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ABSTRACT

A pot culture experiment was conducted at the Net House and Laboratory of Soil
Science Division in Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur
during September to December 2007 to evaluate the performance of phosphorus levels and
Bradyrhizebium on growth, nodulation, yield, phosphorus, nitrogen content and uptake and
other yield contributing characters of blackgram variety BARI Mash-1. Bradvrhi zobium
inoculant (BARI RVm-301) was used for the above experiment, There were ten treatment
combinations with two Bradyrhizobium namely non-inoculated and inoculated and five levels
of phosphorus @ 0, 10, 20, 30 and 40 kg ha™ with four replications. Significant influences of
phosphorus level were observed in nodulation and yield (seed, pod and stover) and nutrient
content. and uptake by seed and other yield contributing characters. Application of
phosphorus up to 20 kg ha™ progressively increased the values of all the parameters. Further,
higher doses application of phosphorus decreased the value of all of these parameters.
Bradyrhizobiwm inoculant significantly increased nodule number and weight, root and shoot
weights, root and shoot lengths, seed vield. pot yield, stover vield, plant height, 100-secd
weight, pods plant”, seeds pod™”, N, P content in seed and N, P uptake by seed, protein
content in seed and protein yield compared to non-inoculation. Bradvrhizobium inoculation
along with application of phosphorus @ 20 kg ha'' produced the highest nodulation, vield and

other parameters compared o other treatment combinations,
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CHAPTER 1

INTRODUCTION

Pulse, a protein rich agricultural crop, plays an important role in human nutrition. It is
the cheapest source of protein for the poor people. Pulses, being leguminous crops, arc
capable of fixing atmospheric nitrogen in the soil and enrich soil fertility. Thus they are
considered as soil fertility building crops (Kumar et al., 1963). Some of the pulse seeds arg
consumed when they are ai green stage. But it is taken mostly in the form of soup and “dal”,
Sometimes it is grown as green manuring crops and cover crops (Shaikh, 1977). The green
plants, the dried stems and leaves after separation of grﬂin.and the husks of seeds are the

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

Annual crop legumes, grown in rotation with cereals crops, can increase yields of the
cercals and contribute to the total N pool in the soil. Reported yield responses to previous
legume crops are mainly in the range of 50-80% yield increase over control in cereal-cereal
sequences (Evans ef al., 1991; Oikeh et al., 1998). Benefits of legumes have Feen attributed

to control of cereal diseascs and insect pests, and improvements in soil structure (Reeves et

al., 1984),

Blackgram (Vigna mungo L.) is one of the major pulse crops grown in Bangladesh. It
belongs to the family Legvminoceae and sub-family Papilionaceae. It is widely grown in the
Indian subcontinent as a source of protein. These legumes can obtain nitrogen (N) from the
atmosphere by fixation in their root nodules in symbiosis with soil rhizobia, and thus have the
potential to yield well in N-deficient soils (Hafeez et al., 1988). This characteristic is
particularly important in developing countries due to the relatively high cost and/or restricted

availability of chemical N fertilizers. Furthermore, incorporation of residues into the soil



from a N-fixing legume crop may provide organic N [or the subsequent benefit of a cereal

crop (Rosales ef al., 1998),

Blackgram (Vigna nungo L.) is one of the widely grown pulse crops in Bangladesh
for human consumption, animal fodder as well as soil fertility building purpose. But high cost
and environmentally risky chemical fertilizers cause serious and continugus problem for
increasing blackgram production in developing countrics including Bangladesh. This
problems are likely to beci.me serious in future. Biological nitrogen fixation (BNF) resulting
from symbiosis between legume crops and root nodule bacterium Rhizobiuny/Bradyrhizobium

can ameliorate the situation by reducing the N-fertilizer inpuls required lo ensure

productivity.

Blackgram is one of the most important pulse crops although not in terms of arca
(23,482 ha) and production (17, 000 t) but its consumption is quite high as a common pulse in
Bangladesh (BBS, 2006). It is an imporlant source of protein and several essential

micronutrients. It is used as ‘dhal’ and as ingredient in preparation of many foods in terms in

Bangladesh.

Phosphorus (P) is one of the essential mineral macronutrient, which is required for
maximum yield of agriculturally important crops. Most of the essential plant nutrients,
including phosphorus, remain mostly in insoluble form in soil (Abd-Alla, 1994; Yadav and
Dadarwal, 1997). Ironically, soils may have large reserve of total phosphorus, but the
amounts available to plants are usually a tiny proportion of thus total (Stevenson and Cole,
1999). Most agricultural soils contain large reserves of phosphorus, a considerable part of
which has accumulated as 1 consequence of regular applications of P fertilizers (Richardson,

1994). However, a large portion of soluble inorganic phosphorus applied to soil as chemical



fertilizer is rapidly immobilized or fixed as insoluble forms soon after application and
becomes unavailable to plants (Dey, 1988; Singh and Kapoor, 1994; Yadav and Dadarwal,
1997). Farmers are thus asked to apply several-fold excess phosphorus fertilizers in order to
overcome this problem. Thercfore, the release of insoluble and fixed forms of phosphorus is

an important aspect of increasing soil phospharus availability,

Availability of P is a scrious problem, because it is fixed in the soil and lowers the
utilization efficiency of adled P fertilizers by plants. In most tropical and sub-tropical soils,
phosphate are predominantly present in the form of inorganic compounds, which belong to
two groups those of calcium and those of iron and aluminum. Iron and aluminum phosphates
predominate under acidic conditions. Plant takes up P in the form of soluble orthophosphate
ions HaPOy™' and HPO,™, T'he availability of these ions 1o plants depends mainly on soil pH
(Nath and Borach, 1983). Soil microorganisms play a significant role in mobilizing P and
increasing the availability for plants. The rhizobial association with cropping system has
recently assumed important in the mineral nutrition of plants particularly with respect to

phosphorus and other micr nutrient,

Now a days, a number of organisms like Rhizobium has been identified o use as
biological agent for fixing atmospheric nitrogen by process with legume crops and make
available to the plants. Bangladesh Agricultural Research Institute (BARI) has isolated some
Rhizobium strains for some pulse corps. It has already selected some Bradyrhizobium strains
especially for blackgram 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 influence biological fixation, growth and yield. of pulses. In
Bangladesh, inoculation with Bradyrhizobiunt increased 77% dry matter production, 64%

grain yield and 40% hay yield over non-inoculated control (Chanda e al., 1991). Maximum



yields were obtained when fertilizers are applied along with Rhizebium inoculation (Bali et

al., 1991).

By growing blackgtam in Bangladesh, there is a large scope of utilizing the biological
nitrogen fixing technology for obtaining protein rich food legume and also to improve

nitrogen fertility of the soil of this country,

Unfortunately, ther: is a lack of sufficient rescarch work on the nutrient requirement
particularly phosphorus and the effect of seed inoculation of blackgram with effective
rhizobial strain for successful cultivation of this crop in Bangladesh. The present
investigation was, therefore, undertaken to evaluate the response of blackgram to inoculation

with Bradyrhizobitm as inlluenced by phosphorus levels with the following objectives:

i) To investigate the effect of Bradyrhizobium inoculation on the growth, nodulation,
yield, nitrogen and phosphorus uptake and other yield contributing characters of
blackgram.

i) To assess the response of blackgram regarding growth, nodulation, yield, nitrogen
and phosphorus uptake to P application.

i) Todetermine the relationship among dilTerent parameters of blackgram.
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CHAPTER 11
REVIEW OF LITERATURE
Biofertilizers are microorganisms which benefit the plants by increasing availibility of
nitrogen or phosphorus or rapid mineralization of organic materials. Of the biofertilizes, the
use of Bradyrhizobiion was studied in Bangladesh to some extent. Only limited number of
research works has so far been carried oul on the combined use of Bradyrhizebium
inoculation and P application on blackgram (Vigna mungo L.) varicties and other pulse crops.
However, available information on the contribution of Bradyrhizebium inoculation and P

application on blackgram has been reviewed in this chapter.

2.1 Effeet of phosphorus on legumes

Effect of different levels of phosphorus on blackgram and other legumes have been

presented below:

Mishra (1993) carried out a field experiment on sandy loam soil on farmer's field
during the rainy seasons of 1986-87 at Sidhi, Madhya Pradesh where 3 blackgram (Figna
munge) cultivars was given 0, 20, 40 and 60 kg P;0s ha™ and reported that 0, 20, 40 and 60

kg P20s ha'' gave mean seed yields of 592, 655, 751 and 846 kg ha™, respectively.

Sharma er al. (1993) conducted a field trial in the monsoon season of 1991 at
Gwalior, Madhya Pradesh with blackgram (Vigna mungo) v, JU-2 treated with 0, 15 or 30
ke N, 0, 30 or 60 kg P2Os and 0 or 60 ke S ha™'. Application of N and P, either alone or with
8, increased Mn, ¥n, Cu and Fe contents in seeds and straw and the available Mn and Zn
content in soil. Application of 30 kg N + 60 kg P20s + 60 kg S ha” gave the highest trace
element content in blackgram. Soil available Cu content decreased with increasing N and P
applications but increased with S application. Soil available Fe increased with increasing N

and P applications and decreased with increasing 5 applications.



Bhalu e al. (1995) conducted a field experiment during the rainy season of 1990 at
Junagadh, Gujarat with blackgram (Vigna mungo) and seed was inoculated with Rhizobiwm
or nol inoculated and given 10, 20 or 30 kg N and 20, 40 or 60 kg P2Os ha™. Seed inoculation
increased seed yield (471 vs. 434 kg ha™). Seed yield increased with up to 20 kg N (464 ko)
and 40 kg P05 (475 kg). N and P uptakes and sced protein content increased with increasing

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

All et al. (1995) carried out field trials at Mianchannu in 1992 and Layyah in 1993 on
sandy loam soils low in OM, N and P and V. mungo was given no fertilizers or 50 kg N, 50
kg N +50, 75, 100 or 125 kg P20s or 50 kg N + 125 kg P20s + 50 kg K20 ha™', NPK gave the
highest number of pods plant’ (23.03-23.75) and seed yield (1080-1082 kg ha™') but was not
significantly better than 51 kg N + 75 kg PyOs, which gave the highest 1000-seed weight
(49.30 and 42.75 g in the 2 trials, respectively). Straw yields did not differ significantly

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

In a field experiment during Kharil 1995 at Shillongani, Assam, India, blackgram cv.
T-9 was given 0, 20, 40 or 60 ke P ha™ and 0, 25, 50, 75 or 100% of the lime requirement
(4.04 t ha™"y (Borah er al,, 2000). They observed that soil pH increased and all forms of sail
acidity decreased with increasing lime rate, while cxchangeable acidity and total acidity
decreased with increasing I rate. The decrease in soil acidity was accompanied by reduction
in the forms of Al with application of lime and P. However, lime x P interaction was not

significant except for exchangeable acidity. Seed yield increased with increasing P and lime

rates,

Trivedi (1996) carried out field trials in the rainy scasons of 1990-91 at Gwalior,

Madhya Pradesh, India with P. mungo (Vigna mungo) cv. Jawahar Urd-2 and was given 0-30



kg N, 0-60 kg P2Os and 0 or 60 kg S ha™'. Seed vield, net returns and N, P and S contents in

seed increased with rate ol N, P and S applications.

Chaudhary and Das (1996) conducted an experiment in Uttar Pradesh, India and
found that P, 5 and Mo application significantly increased the canopy, nodule count, vield 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. Plant canopy showed significant positive
relationship with nodule count, soil waler conservation, water stable aggregates and

infiltration rate but showed significant negative relationship with splash loss.

Rao and Rao (1996) performed a pot experiment with blackgram (Vigna munge) and
greengram (V. radiata) where soil was inoculated with the mycorrhizal fungi Acaulospora
spinosa, A, morrowae or Glomus epigaeum (G. versiforme). P was applied as
superphasphate, rock phosphate or tricalcium phosphate. In the inoculated treatments, root
colonization was 68-89% in blackgram and 69-93% in preengram; colonization in both
species was the lowest when pols inoculated with 4. morrowae were given superphosphate,
while the best colonization was given by G. epigaenm without added P, Shoot DW was
increased by both mycorrhizas and applied P, and was highest with superphosphate + G.

epigaewm. This treatment also gave the highest plant N and P concentrations and |00-seed

weight.

Trivedi et al. (1997a) conducted a field experiment to study the effect of nitrogen,
phosphorus and sulfur on yield and nutrient uptake of blackgram (Vigna mungo) at Gwalior,
Madhya Pradesh during the 1990-91 kharif (monsoon) seasons. Application of 30 kg N, 60

kg P20s and 60 kg S ha™' increased yield, net profit and nutrient uptake.



Trivedi er al. (1997b) carried oul a field experiment on blackgram (Vigna mungo)
where 0, 15 or 30 kg N ha™'; 0. 30 or 60 kg P20s ha' and 0 or 60 kg S ha'! were given on
sandy loam soil at Gwalior, Madhya Pradesh, during the rainy seasons (kharif) of 1990 and
1991. Increasing levels of N, P05 and S significantly increased the seed and stover yields.
Increases in mean sced yield over controls were 217, 273 and 109 kg ha with 30 kg N, 60 kg
P,0s and 60 kg S ha™', respectively. The application of N with S significantly enhanced the
yield. Increasing levels of N, P2Os and § significantly increased the total uptake of N, P and

3. The maximum net return (Rs. 3893 ha™") and BCR (2.01) was obtained with NaolPioSeu.

Ramamoorthy ef al. (1997) conducted a field trial at Pudukkottai in the 1992-93 rainy

seasons and reported that yield of blackgram (Vigna mungo) increased up to 40 kg P2Os ha!

and the highest S rate of 40 kg ha™',

Mahmud ef al. (1997) carried out an investigation during the rainy seasons of 1990
and 1991 on a silt loamy soil at Samaru, Zaria (11 degrees 11'N, 07 degrees 38'E, 686 metres
above sea level) in the Northern Guinea savanna zone of Nigeria to study the response of
blackgram (Vigna munge) to three levels of phosphorus (0, 13 and 26 kg P ha™") and three
intra-row spacing (10, 20 and 30 em). Plant height, weight of seed plant”, weight of pads
plant’, 1000-seed weight and seed yield were significantly increased with inercasing
phosphorus application from 0 10 26 kg P ha™. Increasing intra-row spacing increased weight

of seed plant”, weight of pods plant” and 1000-seed weight but decreased plant height and

seed yield per unit area.

Tomar (1998) performed a field experiment in Madhya Pradesh, India, during the
rainy season of 1994-95 and 1995-96 to evaluate the effect of phosphate solubilizing-bacteria
and farmyard manure on the yield of blackgram (Vigna mungo) under different fertility

levels. Yield and yield components of ev. RU 2 increased significantly with the application of



N, P and K at 20, 26.20 and 16.66 kg ha", respectively. Phosphate-solubilizing bacteria
inoculation at 10 g kg™ seed and farmyard manure at 51 ha™ both singly and in combination
gave a significant increase in yield and its attributes compared with the control. Application
of phosphate-solubilizing bacteria combined with farmyard manure gave the grain and straw
yields of 819 and 1200 kg ha”', respectively, Application of N, P, and K at 20, 26.20 and
16.66 kg ha™', respectively, phosphate-solubilizing bacteria inoculation with farmyard manure

gave the highest grain yield (1001 kg ha™).

Gunjkar et al. (1999) carried out an experiment on blackgram (Vigna mungn) at
Parbhani during kharif (monsoon) 1994 and reported that blackaram gave seed vields of 658,
870 and 921 kg ha™! with 0, 25 and 50 kg N ha'', and 768, 800, 836 and 863 kg ha' with 0,

25, 50 and 75 kg P2Os ha'', respectively.

Thakur (1999) conducted field experiments at Tendani, Chhindwara (Madhya
Pradesh) during the rainy seasons of 1991 and 1992 to evaluate the effects of P, § and
Rhizobiwm on growth and yield of blackgram. Inoculation of Rhizebium culture on the
surface of dry seeds before sowing helped to improve the sced and straw yields, Significant
increases in seed and straw yields were observed up to 40 kg P2Os and 20 kg S ha™, mainly

due to improvement in plant height, branches plant” and pods plant™.
p p pods p

Thiyageshwari and Perumal (2000) conducted a pot experiment with a Vertic
Ustropept to test the changes in soil phosphorus forms, uptake and grain yield due to
integrated nutrient management of blackgram through conjunctive use of imported Tunisia
rock phosphate, vermicompost and phosphobacteria. Grawth of blackgram and P uptake was
slow in the vegetative phase but rapid during the reproductive phase. Vermicompost
application significantly enhanced grain yield followed by phosphobacteria above 100% P as

Tunisia rock phosphate. Phosphorus uptake by blackgram was higher in the combined



application of rock phosphate with vermicompost and phosphobacteria. Available phosphorus

was higher in the vegetative stage and later decreased at harvest due to P utilization by

blackgram.

