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ABSTRACT

The experiment was conducted in the Farm of Sher-e-Bangla Agricultural University,
Dhaka, Bangladesh during the period from February to May 2008 to study the effect
of sulfur and boron on the growth and yield of mungbean. The variety BARI mung-6
was used as the test crop. The experiment consists of two factors: Factor A: Sulfur (4
levels): Sy: 0 kg (Control), Sy: 4 kg, Sg: Bkgand §5: 12kg S ha™': Factor B: Boron (3
levels): Bp: No boron (Control), By: | kg and B;: 2kg B ha'. The experiment was laid
out in Randomized Complete Block Design (RCBD) with three replications. At 25,
35. 45 and 55 DAS the maximum plant height. maximum number of leaves plant™,
highest number of pods pl::ml" and highest sced yield was recorded from 8y, (12 kg S
ha™), while the shortest plant, lowest number of pod and lowest sced yield was
recorded from Sp (no sulfur). At 25, 35. 45 and 55 DAS the longest plant, highest
number of pods plant” and highest seed yield was recorded from B; (2 kg B ha'). On
the other hand the shortest plant, lowest number of pod and lowest seed yield was
recorded from By (no boron). At 25, 35, 45 and 55 DAS, the longest plant, highest
number of s_plant" and highest seed yield was recorded from SgB> (8 kg S ha™ and
2kg B ha™), while the shortest plant, lowest number of pod and lowest seed yield was
recorded from SyB; (no sulfur and boron). The highest pH, organic matter, total N.
available P, exchangeable K, available S and available B was recorded from S and
the lowest pH. organic matter, total N, available P, exchangeable K, available S and
available B was observed from Sg(no sulfur). The highest pH, organic matter, total N,
available P, exchangeable K, available S and available B was recorded from B, (2 kg
B ha') and the lowest pH. organic matter, total N, available P, exchangeable K,
available S and available B was observed from B (no boron). The highest pH, organic
matter, total N, available P, exchangeable K, available S and available B was recorded
from SgB, (8 kg S ha” and 2 kg B ha') and the lowest pH, organic matter, total N,
available P, exchangeable K., available S and available B was observed from S;B, (no
sulfur and boron).
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Chapter 1

INTRODUCTION b

Bangladesh is a developing country. The land of our country is limited but the
population is very high. More people need more food. Due to our huge population
we have to produce more food in our limited land. To meet the increased demand
of food, farmers are growing more cercal crops. Moreover due to the high
population pressure the total cultivable land is decreasing day by day for housing.
So at present the cultivation of pulse has gone to marginal land because no one
interested to use his fertile land for pulse cultivation. Pulse cultivation is also
decreasing because of its low yield J(i..‘f.:'{l.ﬂw production. Besides this_long term
cereal crop cultivation _alscn effects soil fertility and productivity which could be

overcome by growing pulses.

Usually Bangladesh grows various types of pulse crops. Among them grasspea,
lentil, mungbean, blackgram, chickpea, field pea and cowpea are important. Pulse
crop is an important food crnpf.; because it prl‘.}vidl.ts.ﬂ cheap source of easily
digestible dietary protein whichlcumplements the' qtahlc:' rice diet in the country.
According to FAO (1999) a minimum intake of pulse by a human should be 80 g
per head per day, whereas it is only 14.19 g in Bangladesh (BBS, 2007). This is
because of the fact that national production of the pulses is not adequate to meet
the national demand. Mungbean can also fix atmospheric nitrogen through the

symbiotic relationship between the host mungbean roots and soil bacteria and thus

improves soil fertility.
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Mungbean pla}; an important role to supplement protein in the cereal-based low-
protein diet of the people of Bangladesh. but the acreage and production of
mungbean is steadily declining (BBS, 2007). However, it is GI"I(:: of the least cared
crops. Mungbean is cultivated with minimum land preparation and without
fertilizer application and insect, discases or weed control. All these factors are
responsible for low yield of mungbean. Kharif-1 especially in dry season is not
favorable for mungbean germination. Kharif:]T period is occupied by T. aman.

Cultivation of high yielding varieties of wheat and winter rice has occupied

considerable land suitable for mungbean cultivation.

Beside these, low vield potentiality of this crop is responsible for declining area
and production. At.'jts 'presenl the area under pulse crops is 0.406 million hectares
with a pmductiunlt;:f 0.322 million tones where mungbean is cultivated in the area
of 0.108 million hectares (BBS. 2007). The average vield of mungbean is 0.69 t
ha”' which is very poor in comparision to mungbean growing countries in the
world. There are many reasons of low yield of mungbean. The management of
fertilizer is the important one that greatly affects the growth, development and
yield of this crop. There are 18 essential nutrient elements than can effect the
growth and yield of mungbean. Among them a very few works has done on sulfur

and boron on the yield of mungbean.

Sulfur plays a remarkable role in protein metabolism. It is required for the
synthesis of proteins, vitamins and chlorophyll and also S containing amino acid*
such as cystine, cysteine and methionine which are essential components of

proteins (Tisdale et al.. 1999). Lack of S causes retardation of terminal growth
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and root development. S deficiency inducga chlorosis in young leaves and
decreased seed yield by 45% (BARI, 2004). On the other hand, boron is an
essential mineral element for all vascular plant like mungbean. It plays a vital role
in the physiological processes of plants such as cell maturation, cell elongation
and cell division, sugar transport. hnn:flonc development, carbohydrate. protein
and nucleic acid metabolisms, cytokinins synthesis and phenol metabolisms
(Lewis, 1980). Some functions of B are interrelated with those of N. P, K and Ca

in plants.

Hence, the present study was undertaken to maximize the seed yield of mungbean
with optimum sulfur and boron level! Considering the above circumstances, the

present investigation has been undertaken with the following objectives:

i. To find out optimum level of sulfur for the maximum prc:du-::tinn.(i'i:'-jrié’-]'ﬂ

of mungbean.

ii. To determine the optimum level of boron for the maximum production

of yiéld of mungbean.

-

iii. To find out the interaction effect between sulfur and boron on the yield

of mungbean.
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Chapter 2

REVIEW OF LITERATURE

In Bangladesh and in many countries of the world mungbean is an important pulse

crop. The crop has conventional less attention by the researchers on various

aspects because normally it grows wilhgﬁ'ﬁ less care or management practices.
p

Based on this a very few research work related to growth, yield and development

of mungbean have been carried out in our country. However, researches are going

By % e

on in many cnuntncﬁt to maximize the yield of mungbean. An optimum sulfur and
boron ferlilizeﬁ; pla:,‘f,s' an important role in improving mungbean yicld. But
research wnrkza: related to sulfur and boron fertilizer and w_aéﬂ_ﬁg‘ are limited in
Bangladesh. However, some of the important and informative works and research
findings related to the sulfur and boron so far been done at home and abroad on
this crop and other pulse cmfé_.-‘ have been reviewed in this chapter under the

following headings-

2.1 Effects of sulfur fertilizer on growth and yield -

A study was conducted by Dey and Basu (2004) in West Bengal, India, to
determine the effects of potassium fcruh?ﬂr and sulfur fenilizci:: on the gm;vlh.
nodulation, vield and quality of green gram cv. B-1. Treatments comprised: 0, 20
and 40 kg K/ha, and 0, 20 and 40 kg S/ha. Growth characters such as plant height
and dry matter accumulation in aerial plant parts were highest at 20, 40 and 65
days after sowing upon treatment with 40 kg K/ha along with 40 kg S/ha. The
number of nodules and dry weight of nodules increased with increasing rates of

sulfur and potassium. Yield components (i.e. number of pods per plant, number of



seeds per pod and 1000-seed weight) increased with increasing rates of sulfur and
potassium. The increment in vield components further contributed to increased
seed yield. Protein content also increased with increasing rates of sulfur and

potassium.

Yadav (2004) conducted an experiment to find out the effects of phosphorus (0.
20 and 40 kg/ha) and sulfur (0, 20, 40 and 60 kg/ha) on the growth and yicld of
green gram cv. RMG-62 wérq_:ﬂ_é{e'i'f_ﬁi_n'eﬂ-,m a field experiment conducted in

K .!.4. [

Rajasthan, India during the kharif scasons of 1998-99. Plant height, number of
branches, ;mmht:r of pods per plant, number of seeds per pod, seed yield, stover
yield and biological yicld increased with increasing rates of phosphorus and sulfur

up to 40 kg/ha and decreased thereatter.

Srinivasarao ef al. (2004) conducted an experiment with Available sulfur (S)
extracted in five extractants, crop response to S application and use efficiency of S
by mungbean and urdbean were studied on different soil types of pulse growing
regions of India. Among extractants tested, 1 N NH;OAc extracted higher §
followed by Morgan's reagent, 0.001 N HCL 0.15% CaCl,, and 1% NaClL
Response of urdbean was in higher magnitude as compared to mungbean to 20 mg
S kg™ In both the crops, larger response was obtained in Inceptisols followed by
Vertisols and lower response was found in Alfisols. Larger utilization of native
soil § in case of Alfisols by both the crops resulted in lower levels of response to
added fertilizer S. Owing to high degree of correlation with plant response, 0.15%
CaCl, and Morgan's reagent can be used as soil test methods for assessing the

available S supply and predicting the crop response to applied S on these soils.



A trial was conducted by Siag and Yadav (2003) during khari}scascms of 1998,
1999 and 2000 under irrigated conditions to study the response of mungbean cv.
MUM 2 to sulfur (applied as gypsum) with different application methods in sandy
loam soil of Sriganganagar, Rajasthan, India. Treatments comprised: two sultur
rates (20 and 40 kg/ha) and three application methods as basal. side dressing at 25
days after sowing (DAS) and half as basal + half as side dressing at 25 DAS,
along with a control (no sulfur). The number of pods per plant increased with
increasing sulfur rates. Basal dose of 40 kg S/ha recorded the highest number of
pods per plant (34.2). Plant heights, number of seeds per pod and 1000-seed
weight were not influenced by different treatments in any year. Grain yield
obtained at basal dose of 20 kg S/ha (973 kg/ha) was 42.9% higher than that of the
control treatment (681 kg/ha). Grain yield was highest with a basal dose of 40 kg
S/ha (1095 kg/ha), but did not differ significantly from 20 kg S/ha. A side

dressing of 20 kg S/ha at 25 DAS did not increase grain yield over the control. )

Nita et al. (2002) conducted an experiment to find out the effects of K and S at 0,
20 and 40 kg/ha, applied singly or in combination, on the growth and productive
attributes of mungbean as well as on the fertility of the soil were determined in a
field experiment conducted in West Bengal. India during the summer of 1998-99.
Leaf area index, seed yield, protein yield, harvest index and net production value
increased with increasing rates of K and S. Similarly, the status of N and P in soil

decreased with increasing rates of K and S.

The effects of phosphorus (30, 60 and 90 kg/ha). sulfur (0, 10, 20 and 30 kg/ha)

and Rhizobium inoculation on the protein and S-containing amino acids of green



gram (V. radiata) were determined in a field experiment conducted by Shahi et al.
(2002) in Allahabad, Uttar Pradesh, India during 1996-97. Application of P and S,
and inoculation with Rhizobium enhanced the protein content in the grains of
green gram, with 60 kg P/ha and 30 kg S/ha application resulting in the highest
increase in the El;ﬂ[t:i_n content. Rhizobium inoculation also significantly increased
the protein content in the grains of the crop. The S-containing amino acids were
highest at 30 kg S/ha. The methionine, cystine and cysteine content of the grains
were highest with the application of 30 kg S/ha, which was at par with the

-

application of 20 kg S/ha. 4

Pandey and Singh (2001) conducted an experiment with P;Os/ha at 0, 25 or 50

b

kg/ha and S at 0, 20 and 40 kg/ha ({v;rc applied as a basal dressing-at the time of | —
sowing of mung in a field experiment conducl@ in Pura, Jammu and Kashmir,
India. during 1995-96. Mung responded significantly to the addition of P;Os and
S. The highest seed grain and stover yields were obtained at 50 kg P,Os/ha and 40
kg S/ha. The protein and sulfur-containing amino acid contents of the grains
linearly increased with increasing rates of phosphorus and sulfury V{ﬁh’{h{: highest
protein and sulfur-containing amino acid cnnlems_i‘nbserwd at 50 kg P»Os/ha and

40 kg S/ha and the lowest contents|observed in the control, during both the years.

Summer mungbean were grown in the field in India for two vears with the
application of elemental sulfur (0. 15, 30 and 45 kg/ha) by Singh e al. (1997).
Sulfur application significantly improved plant biomass, nodule number and
weight, seed grain and stover yield, nitrogen and sulfur uptake. the optimum

application rate being 30 kg/ha. Application of sulfur up to 15 kg/ha increased the



population of total bacteria and Azotobacter. However. addition of sulfur

decreased the population of fungi and actinomycetes.

Trivedi ef al. (1997) carriccij-’-:.i field experiment to study the c[‘fect:"u]‘ 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 P,Os and 60 kg S ha™ increased vield, net profit

and nutrient uptake.

Trivedi (1996) conducted a field tria_ls" in the rainy seasons 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 P>Os and 0 or 60 kg S ha'. Seed yield, net returns and

o L
N. P and S contents in seed increased with/rate:of N, P and S applications.

In a field experiment conducted by Tiwari and Chaplot (1995) during the summer

seasons of 1990 and 1991 at Udaipur, Rajasthan 1he él‘i‘écts_L-ﬂctEjigdiﬁ of>
% irrigation regimes (irrigation water : cumulative pan evaporation ratios, IW:CPE
of 0.5, 0.7. 0.9 or 1.1) and application of 0-150 kg elemental S/ha on mungbean.
Irrigation at 0.9 IW:CPE ratio, at par with 1.1, gave 59.8 and 29.5% higher yield
than at 0.5 and 0.7 IW:CPE ratio, respectively. Seed yield of mungbean increased

significantly with an increase in sulfur rate up to 100 kg/ha. |

Sharma er al. (1995) carried out a field trial in the monsoon season of 1991 at
Gwalior, Madhya [’radcst{_,l;;iﬁ blackgram (Vigna mungo) cv. JU-2 treated with 0,
15 or 30 kg N, 0, 30 or 60 kg P,Os and 0 or 60 kg S ha™'. Application of N and P,

cither alone or with S, increased Mn, Zn, Cu and Fe contents in seeds and straw



and the available Mn and Zn content in soil. Application of 30 kg N + 60 kg P,0s
+ 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 S applications.

