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Chapter — 1

INTRODUCTION
French beanRhaseolus vulgarig.) which is known by various names viz;

rajma, rajmash, haricot bean, kindey bean, snap,bsavy bean, field bean, dry
bean, pole bean etc. in different parts of the dvarhs domesticated in Central and
South America more than 6000 years ago. Wild foofmsmall black seeds found in
Tropical America were introduced to West Africa dater to India. Common bean
was spread to Europe, Africa and Asia by SpanishRortuguese and at present it is
grown throughout the cooler tropics but not in lio¢ semi-arid or wet-humid regions
(Chatterjee and Bhattacharyya, 198)mmon beanRhaseolus vulgarik.) belongs
to family leguminosae and occupies a premier p@o®ng grain legumes in the
world including India, where it is locally called Rajmash(Sharmaet al, 1994). It

is a native of Central and South America and isphologically highly variable.
Common bean is adapted to a wide range of enviratsmender diverse agro-
ecosystems (Popella al, 2004).

Nutritional value: French bean is quite nutritious and potential sewf protein
carbohydrates and minerals. The mineral matterlecifibre and ether extract are
concentrated in seed while crude protein and enargystored in the cotyledons
(Singhet al. 1997). It contains about 17.5-28.7 percent proteithe dry seeds and
about 1.0-2.5 percent protein in the green pods53) percent mineral matter, 4.2-
6.3 percent crude fibre, 1.2-2.0 percent crudeafat 340-450 kcal energy (Singh
al., 1997) in addition to 61.4 per cent carbohydrate®,g3ash, 425 mg phosphorus,
13.7 mg calcium, 16.7 mg iron per 100 g of edikdetpand about 11 percent water
(Aykroyd and Doughty, 1973). It is an excellent g&ble crop for pods as well as
for seed and is of worldwide significance for direaman consumption and a dietary
supplement rich in proteins, vitamins and minesaish as calcium, phosphorus, iron

and zinc (Broughtort al, 2003). On fresh weight basis quantitatively 306f the



green pod contains: moisture (91.4 percent), caubaites (4.5 percent), proteins
(1.7 percent), fat (0.1 percent), calories (2%amin A (321 1U), thymine (0.08 mg),
riboflavin (0.06 mg), vitamin C (16 mg), calciumQ(5mg), iron (1.7 mg) and
phosphorus (28 mg) (Hazra and Som, 2005).
Uses:French bean igrown in different parts of the world for its magudry seeds,
immature/tender green or yellow pods (snap bead)fanits leaves (in Africa and
Asia) to be used as vegetable. In Northern Indiapdds of french bean fetch higher
price to that of other pulse crops as its vegetpbdparation is considered to be one
of the most nutritious and delicious dish for tBariday special’. The dry seeds can
also be canned and exported. Tender pods of freeah for vegetable purpose can
be harvested at about 55-60 days after sowing é8asd al.,, 2000).
Growing areas: French bean is traditionally a crop of temperaggian. It is
cultivated in hilly tract of Jammu & Kashmir, Himaa Pradesh (Kullu, Barot,
Chamba and Shimla valley) and Uttar Pradesh. Thatgleultivation is mainly
restricted to hilly region of north India, its camsption is more in the plains of north
and central India, where its demand is not fullyt.nireJammu & Kashmir, Himachal
Pradesh, Hills of Uttar Pradesh and in some pdidaharastra (Mahabaleshwar and
Ratnagiri region) it is grown askdarif crop and in some other parts of Maharastra,
Andhra Pradesh, western and eastern Ghats and-eastiplains as a winter crop
because the winters are mild and frost free. Rgcésatcultivation has been extended
to northern plain zone also and the introductiorthig non-traditional crop to north
eastern plains of India as a winter crop has géeeriat of interest in the farming
community due to its higher productivity, respomesigss to inputs and remunerative
price.

Globally french bean is cultivated over an are2@B2 million hectares with
an annual production of 23.23 million tons whilelmdia it is cultivated over an area

of about 10.80 million hectares with an annual patthn of 4.87 million tons



(Anonymous, 2010). In Jammu and Kashmir, cultivatxd beans is confined mainly
to rainfed karewa areas extending over an area@ite26.75 thousand hectares with
an annual production of 14.2 thousand tons (Anorysna008). As a vegetable crop,
french bean is cultivated globally over an area.d# million hectares with an annual
production of 17.65 million tons while in Indiaig cultivated over an area of about
0.20 million hectares with an annual production0d&8 million tons (Anonymous,
2010) and in Jammu and Kashmir over an area of 2@@ares with an annual
production of 400 tons (Masoodi and Masoodi, 2003).