Shrivastava and Rajput (2000) conducted field experiments during the kharif seasons
of 1995 and 1996 at 11 and 13 locations in Madhya Pradesh, India to study the response of
phosphate solubilizing bacteria (PSB) on the seed yield of blackgram. PSB + recommended
fertilizer treatment recorded the highest yield (1109 kg ha) and maximum net profit (Rs

B148 hu"}. which was on a par with the PSB + 3/4 recommended fertilizer treatment, but

superior to the other treatments.

Kumar ef al. (2000) conducted a field experiment with urdbean (V. mungo) cv. Pant
U-19 on a sandy loam soil, in Ranchi, Bihar, India, during 1996. The treatments consisted of
4 phosphate rates (0, 20, 40 and 60 kg P,Os ha™), applied at the time of sowi ng. The greatest
plant height (63.60 cm), number of branches plant” (5.98), number of pods plant” (35.90),
number of seeds pod”' (5.60), 1000-grain weight (37.90 g), number of leaves plant” (18.92),
leaf area plant™ (139.80 dm?) and grain vield (14.60 q ha'') were observed at 40 kg P05 ha”,
which was significantly superior to the rest of the treatments. At 20 kg P2Os ha', these

parameters were significantly superior to the control,

, Magsood et al. (2001) carried out a study in a sandy clay loam field to investigate the
effect of phosphorus rates on the agronomic traits of two mashbean (V. mungo) genotypes
(Mash-97 and Mash-88) at the University of Agriculture, Faisalabad, Pakistan, dur@ng 1998,
The phosphorus rates were 0, 50, 75 and 100 kg P»Os ha™', Mashbean genotypes did not differ
significantly regarding number of plants m=, plant height, number of seeds ped”’, total
number of sceds plant’, 1000-seed weight, seed yield and harvest index. However, Mash-97

gave significantly more seeds plant” than that of the Mash-88. Phosphorus application at 75
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kg ha! gave significantly the highest seed yield of 1832 kg ha' against the minimum of 1390

kg ha” without phosphorus.

Tomar et al. (2001) conducted a ficld experiment at the G.B. Pant University
Research Station, Ujhani, Uttar Pradesh, India, during kharif 1994-95 to study the effect of
Rhizobium, vesicular arbuscular mycorrhiza (VAM, Glomus caledonium) and phosphate
solubilizing bacteria (PSB, Psendomonas striata strain P-27) inoculation, with and without P,
on blackgram (Vigna mungo) seed yield. Phosphorus application in soil with medium P
content (5.4 mg kg') increased nodulation, grain yield, N and P in plant and grain over no
phosphorus control. Forty kilograms of P2Os per hectare recorded an increase of 20.6% in
nodule dry weight, significant increases of 0.35 g kg™ in N concentration and 1.28 g kg™ in P
coneentration of plant over 20 kg P20s ha'. Similar significant increases of 0.59 g kg in
grain yield and 0.54 and 0.23 g kg™ in N and P concentrations of the grain, respectively, over
20 kg P20s ha'' were also obtained with higher dose. Inoculation of Rhizobium + VAM +
PSBE at all the stages of plant growth recorded maximum increases in all the parameters
studied. Riizobium gave the highest and 2 1.0% more nodule number, 34,7% more nodule dry

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

_. Bhattacharyya and Pal (2001) performed a field experiment in West Bengal, India,
during the pre-kharil season to study the effect Bradyrhizobiumn inoculation, P (at 0, 20 kg
ha™') and Mo (at 0, 0.5 and | 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 per plant and plant height.

An investigation was carried out by Singh ef al. (2002) to study the effect of N, P and
K application on seed yield and nutrient uptake by blackgram at Central Agricultural

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

11



blackgram to the various treatments combinations of N (0 and 15 kg ha™), P (0, 30 and 60 kg
ha') and K (0 and 20 kg ha), the highest yield was obtained from the application of
15:60:20 kg N:P205:K20 ha™ which was al par with control and this might be due 1o higher
values of organic carbon, N, P:0;s and K:0 in the soil. The total uptake of nutrients by

blackgram was associated with higher biomass production.

Srinivas and Shaik (2002) conducted a field experiment to find out 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,

Patel and Thakur (2003) performed a field experiment with blackgram, comprising of
4 P levels (0, 30, 60 and 90 kg ha™) with and without phosphate solubilizing bacteria (PSB; 5
kg ha') and farmyard manure (FYM; 1 t ha™) during the rainy season of 1997 and 1998 in
Raigarh, Madhya Pradesh, India. The soil was sandy loam in texture, slightly acidic in
reaction, with low available N and P and medium available K. Yield attributes and yield were
significantly affected by P, PSB and FYM applications. Application of 60 kg P ha
significantly increased the number of pods plant”, 100-sced weight and seed yield of
blackgram over 30 kg P ha™ and the contral, but found at par with 30 kg P ha' for seeds
pod™ during both the years. Application of 60 kg P ha' recorded 10.4 and 69.3% higher vield
“over 30 kg P ha” and the control, respectively. Application of PSB and FYM resulted in
significantly the highest pod length, pods plant' and seeds pod”’ during 1997, and
appreciably increased 100-seed weight and seed yield during both years. An increasing trend

in harvest index was observed with increasing levels of P and application of PSB and FYM.



Sulphur-phosphorus interaction has been studied in field cxperiments on a soil
deficient in S and medium in P with blackgram (Phaseolus mungo) as the test crop by Singh
and Singh (2004). The treatments were taken in factorial combination of three levels of S (0,
30, and 60 kg ha™) and four levels of P (0, 30, 60 and 90 ke ha™) applied through gypsum
(CaS04.2H:0) and triple superphosphate, respectively, A uniform dose of N was applied
with the treatments. The grain, straw and total dry matter vield increased with the application
of S and P individually, bul decreased when S and P were applied in different combinations.
Sulphur application increased S and P content in seed as well as in straw. Total P content
increased with applied P and decreased with S application. Applied S increased and P
decreased the protein content in grains, Changes in N: S ratio in grain was affected by S and
P application. The anlagonistic effect of S and P fertilizers on uptake and utilization of cach

other was more conspicuous when both were applied together.

Poonkodi (2004) conducted a field experiment during 2000-01 in Annamalai Magar,
Tamil Nadu, India to investigate the effect of P and pressmud on nutrient uptake of
blackgram and on the postharvest soil nutrient status. The treatments were: Ty: control; Ts:
recommended PP rate (RDP) at 100% as single superphosphate (SSP); T1: RDP at 100% as
diammonium phosphate (DAP); Tq: press mud at 6.25 tha; Ts: RDP at 100% as SSP + PM:
Te: RDP at 100% as DAP + PM: T+ RDP at 75% as SSP + PM; Ty: RDP at 75% as DAP +
PM; Ty: RDP at 50% as SSP + PM; and Tig: RDP at 50% as DAP + PM. Ts produced the
highest available N (167.7 kg ha™), while the lowest (155.9 kg ha™) was obtained under the
control. The available P and K values showed similar patterns with that of the available N.
The application of P as SSP or DAP at 75% + PM showed similar efficacy as RDP at 100%

as DAP or SSP + PM in increasing the crop nutrient uptake and postharvest N status.



]

In a field experiment on sulfur (S) deficient soils (sandy [oam) in India, the effects of
S (0, 30 and 60 kg ha™) and phosphorus (P) (0, 30, 60, and 90 kg ha™') were studied for yicld,
nutrient uptake and quality of blackgram (Vigna mungo) by Singh (2004). Application of §
up to 30 kg ha” enhanced the average grain yicld of blackgram by 22.2% over control. The
application of P up to 60 kg ha™' increased the grain yield by 31% over control. On fitting the
average grain yield of two years (1993-94 and 1994-95) data in to quadratic equation, the
optimum dose of S for blackgram was found to be 34.6 kg ha™. Similarly, the optimum dose
of P was found to be 64.5 kg ha' giving maximum grain vield of 10,27 q ha”', Similar trend
in yield response of straw was also recorded. Total S uptake progressively increased from
5.37 to 6.62 with the increasing S levels. The uptake of P also increased with the levels of P,
The uplake of P and S increased up to 30 kg and 60 kg ha™ level, respectively. Protein

content significantly increased with the increased doses of S and P over control.

2.2 Effect of Bradyrhizobiten inoculation on legumes

Effect of Brayrhizobitem inoculation on blackgram and other legumes have been

presented below:

Satter and Ahmed (1995) carried out a field experiment on mungbean (Vigna raidata
L.) to study the response of inoculation with Bradyrhizobiwm inoculants incorporating BINA
403, BINA 407, RCR 3824 and RCR 38235 strains as single and mixed culture. They observed
that Bradyrhizobivm inoculation increased the number of nodules and weight significantly

compared to uninoculated treatments.

Thakur and Panwar (1995) conducted a field trial where Vigna radiata cv. Pusa-105
and PS-16 were given seed inoculation of both. They found that inoculation either singly in

combination increased plant height compared with no inoculation.
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Shukla and Dixit (1996b) conducted a field experiment where green grain cv. Pusa
Baisakhi was seed inoculated with Rhizobium sown in rows, 20, 30 and 40 cm apart and

given 0-60 kg P20s ha™'. They found that seed inoculation increased seed yield.

Sharma and Khurana (1997) studied the effectiveness of single and multistrain
incculants in field experiment with summer mungbean variety SML-32 and found that grain
vield was superior in multistrain inoculants. On an average, single strain and multistrain

Rhizobium inoculants increased the grain yield by 10.4% and 19.3% over uninoculated

control, respectively.

Patra and Bhattacharyya (1997) carried out a feld trial with Wigna radiata cv, B-1,
Bradyrhizobiim and urea (25 kp ha']], They found that all the treatments increased

nodulation compared to control and the highest nodules were found with Bradyrhizobium +

urea.

Das et al. (1997) conducted field trials where Vigna radiata cv. Noyagrah local seed
were inoculated with Rhizobien and/or YAM culture, which was applied at the rate of 15 kg

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

with unineculated control.

Jayakumar et al. (1997) carricd out a pot culture experiment where blackgram (Vigna
mungao) plants were raised from: uninoculated seeds; uninoculated seeds with 250 g pot™
coir-pith compost applied at 15 and 45 days after sowing; Rhizebium-inoculated, lime-
pretreated seeds; and Rhizabiwm-inoculated seeds + lime-pretreatment with 250 g pot” coir-
pith compost. Application of coir-pith compost increased root length more than shoot length
of plants compared to controls. It is suggested that coir-pith compost improved the growth of

blackgram by increasing the rate and activity of nodulation and increasing the availability of
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P and K. Rhizobim inoculation with lime seed pelleting increased both root and shoot
lengths by 45%. Rhizobiwm inoculation, lime pretreatment and coir-pith compost
synergistically increased the dry weight of plants and number of nodules plant” compared to
centrols. Total nitrate content, nodule leghaemoglobin content and leaf nitrate reductase
activity were higher in plants raised [rom Rhizobiwm-inoculated seeds, particularly with lime-
pretreatment and coir-pith compost. It was concluded that pelleting seeds with lime ensures

the survival of Rhizebiwm, which improves plant growth under stress.

Ghosh and Poi (1998) carricd out a pot experiment where soybeans, groundnuts,
mashkalai (Figna mungo), mung (Viena radiata) and lentil (Lens esculentus) were inoculated
with Bradyrhizebium, Bacillus polymixa and Glomus fasciculatim in different combinations.
They found that nodulation and population of microorganisms in the rhizosphere were

highest from combined inoculation with all three microorganisms.

Maldal and Ray (1999) conducted a field experiment where mungbean cv. B105, Bl
and Hoogly local were untreated, seed inoculated with Bradyrhizobium and 20, 30, or 40 kg
N ha'! as urea were given. The results revealed that nodulation was greatest with inoculation

in B105 and Hoogly local while it was decreased by inoculation and N treatment in B1035.

Sharma ef al. (1999) performed a field experiment in 1997/98 in Himachal Pradesh
and V. mungo cv. Pant U-19 was seed inoculated with one of eleven Rhizobium strains or not
inoculated and given 0 or 20 kg N ha™', Seed yield was highest with inoculation with a local
strain (1.30 t ha'). The application of 20 kg N gave higher sced yield than no N (1.24 vs. 1.14
t). Application of nitrogen and inoculation increased nodulation and nodule dry weight
plant”, crop growth rate and relative growth rate. No significant effects were observed in

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



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

seed inoculation of mungbean and found that nodule plant™” increased significantly over

uninoculated control.

Choudhury ef al, (2000) performed a field experiment during kharif season of 1999
with mungbean and seed inoculation with Bradyvrhiizobfum strains. They found that dry matter

production was increased by about 50% due to Bradyrfiizebium inoculation,

Srivastay and Poi (2000) conducted field experiments 1o determine the symbiotic
efficiencies of greengram (V. radiata) and blackgram (V. mungo) after inoculation with a
native Bradyrhizobium strain and the residual effects of 7 Bradyrhizobium strains (NG-13/1,
M-10, Kuthi AR-1, Jea-1, Caj-3, NK-4 and Caj6/1) in neutral pH soil, in Mohanpur, West
Bengal, India. Symbiotic variations of greengram and blackgram were observed due lo the
host and inoculant strains. Inoculation with M-10 strain in greengram resulted in the highest
dry matter production and nitrogen fixation, while NK-4 inoculation into blackgram resulted
in the highest nitrogen uptake and grain yield. The residual potentialities of the 7 strains were
very low in subsequent seasons; however, strains M-10 and NK-4 were better than the other

strains. This was due to their higher adaptive nature and competitiveness over the native

strains.

Sharma et al. (2000) carried out a field experiment during kharif 1997 at Palampur,
Himachal Pradesh, India where V, mungo was seed inoculated with | of 9 Rhizobium strains
and given 0 or 20 kg N ha”. Growth, yicld and dry matter accumulation increased with N

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

A field experiment was conducted in Vamban, Tamil Nadu, India by Nagarajan and

Balachandar (2001) during the kharif season of 1998 to study the effects of organic



amendments on the nodulation and yield of blackgram ¢v. 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 seshan, S.  gramdiflora, Cassia fistula, Cass ia
auriculiformis, and Claricidia (Gliricidia) along with cowdung and rock phosphate), compost
+ Rhizobium, 5 t biodigested slurry ha”', and biodigested slurry + Rhizobium. In gencral, seed
inoculation of Rhizebiwm and application of organic amendments enhanced biomass, root
nodulation, and grain yield. Biodigested slurry at 51 ha™ + Rhizobium gave the greatest plant
height (42.7 and 53.7 em for blackgram and greengram, respectively), nodule number {23.3

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

Bhattacharyya and Pal (2001) conducted a field experiment in West Bengal, India,
during the pre-kharif season to study the effect Bradyrhizobitn inoculation, P (at 0, 20 kg
ha™) and Mo (at 0, 0.5 and 1 kg ha™) on the number of nodules p]ant" ol summer greengram
cv. T-44. Inoculation and application of P and Mo significantly influenced the number of

nodules per plant and plant height.

