz : PKB + Inoculum,
Ts: NPKMo, Tg: NPKB, T10: PKMoB, T11: PKMoB + Inoculum, T12 : NPKMoB
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Fig. 4.13. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (Mo & B)
on total N uptake by seed and sotver in mungbean

T1: Control, T2: PKMo, T3: PKB, T4: Inoculum, T5: N, Te : PKMo + Inoculum., T7: PKB + Inoculum,
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Fig. 4.14. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients (Mo & B)
on total protein yield by seed and stover in mungbean




T1: Control, T2: PKMo, Ts: PKB, T4: Inoculum, T5: N, Te : PKMo + Inoculum., T7: PKB + Inoculum,
Ts : NPKMo, T9: NPKB, T10: PKMoB, T11: PKMoB + Inoculum, T12 : NPKMoB



4.7.6. Total protein yield by seed and stover

Application of fertilizers and Bradyrhizobium inoculants showed significant
variation in total protein yield by seed and stover of mungbean (Fig. 4.14 and App. 4).
The highest total amount of protein yield in seed and stover (518 kg ha*) was recorded in
T11 (PKMoB + Inoculum) which was which was identica with T, (NPKMoB).The

lowest total N uptake in seed and stover (244 kg ha'') was recorded in control.

4.8 Correlation

Correlation matrix among the plant characters of mungbean has been shown in
Tables 4.4-4.6. Most of the plant characters were strongly correlated among themselves.
In the present study, nodule number had positive and significant correlation with nodule
weight and other plant characters also correlated among them (Table 4.4). These results
confirmed the findings of Bhuiyan (2004). He observed positive and significant
correlation of nodule number with nodule weight, root weight, and shoot weight of

inocul ated mungbean.

A highly significant and positive correlation was observed between yield and
yield contributing parameters (Table 4.5) except seed yield and 1000-seed weight, seeds
pods™, stover yield and 1000-seed weight and seeds pod™. Seed and stover yield were
also strongly correlated with N uptake by seed and stover, protein content and protein
yield of mungbean (Table 4.6). Solaiman (1999) found positive correlation among

mungbean growth, N uptake and yield parameters.

Figures 4.15-4.30 represents the relationship among different plant characters of

mungbean. A positive and linear correlation was observed between nodule number and



nodule weight (Fig. 4.15), nodule number and root weight (Fig. 4.16), nodule number and

shoot weight (Fig. 4.17), nodule number and root length (Fig. 4.18), nodule number and

shoot length (Fig. 4.19), nodule number and seed yield (Fig. 4.20), nodule number and

stover yield (Fig. 4.21), nodule number and N uptake (Fig. 4.22), nodule weight and seed

yield (Fig. 4.23), nodule weight and stover yield (Fig. 4.24), nodule weight and N uptake

(Fig. 4.25), nodule weight and protein yield (Fig. 4.26), shoot weight and seed yield (Fig.

4.27), shoot weight and stover yield (Fig. 4.27), stover yield and seed yield (Fig. 4.29),

seed yield and protein yield (Fig. 4.30).

Table 4.4. Correlation matrix among different plant characters of mungbean at 50

DAS (n = 48)
Correlation coefficient (r value)
Characters Nodule Root weight | Shoot weight | Root length | Shoot length
weight
Nodule 0.909” 0.381" 0.305" 0.498" 0.293"
number
Nodule i 0.410" 0.271N 0.468" 0.237"S
weight
Root ) - 0.410** 0.508** 0.206"°
weight
Shoot ] ) ] 0.271\S 0.146"S
weight
Root ’
Rt ) ] ) - 0.421

Table 4.5. Correlation matrix among yield and yield contributing characters of
mungbean (n = 48)

Correlation coefficient (r value)

Characters
Stover yield 1000-seed | gyt e ght | Podsplant® | Seedspod™
weight
Seed yield 0.509" -0.030M° 0.275 0.462** 0.188N°




Stover yield 0.197"° 0.299" 0.372* 0.175"°
\}V?g;]feed - 0.121N8 0.105MS 0.005"S
Plant height - - 0.149"° 0.135"°
Pods plant™ - - - 0.152N°




Table 4.6. Correlation matrix among yield and nutrient content of mungbean (n =

48)
Correlation coefficient (r value)
Characters Stover |N content| N uptake |N content| N uptake | Protein Protein
yield |instover by stover| inseed | by seed | content yield

Seedyield | 0509 | 0.250M° | 0552 | 0.107™° | 0.948” | 0.107"° | 0.949"
%‘f - 0.155" | 0.958” | 0204 | 0560 | 0294 | 0560
N content i ; 0.420” | 0.044"S | 0.238%S | 0.044™S | 0.238"S
In stover