Patel et al. (1992) conducted a field trial to evaluate the response of mungbean to
sulphur fertilization under different levels of nitrogen and phosphorus. Greengram
cv. Gujrarat 2 and K 851 were given 10 kg N + 20 kg P ha™' , 20kg N + 40 kg P
ha'and 0. 10, 20 or 30 kg S ha” as gypsum and found that plant growth with

highest doses. Seed yield was 1.2 and 1.24 t ha' in Guijrarat %K 851, respectively

20 kg N+ 40 kg P ha™.)

2.2 Effects of boron fertilizer on growth and yield 7 /" Bes

\ Rlzk and Abdo (2001) conducted two field experiments were ¢ carﬁed nuﬂat Giza

Experimental Station. ARC, Egypt during 1998 and 1999 s_-;:f_;sans" to investigate
-
the response of mungbean (Vigna radiata) to (reatments with some
micronutrients. Two cultivars of mungbean (V-2010 and VC-1000) were used in
"8 investigation. Zn (0.2 or 0.4 g/l), M (1.5 or 2.0 g/l), B (3.0 or 5.0 ¢/l) and a
mixture of Zn, Mn, and B (0.2, 1.5 and 3.0 g/l, respectively). in addition to
distilled water as control were sprayed once at 35 days after sowing (DAS). The
obtained results could be summarized in the following: Generally, cultivar VC-
1000 surpassed cultivar V-2010 in yield and its components as well as in the

chemical composition of seeds with exception in 100-seed weight and phosphorus

percentage in seeds. All treatments increased significantly yield and its



components especially Zn (0.2 g/l) which showed a highly significant increase in
all characters under investigation compared to the control. All adopted treatments
increased significantly protein percentage in seeds of the two mungbean cultivars
in both seasons. Among all treatments of micronutrients, B gave the highest

percentage of crude protein.

Verma and Mishra (1999) conducted a pot experiment with mungbean cv. PDM
54, boron was applied by seed treatment, soil application (basally or at flowering)
or foliar spraying. Boron increased yield and growth parametcrs/*.;rith the best
results in terms of seed yield/plant gi};‘;’" when the equivalent of 5 kg borax/ha

was applied at flowering.

Saha et al. (1996) carried out a field tria_f_sfin prc-l;.ha;iﬁseasﬂns of 1993-94 at
Pundibari, India. yellow sarson was given 0. 2.5 or 5{} kg borax and 0, 1 or 2 kg
sodium molybdate/ha applied as soil. 66% soil + 33% foliar or foliar applications
and the residual effects were studied on summer green gram | Vigna radiatal. In
both years green gram seed yield was highest with a combination of 5 kg borax +
2 kg sodium molybdate. Soil application gave higher yields than foliar or soil +

foliar application.

10



Chapter I11
MATERIALS AND METHODS

The experiment was conducted in the Farm of Sher-e-Bangla Agricultural
University, Dhaka, Bangladesh during the period from February to May 2008 to
study the effect of sulfur and boron on the growth and yield of mungbean. This
chapter includes materials and methods that were used in conducting the
experiment. The details regarding materials and methods of this experiment are

presented below under the following headings —

3.1 Experimental site

The experiment was conducted at the Farm of Sher-e-Bangla Agricultural

University, Sher-e-Bangla Nagar, Dhaka, Bangladesh. The experimental site is

: ' s s
situated between 23"74'N latitude and 90°35'E longitude'(Anon., 1*;'8!;“ UL o
I'\-,___‘_‘—____,,-- ,' f"{f !I:I_._h
Foa o M s e
3.2 Seil (pon o Kz / i

! g

The soil of the experimental field belongs to the Tejgaon series undm; the
Agroecological Zone, Madhupur Tract (AEZ- 28) and the General Soil Type is
Deep Red Brown Terrace Soils. A composite sample was made by collecting soil
from several spots of the field at a depth of 0-15 ¢cm before the initiation of the
experiment. The collected soil was air-dried. ground and passed through 2 mm
sieve and analyzed for some important physical and chemical parameters. The
initial physical and chemical characteristics of the experimental soil are presented

in Table 1.

11
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Table 1. Initial characteristics of the soil in experimental field

1. pH 6.0
2. Particle-size ( Sand 29.04
analysis of
soil Silt 41,80
Clay 29.16

3. Textural Class Silty Clay Loam

f 4. Organic matter (%) (.840
5. Total N (%) 0.0670
6. Phosphorous (ppm) ol 8.333
7. Potassium (ppm) | 25.00

3.3 Climate

The climate of experimental site j@ééﬂ’ﬁﬂbtmpicﬂ, characterized by three distinct

[

. o, P
seasons, the monsoon or the rainy season from November to February and the pre-~

— rrd

L

)

S/

monsoon period or hot season from March to April and the monsoon period from

May to October (Edris et al.. 1979). Meteorological data related to the
temperature, relative humidity and rainfalls during the period of the experiment
was collected from the Bangladesh Meteorological Department (Climate

Division), Sher-e-Bangla Nagar and presented in Appendix .

3.4 Planting material
The variety BARI Mung-6 was used as the test crop. The seeds were collected

from the Pulse Seed Division of Bangladesh Agricultural Research Institute,
Joydevpur, Gajipur. BARI Mung-6 is a recommended variety ol mungbean,
which was developed by the national seed board. It grows both inn'_khaﬁliénd i:ahi ; |

|
A, AT
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season. Life cycle of this variety ranges from 55-60 days. Maximum seed yiceld is

1.1-1.4 ton/ha.

3.5 Land preparation

The land was irrigated before ploughing. After having zoe condition the land was

first opened with the tractor drawn disc plough. Ploughed soil was then brought
into desirable fine tilth by 4 operations of ploughing, harrowing and laddering.
The stubble and weeds were removed. The first ploughing and the final land
preparation were done on 20 February and 28 February 2008, respectively.
Experimental land was divided into unit plots following the design of experiment.
The plots were spaded one day before planting and the basal dose of fertilizers

- Al

u.:as incorporated thoroughly.

3.6 Fertilizer appllcahun

Urea, lnplc/qﬁper ,Fhusphate (TSP) and Muriate of P{:tash (MoP) were used as a
s.uurc:z?b of nitrogen, phosphorous, and potassium, respectively. Total N and K,0
were applied at the rate of 40 and 50 kg per hectare respectively following the

BARI recommendation and sulfur and boron was appliéd as per treatment.

3.7 Treatments of the experiment

The experiment consists of two factors:
Factor A: Sulfur (4 levels)

i. Sy 0keSha' (Control)

ii. Sy 4kgSha’

iii. Sg:8kgSha’

iv. Sy 12keSha

13



Factor B: Boron (3 levels)
i. By 0kgB ha' (Control)
ii. Bj:1kgBha’
iii. By:2kegBha’
There were om the “hnta 12 treatment combinations such as SyBy S¢B, S¢Ba, S4By,

S4By S4Ba SzBq SgBi SgB2 81:Bo S12B and 5,28,

3.8 Experimental design and layout

The two factors experiment was laid out in Randomized Complete Block Design
(RCBD) with three replications. An area of 31.5 m x 13.0 m was divided into
three equal blocks. Each block was divided into 12 plots where 12 treatment
combinations were allotted at random. There were 36 unit plots altogether in the
experiment. The size of the each unit plot was 3.0 m x 2.0 m. The distance
maintained between two blocks and two plots were 1.0 m and 0.5 m, respectively.

The layout of the experiment is shown in Figure 1.

3.9 Sowing of seeds in the field

The seeds of mungbean were sown on March 9, 2008. Seeds were treated with
Bavistin before sowing the seeds to control the seed borne disease. The seeds
were sown in solid rows in the furrows having a depth of 2-3 cm. Row to row

distance was 30 cm.

14
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Figure 1. Layout of the experimental plot
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3.10 Intercultural operations

3.10.1 Thinning

Seeds germinated four days after sowing (DAS). Thinning was done two times:
first thinning was done at & days after sowing and second was done at 15 days

after sowing to maintain proper plant population in each ploL.

3.10.2 Irrigation and weeding

Irrigation was done as per requirements. The crop field was weeded twice: first

weeding was done at 15 DAS and second weeding was done 30 DAS.

3.10.3 Protection against insect and pest

At early stage of growth few worms (Agrotis ipsilon) and virus vectors (jassid)
attacked the young plants and at latter stage of growth pod borer (Maruca
testulalis) attacked the plant. Dimacron SO0EC was sprayed at the rate of 1 litre/ha

to control the pest.

3.11 Crop sampling and data collection

Ten plants from each treatment were randomly sampled and marked with sample
card. The data é%rplant height, number of leaves and flowers, pod per plant, pod
length were recorded from sampled plants at an interval of 10 days which was

started from 25 DAS.

3.12 Harvest and post harvest operations

Harvesting was done when 90% of the pods became brown to black in color. The
matured pods were collected by hand picking from a pre demarcated area of three

linear at the center of each plot.

16



3.13 Data collection

The following data were recorded

i.  Plant height (cm)
ii.  Number of leaves per plant
iii. Leafarea(cm®) per plant
iv.  Total dry matter (g)
v.  Number of nodule per plant
vi.  Number of flowers per plant
vii. Number of pods per plant
viii.  Pod length (cm)
ix. Number of seeds per pod
x.  1000- seed weight (g)
xi. Seed yield (tha™) 121 ih
xii.  Stover yield (t ha™) \¢ </ "
xiii.  Biological yield

xiv. Harvest index

3.14 Procedure of data collection

3.14.1 Plant height (cm)

The heights of plants were measured with a meter scale from the ground level to
the top of the plants and the mean height was expressed in cm. Data were
recorded as the average of 10 plants selected at random from the inner rows of

each plot starting from 25 to 55 DAS at 10 days interval.

17



3.14.2 Number of leaves per plant

The leaves (trifoliate) were counted from selected plants. The average number of
leaves per plani was determined. Data were recorded as the average of 10 plants
selected at random from the inner rows of cach plot starting from 25 to 55 DAS at

10 days interval.

3.14.3 Leaf area {cm ) per plant i ' A

LI [
I Yi 3

Leaf area were measured ﬁﬁfﬁf multiply leaf length and breadth 'was expressed in
cm’. Data were recorded as the average of 10 plants selected at random from the

inner rows of each plot starting from 25 to 55 DAS at 10 days interval.

3.14.4 Total dry matter

Ten plants were collected randomly. from each plot at 10 day interval siarted from
25 days after sowing (DAS). Plants including roots, stem (with pods) and leaves
was oven dried at 70°C for 72 hours thgin transferred into df:siu:j:ﬁtnr and allowed to

cool down to the room temperature and final weight was taken and converted into
dry weight of per plant.

3.14.5 Number of flowers per plant

Number of flowers of selected plants from each plot was counted and the mean
number of flower and was expressed as per plant basis. Data were recorded at the

time of final harvest.

3.14.6 Number of pods per plant

Number of total pods of selected plants from each plot was counted and the mean
number’ “r;,ijg expressed as per plant basis. Data were recorded as the average of 10

plants selected at random from the inner rows of each plot.

18



3.14.7 Pod length

Pod length of selected plants were taken from each plot W;%:Qbﬁg and the mean
length was expressed on per pod basis. Data were recorded as the average of 10

- F

pods selected at random from the inner rows plant of each plot.

3.14.8 Number of seeds per pods

The number of seeds in each pod was aisp recorded _ffn:ij}randnmljf‘! selected pods
at the harvest. Data were recorded as the average of 10 plants selected at random

from the inner rows of each plot.

3.14.9 Weight of 1000-seed

One thousand cleaned, dried seeds were counted randomly from each harvest

sample and weighed by using a digital electric balance and weight was expressed

in gram (g).

3.14.10 Seed yield per hectare

The seeds collected from 1 m” of each plot were sun dried properly. The weight of

seeds was taken and converted the yield in t ha™.

3.14.11 Stover vield per hectare

T hﬂrémver collected from | m® of each plot was sun dried properly. The weight of

stover was taken and converted the yield in t ha™.

3.14.12 Biological yield

Biological yield was measured by adding seed yield and stover yield.

Biological yield = Seed yield + Stover yield
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3.14.13 Harvest index
The harvest index was calculated by using the following formula
Sced Yield

Harvest Index (%) = x 100
Biological Yield

3.14.14 Number of nodules per plant

The number of nodules in each plant was recorded from randomly selected plant
at the time of Mower initiation. Data were recorded as the average of 10 plants

selgcted at random from the inner rows of each plot.

3.15 Chemical analysis of plant samples

3.15.1 Collection of plant samples

Gminﬂ&.ﬁi&gé};ﬂ:}ver samples were collected after threshing. The samples were finely
ground by using a Wiley-Mill with stainless contact points to pass through a 60-

mesh sieve. The samples were stored in plastic vial for analyses of N, P, K and S.

3.15.2 Preparation of plant samples
The plant samples were dried in an oven at 70°C for 72 hours and then ground by

cecgn ; : — 2%
a grinding machine to pass through a 20-mesh sicve. The/grdin seed and stover
F—

samples were analyzed for determination of N, P. K and S concentrations. The

(I o

methods'were as follows:

3.15.3 Digestion of plant samples with sulphuric acid for N
For the determination of nitrogen an amount of 0.2 g oven dry, ground sample

were taken in a micro kjeldahl flask. 1.1 g catalyst mixture (K,S0,: CuSO, SH»0:

20



Se in the ratio of 100: 10: 1), and 5 ml conc. H,804 were added. The flasks were
heati{:;glal 120°C and added 2.5 m1 30% H,0, then hcatr::i_f‘:llwas continued at 180 °C
until the digests became clear and colorless. Afier cooling, the content was taken
into a 100 ml volumetric flask and the volume was made up to the mark with de-
ionized water. A reagent blank was prepared in a similar manner. Nitrogen in the
digest was estimated by distilling the digest with 10 N NaOH followed by titration

of the distillate trapped in HyBO; indicator solution with 0.01N H,S0,.

3.15.4 Digestion of plant samples with nitric-perchloric acid for P, K and S

A sub sample weighing 0.5 g was transferred into a dry. clean 100 ml digestion
vessel. Ten ml of di-acid (HNOs: HCIOy in the ratio 2:1) mixture was added to the
flask. Afler leaving for a while, the flasks were heated ‘at_a-temperaturé slowly
"..Lrais.e/dh to 200"C. Heating wér& stopped when the dense white fumes of HCIO,
occurred. The content of the flask were boiled until they were became clean and
colorless. Alter cooling, the content was taken into a 100 ml volumetric flask and

the volume was made up to the mark with de-ionized water. P, K and S were

determined from this digest.