Botany: It has chromosome number of 2n = 22, germinat®repigeal having
adventitious root system. The stem is slender,tédjsangled and ribbed, more or
less square in section. The flowers are white, pnkurple with reflexed standard
and di-adalphous stamens and are self-pollinateds Rre borne mostly on axillary
racemes and are slender, straight or curved andrtated by a prominent beak and
usually contain 4-6 seeds. Seeds are non-endospeardi vary greatly is size and
colour. It does not nodulate with nativieizobia or commercially produced cultures
(Sardanat al, 2000).

Climatic requirements: The optimum temperature required for the growtlfrefch
bean is about 16-2@ (Sardanaet al, 2000). It is more prone to frost than other
winter pulse crops and is not fit for areas havingh temperature or year round
humidity and heavy rainfall because of high susbéjy to drought and damping
off.

Sulphur is considered to be fourth major elemestmsal for plant growth
and development because of its requirement for guagauction comparable to
phosphorus and its requirement being high in odseand legumes but it is
sometimes considered as forgotten secondary nuinecrop production (Bharathi
and Poongothai, 2008). Among the families of crtam{s, the requirement decreases

in the order: cruciferaceae > leguminaceae > graeni@nd the sulphur content in



seeds of these crops varies from 1.10 to 1.70, @232 and 0.12 to 0.20 percent
respectively (Singh, 2001). Sulphur has been fawnde an indispensable element
for higher pulse production and it is an integrartpof proteins, sulpholipids,
enzymes etc (Das and Misra, 1991), besides itvslved in various metabolic and
enzymatic processes including photosynthesis, nagph and legume-rhizobium
symbiotic nitrogen fixation (Raet al, 2001). Legume crops are more susceptible to
sulphur deficiency (Kaisheat al., 2010) and french bean being a legume crop ig qui
likely to respond sulphur application. The real artpnce of sulphur has been
marked in the recent past due to intensive cultwatith high yielding varieties and
the use of complex fertilizers, which led to itdidency in many farm soils (Islamat
al., 1997).

Boron ranks third in place among micronutrientsténconcentration in seed
and stem as well as in its total amount after ZRabinson, 1973). Borois very
important in cell division and in pod and seed fation. Among various
micronutrients, boron is unique because of its meartoxicity to plants even when
present in relatively small amounts. The ranget®fsufficiency and deficiency is
very narrow and its application in the form of fiezér is still not in vogue. The
critical level of boron with reference to cropsgeneral is reported to be 0.15 to 0.20
ppm depending on soil types (BARC, 2005). But naighe soils are considered to
be low in available boron as it has been repotteti ¢ 1 mg Kg B is not generally
high enough for optimum plant growth (Reisenaetral, 1973).

Boron deficiency is found to affect plant growthdareduce yields (Carperd
al., 2000; Shaabaet al, 2004) and is one of the major constraints limgtithe
production of pulse crops (Mani and Haldar, 19%5cent studies have shown that
sulphur deficiency not only decreases the yieldddsb reduces the quality in grain
legumes by changing the gene expression of stom@mgéeins (Bhat, 2006).

Parthasharathy (1993) reported that boron and sulgéficiency can be controlled



with soil application of 1 Kg B Haand 25 Kg ZnS@ha*. Since deficiency of
sulphur (Irwin et al, 2002; Scherer, 2001) and boron (Shorrocks, 1¥f¢urs
worldwide and while scanning the available literatand information with respect to
sulphur and boron and their requirements for frépedin under temperate conditions
of Kashmir valley have not been documented so fal therefore in view of the
above considerations and importance of sulphurkardn in pulse production, the
present study entitle&ffect of Different Levels of Sulphur and BoronYoald and
Quality of French bean Var. Contendor in Eutrocheephall be undertaken with
following objectives:
1. To study the effect of different levels of sulphamd boron on yield and
quality of the crop.
2. To work out a suitable combination of sulphur amdon for optimum vyield
of the crop.
3. To study the effect on the different forms of swiphand boron after
harvesting the crop.