N uptake - - - 0.282%° | 0596 | 0.282"° | 059
by stover

N content - o -
i eeed - - - - 0.408” | 0.999 0.408
N uptake * o
by seed - - - - - 0.408 0.999
Protein i i i ) ) ) 0.408""

content
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4.9. Benefit cost ratio analyss

The benefit cost analysis (BCR) of mungbean has been given in Table 4.7. The
highest BCR (7.11) was noted for only inoculum treatment. For calculating BCR, only
the cost of chemical fertilizers and inoculum were considered and other operationa costs
remained constant. The inoculum was more profitable than other chemical fertilizers
based on BCR. For poor farmers, only inoculum was suitable for mungbean cultivation at
the aforesaid area. The BCR followed the following trend T,4: Inoculum> Tg: PKMo +
Inoculum> T7: PKB + Inoculum> Ti;: PKMoB + Inoculum> Tg: NPKB> Tio:

NPKMoB> T3: PKB> Ts: N> T19: PKMoB> Tg: NPKMo> T,: PKMo.

Table4.7. Benefit cost ratio analysisfor mungbean

Seed | Stover | Variable Gross Net Net Benefit
yield yield cost return return return cost
Treatments (tha') | (tha') | (Tkha') | (Tkha') | (Tkha®) | over ratio
control
(Tk ha)
T1: Control 0.71 1.10 2,780 43,700 43,700 - -
To: PKMo 1.17 1.69 7,412 71,890 64,478 20,778 2.80
T3 PKB 1.15 1.67 6,750 70,670 63,920 20,220 2.99
T4: Inoculum 1.10 1.47 2,930 67,470 64,540 20,840 7.11
Ts: N 0.97 1.78 4,084 59,980 55,896 12,196 2.98
Te: PKMo+Inoc. 1.35 1.96 7,562 82,960 75,398 31,698 4.19
T+ PKB+Inoc. 1.29 1.88 6,900 79,280 72,380 28,680 4.15
Ts: NPKMo 1.25 1.95 8,716 76,950 68,234 24534 2.81
To: NPKB 1.27 2.22 8,054 78,420 70,366 26,666 3.31




T10: PKMoB 1.23 181 8,300 75,610 | 67,310 | 23,610 2.84
T11: PKMoB+Inoc. | 1.39 2.25 8,450 85,650 | 77,200 | 33,500 3.96
T12: NPKMoB 1.38 2.23 9,604 85,030 | 75426 | 31,726 3.30

Urea= Tk. 12 kg, TSP= Tk. 17 kg™, MP= Tk. 18 kg™*, Gypsum= Tk. 10 kg, ZnSO,=
Tk. 120 kg™®, Sodium molybdate= Tk. 500 kg™, Boric acid= Tk. 100 kg™, Inoculum= Tk.
100 kg, Mungbean seed= Tk. 60 kg™, Mungbean stover= Tk. 1 kg™,




CHAPTER YV

SUMMARY AND CONCLUSION

A field experiment was carried out during March to June 2009 at research field of
Soil Science Division of the Bangladesh Agricultural Research Institute, Joydebpur,
Gazipur to evaluate the effect of Bradyrhizobium inoculation, nitrogen, molybdenum and
boron on growth, nodulation, yield and nitrogen uptake, and other yield contributing
characters of mungbean and find out the suitable combination of Bradyrhizobium,
nitrogen, molybdenum and boron for mungbean production followed by RCBD
technique. Triple super phosphate (22 kg P ha*), muriate of potash (42 kg K hal),
gypsum (20 kg S hal), zinc sulphate (5 kg Zn ha), sodium molybdate (1 kg Mo ha™)
and boric acid (1 kg B ha') were applied as basa dose at the time of final land

preparation. Mungbean seeds were inoculated and were sown on 08 March 2009.

Data for total nodule number, nodule on main root, nodule on branch root, nodule
weight, root weight, shoot weight, root length and shoot length were recorded at two
stages of growth viz. 35 and 50 DAS, and for seed and stover and other yield attributing
data were taken at the time of plant maturity. Nitrogen content, protein content, nitrogen
uptake and protein yield data were taken after chemical analysis of plant and seed

samples.

Abridged account of the different plant characters were analyzed statistically and

the significant mean differences were adjusted by DMRT.



The highest number nodules of main root plant™ (4.80 and 14.19) were from
found in PKMoB + Inoculum a 35 and 50 DAS, respectively. All the inoculated
treatments showed significant result in forming nodules on main root than on control
plant. The highest number of nodules (3.29 plant™ at 35 DAS and 7.85 plant™ at 50 DAS)
on branch root was recorded in PKMoB + Inoculum which were significantly higher over
all other treatments combination. Nitrogen has no significant impact on nodule formation
on branch root. Bradyrhizobium inoculated plants produced significantly higher number
of nodules plant™ than the non-inoculated control plants or N treated plants. It was
observed that the highest number of total nodules of 22.04 plant™ was recorded at 50
DAS, which indicates production of nodules plant™ increased with the increase of time
upto 50 DAS. It was observed that Bradyrhizobium inoculation and application of B
significantly influenced the number of nodules plant™. Nodule weight increases with the
passage of time. Among the treatments, only Bradyrhizobium produced higher nodule

weight than did nitrogen at both the dates of nodul e collection.