3.15.5 Determination of P, K and S from plant samples

3.15.5.1 Phosphorus

Phosphorus was digested from the plant sample (seed grain and stover) with 0.5
M NaHCO; solutions. pH 8.5 (Olsen er al., 1954). Phosphorus in the digest was
determined by using 1 ml for grain sample and 2 ml for stover sample from 100
ml extract was then determined by developing blue color with reduction of

phosphomolybdate complex and the color intensity were measured
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colorimetrically at 660 nm wavelength and readings were calibrated with the

standard P curve (Page er al., 1982).

3.15.5.2 Potassium
Five milli-liter of digest sample for the grain and 10 ml for the stover were taken
and dilutcd:,_.-iﬂ ml volume to make desired concentration so that the absorbance of

sample were measured within the range of standard solutions. The absorbances

.-f

were measured by -'Eitnmir:_:abt{f_)?pﬁ'ﬁﬁ flame photometer.

3.15.5.3 Sulphur

Sulphur content was determined from the digest of the plant samples (seed grain
and stover) with CaCl; (0.15%) solution as described by (Page et al., 1982). The
digested S was determined by developing turbidity by adding acid seed solution
(20 ppm S as K580, in 6N HCI) and BaCl, crystals. The intensity of turbidity was

measured by spectrophotometer at 420 nm wavelengths (Hunter, 1984).

3.16 Nutrient Uptake

After chemical analysis of stover and seed grain samples the nutrient contents
were calculated and from the value of nutrient contents, nutrient uptakes were also

calculated by following formula:
Nutrient uptake = Nutrient content (%) * Yield (kg/ha)/100

3.17 Post harvest soil sampling
After harvest of crop soil samples were collected from each plot at a depth of 0 to

15 cm. Soil sample of each plot were air-dried, crushed and passed through a two
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mm (10 meshes) sieve. The soil samples were kept in plastic container to

determine the physical and chemical properties of soil.

3.18 Soil analysis

Soil samples were analyzed for both phyvsical and chemical characteristics viz.

organic matter, pll, total N and available P, K, and S contents. These resul(s have
b;{:_n.shnwp in-the Tz_:'n_bl{: 46 The soil samples were analyzed by the following

standard methods as follows:

3.18.1 Textural class
Mechanical analysis of soil were done by hydrometer method (Bouyoucos, 1926)
and the textural class was determined by plotting the values of % sand, % silt and

% clay to the Marshall’s triangular co-ordinate following the LUSDA system.

3.18.2 Seil pH
Soil pH was measured with the help of a glass electrode pH meter, the soil water

ratio being maintained at 1: 2.5 (Jackson, 1962).

3.18.3 Organic matter

Organic carbon in soil sample was determined by wet oxidation method of

Walkley and Black (1935). The underlying principle was used to oxidize the

organic matter with an excess of IN K,Cr:0; in presence of conc. H,S04 and

conc. HiPOy and to titrate the excess K;Cr,(); solution with 1N PeSD,;,f__l"ﬂ--oﬁiain'
“the content of organic matter was calculated by multiplying the percent organic

carbon by 1.73 (Van Bemmelen factor) and the results were expressed in

percentage (Page et al., 1982).
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3.18.4 Total nitrogen

Total N content of soil were determined followed by the Micro Kjeldahl method.
One gram of oven dry ground soil sample was taken into micro kjeldahl flask to
which 1.1 g)ﬁ':caial}rst mixture (K;504: CuSO,. 5H,0: Se in the ratinl of 100: 10:
1), and 6 ml H,80, were added. The flasks were swirled and heale{.].;l_.-.ﬁ{]{] UC and
added 3 ml H,0, and then heating at 360 "C was continued until I_h:: digest was
clear and colorless. After cooling, the content was taken into 100 ml volumetric
flask and the volume was made up to the mark with distilled water. A reagent
blank was prepared in a similar manner. These digests were used for nitrogen

determination (Page et al., 1982).

Then 20 ml digest solution was transferred into the distillation flask, Then 10 ml

of H;BO; indicator solution was taken into a 250 ml conical flask which/is'r‘-

marked to indicate a volume of 50 ml anl;l'=p|accd the flask’ under the condenser
£ o — s

outlet of the distillation apparatus so that the delivery end dipped in the acid. Add» ~

sufficient amount of 10 N-NaOH solutions in the container connecting with
distillation apparatus. Water runs through the condenser of distillation apparatus
was checked. Operating switch of the distillation apparatus collected the distillate.
The conical flask was removed by washing the delivery outlet of the distillation
apparatus with distilled water. Finally the distillates were titrated with standard
0.01 N H,SOy4 until the color changes from green to pink. The amount of N was

calculated using the following formula:

% N=(T-B) *x N x0.014 = 100/ 8



Where,
T = Sample titration (ml) value of standard H,S0,
B = Blank titration (ml) value of standard H.SO,
N = Strength of H,504

S = Sample weight in gram

3.18.5 Available phosphorus

Available P was extracted from the soil with 0.5 M NaHCOs solutions, pH 8.5
(Olsen et al., 1954). Phosphorus in the extract was then determined by developing
blue color with reduction of phosphomolybdate complex and the color intensity
were measured colorimetrically at 660 nm wavelength and readings were

calibrated the standard P curve (Page et al., 1982).

~I"  3.18.6 Exchangeable potassium
* Exchangeable K was determined by 1 N NH4OAc (pH 7) extraction methods and

> by using flame photometer and calibrated with a standard curve (Page et al.

3.18.7 Available sulfur

Available S content was determined by extracting the soil with CaCl, (0.15%)
solution as described by (Page etf al., 1982). The extractable S was determined by
developing turbidity by adding acid seed solution (20 ppm S as K;S0, in 6N HCI)
and BaCl; crystals. The intensity of turbidity was measured by spectrophotometer

al 420 nm wavelengths.
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3.18.8 Available boron

Available boron (B) content in the soil samples was determined by the method
described by Hunter (1984). The extracting agent used was monocalcium
phosphate [CaH4(PO,),. H,O] solution and colour was developed by curcumin

solution. The absorbance was read on spectrophotometer at 555 nm wavelengths.

3.19 Statistical analysis

The data obtained for different parameters were statistically analyzed to find out
the significant difference of different level of sulfur and boron on yield and yield
contributing characters of mungbean. The mean values of all the characters were
calculated and analysis of variance was performed by the “F” (variance ratio) test.
The significance of the difference among the treatment means was estimated by
the Duncan’s Multiple Range Test (DMRT) at 5% level of probability (Gomez

and Gomez. 1984).
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Chapter 1V
RESULTS AND DISCUSSION

The present study was conducted to determine the effect of different levels of sulfur
and boron on the growth and yield of mungbean. Data on different yield contributing
characters and yield were recorded to find out the optimum levels of sulfur and
boron for mungbean cultivation. The analysis of variance (ANOVA) of the data on
different yield components and yield are given in Appendix 1I-X. The results have
been presented and discussed. and possible interpretations given under the following

headings:

4.1 Plant height
A statistically significant variation was recorded for plant height of nmnghemx due to
s,

f 1
the applmaﬂon of dlﬁ'ercnt ICVCH Gf suIﬁJr at 25, 35, 45 and 55 DAS G&ppendlx 1T).

" | -~ . bt . '-
The i{mges?l pldl]l,{l:zg 53 cm, 41 ]1 -::m, 55 30 cm and 62. 83 Lm) was recorded from
S;s which was statistically similar (27.68 ¢m. 40.23 c¢cm. 54.08 cm and 62.69 cm)
with Sg and closely iulluwed (22. TE cm, 34. 59 cm, 49.00 cm and Sﬁ 33 cm] by 84,

T8 Des

while the shortest plant {IE 38 cm, 30. 2{1 cm, 41 54 cm and 50.17 cm} was recorded
from S; i.e. control condition: aL 25. 35,45 and-55-PAS-(F igure 2). Slulf'ur increased
plant height of mungbean upto maximum doses following an increasing trend.
Probably, sulfur ensured the availability of other essential nutrients as a result of
which maximum growth was occurred and the ultimate results is the maximum plant

height. Siag and Yadav (2003) reported that plant height was not influenced by the

application of sulfur.
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_l

Plant height of munghean\vaned significantly due to different lev ::1 ﬂ[ boron at 25,
|.. lI 74

35, 45, 55 DAS {Appcnd:x ). At 25, 35, 45 and 55 DAS the longest “pIant (26.92
cm, 37.36 em, 52.65 cm and il:’ulﬂh’:n'r cm) ‘v:a:s found from B; which was statistically
identical (24.44 cm, 37.36 cm. 52.65 Icm and 61.35 e¢m) with B, and the shortest
plant (21.62 cm, 32.63 cm, 43.60 cm and 49.04 cm) was recorded from By asno—
_b_qroh (Figure 3). Results indicated that boron favored the mungbean plants to have
better growth and produced the tallest plants. Verma and Mishra (1999) also reported
highest growth parameter when the equivalent of 5 kg borax/ha was applied at
flowering.

Interaction effect of sulfur and boron showed 5laubtmally significant dlffﬂreﬂu:&. fur
plant height at 25, 35, 45 and 55 DAQ ;.A;;m;mx I1). The l{,mjgﬁ:;l plant ;(33..39 cm, o
47.15 c¢m, 63.52 ¢cm and ?5.3i Ia.:dm_) was observed from 5;B; and the shortest plant

(16.90 cm, 28.20 cm and 39.58 cm) was recorded from SyB; at 25, 35 and 45 DAS

but 46.88 cm was found from S;B, treatment at 55 DAS (Table 2).

4.2 Number of leaves plant”

Due to the application of different levels of sulfur a statistically significant variation
was rﬂcﬂrdf:d for number of leaves plant” of mungbean at 25, 35, 45 and 55 DAS
[:ﬂ\ppendtx [T). The maximum number of leaves plant™ (5.41, 11.64, 19.23 and
JEI.QS) was obtained from S;; which was statistically similar (5.12, 11.24, 18.74 and
21.63) with Sg and closely followed (4.55, 10.87, 18.04 and 20.02) by S,, while the

minimum number of leaves plam"’ (3.79, 9.72, 14.62 and 17.21) was found from S,

i.e. control condition at 25, 35, 45 and 55 DAS (Figure 4).
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Table 2. Interaction effect of sulfur and boron on plant height of mungbean

Treatment Plant height (cm) at
25 DAS 35 DAS 45 DAS 55 DAS
SoBg 16.90 f. 28.20d 39.58de - 49.05 de
5By 17.621 30.35d 39.71 de 45._88 e
SoBa 20.62 el 32.044d 45.32 cde 54.60 cde
SaBo 20.29 ef 28.94 d 44 .38 cde 46.97 ¢
S4B 2262 de 36.99 ¢ 49.76 bed 60.50 bed
S4B 2524 ¢ed 3783 ¢ 52.86 abe 61.53 be
SyBy 1843 T 30.68d J7.58¢ 4345¢
SeBy 30.72 ah 42.85 ab 6l.15a 69.33 ab
S¢B, 33.89a 47.15a - 63.52a - 7531a _
S12By 27.14 be 38.84 be 47.13 cde 51.15 cde
5128 27.52 be 41.41 be 60.00 ab 66.50 ab
SizBs 30.93 ab 43.09 ab 58.77 ab 70.84 ab
LSD.os) 3.631 4,498 9.899 10.61
Level of significance 0.01 0.01 (.01 0.01
CV(%) 8.82 7.27 11.70 10.80

In a column means having similar letter(s) are statistically similar and those having dissimilar letter{s)

differ significantly as per (103 level of probability

Sy ke $ha
S, 4'ke S ha”
S/ ﬁg % ha
820 12kg S ha!

B, No I;ﬁmn {control)
|/

By Lkg B ha'!

B2 kg B ha'
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Sulfur increased number of leaves plant" of mungbean upto maximum doses
following an increasing trend. Probably, sulfur ensured the availability of other
essential nutrients as a result of which maximum growth was occurred and the

ultimate results is the maximum number of leaves plant™.

A statistically significant variation was recorded for number ohf __Ieavt:§ plant™ of
mungbean due to different level of boron at 25, 35, 45, 55 DAS?*;&;;:}];&L&HE 111). At
25, 35, 45 and 55 DAS the maximum number of leaves plant” (5.23, 11.81, 20.23
and 22§5§ was observed from B; which was statistically similar (4.72, 11.22, 18.08
and 20.96) with B, and the minimum number of leaves pIanl" (4.20, 9.59, 14.66 and
16.69) was found from By ds-no-beron (Figure 5). Results indicated that boron
favored the mungbean plants to have better growth and produced the maximum

number of leaves plant”. Verma and Mishra (1999) also reported highest growth

parameter when the equivalent of 5 kg borax/ha was applied at flowering.