Chapter — 2

REVIEW OF LITERATURE

The global scenario of the effect of sulphur antbhan crop production and
quality vis-a-vis soil fertility has been reviewadd presented in this chapter under
various heads:

2.1 Effect of Sulphur on growth, yield and qualityparameters

Sulphur has long been recognized as an essentigmiuelement for plant
and it ranks in importance with nitrogen and phasph (Kaisheret al, 2010) but
this element received little attention for many rgeabecause fertilizers and
atmospheric inputs supplied the soils with adeqaateunts. But now the areas of
sulphur deficiency are becoming widespread throughize world due to the use of
high analysis low sulphur fertilizers, low sulphreturns with farmyard manure, high
yielding varieties and intensive agriculture andug=d atmospheric inputs caused by
stricter emissionregulations (Scherer, 20p1Sulphur is very essential for the
synthesis of amino acids and activity of proteclygnzymes (Bharathi and
Poongothai, 2008). As opined by Khan and Mazid {30it has long been known
that in regions where sulphur deficient soil occleégumes specially pulses are
particularly responsive to sulphur containing featirs and that elementary sulphur or
sulphates increase the percentage nitrogen asawefleld on such deficient soils.
Understanding the role of sulphur in pulses, groistimportant from the point of
view that the deficiency of the sulphur containargino acids cysteine, cystine and
methionine may limit the nutritional value of fo@hd feed (Sextoet al, 1998).
Studies withMedicago sativandicate that with suboptimum sulphur supply, thele
percent of both cysteine and methionine signifigadecreased (Deboer and Duke,
1982), resulting in lower protein concentration IiRig et al., 1976), while non-

protein N is accumulated. Also iRisum sativumsulphur deficiency resulted in a

a



decreased synthesis of sulphur containing storageeip albumin and legumin.
However, according to Sextat al.(1998) the protein quality dklycine maxcan be
enhanced by increasing the concentration of sulpbotaining amino acids. Sulphur
is found in amino acids (Cysteine, Cystine and huetine), oligopeptides
(glutathione and phytochelatins), vitamins and ctfiss (biotin, thiamine, CoA and
S-adenosyl-Met), and a variety of secondary prad(ictustek, 2000). French bean
can absorb sulphur in great quantities and it tes®ary to maintain the relation of

nitrogen and sulphur in the plant to produce profelendrix, 1967) and application

of Sulphur between 10-20 Kg haan control sulphur deficiency (Van Schoonhaven
and Voysests, 1991).

Juszczuk and Ostaszewska (2011) observed that edneed of sulphur
deficient bean plants had significantly low concation of chlorophyll a, chlorophyll
b and carotenoids. Application of 40 Kg S'tsignificantly increased the chlorophyill
“a” content by 43.9 percent, 25.7 percent and Zdiefcent over the control at
branching, flowering, and maturity respectively sinilar trend was also noticed in
the synthesis of chlorophyll “b” and total chlorgfifunder this treatment throughout
the crop growth (Kumawadt al, 2006). Moreover, the improvement in crop growth
and yield attributes with sulphur application coblg attributed to its pivotal role in
regulating the metabolic and enzymatic processelsidmg photosynthesis (Blake-
Kalff et al, 1998) and respiration that ultimately resultamincrease in yield which
is the ultimate test of the performance and efficie of any crop growth factor
(Singhet al 2006).
2.1.1 Effect of sulphur on Growth

Singhet al (1998) reported that application of 90 Kg S'teong with 120
Kg ha'N, 60 Kg hd P,Osand 10 Kg hazn to mustard on sandy clay loam soil in
Gwalior increased plant height significantly upé2 cm and number of branches

per plant up to 41.4. Kasturikrishna and Ahlaw#&99) reported that the application



of 40 Kg S h# increased plant height in pea over the controauBeyet al (2002)
reported that number of primary branches and plaight in groundnut were
significantly increased by sulphur application.rk®ase in pea plant height has been
observed by Khanna and Gupta (2005) due to apjolitabf 30 Kg S ha.
Application of 40 Kg S A markedly increased plant height, shoots plad green
forage of sorghum (Jeevan and Singh, 2009). Thet glaight was significantly
influenced by sulphur application in mungbean, thkest plant (59.39 cm) was
found with 30 Kg S Ha and further increase in sulphur content decre#seglant
height (Kaisheret al, 2010). Similar results were observed earlierSwaygh and
Yadav (1997) in green gram. In contrary to the a&bfwdings Moniruzzamaet al.
(2008) reported no significant influence on plamight of french bean due to

application of sulphur to sand clay loam soil favot years besides, sulphur

application at higher dose (30 Kg _Jf)ain the fd year, decreased plant height
significantly.