Sharma (2001) carried out a ficld experiment in Palampur, Himachal Pradesh, India
during the kharif season. Seeds of mungbean cv. Pusa Baisakhi were inoculated with three
strains of HBradyrhizebium culture (Ludhiana, local isolated and TARI). The various
physiological and yield parameters of mungbean were evaluated. Crop growth rate, relative
prowth rate, days to 50% flowering, days (o maturity was at maximum when mungbean sceds

were treated with the local isolate,

Tomar ¢f al. (2001) conducted a field experiment at the G.IB. Pant University
Research Station, Ujhani, Uttar Pradesh, India, during kharif 1994-95 to study the effect of

Rhizobium, vesicular arbuscular mycorrhiza (VAM, Glomus caledonium) and phosphate
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solubilizing bacteria (PSB, Pseudomaonas striata strain P-27) inoculation, with and without P,
on blackgram (VFigna mungoe) seed yield. Phosphorus application in soil with medium P
content (5.4 mg kg™') increased nodulation, grain yield, N and P in plant and grain over no
phosphorus control. Forty kilograms of P05 each hectare recorded an increase of 20.6% in
nodule dry weight, significant increases of 0.35 ¢ kg™ in N concentration and 1.28 g kg™ in P
concentration of plant over 20 kg P»Os ha™'. Similar significant increases of 0.39 g kg in
grain yield and 0.54 and 0.23 g kg in N and P concentrations of the grain, respectively, over
20 kg P2Os ha™' were also obtained with higher dose. Inoculation of Rhizobium + VAM +
PSB at all the stages of plant growth recorded maximum increases in all the parameters
studied. Rhizobium gave the highest and 21.0% more nodule number, 34.7% more nodule dry

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

Singha and Sarma (2001) conducted an experiment in India on blackgram cv. T-9 to
study the effeet of different levels of P fertilization and Rhizobiwm inoculation of seeds on
yield and nutrient uptake. Application of P significantly increased the grain and straw yield
and N, I 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 increascd 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 p]ant” compared to the control indicating

increased efficiency of the crop to ix the atmospheric N.

The interaction effects of P. fluorescens with Rhizobium in the management of
blackgram (Vigna mungo) rool rot caused by M. phaseolina was studied under in vitro and in
vivo conditions (Shanmugam e al., 2001). In a related experiment, a fluorescent
pseudomonad strain (P 1) which effectively inhibited the mycelial growth of M. phaseolina

was studied for its compatibility with Rhizobium. Dual cultures and calorimetric studies



eslablished the compatibility of P. fluorescens and Rhizebium in controlling the root rot
pathogen. However, glass house and ficld studies showed that seed treatment and soil

application of Pf | was the most effective treatment to reduce root rot incidence 1o increase

yield.

The nodulation characteristics of 8 wvarictics of blackgram (Vigna munge) were
studicd by Reddy and Mallaiah (2001). Rhizebium sp. was isolated from the T-9 cultivar of
the crop. The effect of three different methods of Rhizebium inoculation on the nodulation of
blackgram was studied. The initiation of nodulation was early and the numbers of nodules
formed were more in the seed inoculation method than in soil inoculation or seedling
inoculation methods. Three isclates of Rhizobium, viz. VM isolate, AH isolate and 5G
isolates, isolated respectively from blackgram, Arachis hypogaea and Seshania grandiflora,
were used to study their effect on nodulation and nitrogen content of blackgram cultivar T-9.
In plants inoculated with the VM isolate, nodules appeared 12 days after sowing, and a
maximum of 84 nodules plant” were found during the reproductive stage of the crop. The
nitrogen content of the nodules at the reproductive stage was 4.3%. The nitrogen content of
the shoot was 1.9% at the vegetative stage (25-day-old plants), 3.0% at the reproductive stage
(45-day-old plants) and 1.0% at the harvesting stage. The nitrogen content of the fresh seeds
was 5.78% in the inoculated plants, while that in uninoculated controls was only 2.72%. The
plants inoculated with the AH isolate showed better nodulation and nitrogen content
compared to the plants inoculated with the VM isolate. However, the SG isolate completely

failed to produce nodules on blackgram.

Sarkar ef al. (2002) inoculated the seed of blackgram with strains of Braeyrhizobium
viz. M-10, 129-USA, 480-M, and MK-5 before sowing in a field experiment conducted to

determine the suitable cultivars and Bradyrhizobium strain for 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™ (1.297), number of nodules plant”
(7.030) and tesi weight (4.227 ), whereas the interaction effects between cultivar A-43 and
bradyrhizobial strain 480-M resulted in the longest roots (14.72 ¢m). Correlation coefficient
studies showed high correlation between seed yield and high correlation between correction
with test weight, shiot length and shoot fresh weight. Root length and root volume were

inversely correlated with test weight.

Malik et al. (2002) studied the effects of seed inoculation with Rhizobitan and P
application (at 0, 30, 50, 90 and 110 kg ha'') on the growth, seed yield and quality of
mungbean cv. NM-98 in a ficld experiment conducted at Faisalabad in Pakistan during the
autumn of 2000. Plant height at harvest was the highest when inoculated with
Bradyrhizobium (68.13 cm). Seed inoculation with fhizobium and application of 70 kg ha!
resulted in the highest number of pods plant” (22.47), number of seed pod™ (12.06), 1000-

seed weight (42.27g) and seed yield (1138 kg ha"}.

Srinivas and Shaik (2002) studied the efTects 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 were determined in a field experiment conducted during the
kharif seasons. Plant height generally increased with increasing rates of P and with increasing
rates of N up to 40 kg ha™ followed by decrease with further increase in N. Number of seeds
per pods, 1000-seed weight, seed and haulm yields generally increased. Seed inoculation with
Rhizobium resulted in higher values for the parameters measured relative to the control. The
interactions effects between N and P were not significant for the number pods plant”, pod

length and seed haulm yield.



Chatterjee and Bhattacharjee (2002) studied the effects of inoculation with
Bradyrhizobiwm and phosphate soluble bacteria (PSB) on nodulation and grain yield of
mungbean cv. B-1 in field trial conducted in West Bengal, Sceds of mungbean were
inoculated with strains of Rhizobiwm, 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 10 cells m1™ at the time of
the sowing. The plants inoculated with Bradyrhizobium strains and PSB showed increased
rate of noedulation and N content. The percentage increased in seed yield over control was

observed to be highly significant in plants inoculated with Bradyrhizebium strains and PSB.

Parveen et al. (2002) conducted a field experiment to ocbserve rhizospheric
micreorganisms on growth and yield of greengram (Phaseolus radiata). The treatments were
single, dual and combined inoculants of Bradyrhizebium, Azotobacter chroococcum and
Aspergillus. The maximum root dry weight (0.37 g plant') and seed yield (6.6 g plant™) were

observed with single Bradyrhizobium sp.

Osunde er al. (2003) tested the response of two mungbean cultivars (TGX1456-2E)
and TGX1660-19F) to Bradyrhizobiwm inoculation in a two year trials in the farmers™ fields
of Nigeria. Cultivar effect of plant of plant height and nodulation number was significant
only in the first cropping season of the trial. Inoculation increased 40% seed yield in the first
cropping season, while no such yield differences occurred in the second season. The
proportion of nitrogen derived from nitrogen fixation ranged from 27% to 50% in the both
cropping seasons and this was dependent on crop management on the farmers’ field, rather

than any cultivar or incculation effect.

Asral ef al. (2003) conducted a field caperiment to observe the effects of sced

inoculation of a biofertilizer and NPK application on the performance mungbean cv. NM-98
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at Faisalabad in Pakistan. The treatments consisted of the seed inoculation of Rhizobium
phaseoli singly or in combination with 20:30:0, 40:50:0 or 50:50:50 NPK kg ha’' (urea), P
(single super phosphate) and K (polassium sulphate) were applied during sowing. The tallest
plants (69.93 cm) were obtained with seed inoculation + 50:50:0 kg NPK ha”. Sced
inoculation + 50:50:0 or 50:50:50 kg ha” resulted in the highest number of pods plant™
(28.97, 56.00, 63.90 and 32.56, respectively) and seed yield (1053, 1066, 1075 and 1072 kg
ha™). Harvest index was 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.

Manivannan et al. (2003) carried out field experiments during 1999/2000 in Tamil
Nadu, India to investigate the effect of foliar application of Microsol B (NPK with chelated
micronutrients) with and without Rhizobium seed inoculation on the productivity of
blackgram (cv. ADT3). The treatments consisted of foliar application of DAP at 30 and 45
days after sowing (DAS), Microsol B at 15, 30 and 45 DAS with and without Rhizobium sced
treatment and an untreated control. Rhizebium seed treatment and foliar application of
Microsol B recorded markedly higher leaf area index, dry matter production, crop yicld, net
assimilation rate, crop growth rate and relative growth rate in both years. No significant
difference in relative growth rate was observed between treatments at the early stages, i.c.

vegetative and flowering.

A study was conducted by Kumari and Nair (2003) to isolate efficient native strains of
Rhizobium or Bradyrhizobium spp. and 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 munge) and greengram (V.
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radiata) were obtained and were screened for nodulation cfTiciency. The experiment was
conducted in complete randomized block design with three replications for cach isolate using
unsterilized soil of pH 4.89 without any amendments such as applications of FYM or
chemical fertilizers. It was also repeated under amended soil conditions using sterilized soil
and application of FYM at 20 tonnes ha™'. The selected isolates were further evaluated under
field (Vellayani and Kayamkulam) conditions along with a package of practices
recommendation (POP) developed by the Kerala Agricultural University. The extent of root
nodulation, plant growth and yield were more in 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 vield. The results indicated that for
acidic soils, the mere development of efficient native strains of Rhizobium or Bradvrhizobium
alone was not sufficient but it should be along with a package of practices recommendation

consisting of application of organic manure and liming to neutralize the soil pH,

Sriramachandrasekharan and Vaiyapuri (2003) coducted a pot culture experiment to
study the effect of carbofuran in association with Rhizebiwm on the nodulation, growth, and
yvield ol blackgram cv. ADT 3. Plant height (40.3 em). number of nodules pl;mt'I (36.4),
effective number of nodules plani" (24.5), nodule dry weight (20.2 g), root length (23.3 cm),
shoot weight (0.82 2), root weight (0.32 g), number of pods |:H::n'.'1 (18.2), pod yield pul" (35.6
g), root weight (0.32 g), and stover yield pot’! (90.1 &) was the highest with 2.50 ppm
carbofuran and decreased thereafter with further increase in carbofuran concentration.
Irrespective of the levels of carbofuran, Rhizobium-inoculated blackgram showed better

growth and higher pod vield (50.3 g) and stover yield pot” (81.1 g) than the uninoculated

crop.
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2.3. Interaction effect of phosphorus and Bradyrltizobium on legumes

Interaction effect phosphorus and Brayrhizobium inoculation on blackgram and other

legumes have been presented below;

Mathan er al. (1996) conducted a ficld experiment during the monsoon seasons of
1991-92 at Coimbatare, Tamil Nadu where a total of 7 treatments compared the effect of
applying in various combinations N, P, K, FYM, NAA and seed inoculation with Rhizobium
were wsed on blackgram (Figna mungo) ev. CO S5 yield. In 1992, sced treatment with
fungicides was also included, The application of 25 ke N as urea + 50 ke P20s ha as single
superphosphate + 750 ke enriched FYM + 6.25 t FYM + [oliar application of 25 kg
diammonium phosphate at fower initiation and 15 days later + seed inoculation with
Rhizabium produced the highest seed vields of 0,72 t ha” in 1991 and 0.62 t in 1992,
comparcd with the control yields of 0.42 and 0.40 {, respectively. The seed crude protein
content was increased by 14.5 and 15.4% in the highest yielding treatment compared with the

cantrols.

Thakur (1999) conducted field experiments at Tendani, Chhindwara (Madhya
Pradesh) during the rainy seasons of 1991 and 1992 to evaluate the effects of P, 5 and
Rhizobium on growth and yield of blackgram. Inoculation of Rhizebium culture on the
surface of dry seeds before sowing helped to improve the seed and straw yields. Significant
increases in seed and straw yiclds were observed up to 40 kg P2Os and 20 kg § ha', mainly

due to improvement in plant height, branches plant” and pods plant™.

Twelve treatment combinations comprising 3 levels of phosphorus (0, 13.1 and 26.2
kg Pfha in the form of single superphosphate), 2 levels of farmyard manure (0 and 10 Vha)
and 2 levels of phosphate selubilizing bacteria (PSB; inoculated and uninoculated) were

tested by Reddy and Swamy (2000) in blackgram (Vigna munge) grown on a sandy loam at
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Rajendranagar College, Hyderabad in summer 1999, With an increase in phosphorus level
from 0 to 26.2 kg P ha™, yield attributes like pods plant”, seeds ;md'l_. sced vield and haulm
yield ha' increased by 53.5, 15.3, 50.6 and 26.3%, respectively, over the control. B
seeds/pod was comparable with that of 13.1 kg P ha. P content in haulm and seed increased
significantly by the application of 26.2 kg P ha'. Farmyard manure at 10 t ha”’ increased dry
matter p]anl", pods p]anl" and seed yield by 8.3, 9.2 and 6.5%, respectively, over no
farmyard manure application. P content in haulin and seed increased due to farmyard manure.
Soil inoculation with PSB gave increases in dry matter plant”, pods plant” and sced vield of
6.6, 7.7 and 7.2%. respectively, over non-inoculation. Interaction of phosphorus with
farmyard manure was significant with respect to seed yicld. Economic analysis of the
different treatments shows that the highest additional seed vield and additional net returns (Rs

3528 ha"} were associated with 26.2 kg P ha”! + PSB inoculation + no farmyard manure,

giving a benefit:cost ratio of 2.69.

Singha and Sarma (2001) conducted an experiment in India on blackgram cv. T-9 to
study the effect of difTerent levels of P fertilization and Rhizebien inoculation of seeds on
yield and nutrient uptake. Application of P significantly increased the grain and straw vield
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%) ol root nodules plant” compared to the control indicating

increased efficiency of the crop to fix the atmospheric N

The effects of P (0, 20, 40 or 60 kg P05 ha"] and biofertilizers as seed inoculants
(Rhizobium and the phosphate-solubilizing bacterium (PSB) Bacillus megaterinm var.

phosphaticum), singly or in combination, on the performance of blackgram cv. T-9 were



studied by Tanwar ¢/ al. (2002) in Udaipur, Rajasthan, India during the kharif season of
1996. P as diammonium phosphate was applied during sowing. The application of 60 kg P20
ha™ increased the dry matter production plant™ at 60 days after sowing (DAS) and at harvest,
and number of primary branches plant’ by 52.8, 18.8 and 37.9% over the control,
respectively. Seed inoculation with Rhizobium and PSB either singly or in combination
enhanced dry matter production, number of branches plant’', number of nodules plant™,
number of pods plant” and number of sceds pod”. However, the inoculation of both
biofertilizers was more effective than the inoculation of either of the biofertilizers. Rhizobium
and PSB were equally effective when applied alone. The application of 40 and 60 kg P20
ha™! resulted in the highest number of pods plant”!. The highest grain, straw and biological
yields were obtained with 60 kg P05 ha™' (39.0, 29.7 and 31.28% increase over the control.
respectively). The interaction between P rate and biofertilizers was significant with regard Lo
the number of nodules and seed vield. The inoculation of both biofertilizers along with the

application of 60 kg P05 gave the highest number of nodules plant™ (40.5) and secd yield.

Malik ef al. (2002) studied the effects of seed inoculation with Rhizobinm and P
application (at 0, 30, 50, 90 and 110 kg ha™") on the growth, seed yield and quality of
mungbean cv. NM-98 in a field experiment conducted at Faisalabad in Pakistan during the

autumn of 2000. Plant height at harvest was highest when inoculated with Bradyrhizobiwm

(68.13 cm).

Srinivas and Shaik (2002) studicd the effects of N (0, 20, 40 and 60 kg ha'y and P (0,
25, 50-and 75 kg ]1a']} aleng with seed inoculation with Rhizobium culture on the growth and
yield components of greengram were determined in a field experiment conducted during the
kharif seasons. Plant height generally increased with increasing rates of P and with increasing

rates of N up o 40 kg ha™ followed by decrease with further increase in N. Number of seeds
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per pods, 1000-seed weight, seed and haulm yields generally increased. Seed inoculation with
Rhizobium resulted in higher values [or the parameters measured relative to the control. The
interactions effects between N and P were not significant for the number pods plant”, pod

length and seed haulm yield.

Tomar er al. (2003) conducted an experiment in Ujhani, Uttar Pradesh, India, during
2001-02 to study the cffeet of Rhizebium, vesicular arbuscular mycorrhiza (VAM) and
phosphate solubilizing bacteria (PSB) inoculations, with different phosphorus (P) rates (0, 20
and 40 kg P ha™) on blackgram (Vigna mungo) and their residual effects on the growth and
vield of the succeeding wheat crop. P application and inoculation treatments increased the
nodulation, plant biomass, grain and straw yields, N and P content in blackgram. Residual
effects of inoculation with Rhizebium, VAM and PSB individually or in combination and
phosphorus applied to blackgram were significant on wheat. Plant dry weight, grain and
straw yields and N and I* uptake by wheat increased significantly. Riuzebium combined with
VAM or PSB recorded a 10.0% increase in plant dry weight than Rhizobium alone. The
highest residual effects on all the parameters including the wheat grain vield were recorded

with combined inoculation of Rhizobinm + VAM + PSB.