The highest root weight (0.11 and 0.19 g plant™) was obtained in T1, at 35 and 50
DAS while the non-inoculated control (T,) gave the lowest root weight. Among the
treatments there was significant difference but all the treatments produced higher root
weight than did control at 50 DAS. No significant effect on shoot weight was observed at
35 and 50 DASS due to Bradyrhizobium inoculation though the highest shoot weight (2.12
g plant™®) at 50 DAS was obtained in T, (NPKMoB) and the lowest (1.50 g plant™) was
obtained in T; (Control). The highest root length (7.30 cm) was observed in Tio
(NPKMoB). The lowest root lengths (4.29 cm) were obtained in T; at 50 DAS.

Bradyrhizobium inoculant alone or in combination with PKMoB had no effect on shoot



length at 35 and 50 DAS. The highest plant height (43.2 cm) at harvesting stage was
obtained from T1; (PKMoB + Inoculum) which was identical to al other treatments but
different from T; (control) and Inoculum. All the fertilizer treatments showed
insignificant response in terms of pod length. The highest pod length (8.01 cm) was
recorded in treatment T, (NPKMoB) that was identical to all other treatment
combinations but different from T, and the lowest pod length of 7.00 cm was recorded in
control plant. All the fertilizer trestments showed significant response in pods plant™. The
highest pod number (22.6) was obtained from T,; (PKMoB + Inoculum) which was
significantly different from control (T1). No significant response due to application of
different fertilizer was observed for seeds pod™. There was no significant relationship
among the different treatments in 1000-seed weight. The highest 1000-seed weight of
37.7 was obtained from T1; (PKMoB + Inoculum) and the lowest 1000-seed weight of
36.5 g was obtained from control treatment (T1). Bradyrhizobium inoculaiton had
significant effect on mungbean stover weight. The highest stover yield of 2.25 t ha” was
obtained from T1; (PKMoB + Inoculum) and the lowest of 1.10 t ha* was obtained from
T1 (control). The highest seed yield (1.39 t ha') was obtained from Ti; (PKMoB +
Inoculum) and the lowest seed yields (0.71 t ha) was obtained from T3 (control). The
highest nitrogen content in seed (3.43%) was obtained from T1, (NPKMoB). The highest
N content in stover (1.57%) was obtained from T;; (PKMoB + Inoculum) and the lowest

N content (1.47%) in stover was obtained from T, (control).
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Appendix 1. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on nodulation in mungbean

35 DAS 50 DAS
Tota Nodule |Noduleon| Nodule | Tota Nodule |Nodule on| Nodule
Treatment nodule | onmain| branch | weight | nodule |onman| branch | weight
number root root (mg number root root (mg
plant* | plant® | plant® | plant™) | plant® | plant® | plant® | plant™)
T4: Control 2.63h 1.45g 1.18e 3.98c 6.55f | 4.00fg 2.55f | 14.31f
T,: PKMo 5.25¢c-f | 3.50b-e | 1.75cde | 4.22c 9.25e | 5.15ef | 4.10def 29.69cd
T4 PKB 5.49b-e | 3.35cde | 2.14bc 4.27c 9.03e | 4.97ef | 4.06def 27 10d
T4 Inoculum 6.00bcd | 3.55b-e | 2.45b 6.56b | 12.12d | 7.16cd | 4.95cd 35.36c
Ts: N 4.70efg | 2.54f 216bc | 4.31c 5.90f 3.09¢ 2.81ef 18.70ef
Ts: PKMo+Inoculum 6.25b | 4.20ab | 2.05bcd | 6.73b | 13.90c | 8.55b 5.35cd 49.60b
T+ PKB+Inoculum 6.15bc | 3.98bc | 2.18bc 6.76b | 15.60b | 8.50bc | 7.20ab 46.61b
Ts: NPKMo 4.40fg | 3.17cdef | 1.24e 4,05c 9.19e | 5.25ef | 3.94def 28.54d
To: NPKB 5.20def | 3.86bcd| 1.34e 4.32¢ 9.62e | 5.13ef | 4.49cde 28.34d
T10. PKMoB 5.48b-e | 3.97bc | 1.51de 412c | 11.92d | 6.00de | 5.92bc 35.79¢
T11: PKMoB+Inoculum| 8.09a 4.80a 3.29a 8.00a | 22.04a | 14.19 7.85a 65.12a
T1: NPKMoB 4.20g | 2.95¢f 1.25e 4.26¢ 9.92e | 6.17de | 3.75def 24.62de
La/el Of Sg * % *%* *%* *%* * % *%* *%* * %
LSD (0.05) 0.84 0.67 0.54 1.07 1.58 1.25 152 6.39
CV (%) 11.0 13.5 19.9 14.5 9.7 134 22.2 13.2