Dubeyet al (1997) reported that application of sulphur tatileenhanced
number of branches plahaind number of capsules planSingh and Yadav (1997)
reported that application of 30 Kg S*havas optimum for number of branches per
plant in green gram. Similar results were foundysheret al. (2010) in mungbean.
Increase in number of branches per plant has @&en keported due to application of
30 Kg S hd in pea (Khanna and Gupta, 2005). Successive iserigasulphur levels
up to 20 Kg ha significantly increased plant height and numbeteafres plant in
black gram (Khatkaret al, 2007). Application of 10 Kg S Hain french bean
significantly influenced number of branches ptar(6.20) in first year, but no
significant influence was observed in respect ainbhes plart due to sulphur
application in second year (Moniruzzamnedtral, 2008). Deficiency of sulphur during
the early stages of plant growth resulted in redugewth of peanut in the later
stages (Jamadt al, 2010). Patekt al. (2010) revealed that application of sulphur



significantly influenced growth attributes like ptaheight at 40 days after sowing
and at harvest and branches plagreen gram.

Juszczuk and Ostaszewska (2011) reported that skepnein the growth of
sulphur deficient bean plants became apparent dfferdays of initiating the
starvation. Generally the growth of the shoots mase affected than roots. The leaf
size was reduced and the lamina of the leaves showkles and curling of the
margins forming the characteristic structures. Mueg, youngest leaves became pale
and presented loss of the green pigmentation ameducompletely yellow. The
chlorotic and necrotic spots became visible on lkef surface. Juszczuk and
Ostaszewska (2011) further found that the freshdigdveights of the bean leaves
decreased by about 48 percent in sulphur defitieah plants. Moreover, growth of
the whole shoot was affected by sulphur deprivation

Singh et al (1988) reported that application of 30-75 Kg S' liacreased
nodulation in pea. Application of 15 Kg S*himcreased nodule number plarin urd
bean (Ghosh, 1994). Application of 30 Kg S'fia lentil significantly increased the
plant height and number of nodules ptatBingh and Kumar, 1996).

Vishwaet al (1998) reported that the nodule number and weiglegsh and
dry) of nodules plaft of soybean increased significantly with 20 Kg S'ha
application. Growth attributes viz. plant heightnmber of nodules plaftand dry
weight of nodules significantly increased with thereasing levels of sulphur up to
40 Kg ha' in Chick pea (Singlet al, 2004a). Increased root nodulation and number
of nodules plant was observed due application of 15 Kg S'ha garden pea
(Khanna and Gupta, 2005). The application of sulphuthe form of pressmud
enhanced the yield and nodulation of pea (Seighl., 2005). Application of 20 Kg S
ha'increased number of nodules plartheir fresh and dry weight significantly over
lower doses. The increase in number of nodulesl&aspercent over control and 9.6
percent over 10 Kg S HeYadav, 2011).

]



Number, fresh and dry weight of nodules increaseghificantly with
successive increase in application of sulphur uglg ha' in Soyabean, beyond
which plateau reached (Najat al, 2011), however, the author ascribe this fact to
sulphur being the integral component of nitrogenaseyme which may have
improved the nodulation and fixation of M legumeRhizobiumsymbiosis. Not only
in nitrogenase but also in ferredoxin, which plaahroles in N fixation, are rich in
sulphur and contain Fe-S clusters (Duke and Reimgnd986; Aliet al., 2004).
Similar findings have been reported earlier by Gaaenurthy and Reddy (2000) in
Soyabean. Besides the above role of sulphur in latdn, Jamalet al. (2010)
confirmed that the activities of nitrate reductamed ATP sulphurylase were
maximum during different growth stages of the ciophe presence of sulphur glass
fritz as a source of sulphur, these reports wepoisistent with the findings of Jamal
et al (2006) in groundnut and Ahmaat al. (2007) in Psoralea corylifoliawhen
applied with calcium sulphate (gypsum) as a soafcgulphur. On the other hand, it
reflects that sulphur deficiency results in a rduuc of nitrate reductase activity
which in turn leads to accumulation of amino agida variety of plants (Reuvergt
al., 1980; Hueet al, 1991; Miggeet al., 2000; Prosseet al.,2001). This could be
due to the feedback repression of nitrogen fixatfdanssen and Vitosh, 1974).
Meanwhile, Lang (1998) also suggested that sulpftects leguminous species
through its influence on N fixation bRhizobiumspecies. Similar observations of
Jamalet al. (2010) strongly support the view that biological fikation, nodulation
and yield of peanut are reduced with sulphur deficy.