A pot study was conducted by Sheikh er al. (2003) to investigate the effects of seed
inoculation with Rhizebiwn sp. and N:P:K (at 0:0:0, 5:15:10, 10:30:20, 15:45:30 and
20:60:40 kg ha"') growth and physiomorphological traits of blackgram cv. PU 19 irrigated
with thermal power plant waste water (TPPW), sewage waste water (5W) and ground water
(GW). Sampling was conducted at the vepetative (25 days alter sowing, DAS), flowering (40
DASY, and fruiting (55 DAS) stages. Both SW and TPPW were efficient for improving the
vield, vegetative growth, physiological characteristics and yield. Waste water application

increased the leafl nitrate reductase activity, carbonic anhydrase [carbonate anhydrase]
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activity and total chlorophyll content of Rhizobium-incculated plants. The optimum fertilizer

treatment was N: P: K at 10:30:20 kg ha” and NPK-treated plants showed better performance

under inoculated conditions than uninoculated,

Tanwar et @l (20033) conducted a field experiment at Rajasthan College of
Agriculture, Udaipur, Rajasthan, India, during the kharif season of 1996 to study the effects
of P rate (0, 20, 40 or 60 kg P-Osha™) and biofertilizer (seed inoculation of Rhizobitm,
phosphate-solubilizing  bacterium  Bacillus megaterium  var. phosphaticum, or their
combination) on the performance of blackgram cv. T-9. P as diammonium phosphate was
applied during sowing. The seed yield increased with the increase in P rate up to 60 kg ha™'.
The application of 60 kg P ha', along with inoculation of Rhizebiwm and phosphate-
solubilizing bacterium gave the highest seed yield (10.93 guintal ha), gross return (20 244

rupees ha™'), net return (15 152.5 rupees ha™y, and benefit cost ratio (2.98).

Tanwar et al. (2003b) conducted a field study in Rajasthan, India during kharil 1996
to investigate the effect of P (0, 20, 40 and 60 kg ha'') and biofertilizers (Rhizobium sp. and
Bacillus megaterium var. phosphaticunt) on the nutrient content and uptake ol blackgram.
The biofertilizers were applied singly or in combination. The crop yield, N and P contents,
and N and P uptake increased with inereasing P rate up to 80 kg ha™'. Inoculation with the
combination of the biofertilizers resulted in higher yield, N and P content, N and P uptake ol

the grain and straw compared 1o no inoculation and individual inoculation.
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CHAPTER 111

MATERIALS AND METHODS

This chapter deals with the experimental aspect of the work. Details of the
experimental materials and methods followed in the study are presented in this chapter. The
experiment was carried oul during the period from September to December, 2007. This
chapter offers a briel description of soil, treatments, design, fertilizer, biofertilizer,

intercultural operations, chemical and statistical analysis.

3.1 Experimental site

The experiment was carried out at the Net House Laboratory of Soil Science Division
in Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur. The experimental
site is situated at 24.09" North Latitude and 90.50" 'East Longitude, The elevation of the
cxperimental site is 8.2 m above the sea level. The area belongs to the Agro-ccolopical Zone

(AEZ 28): Madhupur Tract.

3.2 Collection and preparation of soil sample

The soil used in this experiment was collected from a selected area of Central Farm of
Bangladesh Agricultural Research Institute, Jovdebpur, Gazipur. The initial surface soils of
0-15 cm depth were collected. The samples were put into polyethylene bag and were taken to
the laboratory. Then, it was spread on the floor and sun dried for one month. When it dried,
the clods were broken with hammer o make it friable. The soil was sieved to remove weeds,

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

analysis,

3.3 Seil

The experiment was conducted on elay loam soil of the Order Inceptisols. The soil of
BARI farm is high land having irrigation facilities. The morphological, physical and chemical

characteristics of the experimental soil are presented in Tables 3.1 and 3.2,



Table 3.1. Morphological characteristics of the experiment field

Characters =
General soil type Shallow Grey Terrace Soil
Taxonomic soil classification:
Order Inceptisols
Sub-order Agquept
Sub-group Aeric Albagquept
Sail series Chhiata
3.4 Climate

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

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

Table 3.2. Physical and chemical characteristics of the soils

Characleristics ' BARI farm

Mechanical fractions:

% Sand (0.2-0.02 mm) 27.5

% Silt (0.02-0.002 mm) 33.5

%Clay (< 0.002 mm) 39.0

Textural class Clay loam
Colour Grey
Consistency Sticky and mud when wet
pH (1:2.5 Scil-Water) 6.3
CEC (cmol ke 17.5
Exchangeable K {cmal kg™) 0.22
Exchangeable Ca (cmol kg™ 9.4l
Exchangeable Mg (cmol kg™) 745
Exchangeable Na (emol kg™) 0.15
Organic C (%) 0.95
Total N (%) 0.072
Available P (mg kg™) 13.0
Available S (mg kg™) 15.0
Available Zn (mg kg™ 1.59
Available Cu (mg kg™') 0.59
Available Fe (mg kg™) 17.9
Available Mn (mg kg 3.5

3.5 Crop: Blackgram (Vigna mungo L.)

3.5.1 Blackgram variety : BARI Mash-1
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BARI Mash-1

BARI Mash-1 was developed by Bangladesh Agricultural Research Institute (BARL)
and it was released in 1990 by the National Seed Board. Plant height of this varicty ranges
from 33-35 em; maximum field duration from 70-75 days and average yield from 1400-1500
kg ha''. In seedling stage the seedling is erect in nature; stem and leaf are dark green. Stems
are comparatively bulky and leaves are broad and long. The colours of the flowers are blue

and seeds are spotted light blackish brown. It is resistant to powdery mildew and downy

mildew (Afzal er af., 1999).

3.6 Sowing period: 2007 (Kharif I1)
3.7 Treatments of the experiment
The experiment consisted of two factors:
Factor A: Bradyrhizobium : 2
i) U Without Bradyrhizobium inoculation

i) It With Bradvrhizobiym inoculaiton

Factor B: Five levels of phosphatic (TSP) fertilizers:
i) Pg: 0 kg P ha™
i) Po: 10 kg P ha'
iii) Pag: 20 kg P ha'!
iv) Psg: 30 kg P ha!

v) Pag: 40 kg P ha'!

3.8 Treatment combinations and experimental design

Thus, there were 10 treatment combinations (5 levels of P x 2 Bradyrhizobitm) for
the experiment. The experiment was laid out in a factorial randomized complete block design

(RCBD) with four replications and total treatment combinations were 40. The combinations

were as follows:
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Treatment combinations: Bradyrhizobium 2 x phosphorus levels 5 = 10

Ti:Pyx U
Ta: Paxl
Ts: Prox U
Ta: Pigx 1
Ts: Pogx U
Te Pap x 1
Ty Pyx U
Ty: Pagx |
Ts: Pygx U

Tm: P.m xl

3.9 Pot preparation

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

was poured with 10 kg finely ground sieved soil. Triple super phosphate (TSP) was applied

as recommended levels at the time of pot filling.

3.10 Fertilizer application
Muriate of polash and gypsum were applied according to the fertilizer
recommendation guide (BARC, 2005) and the doses were 42 K kg ha™ and 20 ke S ha'',

Triple super phosphate was applied as per treatments of the experiment as recommended

levels (Py, Prg, Pag, Pyg and Py kg ha'').

3.11 Preparation and amendment of peat material

The peat soil was collected from Gopalgonj and the pH was measured by elass
clectrode method. The pH of the peat soil was 4.5 and it was adjusted to 6.8 by adding
CaCOj solution. Fifty grams of amended peat having 8 percent moisture was taken in each
polyethylenc bag and the bags were sealed up, Then they were sterilized by autoclaving for

three consecutive days for one hour each day, The sealed peat was ready for inoculation.
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3.12 Inoculum preparation

The bradyrhizobial inoculant was preparcd in the Soil Microbiology Laboratory of
Bangladesh Agricultural Research Institute (BARI) using the broth culture. The
Bradyrhizobium strain (BARI RVm-301) was collected from the stock culture of the
laboratory. Yeasl mannitol broth was prepared in a 500 ml Erlenmeyer flask. The liquid
medium was sterilized for 30 minutes at 121°C at 15 PSL The medium was kept for cooling.
After cooling, a small portion of Bradyrhizebium culture was aseptically transferred from
agar slant to the liquid medium in the Mask with the help of a sterile inoculation needle. The
flask was then placed in the shaker at 28"C under 120 rpm to enhance bradyrhizobial growth.
After 4-5 days, the medium in the flask showed dense growth and then the broth culture was
taken out from the shaker. From this ready broth, 30 m] were taken out by sterile syringe and
injected into the polyethylene packet having the sterile peat. Finally, the moisture percent of
the packet was adjusted 1o 50 percent. The inoculated packets were then incubated at 28°C for

two weeks to make them ready for seed inoculation.

3.13 Viability count of Bradyritizobium
Viability count of bradyrhizobia in the inoculant was made one day before injecting

into the peat following plale count method (Vincent, 1970). The averaze number of

bradyrhizobia was approximately above 10® cells g’ in the inoculant.

3.14 Procedure for inoculation

Inoculation was done just before sowing. Healthy blackgram seeds @ 35 g for cach
plot were taken into polyethylene bags separately and 2 ml of the sticker solution (4% gum
acacia solution) was added 1o each bag with sterilized pipettes. It was followed by addition of
3 g of the desired peat based Bradyrhizobium inoculant to each polyethylene bag and mixed

thoroughly for uniform distribution and good adherence of inoculant on the surface of each

seed.



3.15 Sowing

Twenty healthy blackgram sceds (BARI Mash-1), inoculated or non-inoculated, were

sown on 5™ September 2007 in cach pot by dibbling method. After sowing the seed, the soil

was saturated with water.

3.16 Intercultural operation

The seedlings of the crop emerged out within 3-4 DAS, Thinning and first weeding
were done 5 days afler sowing of seeds. In thinning one of the seedlings was removed from
each hole in which both the planted seeds germinated. The growing points of the seedlings to
be removed were pinched off. Uprooting was not done since this injures the adjacent
seedlings that were lefl behind. Finally three plants were kept in cach pot for final harvesting
of the crop. Second weeding was done 20 days afier the first weeding. Necessary waler was
added to the pots at a regular interval of 7 days until crop maturity to maintain proper

maoisture content. Pest did not infest the blackgram crop. No disease was observed in the pot

experiment.

3.17 Collection of samples

The following observations were made regarding the growth, vield and nutrient

content from the sample plants during the course of experiment.

3.17.1 Plant

Plant samples were collected at 35 and 50 DAS days intervals to record data on
nodule and shoot paramecters. Three plants from cach pot were selected randomly and
uprooted carefully by digging soil with the help of “khurpi”. All possible precautions were

taken to minimize the loss of nodules.



3.17.2 Study on nodulation

The plants uprooted for sampling were washed in running water cautiously to make
them free from adhering soil particles and dipped in fresh water contained in a Lray to avoid
shrinkage of nodules. The nodules were counted, kept separately pot-wise and their dry
weights were recorded. The data on nodule number and nodule mass were recorded by taking

3 randomly selected plants from each pot at different DAS. The data on nodule mass were

expressed in mg plant” on oven dry basis.

3.17.3 Shoot weight and root weight

After scparation of the roots, dry shoot and root weights of three selected plants were

recorded.

3.17.4 Shoot length and root length

Shoot and root lengths of the plant samples of three selected plants were recarded

3.18 Harvesting and data recording on yield and yield contributing characters

Yield data were collected from each pot. The sceds and stover were dried and
weighed adjusting at 14% moisture content and yiclds were converted 1o g plant’, The
following parameters were recorded:

1) Pod yield (g plant™!)

ii) Seed yield (g plant™)
iif) Stover yield (g piam"]
iv) Planl height (cm)

v) Pot length (cm)

vi)  Number of pods plant™
vii)  Number of seeds pod™

viit)  100-seed weight (g

3.19 Estimation of N
The N concentrations in seed were determined by micro-Kjeldahl method.
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3.20 Plant analysis
3.20.1 Colleetion and preparation of plant samples (sceds) for chemical analysis

Plant sample (seed) was collected from bulk harvest. The seed sample was then oven
dried at 65"C for 24 hours. To oblain homogenous powder, the samples were Ninely ground
and passed through a 60-mesh sieve. The samples were stored in polyethylene bags for N and

P determination.

3.20.2 Chemical analysis of plant samples

Seed of blackgram was analyzed for determination of N and P concentrations

following the methods described below:

Nitrogen
The plant sample (0.1 g grain seed) was digested with cone. H,80s, hydrogen
peroxide and K:50;-catalyst mixture (K804 CuS0Oy. 5H20: Se = 10: 1: 0.1) at 200°C for

one and a halt-hour,

3.21 Nitrogen and phosphorus uptake
Nitrogen and phosphorus uptake by blackgram were computed from the respective

chemical concentration and dry matter vields.

3.22 Soil analysis

Methods of soil analysis are presented in Table 3.3

3.23 Caleculation of protein concentration and protein yield
Protein concentration ol blackgram seed was determined by multiplying the

concentration of nitrogen in blackgram seed with 6.25.

Protein yield by blackgram sced was competed from protein concentration of seed and

seed yields.




Table 3.3. Methods used for soil analysis

Soil Properties

Methods :
Soil texture Hydrometer method (Black, 1965). The texture class was determined using Marshall’s
Triangular Coordinates of USDA system
pH Glass-electrode pH meter with 1:2.5 soil-water ratio (Jackson, 1973).

{Organic carbon

l

Wet digestion method (Nelson and Sommers, 1982). The organic matter wis oxidized
by IN potassium dichromate and the amount of organic carbon in the aliquot was
determined by titration against 0.5N [lerrous sulphate heptahydrate solution in
presence of 0.025 M O-phenanthroline ferrous complex.

ITotal N Microkjeldah| method (Bremner and Mulvaney, 1982). Soil sample was digested with
cone. H;S80; in presence of K;80, catalyst mixture (K.80,: CuSO,: Se = 10:1:1).
Nitrogen in the digest was estimated by distilling the digest with 10N NaOH followed
by titration of the distillate trapped in H,BO; indicator solution with 0.01N H,S0,.

NI, -N Extracted by 2M KC1 solution (1:10 soil-extractant ratio). The aliquot was steam
distilled with MgO and Devardas alloy (Keeney and Nelson, 1982),

CEC

Sedium acetate saturation method (Rhoades, 1982). The soil was leached with an
excess of 1 M sodium acetate solution to remove the exchangeable cations and

saturate the exchange material with sodium, The replaced sodium was determined by
flame photomeler,

Avallable P

Extracled by 0.5M NaHCO; (pH 8.5} and determined colorimetrically using
molybdate blue ascorbic acid method (Olsen and Sommers, 1982).

Available K

\Extracted by repeated shaking and centrifugation of the soil with neutral |M NH,0Ac
followed by decantation. The K concentration in the extract was determined by Namel
photometer as oullined by Knudsen et al. (1982). !

Available 8 Extracted by 500 ppm P solution from Ca (H.PO,)LH,0 and estimated by
turbidimetric method using BaCl; (Fox er al., 1964), ]
Available Zn _ [Extracted by 0.05N HCl solution and determined directly by AAS (Page er of., 1952),
Available Cu, |Extracted by 0.005M DTPA solution and directly measured by AAS (Lindsay and
Mnand Fe MNorvell, 1978).
Bulk density  |Core sampling procedure (Black, 19653). |
Water holding |Determined gravimetrically using brass box following the method of Klule as
capacity described by Black (1965).

3.24 Statistical analysis

The collected data were analyzed statistically and Duncan’s Multiple Range Test

(DMRT) using a computer IRRISTAT and M-stat package programmes (Freed, 1992)

adjudged the

means. The correlation co-efficient and regression analysis were done for

different variables wherever needed using Microsoft EXCEL programme 1997.
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CHAPTER 1V
RESULTS AND DISCUSSION

The present experiment was carried out in order to find out the effects of different

levels of phosphorus and Bradyrhizebinm inoculant on nedulation, plant growth and yield of

blackgrant.