Sulfur and boron showed statistically mgmﬁcant mteractmn effect for number of

leaves plant” at 25, 33, 45 and 55 DAS (.Appr.:ﬂdlx [1T). The maximum number of
|

leaves plant” (6.11, 12.97, 23.50 and 26.69) was observed from SgB, and the

minimum number of leaves p]ant'1 (3.46, 9.37, 13.74 and 16.14) was found from

SoB, at 25, 35, 45 and 55 DAS (Table 3).
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Figure 5. Effect of boron on number of leaves per plant of
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Table 3. Interaction effect of sulfur and boron on number of leaves plant” of

mungbean
Treatment Number of leaves plant” at
25 DAS 35 DAS 45 DAS 55 DAS
SeBy 384ef » 9.60 def 15.60 cde 17.99 cde
SuBy 346 - 9.3%7¢ef . 13.74e .- 16.14¢
SoB3 4.09 def 10.19 ede 14.52 de 17.50 de
S4By 4.12 def 9.63 def 14.75 de 16.91 de
S4B 4.59 cde 11.13 bed 18.41 bed 20.91 bed
SsBa 4.94 bed 11.85 abc 20.95 ab 22.24 abe
SzBy 3. 79 ef 8.35¢f 12.19¢ 14.73 e
SyB, 5.45 abe 12,42 ab 20.53 ab 23.46 ab
SsB; 6.11a _~ 12974 — 23.50a _— 26.6%9a
Si2By 5.07 be 10.78 bede 16.09 cde 17.12 de
5128y 5.38 abe 11.94 ab 19.65 abe 2332 ab
S;sz 5.78 ab 12.22 ab 21.95 ab 2542 ab
LSDyw.os 0.789 1.546 3.965 4.179
Level of significance 0.01 0.01 0.01 0.01
CV(%) 0.88 8.40 13.26 12.21

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)
differ significantly as per 0.05 level of probability

S OkgSha' BoiNo bo;uﬁ {control)
St 4 kg/S ha B,: 1'hg B ha

Syt BKg'S ha B22 kg B ha

Sis 12 kg Sha” ;o
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4.3 Leaf area

Significant variation was recorded for leal area of mungbean due to the application

= "

of different level-%nf sulfur at 25, 35. 45 and 55 DAS (‘Ajppt.‘ﬂdl‘{ IV). The highest leaf
area (976.01 cm?®, 1338.12 cm”, 1485.33 cm” and 1663.05 cm®) was recorded from
S;» which was statistically similar (929.33 cm®, 1301.95 cm”, 1453.72 cm’ and
1635.54 em’) with Sy and followed (842.58 em’, 1243.72 em’, 1424.52 ¢m’ and
1505.96 ¢cm®) by S,. while the lowest leaf area (676.56 cm’. 994.79 em’, 1133.12
cem® and 1206.40 L‘Il'll} was recorded from §; i.e. control condition at 25, 35, 45 and
55 DAS (Figure 6). Sulfur increased leaf area of mungbean upto maximum doses
following an increasing trend. Probably, sulfur ensured the availability of other
essential nutrients as a result of which maximum growth was occurred and the
ultimate results is the maximum leafl area. Nita ef al. (2002) reported that application

of sulfur at 40 kg ha™ resulted in the significant increase in Leaf area index.

[.caf area of mungbean differed significantly due to different ]E\-’Ej::{}f boron at 235, 35.
45, 55 DAS (;ppcndzx IV). At 25, 35, 45 and 55 DAS the hig]:i.:sl leal area (952.98
em’, 1333.'?1:;: em’. 1576.58 cm” and 1758.68 cm”) was recorded from B, which was
statistically identical (856.29 cm”. 1274.59 cm?, 1451.15 em” and 1532.83 ¢m®) with
B, and the lowest leaf area (759.09 cm’, 1050.58 cm’. 1094.79 cm’ and 1216.71
cm’) was obtained from By as=no-boron (Figure 7). Results indicated that boron
favored the mungbean plants to have better growth and produced the maximum leaf

area. Verma and Mishra (1999) also reported highest growth parameter when the

equivalent of 5 kg borax/ha was applied at flowering.
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Interaction effect of sulfur and boron showed statistically significant variation for

-] '
')

leaf area at 25, 35, 45 and 55 DAS {_}{ppﬂndix IV). The highest leaf area (1172.13
em’. 1603.43 cm®, 1877.39 cm’ and 2116.60 em”) was recorded from SgB, and the
lowest leaf area (641.26 cm’, 891.64 cm’, 1033.24 cm” and 1206.61 cm?) was found

from SyB, at 25, 35, 45 and 55 DAS (Table 4).

4.4 Dry matter content plant”

Dry matter content plant’ of mungbean differed si gniﬁc_anlly :]_g\e to the application
of different level/of sulfur at 25, 35, 45 and 55 DAS Eﬁfﬁﬁ;n.dix V). The maximum
dry matter content plant™ (256.43 g, 336.56 g, 376.48 g and 450.59 g) was observed
from S;» which was statistically similar (251.83 g, 324.58 g, 372.18 g and 439.27)
with Sg and closely followed (211.12 g, 280.44 g. 351.42 g and 384.67 g) by S,.
while the minimum dry matter content planl'i (188.87 g, 225.94 g, 304.64 g and
346.61 g) was found from §; i.e. control condition at 25, 35, 45 and 55 DAS (Figure
8). Sulfur increased dry matter content plant” of mungbean upto maximum doses
following an increasing trend. Probably, sulfur ensured the availability of other
essential nutrients as a result of which maximum growth was occurred and the
ultimate results is the maximum dry matter content plant™. Dey and Basu (2004)
reported that dry matter accumulation in aerial plant parts of green gram were

highest at 20, 40 and 65 days aller sowing upon treatment with 40 kg S/ha.
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Table 4. Interaction effect of sulfur and boron on leaf area of mungbean

Treatment Leaf area (cm”) at
25 DAS 35 DAS 45 DAS 55 DAS
SoBo 730.84 ef 106683 d 1201.82 d 1306.01 de
SoBy 657.59 fg 102590 d 1164.29d 1106.39 ¢
SoB; 641.26 fo 891.64 de 103324 de | 1206.61 de
S4Bg 78555 e 1047.25d 1179.11d 1300.68 de
'_
S4By 825.94 de 1291.76 be 1458.56 ¢ 1508.25 ed
S4B2 916.25 ed 139213 be 1635.90 abe 1708.95 be
SqBy 61242 ¢ 84783 ¢ B37.96 ¢ 1036.54 ¢
SzBy 1003.44 be 1454.6 ab 1645.80 abc 1753.47 be
SzBa 117213 a . 1603.43a — 1877.39a _ 2116.60a —
51280 007.54 ed 124043 ¢ 1160.26d 1223.60 de
Si2By 038.19¢ 1326.12 be 1535.96 be 1762.99 he
51282 1082.29 ab 1447.83 ab 1759.77 ab 2002.55 ab
L.8Do.0s) 096.02 164.8 234.0 201.5
Level of significance 0.01 0.01 0.01 0.01
£V{%} 6.62 7.98 10.06 11.46

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)
differ significantly as per 0.05 level of probability

Sy 0 ke S ha'
SedksSha'
Sy 8 kg S ha

Sz 12kg Sha”

1'. -
By: No boren (control)

B:lkeB ha™
Bsf 2kg B ha'
F L
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Boron showed significant differences for dry matter Fﬂﬂt_ﬂ\lﬂl plant” of mungbean
varied significantly du}ﬁj at 25, 35, 45, 55 DAS [}ﬁppendlxw At 25, 35, 45 and 55
DAS the maximurr; dry matter content plant” |£244.19 g, 313.57 g, 396.29 g and
449.05 g) was obtained from B, which was statistically identical (230.30 g. 300.79 g,
364.74 g and 416.05 g) with B, and the minimum dry matter content plant” (206.70
g.261.27 g, 292,51 g and 350.78 g) was recorded from By Hﬁdﬁﬁ'ﬁfﬂru?l (Figure 9).
Results indicated that boron favored the mungbean plants to have better growth and
produced the maximum dry matter content plant’. Verma and Mishra (1999) also
reported highest growth parameter when the equivalent of 5 kg borax/ha was applied

at flowering.

Interaction effect of sulfur and boron showed statistically signiﬁ_g:lant differences lor
dry matter content plant” at 25, 35, 45 and 55 DAS (Jﬁijpendlx V). The maximum
dry matter content p]ant" (300.88 g. 373.93 g, 459.90 g and 535.79 g) was recorded
from SgB; and the minimum (175.87 g. 206.80 g. 292.65 g and 319.70 g) was

recorded from SyB, at 25. 35, 45 and 55 DAS (Table 3).

4.5 Number of flowers plant’

A statistically significant difference was recorded for number of ﬂnj.w:;_a_a ;:n]zmt'l of
mungbean due to the application of different IevciF of sulfur(ﬁ;;pendzx V1). The
highest number of flowers piant" (34.20) was Iremrclcd fr;:mm Si3 which was
statistically similar (33.11) with Sg and closely followed (27.89) by Ss. while the
lowest number of flowers plant” (19.44) was observed from S; i.e. control condition
(Table 6). Dey and Basu (2004) reported number of flowers planl" increased with

increasing rates of sulfur in green gram.
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Table 5. Interaction effect of sulfur and boron on dry matter content plant” of

mungbean
Treatment Dry matter content (g) plant” at
25 DAS 35 DAS 45 DAS 55 DAS
SoBo 199.82 def 234.39%¢ 321.36 cde 376.03 de
SoBy 175.87 206.80 e 292.65 de 31970 e
SuB: 190.92 def 236.62e 299.90 de 34411 e
S4Bo 194.95 def 24560 ¢ 300.82 de 340.13 ¢
S4By 21432 de 294.10d 358.18 bed 388.96 de
S4B 224.10 ed 301.62 cd 395.25 abe 42491 cd
SzBog 179.15 ef 240.05e 25580 e 319.89 ¢
SsBy 27545 ab 359.75 ab 400.83 ab 462.13 be
SzB2 300.88a 373.93a. 45990a _ 535.79a —
S12Bo 252.90 be 325.05 bed 292.05 de 367.07 de
S12By 255.55 be 342.50 abc 400.03 ab 468.88 abc
S12B; 260.85 be 342.13 abe 437.35a 515.81 ab
LSDyu.0s) 34.21 38.91 71.40 66.13
Level of significance 0.01 0.01 0.01 0.01
| CV(%) 890 7.87 _12.01 9.64

In a column means having similar letter(s) are statistically similar and those having dissimilar letier(s)
difler significantly as per 0.05 level of probability

Sy O kg S Ha™ BaNo borefi (control)
Sa 4 I-Lg""r ha! B: I'ke B ha

S B is:g S ha'! B/;.é ke B-ha

8.2 12kg S ha'! L
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Number of ﬂqwers plant“lﬂf mungbean varied significantly due to different level of
boron (App;mhx VI). The highest number of flowers plant” (33.07) was recorded
from B; which was closely followed (29.32) by B, and the lowest number of {lowers
plam" (23.60) was found from B, as n-‘;}-bﬁ?ﬁq (Table 6). Results indicated that boron
favored the mungbean plants to have better growth and produced the maximum

number of flowers plant”. Rizk and Abdo (2001), Verma and Mishra (1999) and

Saha et al. (1996) also reported highest yield components for highest level of boron.

Interaction effect of sulfur and bnrnn qhnwed statistically significant differences for
number of flowers plant {Appendlh VI). The highest number of flowers pl.mt
(40.20) was observed from SgB, and the lowest number of flowers plant" (15.93)

was recorded from SyBy, (Table 7).

4.6 Number of pods plant™

Number ol pods plant" of mungbean showed a statistically significant variation due
to the application of different ]L’Wé}"ﬂf sulﬁjrﬁlj-;il[lnpqt:;u.ﬁx V1). The highest number of
pods ]_:Jlszml'1 (17.17) was recorded ;i*um Siz wﬁich was statistically similar (16.91 and
16.31) with Sg and S. respectively and the lowest number of pods plant’ (13.20)
was found from S, i.e. control condition (Table 6). Sulfur increased number of pods

plant” of mungbean upto maximum doses following an increasing trend. Siag and

Yadav (2003) and Yadav (2004) reported similar results earlier.
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Table 6. Effect of sulfur and boron on yield contributing characters of

munghbean
Treatment Flowers | Pods plant’ | Pod length Seeds per | Weight of
plant” ' (No.) (cm) pod 1000 seeds
(No.) (&)
Sulfur
S0 19.44 ¢ 1320b 494b 447 c 18.19¢
S4 27.89b 1631 a 6.52a 6.31b 2156 b
ot 33.11a 16.91 a 7.01la 7.16a 2471 a
Si2 3420a, 17.17a. 7.1la 724 a 25.66a
L.8Djp.s) 2.962 1.344 0.569 0.738 1.418
Level of significance 0.01 0.01 0.01 0.01 0.01
Boron
By 23.60c 13.56b 505b 5.13b 1955 ¢
By 2932 b 16.69 a 6.92 a 6.68 a 23.28b
Bs 33.07a, 17.44 a 7.22a 7.07a 2476 a .
'LSDyo0s) 2.565 1.164 0.493 0.639 1.228
Level of significance 0.01 0.01 0.01 0.01 0.01
CV(%) 10.57 8.65 9.10 11.99 6.44

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)
differ significantly as per 0.035 level of probability

Y
By No l)dﬁ;; {control)

S;:0kgSha'
Si:4 kg'S ha'
Sa E'kg'&\ha"
S 12ke ':i'ha"

Bi: 1 Kg B ha'

B.2 kg B ha'!



characters of mungbean

Table 7. Interaction effect of sulfur and boron on yield contributing

Treatment Flowers Pods plant” | Pod length Seeds Weight of
plant’! ' (No.) (cm) pod™” (No.) | 1000 seeds
(No.) (g)
SuBg 1593 ¢ 12.00 d 443 d 427f 15.86 h
SuB, 19.80 de 14.00 cd 529 ¢ed 4.53 ef 19.09 g
SpBa 22.60d 13.60 cd 5.09cd 4.60 ef 19.61 fg
S4By 22.60d 13.73 el 5.26 cd 5.53 def 19.08 ¢
SsB3y 29.13 ¢ 17.00 b 6.91 b 6.60 cd 21.87 ef
S4B, 31.93 be 18.20 ab 7.39 ab 6.80 bed 23,72 de
SsBo 23.73d 12.47d 490 cd 4.87 ef 18.87 ¢
SsBy 3540 ab 18.47 ab 7.76 ab 7.87 abe ] 26.67 abc
SsB, 40.20 a 19.80a 836a 8.73a | 2857a _
S12Bo 32.13 be 16.03 be 5.62¢ 5.87 de 24.38 cde
S12By 32.93 be 17.30 ab 7.70 ab 7.73 abe 25.48 bed
5128, 37.53 ab 18.17 ab 8.02a 8.13 ab 27.13 ab
LSDs) 5.130 2327 0.986 | 1278 2.457
Level of significance 0.05 0.05 0.01 0.05 0.01
CV(%) 10.57 8.65 9.10 11.99 6.44

In a column means having similar letter{s) are statistically similar and those having dissimilar letter(s)
differ significantly as per 0.05 level of probability

i .
Sp 0 kg F}hf.;," Bg: No boron (control)
Sis 4 kg'S ha B | kg B ha'!
Sy: 8 ke S ha' B2 kg B ha

Sy 12ke Sha
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Number nf’ plmi:a\ plant” of mungbean varied significantly due to different level-’;ﬂuf
boron {Appendlx V). The highest number of pods plant™ (17.44) was obtained from
B; which was statistically identical (16.69) with B; and the lowest number of pods
plant” (13.56) was found from By as no boron (Table 6). Rizk and Abdo (2001) also

reported similar finding. Verma and Mishra (1999) reported highest number of pod

T
I ab

frﬂﬁyi kg borax/ha were applied at flowering stage.