In a column, means followed by a common letter are not significantly differed at 5%

level by DMRT




Appendix 2. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on root and shoot dry weight of mungbean

35DAS 50 DAS
Treatment Root weight Shoot weight Root weight Shoot weight
(g plant™) (g plant™) (g plant™) (g plant™)

T,: Control 0.06d 0.85 0.09 1.50
T,: PKMo 0.06d 0.99 0.12cd 171
Ts: PKB 0.06d 0.98 0.13bcd 1.72
T4: Inoculum 0.07cd 1.05 0.14ad 1.78
Ts: N 0.07cd 1.04 0.15abc 1.72
Te: PKMo+Inoculum 0.08bc 1.07 0.17abc 1.79
T+: PKB+Inoculum 0.08bc 1.08 0.16abc 1.86
Ts: NPKMo 0.09a 1.09 0.16abc 1.80
To: NPKB 0.08bc 1.10 0.17abc 1.76
T10: PKMoOB 0.09ab 1.13 0.18abc 1.83
T11.PKMoB+Inoc. 0.10ab 1.21 0.19a 211
T12: NPKMoB 0.11a 1.19 0.19a 212
Level of significance *k NS ** NS
LSD (0.05) 0.024 - 0.05 -

CV (%) 219 13.4 21.7 16.9

In a column, means followed by a common letter are not significantly differed at 5%

level by DMRT
NS = Not significant




Appendix 3. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on root and shoot length of mungbean

35DAS 50 DAS
Treatment Root length Shoot length Root length Shoot length

(cm) (cm) (cm) (cm)
T,: Control 4.43 24.10 4.29c 29.20
To: PKMo 4.82 26.10 5.35bc 31.30
Ts: PKB 4.85 26.00 5.30bc 37.20
T4: Inoculum 4.90 27.10 5.41bc 34.99
Ts: N 4.95 27.30 5.40bc 36.80
Te: PKMo+Inoculum 5.00 27.50 6.00abc 38.10
T7: PKB+Inoculum 512 27.15 7.00ab 38.20
Tg: NPKMo 531 27.70 5.70abc 38.30
To: NPKB 5.30 27.80 5.81abc 38.30
T10. PKMOB 5.26 28.30 5.65ab 38.80
T11.PKMoB+Inoc. 554 30.10 7.25a 40.50
T12: NPKMoB 5.43 30.20 7.30a 40.70
Level of significance NS NS ** NS
LSD (0.05) 1.14 - 1.52 -
CV (%) 15.6 10.2 17.7 17.4

In a column, means followed by a common letter are not significantly differed at 5%

level by DMRT
NS = Not significant




Appendix 4. Effect of nitrogen, Bradyrhizobium inoculant and micronutrients
(molybdenum and boron) on nitrogen uptake by seed and stover, and
protein yield by seed and stover of mungbean

Treatment N uptake by N uptake Total N Protein Protein Total
seed by stover uptakeby | yieldby | yield by protein
(kg ha) (kg ha?) seedand |  seed stover | yiedhby
stover | (kgha') | (kgha') | seedand
(kg ha) stover
(kg ha?)
T, : Control 22.77c 16.35d 39.12c 142c 102d 244c
T,: PKMo 37.75ab 25.49bc 63.24b 235ab 159bc | 395b
T3: PKB 37.37ab 25.13bc 62.50b 233ab 157bc | 390b
T4: Inoculum 35.27ab 22.58cd 57.85b 220ab 141cd | 361b
Ts: N 32.13bc 27.18abc 59.30b 200bc 169abc | 370b
Te: PKMo+Inoculum 44.85ab 30.72abc 75.57ab 280ab 191abc | 472ab
T, : PKB+Inoculum 43.65ab 29.08abc 72.72ab 272ab 18labc | 454ab
Tg: NPKMo 41.58ab 29.41abc 70.99ab 259ab 183abc | 443ab
T9: NPKB 40.51a8b 33.32ab 73.82ab 253ab 208ab | 46lab
T10: PKMoB 40.65ab 26.27abc 66.91ab 254ab 164abc | 418ab
T11 PKMoB+Inoculum 47.66a 35.29a 82.21a 297a 220a 518a
T12: NPKMoB 47.63a 35.05a 82.68a 297a 219 516a
Level of significance >k *% ** *% >k *%
LSD (0.05) 11.01 8.17 15.27 68.78 51.04 | 95.43
CV (%) 195 20.3 15.8 195 20.3 15.8

In a column, means followed by a common letter are not significantly differed at 5%

level by DMRT