The effect of different levels of phosphorus fertilizer and Bradyrhizobium inoculation
on nodule number, nodule weight, root and shoot weight, root and shoot length, plant height,
seed, pod and stover yields, the yield contributing characters, N and P content in seed N and

P uptake by seed, protein content in seed and protein yield by sced have been presented in

different tables and figures and discussed in this chapter.

4.1 Nodule number on main root
4.1.1 Effect of phosphorus

Phosphorus application increased nodule number on main root appreciably at two
stages of growth which became siatistically significant at 5% level of probability at both 35
and 50 days after sowing (DAS) (Table 4.1). Application of P @ 20 kg ha” produced the
highest number of nodules (7.12 plant’ at 35 and 10.12 plant’! and at 50 DAS) which was
significantly higher over all other P levels at 35 DAS and identical to Pyg and P3g at 50 DAL,
Treatments Py, Pio and Py were statistically identical in respect of nodule number at 35 DAS.
For same parameter, treatments Py and Py were statistically similar at 50 DAS. The lowest
number of nodules (4.00 plant’) was recorded in Pyg at 35 DAS and that of 6.17 nodules
plant™ in Py at 50 DAS. The results indicated that number of nodules on main root increased
up to Py level of phosphorus and then decreased. Tomar et al. (2001) reporied that

phosphorus application influenced nodulation in blackgram



Table 4.1, Effect of phosphorus on nodulation in blackgram

-

35 DAS 30 DAS
Plevel | Main | Branch | Total | Nodule | Main | Branch | Total Nodule |
(kg hay | root root nodule | weight root root nodule | weight
nodule | nodule | plant” (mg nodule | nodule | plant” (mg
plant’ plant”! plant™) | pla nt' | plant’ plant™)
Py 4.83%bc | 5.67b | 10.50bc | 13.75¢ | 6.17b 7.02b | 13.19c | 3833
Pl 5.10b 6.65h | 11.75b | 16.56b | 8.60a | 10.15a | 18.75b | 52.50c
Pag 7.12a 8.88a | 16.00a | 19.25a | 10.12a | 11.88a | 22.00a | 72.50a
Pig 5.35b 6.65b | 12.00b | 17.60ab | 9.10a | 10.40a | 19.50ab | 57.500b
Pag 4.00¢ 5.25b 925¢ | 14.58c | 6.70b | 7.47b | 14.17¢ | 47.10d
SE () [0.29 10.61 0.56 0.60 10.53 0.69 0.94 1.23

In a column, means followed by a common letier are not significantly differed at 3% level by

DMRT

4.1.2 Effcet of Bradyrhizobinm inoculant

Bradyrhizobium inouclant significantly increased nadule number on main root at 3%

level of probability at both 35 and 50 DAS (Table 4.2). Inoculated plants produced maximum

number of nedules on main root (5.90 and 9.93 plant’ at 35 and 50 DAS, respectively), while

uninoculated plant produced minimum number of nodules on main root (4.66 and 6.35 p!ant"

at 35 and 50 DAS, respectively). Jayakumar et al. (1997) reported that Rhizobiwm inoculation

increased number of nodules |Ji;ml'l compared 1o contrals. Nagarajan and Balachandar (2001)

reported that seed inoculation of Rhizobium enhanced root nodulation.
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Table 4.2, Effect of bradyrhizobial inoculant on nodulation in blackgram

| 35 DAS 50 DAS
Main | Branch| Total | Nodule | Main | Branch | Total Nodule |
Inoculant rool root | nodule | weight raot root nodule | weight
nodule| nodule | plant’ | (mg | nodule | nodule | plant’ | (mg
plant’' | plant’ plant™) | plant’ plant’ plant™)

Non-inoculated |4.66b |5.84b  [10.50b [14.01b  [6.35b 7.53b 13.88b [42.88b

Inoculated S90a |7.40a |13.30a |I18.6% [9.93a 11.24a [21.17a |64.30a

SE (£) 0.18 | 0.39 | 035 0.38 0.33 0.44 0.60 0.78

In a column, means followed by different letter are significantly differed at 5% level by
DMRT
4.1.3 Interaction effect of phosphorus and Bradyrhiizobim inoculant

The interaction effect of phosphorus and Bradyrhizebium inoculant application on
number of nodules on main root was statistically insignificant at both 35 and 50 DAS {Table
4.3). Bradyrhizebium inoculant when applied with P @ 20 kg ha”' produced the highest
number of nodules on main root (7.72 plant” at 35 DAS and 13.10 plant” at 50 DAS) which
were superior to other treatment combination. Trealment Py X without Bradvrhizobinm
inoculant (U) produced the lowest number of nodules (3.78 plant” at 35 and 5.10 plant” at 50
DAS). Tanwar et al. (2002) reported thal the interaction between P rate and biofertilizers was
significant in regard to the number of nodules. The inoculation of both biofertilizers along
with the application of 60 kg P2Os gave the highest number of nodules plant” (40.5). Tomar
et al. (2003) observed that P application and inoculation treatments increased the nodulation

in blackgram.
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Table 4.3. Interaction cffect of phosphorus and bradyrhizobial inoculant on nodulation
in blackgram

35 DAS ' 50 DAS
Phosphorus Main | Branch | Total | Nodule | Main | Branch | Tetal | Nodule
G root root nodul:I: dry root root nodule dry
Hicoutant m:u.IuEt* nuduh]: plant weizght | nodule | nodule p]anl" weight
plant” plant’ {mg plant’ | plant” (mg
plant’) plant™)
Pox U 3.78 422 8.00¢ 12.50 5.10 5.53 10,63 | 32.70f
Paxl 5.88 7.13 13.00be | 15.00 7.25 8.50 15,75 | 44.00¢

PigxU 4.25 325 9.50d 13.49 7.00 3.00 15.00 | 45.00e
Pigxl 3.93 8.05 14.00b 19.64 10.20 12.30 2250 | 60.00c
Pagx U 6.52 848 15.00ab | 16.00 T.135 9.10 16.25 | 55.00d
Proxl 172 0.28 17.00a | 22.50 13.10 14.65 2175 | 90.00a
Piox U 4.85 6.15 11.00cd | 15.06 7.10 8.40 12.50 | 45.00¢
Py xl 5.85 i d 13.00bc | 20.14 11.10 12.40 | 23.50 | 70.00b
Pyox U 3.90 5.10 9.00de | 13.00 540 6.60 12.00 | 36.70f
Pago x| 4.10 5.40 9.50d 16,15 8.00 8.33 16.33 | 57.50cd

SE (1) NS NS 079 | NS NS NS NS 1.74
CV (%) | 155 | 257 | 133 | 103 182 | 209 | 155 6.5 |

In a column, means followed by a commeon letter are not significantly differed at 5% level by
DMRT
NS = Not significant
U: Non-inoculated, 1: Inoculated
Po: 0 kg P ha'!, Pio: 10 kg P ha'!, Pag: 20 kg P ha™!, P 30 ke P ha'', Pyg: 40 kg P ha
4.2 Nodule number on branch root
4.2.1 Effect of phosphorus

Phosphorus application increased nodule number on branch roots appreciably at both
two stages of growth (Table 4.1). Application of P @ 20 kg ha™ produced the highest number
of nodules on branch root (8.88 and [1.88 plant”’ at both 35 and 50 DAS, respectively).
Treatments P, Pio, Pso and Py were statistically identical at 35 DAS. Treatments Py and Pyp
were statistically similar at 50 DAS. The lowest number of branch root nodules (5.25 plant™)

was observed in Py at 35 DAS while 7.02 nodules plunT.'I was observed in Py at 30 DAS,

Tomar et al. (2001) reported that phosphorus application increased nodulation in blackgram,
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4.2.2 Effeet of Bradyriizobium inocolant

Bradyrhizobiwm inouclant significantly increased nodule number on branch root at
5% level of probability at both 35 and 50 DAS (Table 4.2). Inoculated plants produced
maximum number of nodules (7.40 and 11.24 plant” at 35 and 50 DAS, respectively).
Uninoculated plant produced minimum number of branch root nodules at both stages. The
above result was similar with the resull at Bhuivan er al. (2006). Jayakumar e al. (1997)
reported that Rhizobium inoculation increased number of nodules plzlm'l compared o control.

Nagarajan and Balachandar (2001) reported that seed inoculation of Rhizebium cnhanced rool

nodulation.

4.2.3 Interaction effect of phosphorus and Bradyriizobium inoculant

The interaction effect of phosphorus and Bradyrhizebium inoculant application on
number of nodules on branch root was statistically insignificant at both 33 and 30 DAS
(Table 4.3). Both at 35 and 50 DAS, Bradyrhizobium inoculant when applied with P @ 20 kg
ha™ produced the highest number of nodules on branch root (9.28 and 14.65 pl:ml"} which
were superior to other treatments, Py x U treatment combination produced the lowest number
of nodules (4.22 and 5.53 plant’ at 35 and 50 DAS, respectively). Tanwar et al. (2002)
reported that the interaction between P rate and biofertilizers was significant with regard to
the number of nodules. The inoculation of both biofertilizers along with the application of 60
kg P20s gave the highest number of nodules plam" (40.5). Tomar ef al, (2003) observed that

P application and inoculation treatments increased the nodulation in blackgram.
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4.3 Total number of nodule

4.3.1 Effect of phosphorus

Phosphorus application increased total nodule number appreciably at two stages of
growth which became statistically significant at 3% level of probability (Table 4.1 and Figure
4.1). Application of P @ 20 kg ha”' produced the highest number of nodules (16 plant”) at 35
DAS and that of 22 nodules plaml'J at 50 DAS, In case of 35 DAS, treatments Py, P and Py
were statistically similar. At 50 DAS, treatment Pyg and Py were statistically identical. Tomar

et al, (2001) found that phosphorus application increased nodulation in blackgram.

4.3.2 Effect of Bradyrhizobium inoculant

Bradyrhizobium inoculant significantly increased total nodule number at 5% level of
probability at 35 and 50 DAS (Table 4.2 & Figure 4.2). Inoculated plants produced maximum
number of total nodules (13.30 and 21.17 plaml.“1 at 35 and 30 DAS, respectively) but
uninoculated plants produced minimum number of nodules (10.50 and 13.88 plant” at 35 and
50 DAS, respectively). The above result was similar with the results obtained by Bhuiyan ef
al. (2005) and Bhuivan et al. (2006, 2007a). Jayakumar ef al. (1997) reported that Rhizebiwm
inoculation increased number of nodules plant” compared to controls, Sharma ef al. (1999)
found that application of inoculation increased nodulation in blackgram. Nagarajan and
Balachandar (2001) reported that seed inoculation of Rhizebium enhanced root nodulation.
They reported that Rhizebium gave the highest nodule number (23.3 and 24.0) in blackgram
and greengram. Bhattacharyya and Pal (200la) reported that Rhizobiwm inoculation
significantly influenced the number of nodules plant”. Tomar er al. (2001) found that
Rhizobium gave the highest and 21.0% more nodules compared to uninoculated control.
Singha and Sarma (2001) reported that Rhizebium inoculation significantly increased the
nodule number compared to the control indicating increased efficiency of the crop to fix the
atmospheric N. Reddy and Mallaiah (2001) found that a maximum of 84 nodules plant” were

found due to Rhizobium inoculation during the reproductive stage of the crop. Chatterjec and
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Bhattacharjee (2002) noted that plants incculated with Bradyrhizobinm strains showed an
increased rale of nodulation. Kumari and MNair (2003) observed that the extent of root

nodulation were more in blackgram and greengram where Bradyrhizabium inoculation was

done,

4.3.3 Interaction cffect of phosphorus and Bradyrfiizobitm inoculant

The interaction clfect of phosphorus & Bradyrhizobinm inoculant application on total
number ol nodules was statistically significant at 35 DAS but insignificant at 50 DAS (Table
4.3). Bradyrhizobiwm inoculant when applied with P (@ 20 kg ha! produced the highest
number of nodules (17.00 plant’ at 35 DAS and 27.75 plant” at 50 DAS). The lowest
number of nadules both at 35 and 30 DAS were observed in Py x U treatment combination.
Tanwar ef al. (2002) reported that the interaction between P rate and biofertilizers was
significant with regard to the number of nodules. The inoculation of biofertilizers along with
the application of 60 kg P20s ha™' gave the highest number of nodules plant™ (40.5). Tomar er
al. (2003) observed that I application and inoculation treatments increased the nodulation in

blackgram.

4.4 Nodule dry weight
4.4.1 Effect of phosphorus

Nodule dry weights were increased significantly at both 35 and 50 DAS by
phosphorus application (Table 4.1 and Figure 4.3). Application of phesphorus @ 20 kg ha™
aave the highest nodule weights (19.25 and 72.50 mg plant” at 35 and 50 DAS, respectively).
The lowest nodule weights (13.75 and 38.35 mg plant-1 at 35 and 50 DAS, respectively)
were observed in P application @ 0 kg ha'!. The results are in line with those of some
authors. Tomar ef al. (2001) who reported that application of phosphorus increased nodule

weight in blackgram.
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4.4.2 Effect of Bradyrhizobinm inoculant

The effect of Bradyrlizobium inoculation on nodule weight was significant at both 35
and 50 DAS (Table 4.2 and Figure 4.4). Inoculated plants produced higher nodule weights
(18.69 and 64.30 mg plant™) at 35 and 50 DAS, respectively whereas uninoculated plants
produced comparatively lower nodule weights (14.01 and 42.88 mg plant™ at 35 and 50 DAS,
respectively). Singha and Sarma (2003) 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’, Nagarajan and Balachandar (2001) reported
that Rhizobium gave higher nodule weight (43.3 and 42.3 mg) in blackgram and greengram.
Tomar ef af. (2001) found that Rhizobinm gave the highest and 34.7% more nodule dry mass.

Kumari and Nair (2003) observed significant increases in nodule dry weight due to

Rhizobivm inoculation.

4.4.3 Interaction effect of phosphorus and Bradyriizobium inoculant

Phosphorus x Bradyrhizebium interaction effect on nodule weight was insignificant at
35 DAS but highly significant at 50 DAS (Table 4.3). At 50 DAS, Bradyrhizebinm inoculant
when applied with P @ 20 kg ha” gave the highest nodule weight (90 ¢ plant™) which was
superior to all other treatments. Pxp = 1 treatment combination preduced the highest nodule
weight (22.50 and 90.00 myg plant” at both 35 and 50 DAS respectively), Treatment
combination Py x U gave the lowest nodule weight (12.50 and 32.70 at 35 and 50 DAS,

respectively).
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4.5 Root weight
4.5.1 Effect of phosphorus

Root weights were statistically significant at both 35 and 50 DAS due to application
of different levels of phosphorus (Table 4.4), At 35 DAS, application of phosphorus @ 20 ke
ha' gave the highest roat weight (0.10 g plant™). This was identical to Pio and Pig. Treatment
Pyy and Py were statistically similar. In case of 50 DAS, the highest root weight (0.39 g
plant"] was recorded with Py level and the lowest (0.21 o plant"} with Py level. Treaiment
Py and Py were statistically identical at 50 DAS. The lowest root weight was recorded in Py

level at both 35 and 50 DAS. The results are in agreement with the [indings of Singh and

Singh (2004).