#a

Sulfur and boron showed statistically significant interaction cf'fcct'_'l"hr number of

|
A

LT
pods plant™ (Appendix VI). The highest number of pods plant” (19.80) was obtained
from SgB, and the lowest number of pods pl.ﬂnt'I (12.00) was recorded from SyB;

(Table 7).

4.7 Pod length

A statistically significant variation was recorded for pod length of mungbean due to
the application of different level of sulfur (Appendix VI). The maximum pod length
(7.11 em) wasihund S,» which was statistically similar (7.01 cm and 6.52 em) with
Sg and Sy, respectively and the minimum pod length (4.94 ¢cm) was recorded from Sy
i.e. control condition (Table 6). Probably, sulfur ensured the availability of other
essential nutrients as a result of which maximum growth was occurred and the
ultimate results is the maximum pod length. Dey and Basu (2004) reported highest

pod length from highest doses of sulfur.

Pod length of mungbean varied significantly due to different level of boron
{ﬁppendix VI). The maximum pod length (7.22 ¢m) was recorded from B, which

was statistically identical (6.92 cm) with B, and the lowest pod length (5.05 cm) was



recorded from B, (Table 6). Results indicated that boron favored the mungbean
plants to have better growth and produced the maximum pod length, Saha er al.

(1996) also reported similar finding.

Interaction effect of sulfur and boron showed statistically significant differences for
pod length {;Appcndi)-: VI). The highest pod length (8.36 cm) was recorded from SgB,

and the lowest pod length (4.43 cm) was recorded from SyBy (Table 7).

4.8 Number of seeds pod™

Significant variation was recorded for number of seeds pn-cl;] :'{}f mungbean due to
the application of different level of sulfur (Appendix VI). The highest number of
seeds pod™ (7.24) was observed from $,, which was statistically similar (7.16) with
Sy and closely followed (6.31) by S4. On the other hand. the lowest number of seeds
pod™ (4.47) was recorded from S; i.e. control condition (Table 6). Sulfur increased
number of seeds pod”' of mungbean upto maximum doses following an increasing
trend. Probably, sulfur ensured the availability of other essential nutrients as a result
of which maximum growth was occurred and the ultimate results is the maximum
number of seeds pod™. Siag and Yadav (2003) reported that number of seeds per pod

was not influenced by the application of sulfur,

Number of seeds pnd" of mungbean varied significantly due to different level of
boron (Appendix VI). The highest number of seeds pod™” (7.07) was recorded from
B> which was statistically identical (6.68) with B, and the lowest number of seeds

pud" (5.13) was obtained from B; as no boron (Table 6). Rizk and Abdo (2001),

Verma and Mishra (1999) and Saha ef al. (1996) also reported similar finding.”
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Interaction effect of sulfur and boron showed statistically significant differences for
number of seeds pod™ (Appendix VI). The highest number of seeds pod” (8.73) was
recorded from SgB, and the lowest number of seeds pod™ (4.27) was recorded from

SpBg (Table 7).

4.9 Weight of 1000 seeds

Weight of 1000 seeds of mungbean showed a sta.tistica]_ly significant variation due to
the application of different levcl..' of su]ﬁu; [ﬁpﬁcﬁdix VI). The highest weight of
1000 seeds (25.66 g) was recorded from S;; which was statistically similar (24.71 g)
with Sy and closely followed (21.56 g) by Sy, resl_:_:cntii*el}f and the lowest weight of
1000 seeds (18.19 g) was observed from S i.e. control condition (Table 6). Sulfur
increased weight of 1000 seeds of mungbean upto maximum doses following an
increasing trend. Probably, sulfur ensured the availability of other essential nutrients
as a result of which maximum growth was occurred and the ultimate results is the
maximum weight of 1000 seeds. Siag and Yadav (2003) reported that weight of 1000

seeds was nol influenced by the application of sulfur.

Boron showed significant differences for weight of 1000 seeds of mungbean

§oj
it

;[hbpcndlix VI). The highest weight of 1000 seeds (24.76 g) was obtained from B,
which was closely followed (23.28 g) by By, while the lowest weight of 1000 seeds
(19.55 g) was recorded from B, (Table 6). Results indicated that boron favored the
mungbean plants to have better growth and produced the maximum weight of 1000
seeds. Rizk and Abdo (2001) and Verma and Mishra (1999) also reported similar
ﬁndiné:i

{
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Statistically significant difference was recorded for interaction effect of sulfur and
boron in terms of weight of 1000 seeds (Eippcndix VI). The highest weight of 1000
seeds (28.57 g) was recorded from SgB, and the lowest weight of 1000 seeds (15.86

o) was recorded from SgBy (Table 7).

4.10 Seed yield

A statistically significant difference was recorded for L-j-_t_ltl:d yield of mungbean due to
the application of different level of sulfur_.ll(}‘;u.p.péﬁdix VII). The highest seced yield
(1.37 ha"'} was found from S;; which was .v,taxis.'c.it:alI},F simi_iar (1.32 1 ha™') with Sg
and closely followed (1.06 t ha™) by S.. Agaiﬁ. lhé Inwést seed yield (0.89 t ha)
was recorded from S i.e. control condition (Table 8). Sulfur increased seed yield of
mungbean upto maximum doses. Probably, sulfur ensured the availability of other
essential nutrients as a result of which maximum reproductive growth was occurred
and the ultimate results is the maximum seed }'ield.ﬁ'jg.iag and Yadav (2003) reported

that grain yield was highest (1095 kg/ha) with a basal dose of 40 kg S/ha.)

Seed yield of mungbean varied significantly due m'-b;mn ['Apﬁéﬁdix VII). The
highest seed yield (1.26 t ha™') was recorded from B, which was closely fullowed_
(1.181 ha™') by B, and the lowest seed yield (1.04 t ha™') was observed from Bua.‘am}
h_qmﬁ (Table 8). Rizk and Abdo (2001), Verma and Mishra (1999) and Saba et al.

(1996) also reported similar finding.

Interaction effect of sulfur and boron showed statistically significant differences for
seed yield (Appendix VII). The highest seed yield (1.51 t ha™) was found from SgB,

and the lowest seed vield (0.77 t ha"] was recorded from SyB, (Table 9).
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Table 8. Effect of sulfur and boron on yield of mungbean

Treatment Seed yield Stover yield | Biological yield | Harvest Index
(tha™) (tha) (tha™) (%)

Sulfur

So 0.89¢ 281¢ 3.70¢ 23.99b

Sy 1.06b 331b 438b 2427b

Sg 1.32a 3.62a 494a 26.62a

512 1.37 a- 369 a 5.06a I 2?]2&_
LSDos) 0.076 0.169 0,219 1.024
Level of significance 0.01 0.01 0.01 0.01
Boron

By 1.04 ¢ 3.06¢ 410 ¢ 25.15

B; 1.18b 3.40b 458 b 25.60

Bs 1.26 a. 3.61a 487 a. 25.75
LSDyp.05) 0.066 0.147 0.189 -

 Level of significance 0.01 0.01 0.01 NS

CV(%) 6.48 5.12 4.93 4,11

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)
differ significantly as per 0.05 level of probability

Sy: 0 kg S ha” By: No boren (control)
Si:4 kg S ha By: | kg B ha”

Sy 8ke'S ha Bs: 2 kg B ha

S 12kg Sha
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Table 9. Interaction effect of sulfur and boron on yield of mungbean

Treatment Seed yield Stover yicld | Biological yield | Harvest Index
(t ha) (tha" (tha') (%)
S:;B;} 0.77 f 261 f 3.39 E 2283 ¢c
SoBi 0.92¢ 2.84 ef 3.76 tg 24.40 be
SoBa 0.98 de 298¢ 397¢f 24.74 be
S4Bo (.97 de 30le 3.98f 24.41 be
S4By 1.07 cd 3.39d 4.46 de 24.08 be
S4B .14 ¢ 3.55¢d 4.69 cd 2433 be
SsBy 1.07 cd 3.07e 4.14 ef 25.81 ab
RMEY 1.38 ab 3.76 abc 5.14b 2683 a
SyBa 151 a 404 a 5.55a _ 27.53a _
S12By 1.35b 3.56 bed 4,92 be 2721a
S12By 1.34b 3.61 bed 4,96 be 27.10a
Si2Ba 1.41 ab 3.88 ab 5.29 ab 26.71 a
LSDyo.0s) 0.131 0293 | 0379 1.774
Level of significance 0.01 0.05 0.01 0.01
CV(%) 6.48 5.12 4,93 4.11

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)
differ significantly as per (.05 level of probability

By’ No bor6n (control)
Bi: 1 kg B ha ff |
By 2kg B ha

;
/82 12kg'S ha'!

49




4.11 Stover yield

Stover yield of mungbeamvaried significantly f{}r due to the application of different
level of sulfur tﬁppelndix VII). The highest stover yield (3.69 t ha™') was recorded
from S;, which was statistically similar (3.62 t ha™) with S and closely followed
(3.31 t ha') by S;. Again, the lowest stover yield (2.81 t ha') was recorded from S
i.e. control condition (Table ). Sulfur increased stover yield of mungbean upto
maximum doses following an increasing trend. Singh ef al. (1997) reported that
sulfur application significantly improved stover yield and the optimum application

rate being 30 kg/ha,

Stover yield of ‘mungbean showed significant differences due to different level of
bnmnl .[?kpp;:-n&ix VII). The highest stover yield (3.61 t ha™') was recorded from B,
which was closely followed (3.40 t ha™') by B, and the lowest stover yield (3.06 t ha”
:} was recorded from By :15110 boron (Table 8). Results indicated that boron favored
the mungbean plants to have better growth and produced the maximum stover yield.

Rizk and Abdo (2001) and Saha er al. (1996) also reported similar finding!

Interaction effect of sulfur and boron showed statistically significant variation for
stover yield { Appendix VII). The highest stover vield (4.04 1 ha™') was recorded from

SsB, and the lowest stover vield (2.61 t ha™) was recorded from S,B (Table 9).

4.12 Biological yield
A statistically significant difference was recorded for biological yicld of mungbean
due to the application of different level ol sullur (Appendix VII). The highest

biological yield (5.06 t ha"') was recorded from S;; which was statistically similar
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(4.94 t ha') with Sg and closely followed (4.38 t ha™') by S,. Again. the lowest
biological vield (3.70 t ha') was obtained from S, i.e. control condition (Table 8).
Sulfur increased biological yield of mungbean upto maximum doses following an
increasing trend. Probably, sulfur ensured the availability of other essential nutrients
as a result of which maximum vegetative and reproductive growth was occurred and

the ultimate results is the maximum biological yield.

Due to boron "i:ri:::lngical yield of mungbean varied significantly (Appendix VII). The
highest biological yicld (4.87 t ha') was recorded from B, which was closely
followed (4.58 t ha') by B, and the lowest biological yield (4.10 t ha™) was found
from By as no boron (Table &). Results indicated that boron favored the mungbean
plants to have better growth and produced the maximum biological yield. Rizk and

Abdo (2001) also reported similar finding.

Statistically significant difference was observed for interaction effect of sulfur and
boron in terms of biological yieid (Appendix VII). The highest biological yield (5.55
t ha') was observed from SgB, and the lowest biological yield (3.39 t ha') was

recorded from 5B, (Table 9).

4.13 Harvest index

Significant variation was recorded for harvest index of mungbean due to the
application of different level of sulfur_ Eﬁﬁl)pendix VII). The highest harvest index
(27.12%) was found from S;; which was statistically similar (26.62%) with Sg and
closely followed (24.27%) by S.. Agai;, the lowest harvest index (23.99%) was

recorded from S, (Table 8). Probably, sulfur ensured the availability of other
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essential nutrients as a result of which maximum vegetative and reproductive growth
was occurred and the ultimate results is the maximum harvest index. Dey and Basu

(2004) reported similar result earlier.

Harvest index of mungbean differed non-significantly due to different level of boron
(Appendix VII). The highest harvest index (25.75%) was obtained from B, and the
lowest harvest index (25.15%) was recorded from By as no boron (Table 8). Results
indicated that boron favored the mungbean plants to have better growth and

produced the maximum harvest index.

Interaction effect of sulfur and boron showed statistically significant differences for
harvest index (Appendix VII). The highest harvest index (27.53%) was recorded

from SgB, and the lowest harvest index (22.83%) was recorded from SqB,, (Table 9).

4.14 Number of nodules plant™

Number of nodules plant” of mungbean showed a statistically significant variation
for due to the application of different level of sul Fl.ll'; {Appendtx VII). The highest
number of nodules plant" (20.76) was observed from S;; which was statistically
similar (19.66) with Sg and closely followed (16.95) by S, n_:spec-tiveﬁ‘ and the
lowest number of nodules ;:-]emt’1 (13.62) was found from §; Le. .c;;ml-ml condition
(Figure 10). Sulfur increased number of nodules plant™ of mungbean upto maximum
doses following an increasing trend. Singh ef al. (1997) reported that sulfur
application significantly improved nodule number and the optimum application rate

being 30 kg/ha.
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Number of ﬁﬂl:luh:ﬁ plant” of mungbean varied significantly due to different level of
hﬂrﬂé'(gﬁgeﬁﬁix VII). The highest number of nodules plam:" (20.00) was recorded
from B, which was statistically identical (18.22) with B, and the lowest number of
nodules plant” (15.02) was obtained from By as no, bnrﬂr-]x (Figure 11). Results
indicated that boron favored the mungbean plants to have better growth and

produced the maximum number of nodules plant™.

Sulfur and boron showed statistically significant differences for interaction effect in
terms of number of nodules plant™ (Appendix VII). The highest number of nodules
p]ant" (23.63) was found from SgB, and the lowest number of nodules p]am"

(11.74) was recorded from SyBy, (Figure 12).

4.15 NPKSB concentration in seed and stover

4.15.1 NPKSB concentration in seed
L

Statistically significant variation was recorded for NPKSB concentration’in 'seed
Lot phhett 5 - ;

dtiel,.'diﬁ'ercnt levels of sulfur (Appendix VII1). The maximum concentration'in seed
for N (3.39%), P (1.012%). K (1.005%), S (1.014%) and B (0.086%) évas .i'ec{}rded
from Sz and the minimum cnncenlmlinﬁ:_' in seed for N (2.57%), P (0.476%).