2.1.2 Effect of sulphur on yield

It is well known fact that reproduction is the premprocess which has a
direct bearing on yield of the crop. Sulphur hakefnite role in reproduction process
which may be perceived from the finding of Fisne¢sal. (2000) who reported that

the Plants grown on sulphur deficient soils have@psessed development of



reproductive organs in rapeseed which may eventeadd abortion. Reproductive
growth and the proportion of the reproductive tessun total dry matter are
significantly increased with the application of gulr during pod development
(MacGrath and Zhao, 1996). The deficiency of sut@tithe early vegetative growth
stage causes severe reduction in biomass productibite its deficiency at the
reproductive stage drastically reduces floweringvents anthesis, and reduces pod
settings, seed numbers, and test weights, theeshycing yield and quality of crops
(Singh, 2001). Kasturikrishna and Ahlawat (19993eed that the application of 40
Kg S ha increased number of pods planin pea over the control. One of the
important yield attributing character of legumesnismber of pods per plant and
sulphur exerts a significant effect on the numblepads per plant as was seen in
mungbean by Krishna (1995). Singh (1995) reported yield and yield attributing
characters of pea were increased with increasitegafasulphur application. Mandal
et al. (2003) reported that application of sulphur sigmfitly increased number of
seeds per pod in Green gram. Biswetsal. (2004) reported 44 percent yield
improvement in pea with the application of 30-45 §a" over control. Increases in
growth and vyield related attributes of pea was olegsk with increasing levels of
sulphur and highest yield was achieved with 30 Kga&(Chaubey and Singh 2004).
Sasode (2008) observed that application of sulgigmificantly increased yield of
Green gram. Kaishet al (2010) found similar results by the applicatidr80 Kg S
ha' in mungbean. Patet al (2010) revealed that application of 30 Kg'tgypsum
significantly influenced both seed and straw yiefdgreen gram. Singh and Yadav
(1997) observed that the seed weight of the sunmtmargbean was significantly
improved by sulphur application. Similar resultsrevebserved by Kaishest al
(2010) in mungbean. The presence of sulphur magirilze seed and oil content of
oilseed crops (Ahmaet al.,2007; Fazliet al.,2008).



Sulphur application in legumes has invariably relin increased pod
production (Jairet al, 1984). Sulphur fertilization improves both yieldd quality of
crops if adequate supply in the field is ensureadcltihg et al, 1987). Marked
increase in seed yield in pea was observed dualphww applications (Singh and
Singh, 1992). Application of 40 Kg S fhancreased seed yield in green gram
(Sharma and Shrivastava, 1993). Misktaal (1995) while studying the effect of
sulphur (0, 30, 40 and 60 Kghathrough elemental sulphur, pyrite and gypsum on
straw and grain yield of chickpea reported thatliappon of 60 Kg S ha increased
grain yield of chickpea. Ghos#t al (1996) reported that application of 20 Kg S'ha
in black gram increased seed vyield. The numberooksplant, test weight, seed
yield and straw yield of lentil increased signifitly with the increasing levels of
sulphur up to 30 Kg S Haover control (Singh and Kumar 1996). Dutetyal (1997)
reported that sulphur application enhanced thesseapsulé, and 1000-grain weight
of lentil. Increased dose of sulphur applicatiohamced yield related components in
mustard (Patil and Sheike 1998). Sirgghal, (1998) reported that application of 90
Kg S ha" along with 120 Kg N + 60 Kg s and 10 Kg Zn ha significantly
increased number of seeds Ppdest weight of grains, seed and stover yield in
mustard. Kasturikrishna and Ahlawat (1999) fourat the application of 40 Kg S ha
! significantly increased dry matter, number of gsapod" and test weight of seeds
in pea. Increase in number of pods plaseed yield and shoot dry weight in pea was
reported by Zhacet al (1999) with sulphur application. Shivragt al (2000)
observed that application of 30 Kg Shexhibited favourable response on growth
and yield of pigeon pea. Tondon and Mersick (20@&Ported that there was 5.3
percent increase in yield of chick pea by apphsatphur in sulphur deficient areas.
Budhar and Tamilselvan (2001) while studying théeaf of different levels of
sulphur (10, 20, 40 and 50 Kg S™haon yield components of rainfed green gram,
reported that 40 Kg S Haprominently increased the pods pignhumber of grains