Table 4.4. Effect of phosphorus on weight and length of root and shoot in blackgram

~ 35DAS 50 DAS i
Plevel | Root | Shoot | Root | Shoot | Root | Shoot | Root | Shoot
(kgha') | weight | weight length | length | weight | weight | length | length
(g p]ant"']!gg p!am’]} {cm) {em) |(g plant™ (g plant™)| (cm) {cm)

Py 0.07b 1.06d 6.30 34.87d | 0.21d | 3.89bc I3 39.75b

Py 0.09a | 124c | 694 | 38.80¢ | 025¢ | 424ab | 738 | 44.45b

Pz 0.10a 1.55a 7.63 42.40a | 0.34b 4.58a 8.50 32.50a

Po 0.09a 1.36b 132 40.88b | 0.39a | 3.55¢d k.09 43.38b

| Pay (0.07b 1.03d 7.00 35.81d 0.27¢c 3.02d 7.57 40.67b
|

| SE(¥) | 0.004 | 0.03 NS 041 | 0.009 [ 020 NS 1.99

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

NS = Not significant
4.5.2 Effect of Bradyrhizobium inoculant

It was found from Table 4.5 that Bradyrhizebium had significant effect on root
weight. Inoculated plants produced higher root weights (0.09 and 0.34 g plant” at 35 and 50

DAS, respectively) than non-inoculated plants. Srivastav and Poi (2000) found that
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inoculation with M-10 strain in greengram resulted in the highest dry matter production.
Sharma ef al. (2000) reported that seed inoculated with 1 of 9 Rhizebinm strains increased dry
matter accumulation. Parveen et al. (2002) reported that the maximum root dry weight (0.37
g plant™) was observed with single Bradyrhizobitm sp.,

Table 4.5. Effect of bradyrhizobial inoculant on weight and length of root and shoot in
blackgram

- 35 DAS 50 DAS
! Root Shoot Root Shoot Root Shoot Root Shoot
Inoculant : : ; i
weight | weight | length | length | weight | weight | length | length
: (g plant™)|(g plant™)]  (cm) (em) (g plant™{(e plant™| (cm) (em) |
MNaon-inoculated | 0.07b 1.09h 6.87h 35.62b | 0.24b 3316 T.05b | 3975k

Inoculated {.0%a |.40a 7484 41.48a 0.34a 4.40a B4la | 4855

SE(x) | 0002 | 0015 0.18 0.26 0.006 0.13 0.25 1.26

In a column, means [ollowed by different letter are significantly differed at 5% level by
DMRT
4.5.3 Interaction effect of phosphorus and Bradyrhizobium inocolant

Interaction effect of phosphorus x Bradyrhizobin was insignificant on root weight at
35 DAS but significant al 50 DAS (Table 4.6). Application of phosphorus along with
Bradyrhizobitm produced the highest root weight at both 35 and 50 DAS. At 35 DAS, the
treatment combination P3; x 1 and Py, x | produced the highest root weight (0,11 g plant!). In
case of 50 DAS, the highest root weight (045 g plant"} was recorded with Py x T treatment
combination and the lowest (0.15 g plant™) was recorded with Py x U treatment combination.
Treatment combinations Py x 1, Pag x | and Py x U were statistically identical at 50 DAS.
Tomar et al. (2003) observed that P application and inoculation treatments increased the plant

biomass in blackgram.



Table 4.6. Interaction effect of phosphorus and bradyrhizobial inoculant on weight and
length of root and shoot in blackgram

35 DAS <
Phosphorus S0 DAS

% Root | Shoot | Rooet | Shoot | Root | Shoot | Root Shoot
weight | weight | length | length | weight | weight | length | length
(e plant™)|(g plant™)| (cm) (em)  |(g plant™)(g plant™)| (cm) (cm)

Inoculant

Pox U 0.06 0.83F .00 32.25 0.15h 3.01 6.50 38.00
Px1 0.07 1.29cd 7.00 3750 | 026ef | 4.76 715 41.50
Pigx U 0.07 1.17e 6.38 36.10 | 0.221g 373 6.75 40.00
Prox | 0.11 [.30cd T.30 41.50 | 0.28de 4.73 4.00 48.90
Py x U 0.09 1.31c 7.25 3950 | 031ed 4.25 7.50 42,50

Paxl 0.11 1.79 8.00 45.30 0.36b 4.91 9.50 62.50

Pox U (.08 1.20de T.13 3750 | 0.32bc 3.18 7.530 40,73
Papxl 0.10 1.51b 7.50 44.25 0.45a 3.91 8.67 46.00

Paox U 0.06 0.931 6.60 32.75 02lg 235 7.00 37.50

Poxl | 008 | 1.I3e | 740 | 3887 | 033bc | 368 | 813 | 43.83
SE() | NS | 004 | NS | NS [ 0013 | NS | NS | NS
CV(%) | 150 | 57 | 114 | 3.00 | 94 | 148 | 147 | 128 |

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

WS =Not significant
U Non-inoculated, 1: Inoculated
4.6 Shoot weighl
4.6.1. Effect of phosphorus

Phosphorus application increased shoot weight significantly at both 35 and 50 DAS
(Table 4.4). The highest shoot weight (1.55 and 4.58 g plant” at both 35 and S0 DAS,
respectively) were recorded with Py level treated plot. At 35 DAS, treatments Py and Py

were statistically alike. At 50 DAS, treatments Py and Py were statistically identical. The

lowest shoot weights (1.03 and 3.02 g plant™) were recorded with Py, level at both 35 and 50



DAS, respectively. Singh and Singh (2004) found that dry matter yield increased with the

application of phosphorus,

4.6.1 Effect of Bradyrhizobinm inoculant

Effect of Bradyrhizohien inoculum on shoot weight was highly significant at both 33
and 50 DAS (Table 4.5). Inoculated plants produced higher shoot weight (1.40 and 4.40 g
plant™ at 35 and 50 DAS, respectively) while uninoculated plants produced lower shoot
weights (1.09 and 3.31 g plani" at 35 and 30 DAS, respectively). Jayvakumar er al. (1997)
reported that RAizobinm inoculation increased the dry weight of plants compared to controls.
Srivastay and Poi (2000) found that incculation with M-10 strain in greengram resulted in the
highest dry matter production. Sharma et al. (2000) reported that seed inoculated with | of' 9
Rhizobium strains increased dry matter accumulation. Manivannan er al. (2003) reported that

Rhizobium seed treatment produced markedly higher dry matter.

4.6.3 lnteraction effect of phosphorus and Bradyrlizebinm inoculant

The interaction effect of phosphorus x Bradhehiizebinm on shoot weight was
significant at 5% level at 35 DAS but insignificant at 50 DAS (Table 4.6). At 35 DAS, the
highest shoot weight (1.79 g plant™) was recorded when Bradyrhizobiwom inoculant was
applied along with Psp level., which was statistically the best of all. Treatment Py x U
produced the lowesl shoot weight (0.83 g plant’'). In case of 50 DAS, the highest shoot
weight (491 ¢ plﬂnt']] was recorded with Pag x | treatment combination and the lowest (2.35
a plant”) was recorded with Py, x U treatment combination, Sharma ez al. (1993) observed
that in pot experiments that stover yields of Figna radiata cv. Pusa Baishakhi increased with
P up to of equivalent of 60 kg P ha™' and with Bradyrhizobium inoculation. Singha and Sarma
(2001) reported that P at 45 kg ha™ with Rhizebium inoculation produced the highest straw
yield and was at par with the application of 25 and 35 kg P ha”', Tomar et al. (2003) observed

that P application and inoculation increased the plant biomass in blackgram.
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4.7 Root length
4.7.1 Effect of phosphorus

Phosphorus application had no significant effect on root length at both 35 and 50 DAS
(‘Table 4.4). The highest root lengths (7.63 and 8.50 cm at 35 and 50 DAS, respectively) were
recorded with Pag level in both growth stages. The lowest root lengths (6.30 and 7.13 cm at

35 and 50 DAS, respectively) were recorded with Py level in both the growth stages.

4,7.2 Effect of Bradyrhizebium inoculant

The effect of Bradyrhizobium inoculum on root length was significant at both 35 and
50 DAS at 5% level (Table 4.5). The incculated plants produced the highest root lengths
(7.48 and 8.41 cm at 35 and 50 DAS, respectively), while non-inoculated plants produced the
lowest root lenaths (6.67 and 7.05 cm at 35 and 50 DAS, respectively). The above results
confirmed the results of Sudhakar et al. (1989) who conducted an experiment on blackgram
and found that Rhizebium inoculation increased crop growth rate compared to non-inoculated
control. Sharma er al. (2000) reported that plant growth was increased with Rhizobium
inoculation, with the Iocal strain giving the best results. Sarker er al. (2002) reported that

bradyrhizobial strain 480-M resulted the longest roots (14.72 em).

4.7.3 Interaction cffect of phosphorus and Bradyrhizobium inoculant

The interaction effect was found in-significant both at 35 and 30 DAS (Table 4.6).
The treatment combination Pag x 1 gave the highest root lengths (8.00 and 9.50 em at bath 35
and 50 DAS, respectively) and the treatment combination Py x U gave the lowest root lengths

(6.00 and 6.50 cm at bath 35 and 50 DAS, respectively),

4.8 Shoot length
4.8.1 Effect of phosphorus
Effect of phosphorus on shoot length was significant at 5% level al both 35 and 50

DAS (Table 4.4), The highest shoot lengths (42.40 and 62.50 cm at 35 and 30 DAS,

53



respectively) were recorded with Py level. AL 35 DAS, treatments Py and Py were
statistically identical and at 30 DAS all treatments were statistically similar except Pz, The
lowest shoot lengths (34.87 and 39.75 cmoal 35 and 50 DAS, respectively) were recorded
with Py level. Mahmud er al. (1997) reported that plant height was significantly increased
with increasing phosphorus application. Similar results were observed by Magsood et al.

(2001) and Kumar ef al. (2000)

4.8.2 Effect of Bradyrhizobitm inoculant

The effect of Bradyrhizobium inoculant on shoot length was significant at 5% level at
both 35 and 50 DAS (Table 4.5). The highest shoot lengths (41.48 and 48.55 cm at 35 and 50
DAS, respectively) were observed in the inoculated plants and the lowest (35.62 and 39.75
cm at 35 and 50 DAS, respectively) in the non-inoculated control. Sharma ef al. (2000)
reported that growth increased with Rhizobium inoculation, with the local strain giving the
best results. Magarajan and Balachandar (2001) reported that Rhizebium gave the maximum
plant height (42.7 and 53.7 em for blackgram and greengram, respectively). Bhattacharya and
Pal (2001) reported that Rhizobiwm inoculation significantly increased plant height. Malik er
al. (2002) studied that plant height at harvest was the highest when inoculated with
Bradyrhizobiwm (68.13 cm). Ashrat ef al. (2003) found that the tallest plants (69.93 cm) were
obtained with seed inoculation. Kumari and Nair (2003) observed that the extent of plant
growth were more in blackgram and greengram where Bradyrhizobium inoculation was done.
Sriramachandrasekharan and Vaiyapuri (2003) reported that Rhizebium-inoculated blackgram

showed better growth than the non-inoculated crop.

4.8.3 Interaction effect of phosphorus and Bradyrfvizebinm inoculant
The interaction ¢ffeet was found insignificant at both 35 and 50 DAS (Table 4.6). The
treatment combination Py x 1 gave the highest shoot length (45.30 and 62.50 ¢m at both 35

and 50 DAS, respectively). At 35 DAS, the Py x U treatment combination gave the lowest
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shoot length (32.25 em) and in case of 50 DAS, the treatment combination Psp x U gave the

lowest shoot length (37.50 cm).

4.9 Pod yicld
4.9.1 Effcct of phosphorus

Effect ol phosphorus on pod yield was highly significant (Table 4.7). The highest pod
yield (331 g palnt"} was recorded with Pay level which was superior to all other treatments
but statistically similar with Py treatment. The treatments Py and Py were statistically
identical. The lowest pod yield (2.23 g plant™) was recorded with Py level. Mahmud er al.
(1997) reporied that weights of pod plant” significantly increased with increasing phosphorus
application. The results are in agreement with Kumar ef al. (2000), Maqgsood er al. (2001),

Tomar ef al. (2001), Singh et al. (2002), Patel and Thakur (2003), Singh and Singh (2004)

and Singh (2004).

Table 4.7. Effect of phosphorus on yicld of blackgram

P level Pod yield Seed yield Stover yield
(kg ha') (g plant™) (g plant™) (¢ plant™)
Py 2.23¢c 1.71d 243
P|1’| 2,39 1.92¢ 2.90
Pag 33la 2.64a 333
P 3.10a 2.20b 2.85
Pag 2.68b 1.84ed 2.84

SE (1) 0.13 | 0.07 NS

It a column, means followed by a common letter are not significantly differed at 3% level by
DMRT
NS = Not significant




4.9.2 Effect of Bradyrhizobinm inoculant

Bradyrhizebim inoculant significantly increased pod yield at 5% level of probability
(Table 4.8). Inoculated plants produced higher pod yield (3.09 g plant™) whereas non-
inoculated plants produced lower pod vield (2.39 ¢ palnt™"). Srivastav and Poi (2000) found
that NK-4 inoculation into blackgram resulted in the highest grain yield. Sharma er af. (2000)
reported that yield increased with Rhizebitm inoculation. Nagarajan and Balachandar (2001)
reported that Rhizobium gave higher grain yield (758.3 and 732.0 kg ha') in blackgram and
greengram respectively. Malik er al, (2002) studied that seed inoculation with Rhizobium

resulted in the highest seed vield (1158 kg ha™).

Table 4.8, Effect of bradyrhizobial inoculant on yield of blackgram

Irnioculant Pod yield Seed yield Stover yield
(gplant) (g plant”) (gplant)
MNon-inoculated 2,39 1.84 b 2.65h
Inoculated 3.0% 2.28a 3.093
SE (%) | o8 0.04 0.14

In a column, means followed by different letter are significantly differed at 5% level by
DMRT
4.9.3 Interaction effect of phosphorus and Bradyrhizobitm inoculant

The interaction effect of phesphorus x Bradyrhizebium on pod yield was highly
significant (Table 4.9). Inoculation along with phosphorus @ 20 kg ha oave the highest pod
yield (4.04 g plant”) which was superior o all other treatments and similar with I’;r.;; xl
treatment combination, The lowest pod yield (2.10 g plant’l} was recorded in Py x U
treatment combination. Sharma et al. (1993) observed in pot experiments that seed yields ol
Vigna radiata cv. Pusa Baishakhi increased with P upto or equivalent of 60 kg P ha' and
with Bradyrhizebium inoculation. Singha and Sarma (2001) reported that P at 45 kg ha'! with

Rhizobium inoculation produced the highest grain yield and was at par with the application of




25 and 35 kg P ha'. Tanwar et al. (2002) reported that the interaction between P rate and
biofertilizers was significant with regard to the seed yield. The inoculation of bath
biofertilizers along with the application of 60 kg P20s gave the highest sced yield. Srinivas
and Shaik (2002) studied that the interactions effects between N and P were not significant

for seed yield. Tomar ef al. (2003) observed that P application and inoculation treatments

increased grain yields in blackgram.

Table 4.9. Interaction effect of phosphorus and bradyrhizebial inoculant on yicld of

blackgram
Hms‘f‘:wr”s ' Pod yield Seed yield Stover yield
froutant (g plant™) (g plant™) (g plant’)
Pox U ' 201¢ 1571 2.04
Pyx | 2.45h¢ 1.85de 2.83
Piyx U 2.17¢ 1.76ef 2.48
Piox1 261k 2.08cd 3.32
Py x U 2.58bc 2.23¢ 3.28
Py x| 4.04a 3.04a 3.37
P x U 2.63be 1.86de 2.61
Py x| 3.57a 2.53b 3.09
Py 5 U 2.58b¢ | 79f 2.82
Py x 1 2.79h 1.§8de 2.86
SE (4) 0.18 0.00 NS
CV (%) 13.0 9.1 211

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

NS = Not significant
U: Non-inoculated, 1: Inoculated
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4.10 Seed yield
4.10.1 Effect of phosphorus

The effect of phosphorus on seed yield was highly significant (Table 4.7 and Figure
4.5). The highest sced yicld (2.64 g plant"} was recorded with Py level which was
significantly different from and superior to all other treatments. The treatment Py zave the
second higher seed yield (2.20 g plant™). The treatment Py gave the lowest seed yield(1.71 g
plant™) which was statistically similar with Py levels. Mahmud er al. (1997) reported that
weights of pod plant”’ were significantly increased with increasing phosphorus level. The
results corroborated with the findings of Kumar et al. (2000), Tomar er al. (2001), Singh ¢/

al. (2002), Patel and Thakur (2003). Singh and Singh (2004) and Singh (2004).