K(0.382%). S (0.377%) and B (0.050%) yﬁaas observed from S (Table 10).

fﬁ%ﬁtatislically significant variatiljfj,r 'I:fas ;:ccnrded for NPKSB concentration in;rlslf;f:d
due 1o different levels of boron (Appendix VIII). The maximum cem:cntratiﬂﬁ-' in |
seed for N (3.40%). P (1.045%), K (0.896%), S (0.922%) and B (0.078%) “as
recorded from B, and the minimum cﬂncentrati-:}ﬁ in seed for N (2.64%), P

(0.541%), K(0.603%), S (0.537%) and B (0.052%) j;vas. found from By (Table 10).

335



Table 10. Effect of sulfur and boron on the cunczntratinlli"'uf N, P, K, S and B in seed and stover of mungbean

Treatment Concentration (%) in grain Concentration (%) in stover
N P K S B N j P K S B

Sulfur

S 257¢ 0476 ¢ 0.382¢ 0377 ¢ 0,066 b 4,46 be 0421 b 0.444 b 0311¢ 0.010b

Sy 329a 1.009 a 0.962 a 0.984 a 0.066 b 4.67 ab 0428 b 0.450ab | 0.347 ab 0.011b |

Sk 339a 1.012a 1.005 a 1.014a 0.086 a 4.8%9a 0.430 b 0.457 a 0.355a 0.013a r

Si2 3.07b 0.674 b 0.594 b 0.658b 0.061 b 431¢ 0.471a 0.460 a .339 b 0.013a
LSDyq 05 0.157 0.083 0.063 0.077 0.065 0.284 0.031 0.010 0.010 0.01
Level of significance (.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Boron

By 264¢ 0.541 ¢ 0.603 ¢ 0.537 ¢ 0.052 ¢ 423 ¢ 0.414 b 0.427 ¢ 0.317b 0.010b

B 3.19b 0.793 b 0.708 b 0.816b 0.066 b 459b 0.438ab | 0.458b 0.344 a 0.012a

B 340a 1.045a 0.896 a 0.922a 0.078 a 493a 0.460 a 0.474 a 0.352a 0.012a
LSD.0s 0.136 0.072 0.054 0.066 0.053 0.246 0.027 0.009 0.009 0.09
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 - 0.01 0.01 0.01 0,01
CV(%) 5.13 4.65 8.20 4.47 4.98 6.25 7.54 2.34 6.30 4.56

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s) differ significantly as per (.05 level of probability

S¢: 0kg S hd”’
Syt 4 kg'S ha
sg_g_s'i:g S ha'!
5. 12kg S ha'!

By No hcrr_:-;'r-'{c;ntruh
By | kg B ha!

]]}:--i/kg Bha'
o



Table 11. Interaction effect of sulfur and boron on the concentration of N, P, K, S and B in seed and stover of mungbean

Treatment Concentration (%) in grain Concentration (%) in stover
N P K S B N P K S B
SoBo 221 0.360 e 0.345g |0327e 0.037 e 4.12e 1 0.405b | 0403 ¢ 0276 ¢ 0.008
SoBi 2.65fF D464b | 0372fg | 0429¢ 0.107 b 459 bede | 0434b | 0.467 abe | 0.328d 0.014
SuBa 284 def | 0.605fgh | 0430fz | 0374 0.053d |[4.67bcde 04d46b |0.463abc | 0.329d 0.011
S4By 2.64 f 0.718 el |0.885¢ 0.658d |0.054d 427ecde |0416b |[0.421d 0.332 cd 0.012
B S4By 3.52b 1.078 ¢ (.934 ¢ 1.074 b 0.042 e 474 bcd |0425b 0.450 ¢ 0349bc | 0.014
S4B 3.71 ab 1.231 b 1.067 b 1220 a 0.053d | 5.00hb 0.421b 0.481 a 0.360 ab | 0.013
SsBo 2.69 ef 0.560gh |0.716d |0.716d |0.058d |434cde |0422b (.430 d 0.335¢d | 0.010
5sBy 3.64 ab 0968 cd | 0.94]1 ¢ 1.081 b 0.057d 4.76 be 0.456 b 0.458 be | 0.359 ab 0.012
SgBa 3.85a 1.509 a 1.357 a 1.246 a 0.140 a 558a (.535a 0.482a 0.370a 0.013
SiaBy 3.01 cd 0.525gh | 0467 f 0.446 e 0.059 d |4.19de 0.413 b 0.455bc | 0.326d 0.008
S12By 297c¢de |0.662fz | 0583e |0.681d 0.058d |4.26cde |[0.438D 0.456 bc | 0.341 bed | 0.010
S12B; 321¢ 0.836de |0.730d |0.849¢ (L.068d |4.48 bede |0.438b | 0470ab | 0.350 be 0.011
L5Dyg.05) 0.271 0.144 0.109 (0.133 (.087 0.491 0.054 | 0.017 0.017 0.017
Level of significance | 0.01 0.05 0.01 0.05 (1.05 0.01 0.01 | 0.05 0.01 NS
CV(%) 5.13 4.65 8.20 4.47 4,98 6.25 7.54 | 2.34 6.30 4.56

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s) differ significantly as per 0.05 level of probability

S0 ke S ha™
Sy 4 kg §ha
Sy Bkg S ha'!
JS{,;: 12kg 5 ha

Bq: No boror Ec ontral}
e

By: I kgB ha'

By 2kg Bha
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A statistically significant variation' was recorded for NPKSB concentration/in seed
| 14 -

i
t
| "N

due to the interaction effect of sulfur and bnmn":@&ppendix VIII). The maximum

mnccntratiu'r% in seed for N (3.85%), P (1.509%), K (1.357%). S (1.246%) and B

T L
(0.140%) “;a":; recorded from SgB; and the minimum cnnccntratiﬂp/ in sced for N
rd !

(2.21%). P (0.360%), K(0.345%), S (0.327%) and B (0.037%) *lvas observed from
SeBg (Table 11).

A
4.15.2 NPKSB concentration in stover

,'I

/A étansun:ally significant van.ﬂmn was recorded for NPKSB cqncentratm in rntgdoon
. I r 'I

stover due to the application of dillerent levej’ of sulfufrg,/_\ppcndm VIII). The

maximum mncenh‘atiun—; in stover for N (4.89%), P (0.471%). K (0.457%)., S
(0.355%) and B (0.013%) \ff}.s'}ﬂcﬂrdcd from Sg and the minimum mncenlralinfrin

L )

foda g

stover for N (4.31%). P (0.421%). K(0.444%). S (0.311%) and B (0.010%) wfi'is 4

observed from S, (Table 10).

“,,-r_
il ¥ #

A Sstatistically significant variation/ 1l_.f!,':a.s.'nat.:::n:dn:d for NPKSB congentration in Wicnpha
4 PR, ¥
stover due to the application of different level of boron (hppcndit VIII). The

A
maximum cnncenlmlml}fm slﬂver for N (4.93%), P (0. 4ﬁﬂ%] K (0.474%), §

(0.352%) and B (0.012%) waS’ recorded from B; and the minimum Lunu:n!raunn in

stover for N (4.23%), P (0.414%), K(0.427%), S (0.317%) and B (0.010%) was™ "’ ?

observed from B, (Table 10).

1""

A
K ‘statlstlcally significant vanatmn gias. recorded for NPKSB cs::-ncentratmlf in et £par

-4 [ ] k=

—"?

stover due to the interaction effect of sulfur and humﬁ {L&ppendix VIII). The

F

maximum cunccnlralin?;' in stover for N (3.58%). P (0.535%), K (0.482%), S

58



i

¥

(0.370%) and B (0.015%) x}fas recorded from SgB; and the minimum concentration/

gL
in stover for N (4.12%), P (0.405%), K(0.403%), S (0.276%) and B (0.008%) was

observed from SuB, (Table 11).

4.16 NPKS uptake by seed and stover

4.16.1 NPKSB uptake by seed g

iR "
A_glausncally significant vanatmn *:ws recc-rded for NPKSB uptake hy seed due to
/ -“‘" LAI o

different leve] of sulfur (F%ppendlx [X). The maximum uptake by seed for N (36.52

kg/ha), P (5.58 kefha), K (12.55 ke/ha), S (7.50 ke/ha) and B (0.106 kg/ha) was """

recorded from Sy and the minimum uptake by seed for N (24.61 kg/ha). P (3.69
kg/ha), K(8.65 kg/ha), S (4.86 kg/ha) and B (0.089 kgfha}:ia:-ﬁé observed from S,
(Table 12). Singh er al. (1997) reported that sulfur significantly improved nitrogen

& sulfur uptake and the optimum application rate being 30 kg/ha.

ﬁj{auamallv significant vanalmn \gaﬁ recorded for NPKSB uptake h}r ser:d due to

viw 12
gl
A2 o

different levels of boron [U\ppendm 1X). The maximum uptake by seed for N
(35 &9 kg/ha), ' (5.45 kg/ha). K (12.13 kg/ha), S (7.01 kg/ha) and B (0.104 kg/ha)
w&s’ rccnrdcd from B; and the minimum N {25 74 kg/ha). P (3.88 kg/ha), K(9.30

kg/ha), S (5.07 kg/ha) and B (0.094 kg/ha) *.yas observed from By (Table 12).

T
Ty

/'ij’tatisll(:ﬂll},f significant vanalmn, mi:-. recordt:d ['m' NPKSB uptake hv hEEd due to

Ak ;.r 4

| the interaction effect of sulfur and boron {Appendlx [X). The maximum uptake by
seed for N (41.52 kgjha} P (6.34 kg/ha), K (14.15 kg/ha), S (8.89 kg/ha) and B
(0.113 kg/ha) /a{ recorded from SgB, and the minimum uptake by seed for N
{21 04 kg/ha), P (3.00 kg/ha), K (7.44 kg/ha), S (4.33 kg/ha) and B (0.079 kg/ha)

Fwas observed from SgBg (Table 13).
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Table 12. Effect of sulfur and boron on the concentration of N, P, K, S and B in seed and stover of mungbean

Treatment Uptake by grain (kg'ha) Uptake by stover (kg'ha)
N [ P K S B N [ P K S B
Sulfur
So 2461 d 3.69d 8.65d 4.86d 0.089 b 41.68d 10.66d | 23.66d f 237¢ 0.109 ¢
Ss 32.78b 501b 11.28b | 6.71b 0.102 a 63.75 b 14.17b | 32.00b | 298ab 0.115b |
Sg 36.52a 5.58a 12.55a 7.50a 0.106 a 70.69 a 16.54 a 3734a | 307a 0.119a
Si2 2949c | 450c 10.50 ¢ 5.5%¢ 0.095a 5691 ¢ 12.72¢ 2872 ¢ 2.82b 0.115b
L.SDwos) 1.873 0.284 0.603 0.578 0.034 2,968 0.751 1.597 0.215 0.021
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Boron
By 25.74c 388¢c 9.30¢ 507 ¢ 0.094b | 4528¢ 1293b | 2888b | 2.65b 0.113 b
B 31.12b | 475D 10.81 b 642b 0.09%b | 62.49b 13.61la 30.74a | 2.85a 0.113b
B; 3569a 545a 12.13 a 701 a 0.104 a 67.01 a 14.03 a 31.67a 2944 0.118a
L5Dyp .05 1.622 0.246 0.522 0.501 0.023 2.570 0.650 1.383 0.186 0.013
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
CV(%) 6.13 6.09 5.67 447 7.88 5.14 3.61 3.30 1.71 4.88
In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s) differ significantly as per 0.05 level of probability
%g} kg 5.-ha" \-\I'_\!}'.yu _bﬁmn {control)
Sy dg S ha” By: 1'kg B ha'
S 8 .kgﬁ\ha" B2 I-:g\Hv ha

Sp2t 12 kg 8 ha'!
4 \
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Table 13. Interaction effect of sulfur and boron on the concentration of N, P, K, S and B in seed and stover of mungbean

Treatment Uptake by grain (kg/ha) Uptake by stover (kp/ha)
N P K S B N P K S B

SuBg 21.04 h 3.00 h 7.44 h 433e 0,079 3621f 10.16 1 21.69g |2.26e 0.097
SuB, 2428 ¢ 3T71g 8.87 ¢ 5.04 cde | 0.101 4481 e 1061ef |2397fg |2.41de 0.115
SoB2 28.52ef |436ef 966fg |522cde | 0.076 4402e | 11.21ef [2532ef |244de 0.116
S4By 2489 ¢ 380¢g 983fg |564bcd | 0.104 4535¢ | 13.59bc |30.68bc |2.76bcd | 0.113
S4B, 3439¢cd |525¢d | 11,03de |663b |0.102 7231b | 1428be |3224be |3.04abe | 0.115
S4B, 39.08ab | 5.97ab 1298 b 7.80 a 0.099 73.60 b 14.64 b 33.07b | 3.16ab 0.117
SsBy 31.10de | 4.75de 10,74 def | 5.40 cde | 0.097 53.35d 16.06 a 36.26 a 290 abc |0.119
SsB, 36.94 be | 5.64 be 1276 be | 8.23a 0.096 73.09b 16.52a 37.30a | 3.14ab 0.119
S¢Ba 41.52a 6.34a 14.15a 8.89a 0.113 85.63 a 17.03 a 3845 a 3.18a 0.123
SizBg | 25.94fg |3.96fg 9.19¢g 4.93 de 0.106 4621 e 11.90de |26.88de | 2.69cd 0.122
S2By 28.87ef | 441ef 1057 ef | 5.77bed | 0.104 39.76 c 13,04 cd |2944cd | 2.81 abed | 0.122
S12Ba 33.66cd |5.14cd 11.73 cd | 6.08 be 0.108 64.78 ¢ 13.22¢d | 29.85¢ 296 abe | 0.101

LSDyg 05 3.245 0.491 1.045 1.002 - 5.141 1.301 2.765 0.372 --

Level of significance | 0.05 0.01 0.05 0.05 NS 0.01 0.01 0.01 0.01 NS

L CV (%) 6.13 6.09 5.67 4.47 7.88 5.14 5.61 5.30 7.71 4.88

In a column means having similar letter{s) are statistically similar and those having dissimilar letter(s) differ significantly as per (105 level of probability

S 0kzSha'
S: 4 kg S ha
Sy 8 kg S ha'!
S0 12ke S ha'!

Bq: No boron {control)
By: 1 kg B ha!
B. 2 kg B ha
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4.16.2 NPKSB uptake by stover _i-__._;..-

i L

A 5131]311(.-&“}’ significant vanalmn y{&. remrded for NPKSB uptake hy stover due
e

to the application of different ]Eﬁi}l of sulfur (App::ndlx IX). The maximum uptake
by stover for N (?{].6? keg/ha), P (16.54 l-:gfha}, K (37.34 kg/ha), S (3.07 kg/ha) and
B (0.119 kg/ha) );i;n:curdt:d from Sg and the minimum uptake by stover for N
(41.68 kg/ha), P (10.66 kg/ha), K (23.66 kg/ha). S (2.37 kg/ha) and B (0.109 kg/ha)

:{;;as’nhservcd from S, (Table 12). I

z_
da 8,

.J.I.-I'

§ s ;
A statistically significant variation was recorded for NPKSB uptake by, stover due
f | A I fiae i

gk ?'r.;l bl

to the application of different Ievefnf boron prpendix IX). The maximum uplake

by stover for N (67.01 kg/ha), P (14.03 kg/ha), K (31.67 kg/ha), S (2.94 ke/ha) and
1 1
B (0.118 ke/ha) jws recorded from B and the minimum uptake by stover for N

(45.28 ke/ha), P (12.93 kg/ha), K (28.88 kg/ha). S (2.65 kg/ha) and B (0.113 kg/ha)

was observed from By, (Table 12).

.l' I t

f(ﬁ'lﬂtlﬂllﬂ-ﬂ“}' significant vanaum}, uﬂs recnrded fnr NPKSB uptake by stover due

{0 the interaction effect of sulfur and hﬂmn {Appemll.\ IX). The maximum uplake

|
by stover for N (85.63 kg/ha), P (17.03 kg/'ha), K (38.45 kg/ha), S (3.18 kg/ha) and

B (0.123 kg/ha) :.}as recorded from SgB; and the minimum uptake by stover for N

(36.21 kg/ha). P (10.16 ke/ha), K (21.69 keg/ha), S (2.26 ke/ha) and B (0.097 kg/ha)

‘ ...r’

wa@ observed from SyB (Table 13).

4.17 Post harvest soil
) .|- It Ak
ﬂ‘ Btaustmal]y significant vanattm] w’as recorded for pH, organic matter, total N,
!
available P, exchangeable K, available S and available B in post harvest soil due to
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the application of different levei-"'uf sulfur (;Appcndix X). The highest pH (5.43),

organic matter (1.37%), total N (0.39%), available P (20.39 ppm), exchangeable K

1.-'|!'.-"l -

(0.16 me%), available S (0.27 ppm) and available B (0.145 ppm) was recorded
4
from Sg and the lowest pH (4.37), organic matter (1.06%). total N (0.23%),

available P (15.51 ppm), exchangeable K (0.12 me%), available S (0.20 ppm) and
o 0

available B (0.123 ppm) was observed from S; (Table 14).

L

,A( hétatisiically significant variatin}} }:&5 recorded for pH. organic matter, total N,

available P, exchangeable K, available S and available B in post harvest soil due to

‘ NG

the application of different level of boron 'If‘r}&ppﬂndix X). The highest pH (5.05),

organic matter (1.25%), total N (0.35%), available P (19.02 ppm). exchangeable K
(0.15 me%), available S (0.27 ppm) and available B (0.148 ppm}ﬁf;liﬁ recorded
from B, and the lowest pH (4.61), organic matter (1.12%), total N (0.22%),
available P (15.72 ppm), exchangeable K (0.12 me%), available S (0.22 ppm) and

A
™.

available B (0.111 ppm) was observed from By, (Table 14).

gk g
A statistically significant variation’ was recorded for pH. organic matter, total N,
f

available P, exchangeable K, available S and available B in post harvest soil due to
-1 s L) o

the interaction effect of sulfur and boron ;ﬂf"-‘lpﬁcndix X). The highest pH (5.57),
organic matter (1.45%), total N (0.45%), available P (22.78 ppm), exchangeable K
(0.18 me%). available S (0.30 ppm) and available B (0.162 ppm) .;éfrccnrdcd
from SgB, and the lowest pH (3.96). organic matter (1.02%), total N (0.16%).
available P (13.75 ppm). exchangeable K (0.11 me%), available S (0.17 ppm) and

available B (0.086 ppm) was obscrved from SyBy (Table 15).



Table 14. Effect of sulfur and boron on the pH, organic matter, available phosphorus, exchangeable K, available S and B on
post harvest soil

Treatment pH Organic matter | Total N (%) Available P | Exchangeable | Available S Available B
(%) (ppm) K (me %) (ppm) (ppm)
Sulfur
So 437b 1.06 ¢ 023 ¢ 1551 ¢ 0.12¢ 0.20d 0.123 ¢
Sy 462b .16 b 0.28b 17.39b 0.14b 0.26b 0,133 b
Sg | 543a 1.37a 0.39a 20.39a 0.16a 0.27a 0.145a
Siz 462h .16 b (.26 be 1691 b 0.13¢c - 0325¢ 0.132b
LSD 08 0.442 0.083 0.031 0.872 0.010 0.010 0.013
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Boron
By 4.61b 1.12b 0.22 ¢ 1542¢ 0.12¢ 0.22¢ 0.111¢
B, 462b 1.18 ab 0.30b 1791 b (L14 b 024 b 0.140 b
B | 505a 1.25a 0.35a 19.02a 0.15a 027 a 0.148 a
LSDyp.05) 0.383 0.072 0.027 0.755 0.009 0.009 0.007
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 0.01
CV (%) 5.36 6.93 4.98 5.01 7.16 6.32 5.88

In a column means having similar letter{s} are statistically similar and those having dissimilar letter{s) differ significantly as per 0.05 level of probability

8: 0 kg S hat B.;;\T:J‘u b-orﬁn {contral)
S,:.\ti‘kg'é ha'' B ke B ha’
Sy: §'kg b Ba: 2 k;k‘Ng"
S 12k § ha )
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Table 15. Interaction effect of sulfur and boron on the pH, organic matter, available phosphorus, exchangeable K, available
S and B on post harvest soil

Treatment pll Organic matter | Total N (%) Available P Exchangeable Available S Available B
(¥o) (ppm) K (me %) (ppm) (ppm)
SoBg 396d 1.02¢ 016 g 13.75f 01le 0.17 g 0.086
SpBy 4,17 cd 1.05 de 0.22 ef 16.13 e 0.13 de 0.20fF 0.149
SoBa 4.96 abe 1.10 cde 0.29 cd 16.66 de 0.13d 023 e 0.161
S4By 4.35cd J 1.05 de (.17 fg 1583 ¢ 0.13 ed 023 ¢ 0.135
SaB 4.78 abed 1.21 bed 0.34 bhe 17.88 cd 0.14 cd 0.27b 0.153
SiB- 4.74 abed 1.20 bed 0.33 be 1847 ¢ 0.15 be 0.27 be 0.147
SsBy 538 ab 1.33 ab (0.34 be 17.84 cd 0.13d 0.24 de 0.121
SgB, 5.34 ab 1.32 ab 0.37b 20.54b 0.16b 028 b 0.140
SgBs 557a 1.45a 0.45a 2278 a 0.18a 0.30a 0.162
S12B¢ 4.55 bed 1.09 cde 0.19 fg 1547 ¢ (.12 de 0.25 cd 0.101
Si2B8, 4.40 cd 1.14 cde 0.27 de 17.08 cde (h13d 022e 0.117
‘_5;|151 4.91 abe 1.24 be 031 cd 18,17 ed 0.13 de 0.26 be 0.150
LSDyq05) 0.765 0.144 0.054 1.510 0.017 0.017 -
Level of significance 0.05 0.05 0.01 0.05 0.01 0.01 NS
CV(%) 5.36 6.93 498 5.01 7.16 6.32 5.88

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s) differ significantly as per 0.05 level of probability

s:?‘a\ch S ha

S d k}gﬁr ha!
S5 8 kg Sha'

Si2: 12 kg S ha'!

e
B
B
B

: Mo boron (control)
N B ha'

gt kg é %‘]
ﬂ'\.h
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A 5 iy Chapter V

SUMMARY AND CONCLUSION

II
The experiment was conducted in the Farm of Sher-e-Bangla Agricultural
University, Dhaka nBangiadcsh during the period from February to May 2007 to
study the c!‘fecll ol'z.u]fur and boron on the growth and yield of mungbean. The

varicty BARI mash 3, (Henmntal was used as the test crop. The experiment consists

.-___ .

of two factnn “Factor A: E.quur (4 levels): Sy: 0 kg (Control), Sy: 4 kg, Sy: 8 kg and
S2: 12 kg S ha™'; Factor B: Boron (3 levels): By: No boron (Control), By: 1 kg and
B,: 2 kg B ha”. The experiment was laid out in Randomized Complete Block Design
(RCBD) with three replications.

Due to application of different lmn;:], of sulfur at 25, 35 45 and 55 DAS the longest
plant (28.53 cm, 41.11 em, 55.30 cm and 62.83 m]}y,ai;;famrdcd from Sy,. while the
[
shortest (18.38 c¢m, 30.20 cm, 41.54 cm and 50.17 crr;) was remr;:led from Sy. The
“t i

maximum number of leaves plant” (5.41, 11.64, 19.23 ami 21 95] was ‘recorded from
Si2, while the minimum (3.79, 9.72, 14.62 and 17. Zl.j :yas I'E.Cii}l'df.d from Sn Thf:_

highest leaf area (976.01 cm’, 1338.12 cm’, 148533 cm® and 1663.05 cm %) was#04

recorded from 513, whiie the: lowest leaf area (676.56 cm’, 994.79 c¢m’, 1133.12 ecm’

and 1206.40 cm ] ﬁas recordcd from S,. The max:mum dr}f matter content plant™

(256.43 g, 336. Sﬁ g, 376.48 g and 450. 59 g} \:ufaﬁ n:cnrdv:d from S;; while the
minimum (188.87 g. 225.94 g, 304.64 g and 346.61 g} was I'ECU.I.'{EE{] from Sp. The
highest number of flowers plant (34.20) was recorded from Sy, while the lowest
(19.44) was recorded from S;. The highest number of pods plant’ (17.17) was
recorded from S;, and the lowest (13.20) was recorded from Sy. The maximum pod
length (7.11 cm) was recorded from S, and the minimum (4.94 cm) was recorded

from Sy. The highest number of seeds pod” (7.24) was recorded from S;; on the
other hand; the lowest (4.47) was recorded from S,. The highest weight of 1000
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seeds (25.66 g) was recorded from S, and the lowest (18.19 g)\was recorded from
Sy. The highest seed yield (1.37 t ha™') was recorded from S;» aga the lowest seed
yield (0.89 t ha™) was recorded from S,. The highest stover yleld (3.691 ha™') was
recorded from S;; and the lowest (2.81 t ha™) was recorded from S;. The highest
biological yield (5.06 t ha™') was recorded from S;; and the lowest biological yield
(3.70 t ha™') was recorded from S;. The highest harvest index (27.12%) was recorded
from S;; and the lowest (23.99%) was recorded from S;. The highest number of
nodules |::i£mt'l (20.76) was recorded from S, and the lowest (13.62) was recorded
from Sq.

However, application of different lcw}’ of boron at 25, 35, 45 and 55 DAS the
longest plama (26.92 ¢m, 37.36 cm, 52. 65 cm and 61.35 crr;‘}r';';'t;lf;::cnrdt:d from B,
and the shnrleqt (21.62 cm, 32.63 cm. 43.60 cm and 49.04 ¢ U was ‘recorded from
Byp. At 25, 35, 45 and 55 DAS the maximum number of leaves piant" (5.23, 11.81,
20.23 and 22 Qgﬁ w,as’remrded from B; and the minimum (4.20, 9.59, 14.66 and
16. ﬁ@ﬁ was rcmrded from By. At 25, 35, 45 and 55 DA% th,e hlghcst leaf arca (952.98
t:m2 1333.76 cm’, 1576.58 cm’ and 1758.68 cmz') \y,as rccnrdcdt ﬁ-m;n Bq and the

/
lowest (759.09 cm?. 1050.58 ¢cm®. 1094.79 ¢m? and 1216.71 cmz) was rccurdf:,d from
Bg. At 25, 35, 45 and 55 DAS the rqﬂx:mum dry matter content plant” (244.19 g,

'I';.—'I-'J' 1 s

313.57 g, 396.29 g and 449.05 g) was ré{:prded from B; and the minimum (206.70 g,
261.27 g, 292.51 g and 35{}.'?3 gj Was’ l'ﬁl:ﬁl'dﬂ-d from By. The highest number of
flowers ;:nlam'I (33.07) was recnf;ied from B, and the lowest (23.60) was recorded
from By. The highest number of pods plant” (17.44) was recorded from B, and the
lowest (13.56) was recorded from By. The maximum pod length (7.22 cm) was
recorded from B, and the lowest (5.05 c¢cm) was recorded from By, The highest
weight of 1000 seeds (24.76 g) was recorded from B, and the lowest (19.55 g) was
recorded from By. The highest seed yield (1.26 t ha™') was recorded from B, and the
lowest seed yield (1.04 t ha™") was recorded from By. The highest stover yield (3.61 t
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ha™') was recorded from B, and the lowest stover yield (3.06 t ha™') was recorded
from By. The highest biological yield (4.87 t ha™) was recorded from B, and the
lowest (4.10 t ha') was recorded from By. The highest harvest index (25.75%) was
recorded from B and the lowest harvest index (25.15%) was recorded from Bg. The
highest number of nodules plant’ (20.00) was recorded from B, and the lowest

(15.02) was recorded from By,.