4.10.2 Effect of Bradyrhizebium inoculant

Bradyrhizobinm inoculant significantly increased sced yield at 5% of probability
(Table 4.8 and Figure 4.6). Inoculated plants produced higher seed vield (2.28 g plant™)
whereas non-inoculated plants produced lower seed vield (1.84 g plant™). The result was
similar with the report of Bhuiyan er al. (20006). Mal ik er al. (2002) studied that seed
inoculation with Rhizobium application resulted in the highest seed yield (1158 kg ha™).
Chatterjee and Bhattacharjee (2002) noted that plants inoculated with Bradyrhizobium strains
showed increased seed yield over control. Parveen et al. (2002) reported that the maximum
seed yield (6.6 g piﬂnt"} were observed with single Bradyrhizobinm sp. Osunde et al. (2003)
reported that Bradyrhizebium inoculation increased 40% seed yield. Asraf er al. (2003) found
that seed inoculation was optimum for the production of high seed yield by mungbean cv.
NM-98. Manivannan ef al. (2003) reported that Rhizobium seed treatment had markedly
higher crop yield. Kumari and Nair (2003) obscrved significant increase in yield due to
Rhizobitwm inoculation.  Sriramachandrasekharan and  Vaiyapurl (2003} reported that
Rhizobium-inoculated blackgram showed higher pod yield (30.3 g) than the non-inoculated

crop.
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4.10.3 Interaction effect of phosphorus and Bradyrhizobium inoculant

The interaction effect of phosphorus x Bradyrhizebium on seed vield was highly
significant (Table 4.9). Bradyrhizobium inoculation when applied with phosphorus @ 20 kg
ha” gave the highest seed yield (3.04 ¢ plant™) which was significantly different from and
superior to all other treatments. The second highest seed yield (2.53 g plant™) was recorded
with treatment combination of P3g x [ level and Py x U gave the lowest seed yield (1.57 ¢
plant™). Singha and Sarma (2001) reported that P at 45 kg ha” with Rhizobium inoculation
produced the highest grain yield and was at par with the application of 25 and 35 kg P ha™.
Tanwar et al. (2002) reported that the interaction between P rate and biofertilizers was
significant with regard to the seed yield. The inoculation of both biofertilizers along with the
application of 60 kg PzOs gave the highest seed yield. Srinivas and Shaik (2002) studied that
the inleraction effects between N and PP were not significant for seed vield. Tomar er al.
(2003) observed that P application and inoculation treatments increased grain yields in
blackgram. Tanwar et al. (2003a) observed that the application of 60 kg P ha™' along with

inoculation of Rhizebium gave the highest seed yield (10.93 quintal ha™).

4.11 Stover yield
4.11.1 Effect of phosphorus

Effeet of phosphorus on stover yield was insignificant (Table 4.7 and Figure 4.5). The
highest stover yield (3.33 g plant™) was recorded with Py level which was superior ta all
other treatments. The treatment Py gave the lowest stover yield (243 g plant™). Similar
results due to phosphorus application were observed by Ali et al. (1993), Trividi et al.

(1997b), Tomar (1998), Singh and Singh (2004) and Singh (2004).

4.11.2 Effect of Bradyrhizobitun inoculant
Bradyrhizobium inoculant significantly increased stover yield at 5% level of

probability (Table 4.8 and Figure 4.6). Inoculated plants produced significantly higher stover

60



yield (3.09 g piunt"} than non-inoculated plants (2.65 g plant™). MNagarajan and Balachandar
(2001) reported that seed inoculation of Riizebinm enhanced biomass. Srinivas and Shaik
(2002) studied that seed inoculation with Rhizobium culture increased haulm yields relative to
the control. Sriramachandrasckharan and Vaiyapuri (2003) reported that Rhizebium-

inoculated blackgram showed higher stover yield pot” (81.1 g) than the non-inoculated crop.,

4.11.3 Interaction cffect of phosphorus and Bradyrhizobivum inoculant

The interaction effect of phosphorus X Bradyrhizobium on stover vield was
insignificant (Table 4.9). Bradyrhizobium inoculant when applied with phosphorus @ 20 kg
ha" gave the highest stover vield (3.37 g plant’) which was superior to all other treatments,
The lowest stover yield (2.04 g plant™) was recorded with the treatment combination of Py x
U level. 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™.
Srinivas and Shaik (2002) studied that the interactions effects between N and P were not
significant for haulm yicld. Tomar et al. (2003) observed that P application and inoculation

trealments increased the plant biomass and yield in blackgram.

4.12 Plant height
4.12.1 Effect of phosphorus

Effect of phosphorus on plant height was insignificant (Table 4.10). The highest plant
height (41.3 em) was recorded with Py level. The treatment Py produced the lowest plant
height (37.7 cm), This indicated that phosphorus had no effect on plant height of blackeram.
Mahmud ef al. (1997) reported that phosphorus application increased plant height in

blackgram. The result corroborated with the findings of Magsood er al. (2001) and Kumar e/

al. (2000).
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Table 4.10. Effect of phosphorus on yield contributing characters of blackgram

P level

] Pim;; :]t;ighl PD?:.-IJ?;% Pads plant” | Seeds pod” ‘igiﬂgﬁg}
Pa 37.7 3.56 6.59b 4.71 5.16b
Py 38.3 3.64 6.82b 4.83 5.30b
Pay 395 4.10 8.44a 5.03 6.024
Py 41.3 3.78 7.36ab 5.11 5.78a
Py 38.6 3.51 7.42ab 4.73 5.17b

SE (+) NS NS 0.42 NS 0.16

In a column, means followed by a commeon letier are not significantly differed at 5% level by
DMRT
NS = Not significant
4.12.2 Effect of Bradyriizobium inoculant

Bradyrhizobiwm inoculant signilicantly increased plant height (Table 4.11).
Inoculated plants produced higher plant height (40.5 cm) than non-inoculated plants (37.6
¢m). The above results revealed that Bradyrhizebium inoculant had significant effect on plant
height of blackgram. Sharma er al. (2000) reported that the growth was increased with
Rhizobium inoculation and the local strain gave the best results. Nagarajan and Balachandar
(2001) reported that Rhizobinm gave the greatest plant height (42.7 and 53.7 em for
blackgram and greengram, respectively). Bhattacharyya and Pal (2001) reported that
Rhizobium inoculation significantly influenced plant height. Malik e al. (2002) studied that
plant height at harvest was the highest when inoculated with Bradyrhizobium (68.13 cm).
Kumari and Nair (2003) observed that the extent of plant growth were more in blackgram and

greengram where Bradyrhizobium inoculation was done.
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Table 4.11. Effect of bradyrhizobial inoculant on yield contributing characters of

blackgram
o ) . 100-seed
Inoculant Blantheight'|| Pod langth Pods plant”’ | Seeds pod”’ weight
(cm) {cm) ()
Non-inoculated 37.6b 347b 3.94b 4.70b 5::4
Inoculated 40.5a 3.96a | 8.70a 5.06a 3.02
SE (4) 0.57 0.2 | 027 0.11 NS

In a column, means followed by different letter are significantly differed at 5% level by
DMRT

NS = Not significant
4.12.3 Interaction effect of phosphorus and Bradyrhizebium inoculant

The interaction effect of phosphorus x Bradyrhizebium on plant height was
insignificant (Table 4.12). Inoculation when applied with phosphorus @ 30 kg ha™' gave the
highest plant height (43.5 ¢m) which was superior to all other treatments. The lowest plant

height (37.1 cm) was observed with the treatment combination of Py x U.

Table 4.12. Interaction effect of phosphorus and bradyrhizobial inoculant on yield
contributing characters of blackgram

Phosii;jmms PIMEL ]];lgight I’G?Jri:;grli Pods plant’ | Sesds pod! v:glli:gls::.zd
Inoculant &
Pox U 37.1 343 5.52 4,45 5.01
Poxl i8.3 3.68 7.65 4,98 5.30
Piox U 38.0 3.46 3.78 4.65 3.13
Papxl 38.6 3.82 7.86 5.00 5.46
Ppx U 36.8 3.66 6,33 4.73 5.76
P x|l 422 4.53 10.55 583 6.28
Pygx U 39.1 3.58 6.05 5.08 3.68
Paox1 435 3.98 8.66 5.15 5.88
PayxU 373 3.20 6.03 4.60 5.13
Paox1 40.0 3.81 8.80 4.85 5.20
SE (&) NS NS NS NS NS

CV (%) 6.5 13.9 16.4 i 0.8 8.3

NS = Not significant
U Non-inoculated, I: Inoculated
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4.13 Pod length
4.13.1 Effect of phosphorus

Effect of phosphorus on pod length was insignificant (Table 4.10). The highest pod
length (4.10 cm) was recorded with Py level which was superior to all other treatments, The

treatment Pyy produced the lowest pod length (3.51 em). Similar results were obscrved by

Tomar (1998).

4.13.2 Effect of Bradyrhizobitumn inoculant
Bradyrhizobium inoculant significantly increased pod length (Table 4.11). Inoculated

plants produced higher pod length (3.96 cm) than non-inoculated plants (3.47 cm).

4.13.3 Interaction effect of phosphorus and Bradyritizobinm inoculant

The interaction effect of phosphorus x Bradyrhizobium on pod length was
insignificant (Table 4.12). Bradyrhizobiun: inoculant when applied with phosphorus @ 20 kg
ha™ gave the highest pod length (4.53 ¢m) which was superior to all other treatments. The
lowest pod length (3.20 cm) was recorded with Pyg x U treatment combination, Srinivas and
Shaik (2002) studied that the interactions effects between N and P were not significant for

pod length.

4.14 Pods plant™
4.14.1 Effect of phosphorus

Application of phosphorus on pod number was highly significant (Table 4.10), The
highest pod number (8.44 plant”’) was recorded due to the application of P @ 20 kg ha™
which was statistically similar with P3; and Pyp and the lowest was recorded in Py level. Ali et
al. (1995) reported that phosphorus increased pods in blackgram. Similar result were

observed by Tomar (1998), Magsood et al. (2001), Kumar et al. (2000) and Patel and Thakur
(2003).
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4.14.2 Effect of Bradyrhizebinm inoculant

Bradyrhizobitwm inoculant showed significant difference in pod number (Table 4.11).
Inoculated plants produced higher pod number (8.70 plant') whereas uninoculated plants
produced comparatively less pod number (5.94 plant™). Malik ef al. (2002) studied that seed
inoculation with Rhizobium application resulted in the highest number of pods plant™ (22.47).

Asral et al. (2003) found that seed inoculation resulted in the highest number of pods plant™.

4.14.3 Interaction effect of phosphorus and Bradyrfiizebium inoculant

The interaction cffeet of phosphorus x Bradyrhizobinm on pad number was
insignificant (Table 4.12). The treatment combination Py x | produced the highest ped
number (10.55 plant”) and the treatment combination Py x U produced the lowest pod
number (3.52 plant™). Srinivas and Shaik (2002) studied that the interactions effects between

N and P were not significant for the number pods plant™.

4.15 Seeds pm!"
4.15.1 Effcet of phosphorus

Effect of phosphorus on seed pm:l" was insignificant (Table 4.10). The highest sced
per pod (5.11) was recorded with Py level which was the best to all other treatments. The
lowest seed number (4.71 pod™) was observed in the Py level. The results corroborated with

the findings of Tomar (1998), Magsood et @/, (2001) and Kumar et al. (2000).

4.15.2 Effect of Bradyrivizobitm inoculant

Bradyrhizobinm inoculant significantly increased seed number per pod (Table 4.11).
Inoculated plants produced higher seed number (5.06 pad‘*} whereas non-inoculated plants
produced lower seed number (4.70 pod™). Srinivas and Shaik (2002) studied that seed

inoculation with Rhizebium culture increased number of seeds per pod relative to the control.
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4.15.3 Interaction effect of phosphorus and Bradyrhtizobium inoculant

The interaction effect of phosphorus x Bradyrhizebium on seed number pod” was
insignilicant (Table 4.12). Bradyrhizabiwm inoculant when applied with phosphorus @ 20 kg
ha” gave the highest seed (5.33 pod™) which was superior to all other treatments. The lowest

seed (4.45 pod™) was recorded with Py x U treatment combination.

4.16 100-sced weight
4.16.1 Effect of phosphorus

Phosphorus increased weight of 100-sced significantly (Table 4.10) at 5% level of
probability. Application of phosphorus (@ 20 kg ha” gave the highest weight of 100-seed
(6.02 g) which was statistically similar with Psp level. The lowest weight of 100-seed (5.16 g)
was recorded with Py level which was statistically similar with Py and Py level. Ali ef al.
(1995) reported that phosphorus application increased 100-seed weight in blackgram, The
results corroborated with the findings of Rao and Rao (1996), Mahmud er al. (1997),

Magsood et al. (2001). Kumar ef al. (2000) and Patel and Thakur (2003).

4.16.2 Effeet of Bradyrhizobiwm inoculant

The effect of Bradyrhizobiwm inoculant on 100-seed weight was insignificant (Table
4.11). Higher weight of 100-seed (5.62 g) was observed in inoculated plants and lower
weight of 100-seed (5.34 g) was observed in non-inoculated plants. Malik et al. (2002)
studied that sced inoculation with Rhizebinm application resulted in the highest 1000-sced
weight (42.27g). Srinivas and Shaik (2002) studied that seed inoculation with Rhizebium

culture increased 1000-seed weight relative to the control.

4.16.3 Interaction effect of phosphorus and Bradyritizobinwm inoculant
Interaction effect of phosphorus x  Bradyrhizebium on 100-sced weight was

insignificant (Table 4.12). Inoculation with phosphorus @ 20 kg ha! gave the highest weight
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of 100-seed (6.28 g) which was superior to all other treatments. The lowest weight of 100-

seed (5.01 g) was recorded with Py x U treatment combination.

4.17 N content in seed

4.17.1 Effeet of phosphorus

[t was observed that N content in seed did not differ signilicantly by phosphorus

application (Table 4.13). The highest N content in seed (3.24%) was recorded with Py level

and the lowest (3.21%) was obtained by Py and Py level. The results corroborated findings of

Bhalu er al. (1993), Trivedi (1996), Rao and Rao (1996), Trivedi ef al. (1997b) and Tomar et

al. (2001).

Table 4.13. Effcct of phosphorus on the contentl and uptake of N, P and protein yicld in

blackgram seed
N content | N uptake | Pcontent | P uptake Frotein Protein yield
P level . 4 l 4 : 4 b 4 content by seed
(kg ha™) in see oy seed in see y'seed in seed y seed
(%) (mg plant™) (¥0) (mg plant™) (%) (mg plant™)
Py 3.21 55.0¢ 0.28¢ 48lc 20.1 344d
Py 3.22 61.8c 0.30b 5.75b 20.1 387c
Pz 3.24 §3.4da 0.32b 8.14a 203 520a
P1g 3.22 70.9b 0.35a 7.63a 20.1 442b
P 3.21 36.7¢ (.34a 6.25b 20.0 369¢
SE () NS 2.20 0.006 0.21 NS 12.1

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

DMRT

NS = Not significant

4.17.2 Effect of Bradyrhizobinm inoculant

Effect of Bradryrhizebium inoculant on N content in seed was significant (Table

4.14). Inoculated plants produced higher N content in seed (3.28 %) whercas non-inoculated
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plants produced lower N content in seed (3.16 %). Reddy and Mallaizh (2001) found that
Rhizobium noculation increased nitrogen content of fresh seeds in the incculated plants,
while that in non-inoculated controls was only 2.72%. They also reported that the plants
inoculated with the AH isolate showed better nodulation and nitrogen content compared o
the plants inoculated with the VM isolate. Chatterjee and Bhattacharjee (2002) noted that
plants inoculated with Bradyrhizobium strains showed increased N content.