Interaction effect of different leveF of sulfur and boron at 25 35,45 and 55 DAS the longest
|'I a ki ") T e

p]a.ntf (33.89 cm, 47.15 cm, 63. 52 em and 75.31 cmj was recorded from 5:B; and the

_||.J'--

:S‘-hﬂl'l.BS'l (16.90 cm, 28.20 cm, 39.58 cm, 46. 88 cmj WHS recorded from SyB, at 25, 35, 45

i
1 I.""“': )

and 55 DAS. The maximum number of leaves plant (6.11, 12.97, 23.50 and 26. f.Qj was |
recorded from SgB; and the minimum (3.46, 9.37, 13.74 and 16. 1451 :lara{jrﬁ{,urded from
SeBy at 25, 35, 45 and 55 DAS. '{he} highest leaf area (1172. 13 cm?, 1603.43 cm?,

1877.39 ¢m” and 2116.60 cni ;) was rﬁ;i;(;rdf:d fmrn Sng and the lowest (641.26 cm’,

891.64 cm?, 1033.24 cm’ and 120661 cm’) was eonded fom SoB, at 25, 35, 45
and 55 DAS. The maxtmum dry matter content plant™ (300.88 g, 373.93 g, 459.90 g
and 535.79 5) Wfaﬂ’fﬁ{;{}rdﬁd from SgB; and the minimum (175.87 g, 206.80 g, 292.65
g and 319.70 g,} wéé" réé:;-rdad from S;B; at 25, 35, 45 and 55 DAS. The highest
number of flowers plant”’ (40.20) was recorded from S3B; and the lowest (15.93) was
recorded from SoB,. The highest number of pods plant” (19.80) was recorded from
SzB; and the lowest (12.00) was recorded from S;By. The highest pod length (8.36
cm) was recorded from SgB; and the lowest (4.43 cm) was recorded from S¢By. The
highest number of seeds pt:-cl'1 (8.73) was recorded from SzB; and the lowest (4.27)
was recorded from SyBy. The highest weight of 1000 seeds (28.57 g) was recorded
from S3B; and the lowest (15.86 g) was recorded from SyB;. The highest seed yicld
(1.51 t ha') was recorded from SgB; and the lowest (0.77 t ha™) was recorded from

SoBg. The highest stover yield (4.04 t ha') was recorded from S¢B; and the lowest
stover yield (2.61 t ha™') was recorded from SBy. The highest biological yield (5.55 t
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ha") was recorded from SsB; and the lowest (3.39 t ha™') was recorded from S¢By.
The highest harvest index (27.53%) was recorded from S3B; and the lowest harvest
index (22.83%) was recorded from SyBy. The highest number of nodules plant"
(23.63) was recorded from SgB; and the ln_wr:st (11.74) was recorded from S,By.

The maximum coucemmtigé' in_].-"séch for N (3.39%), P (1.012%), K (1.005%), S
(1.014%) and B (0.086%) was recorded from Sg and the minimum concentration'in
seed for N (2.57%). P (0.476%), K(0.382%), S (0.377%) and B (0.050%) wsﬁ"“
observed from Sy. The maximum concenu'ati{}f;! in seed for N (3.40%), P (1.045%),
K (0.896%), S (0.922%) and B (0.078%) xyjﬁs recorded from B, and the minimum
cnncentratinré in seed for N (2.64%), P (0.541%), K(0.603%), S (0.537%) and B
(0.052%) w,1a.:=;ff:-und from By. The maximum cﬁncentrati_{}fé"in seed for N (3.85%), P
(1.509%), K (1.357%), S (1.246%) and B (0.140%) was recorded from SyB; and the
minimum cﬂﬂcﬂﬂlm’lliﬂﬂ; in seed for N (2.21%), P (0.360%), K(0.345%), S (0.327%)

LW

and B (0.037%) u};éﬁ"ohserved from S¢Bg.

The maximum cnnccntratioé' in stover for N (4.89%), P (0.471%), K (0.457%), S
(0.355%) and B (0.013%) was vRooali Tt 5, 60 the lina concentratioly in
stover for N (4.31%), P (0.421%), K (0.444%), S (0.311%) and B (0.010%) was #¢*¢
observed from So. The maximum concentration in stover for N (4.93%). P (0.460%),
K (0474%), S (0.352%) and B (0.012%) was recorded from B, and the minimum
concentration in stover for N (4.23%), P (0.414%). K (0.427%), S (0.317%) and B
(0.010%) /m;:s observed from By, The maximum Cﬂl"lﬂﬂl‘lll"!ilil‘.}ﬁ:-' in stover for N
(5.58%), P (0.535%), K (0.482%), S (0.370%) and B (0.015%) ﬁg:mcnmm from

SgB; and the minimum cnncﬁntrationfh” in stover for N (4.12%), P (0.405%),

K(0.403%), S (0.276%) and B (0.008%) was observed from SB,.

The highest pH (5.43), organic matter (1.37%), total N (0.39%), available P ( 20.39
ppm), exchangeable K (0.16 me%), available S (0.27 ppm) and available B (0.145
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ppm) u.;aﬂ recorded from Sg and the lowest pH (4.37), organic matter (1.06%), total
N (0.23%), available P (15.51 ppm), exchangeable K (0.12 me%), available S (0.20
ppm) and available B (0.123 ppm) was observed from S;. The highest pH (5.03),
organic matter (1.25%), total N (0.35%), available P (19.02 ppm). E‘{cchangcable K
(0.15 me%). available S (0.27 ppm) and available B (0.148 ppm) }in.}'e:;recordﬂd from
B, and the lowest pH (4.61), organic matter (1.12%), total N (0.22%), available P
(15.72 ppm), excl:langcable K (0.12 me%), available S (0.22 ppm) and available B
(0.111 ppm) w)}a“sﬂbsewed from By. The highest pH (5.57), organic matter (1.45%),
total N (0.45%), available P (22.78 ppm), exchangeable K (0.18 me%), available S
(0.30 ppm) and available B (0.162 ppm) 'Iij.ras recorded from SgB, and the lowest pH
(3.96). organic matter (1.02%). total N (0.16%), available P (13.75 ppm),
ext:'hangeablc K (0.11 me%), available S (0.17 ppm) and available B (0.086 ppm)
"{%\éfnbsewed from S;Bg.

It may be concluded that growth, yield and yield contributing characters of
mungbean were greatly influenced by the application of sulfur and boron. The

application of 8 kg sulfur and 2 kg boron ha™ provide the maximum vyields of

mungbean.

Considering the situation of the present experiment, further studies in the following

areas may be suggested:

1. Such study is needed in different agro-ecological zones (AEZ) of Bangladesh

for regional compliance and other performance’

—

——— i

A ddy B el Y

. Another experiment may be carried out with, apether S application for

[N ]

maximiziq_g highest benefit.

e, B

3. Another level of boron may be included in the future study.
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APPENDICES

Appendix I. Monthly record of air temperature, relative humidity, rainfall and
sunshine of the experimental site during the period from February to

May 2008

Month (2008) Air temperature ('C) Relative Rainfall *Sunshine

- — humidity {mm) (hr)

Maximum Minimum (%) (total)

February 264 15.7 56 00 8.1
March 314 19.6 54 11 8.2
April 336 23.6 69 163 6.4
May 34.7 259 70 185 7.8

* Source: Bangladesh Meteorological Department (Climate and weather division) Agargaon, Dhaka - 1212

Appendix IT. Analysis of variance of the data on plant height of mungbean as
influenced by sulfur and boren

Source of Degrees Mean square
variation of Plant height {(cm)

— freedom | 25 DAS 35 DAS 45 DAS 55 DAS
Replication 2 3.346 16370 20.450 33.356
Sulfur (A) 3 200.571%* 235.677%* 352153 328.29]%*
Boron (B) 2 B4.361%+* 152.3]13%* 369.192%% 730.515%*
Interaction (A=B) 6 52.8R2** 54.617** 162.19] ** 229.191**
Error 22 4.599 7.056 34.172 39.258
**: Significant at 0.01 level of probability
Appendix IIL Analysis of variance of the data on number of leaves per plant of

mungbean as influenced by sulfur and boron
[ Source of Degrees Mean square
variation of Number of leaves per plant
freedom | 25 DAS 35 DAS 45 DAS 55 DAS
Replication 2 0.221 0.94] 7.001 3.711
Sulfur (A) 3 4.558%* 6.192%+ 38.998*+ 42.196**
Boren (B) 2 3.152%* 15.833%* 04,753 %% 123.246%*
Interaction (A*B) 6 0.775%* 3.120%+ 22.057%* 24.408**
Error 2 0.217 0.834 5.482 6.090

*%. Significant at 0.01 level of probability
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Appendix 1V. Analysis of variance of the data on leaf area of
influenced by sulfur and boron

mungbean as

Source of Degrees Mean square
variation of Leaf area (cm™)

freedom | 25 DAS 35 DAS 45 DAS 55 DAS
Replication 2 3209.410 19623.227 36383.79 21481.415
Sulfur (A) 3 156470.33*%* | 215853.07** | 237982.03** | 393480.76**
Boron (B) 2 112790.62%* | 267736.79** | 749701.20** | 839344.904%*
Interaction (AxB) 6 60304 475%* 121690.79*% | 200518.74%% | 216414.127**
Error 22 3215.367 9469.111 19092.265 29642.443

**: Significant at 0.01 level of probability

Appendix V. Analysis of variance of the data on total dry matter per plant of
mungbean as influenced by sulfur and boron

Source of Degrees Mean square
variation of Total dry matter per plant (g) at

) freedom | 25 DAS 35 DAS 45 DAS 55 DAS
Replication 2 134.340 1029.925 2236.74 2266.770
Sulfur (A) 3 0566.94%* 22634. 7% 9741.56%+ 21224 4%%
Boron (B) 2 4309.09%* 8920.61** 33966.1%* 30008 3**
Interaction (A=B) 6 3069.92+* 3735224+ 7888.86%* 10432.6%%
Error 22 408.087 527.994 1777.870 1525.194

*#*: Significant at (+.01 level of probability

Appendix VI. Analysis of variance of the data on yield contributing characters of

mungbean as influenced by sulfur and boron

Source of Degrees Mean square

variation of Flowers Number of | Pod length | Seeds per | 1000 seed
freedom | perplant | pods per (cm) pod (No.) | weight (g)

(No.) plant

Replication 2 7.391 3.008 0384 0.569 3376

Sultur (A) 3 408.075** | 30.257** | 9.062%* 14.954%# 103.006%*

Boron (B) 2 272.721%* | 50.921** | 16.496%* | 12.571%% | 86.410**

Interaction (AxB) 6 23.449% 5.900* 1.079** 1.884* 0.089**

Error 22 9.180 1.889 0.339 0.570 2,105

®#. Qignificant at (.01 level of probability,
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Appendix VII. Analysis of variance of the data on yicld and number of nodules per
plant of mungbean as influenced by sulfur and boron

Source of variation | Degrees Mean square
of Seed yield Staver Biological Harvest | Number of
freedom (t'ha) yield (Vha) | vield (tha) | Index (%) nodules
per plant

Replication 2 0.003 0.012 (0.028 0.164 1.566
Sulfur (A) 3 0.453%+ 1.428%% | 3.450%* 22.930** | 91.325%*
Boron (B) 2 0.147+%# 0.923%* | 1.BO6** 1.189 76.402%*
Interaction (AxB) 6 0.022%* 0.083* 0.185%* 5.359*% 6.938*
Error 22 0.006 0.030 0.050 1.098 2.293

*# Significant at 0.01 level of probability,

*: Significant at .05 level of probability

Appendix VIII. Analysis of variance of the data on N, P, K, S and B in grain and

!

5tu\f&lj,-’:ig"'i|iﬂuenced by sulfur and boron

[}egflelzs

Source of variation Mean square
_of Concentration in grain (%)
freedom N P K 5 B
Replication 2 0.003 0.005 0.002 0.003 0121
Sulfur (A) o 3 1.220+# 0.627** (.B06** 0.817%* 3871+
Boron (B) 2 1.860** D.763%%* 0.264%%# D.4T76%* 5518+
[nteraction (AxB) 6 0.203** 0L081** 0.046** 0.044%* 0.098
Error 22 0.025 0.007 0.004 0.006 0.231
**; Significant at 0.01 level of probability
Appendix VIII. Contd.’
[ Source of Degrees Mean square
variation of Concentration in stover (%)
freedom N P K 5 B
Replication 2 0.162 0.0001 0.0001 0.002 0.034
Sulfur (A) 3 |0.583** | 0005** | 0.0001* |0.003** | 1.981%*
Boron (B) 2 1.4B1+#* 0.006** 0.007+* 0.004%* 0.98]**
Interaction (A=B) 6 0.154** 0.002* 0.001** 0.0001 0.891+
—Ermr 22 0.082 (.001 0.0001 0.0001 0.398

*#. Significant at 0.01 level of probability;
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Appendix IX. Analysis of variance of the data on N, P, K, S and B uptake by grain
and stover as influenced by sulfur and boron

Source of Degrees Mean square
variation of Uptake by grain (%)
freedom N P K 5 B

Replication 2 2376 0.063 0.163 0.294 . 0.451
Sulfur (A) 3 229.802%* | 5.781** 23.914%* 12.335%% 2.564%*
Boron (B) 2 207.614%% | T 456%* 24.084%* 11.836%* 18O **
Interaction (AxB) M) 9.534* 0.183* (.830* 0.310 0.634
Error 22 3.578 0.082 0371 0.341 0.932

*#: Significant at 0.01 level of probability;  *: Significant at 0.01 level of probability

Appendix IX. Contd.”
Source of variation | Degrees Mean square
of Uptake by stover (%)

freedom N P K 5 B
Replication 2 | 6202 0755 | 4.420 0.005 0.003
Sulfur (A) 3 1384.264*%* | 54,971**% | 206.782** | (.§83** 2087
Boron (B) 2 1577423%* | 3.698** 24.276%* 0.258** 2.910%+
Interaction (A=B) ] 108.390** 1.079+ 3.535% 0.008 0.061
Error 22 8.981 0.575 2.599 0.047 0.571

**: Significant at 0.01 level of probability;  *: Significant at 0.01 level of probability

Appendix X. Analysis of variance of the data on pH, organic matter and N, P, K,
S in post harvest soil as influenced by sulfur and boron

Source of variation | Degrees Mean square
of Paost harvest soil
freedom | pH Organic | N(ppm) |P(ppm) |K S (ppm)

malter (meq/100

(%) g soil)
Replication 2 0.085 0.0001 | 0.001 1.468 0.0001 0.0001
Sulfur (A) 3 1L.O17%% | 0.157*% | 0.045** 37.891** | D.0D2** (L.007*+*
Boron (B) 2 0.732* | 0.047** | 0.051** | 33.781** | 0.002** | 0.005**
Interaction (AxB) (i) 0.272* 0.005 0.003* 1.029* 0.0001%* | 0.001**
Error 22 0.199 0.007 0.001 0.775 0.0001 0.0001

**: Significant at 0.01 level of probability;  *: Significant at (.01 level of probability
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