Table 4.14. Effect of bradyrhizobial inoculant on the protein content and uptake of N, P
and protein yield in blackgram seed

N u::n:mtmtl Nuptake | Pcontent | P uptake Pmtlcint F IIITLLI;"
Inoculant in seed by seed j in seed by seed ?SI;;IL }I;:c d Y
Q ‘mr olant” o T -l
(%) | (mg plant™) (%) (mg plant™) (%) i plaat)
Non-inoculated | 3.16b 57.3b 0.30b 5.52b 19.7b 358b
Inoculated 3.28a 73.8a 0.33a 7.50a 20.5a 467a
SE (%) 0.006 1.40 0.003 0.13 0.04 7.6

In a column, means followed by different letters are significantly differed at 5% level by
DMRT
4.17.3 Interaction effect of phosphorus and Bradyrfiizobinm inoculant

The interaction effect of phosphorus x Bradyrhizebium inoculant of N content in seed
was found statistically insignificant (Table 4.15). The highest N content in seed (3.31 %) was
recorded with Pog x | treatment combination and the lowest N content in sced (3.13 %) was
obtained by Pjp x I treatment combination. Tomar ef al. (2003) observed that P application
and inoculation treatments increased N content in blackgram. Tanwar et al. (2003b) found
that the N contents increased with increasing P rate up to 80 kg ha” with inoculation in

blackgram.
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Table 4.15. Interaction effect of phosphorus and bradyrhizobial inoculant on the
protein content and uptake of N, P and protein yield in blackgram

Phosphorus | N content N uptake P content P uplake Pm“ii" Protein yield
X in seed by seed in seed by sced ‘.:Gmf':; by seed
Inoculant (%) (mg p!ant"] {%%) (mg plant’l} '"(::}' (mg piant"‘)
Pox U 315 | 49.5f 027 4.24f 19.7 300f
Poxl 327 00.5¢cde (.29 5.37de 204 378de
PinxU 3.15 55 3ef .29 5.07ef 19.7 346ef
Pioxl 3.13 68.3c 0.31 6.44c 20.5 428¢c
Pawx U 3.17 66.0cd (.30 6.23¢c 19.8 412cd
Pag % | 3.31 100.8a 0.33 10.05a 20.7 629a
Pyyx U 316 | 39.0de 0.33 fi.16cd 19.8 368de
Panxl 3.27 | 82.7h 0.36 9.10b 204 317b
Payx U .16 56.6ef 0.33 5.93cd 19.8 357ef
Panx 1 3.25 56.8ef 0.35 6.57c 20.3 38lede
SE (4) NS 342 | NS 0.29 NS 17.1
CV (%) 0.9 9.5 54 | 89 0.8 83 |

In a column, means followed by a common letter are not significantly differed at 3% level by
DMRET

NS =Not signilicant
U: Non-inoculated, [: Inoculated
4.18 N uptake by sced
4.15.1 Effect of phosphorus

Effect of phosphorus on N uptake by seed was highly significant (Table 4.13 and
Figure 4.7). Application of phosphorus @ 20 kg ha gave the highest N uptake by seed (83.4
mg planl"} which was significantly different from all other treatments. The treatments Py
gave the lowest amount of N uplake by seed (35.0 mg plant”j. The results are in line with

Bhalu et al. (1995), Singh et &/, (2002) and Poonkodi (2004).

4.18.2 Effect of Bradyrhizobim inoculant
Inoculation increased the amount of N uptake by seed which became statistically

significant (Table 4.14 and Figure 4.8). Inoculated sceds uptook higher amount of N (73.8 mg
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plant™) whereas non-inoculated plants uptook lower amount of N (57.3 mg plant™). Srivastav
and Poi (2000) found that inoculation with NK-4 into blackgram resulted in the highest

nitrogen uptake,

4.18.3 Interaction effect of phosphorus and Bradyrhizobium inoculant

Interaction effect of phosphorus and Bradyrhizobium on the amount of N uptake by
seed was highly significant (Table 4.15). The highest amount of N uptake by seed (100.8 mg
p]ant']} was recorded with Hradyrhizobium inoculant when applied with P @ 20 kg ha
which was significantly different from and superior to all other treatments. The lowest
amount of N uptake by sced (49.5 mg plant™) was recorded with Py x U level. Tomar ef al.
(2003) observed that P application and inoculation treatments in blackgram increased N

uptake by wheat significantly. Tanwar ef al. (2003b) found that the N uptake increased with

increasing P rate up to 80 kg ha™ with inoculation in blackgram.

4.19 P content in sced
4.19.1 Effect of phosphorus

The effect of phosphorus on P content in seed (%) was significant (Table 4.13).
Application of phosphorus @ 30 kg ha™ gave the highest P content in seed (0.35 %) which
was similar with Py, level but differed with other P levels. The lowest amount of P content in
seed (0.28%) was recorded with Pg level. Trivedi er al. (1996) reported that P content in seed
increased with rate of P application. Similar results were observed by Rao and Rao (1996},
Trivedi et al. (1997b), Thiyageshwari and Perumal (1999), Tomar ef al. (2001) and Singh and

Singh (2004),

4.19.2 Effect of Bradyrhizobium inoculant
Effcct of Bradryrhizebinm inoculant on P content in sced (%) was significant.

Inoculated plants produced higher P content in seed (0.33%) than non-inoculated plants

(0.30%).
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4.19.3 Interaction effect of phosphorus and Bradyrhizobium inoculant

The interaction effect of phosphorus x Bradyrhizobium inoculant on P content in seed
was found statistically insignificant (Table 4.15). The highest P content in seed (0.36 %) was
recorded with Py, x I treatment and the lowest P content in sced (0.27%) was obtained by Py x
U treatment. Tomar ef al. (2003) observed that P application and inoculation treatments
increased P content in blackgram. Tanwar er al. (2003b) found that the P contents increased

with increasing P rate up to 80 kg ha™ with inoculation in blackgram.

4.20 P uptake by sced

4.20.1 Effect of phosphorus

Effect of phosphorus on P uptake by seed was highly significant (Table 4.13 and
Figure 4.9). Application of phosphorus @ 20 kg ha™! gave the highest P uptake by seed (8.14
mg plant™) which was statistically similar with Psg level. The treatments Py gave the lowest
amount of P uptake by sced (4.81 mg plant™). Trivageshwari and Perumal (1999) reported

that phosphorus uptake was higher where phosphorus was applied. Bhalu et al. (1995), Singh
et al. (2002) and Poonkedi (2004} reported the similar results.

4.20.2 Effect of Bradyrfiizahitm inoculant
Bradyrhizobium inoculation increased the amount of P uptake by seed significantly

(Table 4.14 and Figure 4.10). Inoculated plants absorbed higher amount of P by sced (7.50

mg plant™) than non-inoculated plant’s seed of P (5.52 mg plant™).

4.20.3 Interaction effect of phosphorus and Bradyrhizobitm inoculant

Interaction effect on the amount of P uptake by seed was highly signilicant (Table
4.15). The highest amount of P absorbed by seed (10.05 mg plant') was recorded with
Bradyrhizobium inoculant with P @ 20 kg ha™ which was significantly different from all
other treatments. The lowest amount of P uptake by seed (4.24 mg plant™) was recorded with
Po x U level. Tomar et al. (2003) observed that P application and inoculation treatments in
blackgram increased P uptake by wheal significantly. Tanwar ef al, {2003b) found that the P

uptake increased with increasing P rate up to 80 kg ha' with inoculation in blackgram.
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4.21 Protein content in seed

4.21.1 Effect of phosphorus

It was observed that protein content in seed did not differ significantly by phosphorus
application (Table 4.13). The highest protein content in seed (20.3%) was recorded with Py
level and the lowest (20.0%) with Pag level. Bhalu et al. (1995) reported that seed protein

content increased with increasing N and P rates, Similar results were observed by Ali ef al.

(1995), Trivedi (1996) and Singh (2004).

4.21.2 Effect of Bradyriizobinm inoculant

Effect of Bradryrhizobium incculant on protein content in sced (%) was significant
(Table 4.14). Inoculated plants produced higher protein content of seed (20.5%) whereas non-
inoculated plants produced lower protein content of seed (19.7%). Sharma et al. (1999)

reported no significant effects in protein content by Rhizebium inoculation but slight

improvement was observed over control.

4.21.3 Interaction effect of phosphorus and Bradyrhiizobiim inoculant

The interaction effect of phosphorus x Bradyrhizobium inoculant on protein content in
seed was found statistically insignificant (Table 4.15). The highest protein content in seed
(20.7%) was recorded with Pzy % | treatment and the lowest protein content in seed (19.7%)

was obtained by Py x U and Py x U treatments.

4.22 Protein yicld by sced
4.22.1 Effcet of phosphorus

Effect ol phosphorus on protein yield by seed was highly significant (Table 4.13 and
Figure 4.11). Application of phosphorus @ 20 kg ha” gave the highest protein yicld in sced
(520 mg plant”) which was significantly different from all other treatments. The treatments

Py gave the lowest amount of protein yield by seed (344 mg plant™).
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4.22.2 Effect of Bradyrhtizabitm inoculant
Inoculation increased the amount of protein vield by seed which became statistically
significant (Table 4.14 and Figure 4.12). Inoculated plants produced higher amount of protein

yield by seed (467 mg plant”) whereas non-inoculated plants produced lower amount of

protein yield by seed (358 mg plant™).

4.22.3 Interaction effect of phosphorus and Bradyritizobitm inoculant

Interaction etfect on the amount of protein yield by seed was highly significant at 5%
level of probability (Table 4.15). The highest amount of protein yield by seed (629 mg plant)
was recorded with Bradyrhizobium inoculant with P @ 20 ke ha” which was statistically
different from all other treatments. The treatment Py x U produced the lowest amount of

protein vield by seed (309 mg ]:llunl'l}.

4.23 Correlation

Correlation matrix among the plant characters of blackgram has been shown in Table
4.16, Most of the plant characters were strongly correlated among themselves. In the present
study, nodule number had positive and significant correlation with nodule weight, root
weight, shoot weight, root length, shoot length, seed yield, stover yield, N and P uptake and
protein yield. Nodule weight had also positive and significant correlation with root weight,
shoot weight, root length, shoot length, seed yield, stover yield, N, P uptake and protein yield.
Root weight had positive and significant correlation with root length, shoot length, seed yield,
stover yield, N, P uptake and protein yield. Shoot weight had positive and significant
correlation with shoot length, seed yield, N uptake and protein yield. Root length had
positive and significant correlation with shoot length, seed yield, N, P uptake and protein
vield. Shoot length had positive and significant correlation with seed yield, N, P uptake and
protein yield. Seed yield had positive and significant correlation with stover yield, N, P

uptake and protein vield, Stover yield had positive and significant correlation with N, P



uptake and protein yield. N uptake had positive and significant correlation with P uptake and

protein yield, P uptake had positive and significant correlation with protein vield, Sarker ef

al, (2002) reported that correlation coefTicient studies showed high correlation between seed

yield and root weight, shoot length and shoot [resh weight. These results confirmed the

findings of Khanam (2002). She observed positive and significant correlation of nodule

number with nodule weight, root weight, and shoot weight of inoculated chickpea and

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

yield parameters.

Table 4.16. Corrclation matrix among different plant characters of blackgram (n=40)

Correlation coefTicient (r value)
Characters| Nodule| Root | Shoot | Root | Shoot | Seed [ Stover N P Protein
weight | weight | weight | length | length | vield | vield | uptake | uptake | yield
MNodule
(.849%*|0,553%+* ﬂ.ﬁﬂﬂ**!ﬂl.ﬁﬁ** 0.627%*|0.842%*| 0.383* |0.859**(0.826**| 0.874*
number
MNodule
0741521 0.570%*%|0.589* % 0.756**|0.886**|0.475%*|0.878**0.882%%(0.908+*
weizht
Root - _
L3247 10.536%*%) 0.459* |0.656%%| 0.369* [0.635%*%0.797+*|0.677**
weight
Shoot 1 W . .
0.338™00.474%#[ 0.457* 0.366™10.488%*|0.349™%|0.480**
weight
Root | o i} )
D.516%*%)0.491*%0.299™10.545% %[0, 592%*|(1.554**
length ;
Shoot )
0.600%*{0.390™%|0.649**10.654**|0.668=*
length
Seed B
0.418*% |D.960*%%(0.011%*|0.973%*
yield
Stover .
0.446* | 0.430* | 0.454*
yield
N uptake 0.927**%D.OR5**
P uptake | 0.952%*
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CHAPTER V¥V

SUMMARY, CONCLUSION AND RECOMMENDATION

A pot culture experiment was conducted at the net house and laboratory of Soil
Science Division in Bangladesh Agricultural Rescarch Institute (BARI), Joyebpur, Gazipur
during September to December 2007 to cvaluate the performance of phosphorus levels and
Bradyrhizebium on growth, nodulation, yield, nitrogen, phosphorus content and uptake, and
other yield contributing characters and to determine the relationship between different

parameters as affected by inoculation and phosphorus application.

There were 10 treatment combinations with two  Bradyehizebivm  inoculation
treatments namely non-inoculated and inoculated and five levels of phosphorus @ 0, 10, 20,
30 and 40 kg ha!. There were 40 pots in the experiment arranged in factorial randomized
complete block design. The earthen pot was filled with 10 kg of sieved soil. All chemical
fertilizers except triple super phosphate (TSP) were applied as basal dose and as
recommended levels at the time of pot filling. Blackgram seeds (BARI Mash-1) with
inoculated and non-inoculated were sown on 5" September, 2007, taking 20 seeds in each pot
following dibbling method. Necessary water was added to the pots at a regular interval of 7

days until crop maturity to maintain proper moisture content.

Data on nedulation and dry matter production were recorded al two stages of growth
viz. 35 and 50 days after sowing and for seed vield, stover yield, at the time of plant harvest,

The crop was harvested at maturity and seed stover yield were recorded at 14% moisture

conlent.

The seed was chemically analyzed for N, P content and uptake and protein content
and protein yield. All the data were statistically analyzed by F-test and the differences

between treatments means were adjudged by Duncan’s Multiple Range Test (DMRT).



An abridged account of the resull obtained is summarized below:

Significant influences of phosphorus levels were observed on nedulation, root length,
yields (seed and stover), nutrient content and uptake by the seed. The highest total nodule
number (16,00 and 20.00 plant™'}, nodule weight (19,25 and 72.50 mg plant’), shoot weight
(1.55and 4.58 ¢ p[ant']}, root length (7.63 and 8.50 ¢cm) were obtained from Py levels at both
35 and 50 DAS. respectively. The highest root weight (0.10 g plant” at 35 DAS) was
abserved in Py level but in case of 50 DAS, the highest (0.39 g paint™) was in Py level. The
highest shoot length was obtained form Py level at 35 DAS, but incase of 50 DAS, it was
obtained from Py; level. The treatment Py produced the lowest nodulation, reot weight, root
length, shoot length at both 35 and 50 DAS. But, the lowest shoot weight was observed in Py

at both 35 and 50 DAS.

The treatment Pag produced the highest pod yield (3.31 g plant™), seed vield (2.64 g
plzmt"j, stover yield (3.33 g pianfl}, pod length (4.10 em) and 100-sced weight (6.02 g).
Higher number of pods (8.44 [Jl:il’]i_]} was also recorded in Pgp level. The lowest pod, seed
yield, stover yield and 100-seed weight were recorded in Py level. Lower plant height pods

plant’, seed pod™" were also recorded in Py level.

Application of Bradvrhizobium inoculant produced significant effect on various crop
characters. The highest total nodule number (13.30 and 21.17 plant’) and nedule weight
(18.69 and 64.30 mg palnl"} were recorded in Bradyrhizebinm inoculated pots at 35 and 30
[DAS, respectively. Seed inoculation significantly increased seed, pod and stover yiclds of
blackgram. Bradvrhizobium inoculation alse significantly increased root weight, shoot
weight, root length and shoot length, pods plant”, seed pod™, plant height and pod length.
Bradyrhizobium inoculation also significantly increased nutrient content and uptake, and

protein content and protein yield.
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The interaction cflfect of phosphorus and Bradyrhizebiion was significant on total
nodule number (at 35 DAS) and nodule weight (at 50 DAS). Root weight (at 50 DAS) and
shoot weight (at 35 DAS), pod yield, sced yield and N, P uptake and P content and protein

vield.

The highest total number of nodules (17.00 and 27.75 palnt” at 35 and 50 DAS,
respectively) and the highest shoot weight (1.79 and 4.91 g plant" at 35 and 50 DAS,
respectively) was obtained from Py x 1 treatment. The highest root and shoot length were
also found in Pz x | level. The highest pod yield. seed yield and stover vield (4.04, 3.04 and
3.37 g plant’, respectively) were also obtained from Py x I level. The highest 100 sced

weight (6.28 gm) and protein yield (628.75 mg plant™) were also found in Py x | level.

From the above investigation, it may be concluded that winter blackgram (BARI
Mash-1) production in Agro-ecological Zone (AEZ-28) of Bangladesh will be increased in an
expected level by using 20 kg P ha” chemical fertilizer along with effective culture of
Bradyrhizobiwm inocula as biofertilizer, This technology not only improves soil organic
matter content but also maintains soil health and keeps soil and environment free from

pollution,
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5.1 RECOMMENDATION AND SUGGESTION FOR FUTURE RESEARCH

. Considering the trend of soil [ertility decline, the use of bradyrhizobial inoculant and

20 kg phosphorus (P) per ha™ should be used for cultivation of blackgram.

Instead of applying nitrogenous fertilizers for blackgram production, bio-fertilizer
(bradyrhizobial inoculant) should be used. Because nitrogenous fertilizer is now a
days a costly chemical fertilizer in Bangladesh. So, bradyrhizobial inoculant should
be used in different pulses like blackgram for higher production of pulses to meet up

the protein requirement of our sweet motherland, Bangladesh,

. However, the effectivity of bradyrhizobial strain with various levels of P needs to be

investigated in diverse soil and management condition.
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