pod* and test weight of grains. Chaubetyal (2002) concluded that number of pods
plant’ and kernel weight of ground nut were significanthcreased with the
application of sulphur to the crop. Shankaralingagp al (2002) reported that
application of 40 Kg S Kaincreased number of pods per plant, grain yieltl seed
weight in pigeon pea. Increased rate of sulphutiegdppon exhibited an increase in
the number of pods plaht number of seeds pddtest weight of seeds and grain
yield in pea (Malik and Abraham, 2003). Prasad Bralsad (2003) while studying
the effect of sulphur (0,10,20, 30 ad 40 Kg S)han the dwarf and tall cultivars of
field pea reported that grain yield, number of ppmt" number of grains psdand
grain weight plant exhibited an increase with the increase in sulpénels up to 30
Kg ha'. Singhet al (2004a) reported that number of pods ptadb00-grain weight,
seed and straw yield increased significantly witl increasing levels of sulphur up
to 40 Kg h& in chick pea. Singh and Singh (2004) observedttietose of sulphur
significantly increased the grain, straw and t@idduce of black gram. Yield and
yield attributes of pea increased with increasiugs of sulphur fertilizer (Ramesi
al., 2004). Increase in number of branches, fresh apdveight of plant, pod size,
seed number per pod, fresh pod yield, pod dry weagd seed weight has also been
reported with the application of 30 Kg S*him pea (Khanna and Gupta, 2005). The
pod yield of groundnut responded significantly tdfedent levels of sulphur
application (Jena&t al, 2006). Jenat al.(2006) reported that the yield response in
groundnut ranged from 13.8 to 20 Kg Kgulphur and decreased with increasing
levels of sulphur application. Zizadd al (2008) reported that application of 45 Kg S
ha' increased the yield and yield attributing chanescté mustard. Application of 40
Kg S h& markedly increased dry matter yield of sorghuneyae and Singh, 2009).
The yield and bio-chemical composition of seedblatk gram improved favourably

with increasing levels of sulphur (Kumar and Sing009).



2.1.3 Effect of sulphur on quality

Besides quantitative effects, sulphur influencesdhalitative parameters in
legumes of which the effect on the protein conienéxplicit and worth mention.
Application of sulphur increased protein contentpea (Gupta and Gupta, 1972).
Aulakh et al. (1980) and Singbt al (2000) reported an increase of protein content in
grains of oilseeds and pulses due to increaselpmsucontent. Kamagt al (1981)
observed that application of 30 Kg S’hiacreased the protein content of grains in
green gram. Application of sulphur increased tharcét content of potato
(Ramamurthy and Susheela, 1981). The seed proteitert was increased due to
application of 45 Kg S hhin pea (Singtet al, 1988). Application of 40 Kg S Han
chick-pea improved the protein content (Singh aadhRL989). Aulakh and Pasricha
(1997) reported that application of sulphur incesasthe protein content of
mungbean. Singh and Yadav (1997) reported 30 Kg'Sals appropriate for seed
protein. Application of sulphur improved proteindaritamin content in various
vegetable crops including pea (Dtedral, 1999). Improvement in protein quality of
pulses due to sulphur application was observedhahi®t al (2002). Improvement
in protein content was observed with the applicatid 30 Kg S ha in groundnut
(Venkateshet al, 2002). Singh and Singh (2004) observed thathaslévels of
sulphur increased from 0 to 30 Kgthim black gram, there was a significant effect
on protein content in grain and after that the enhtdecreased. Khanna and Gupta
(2005) reported that application of 30 Kg S™hincreased protein content,
carbohydrates and vitamin C content in green pedssdncreasing level of sulphur
up to 60 Kg ha significantly increased the protein content (37 &&cent) in
soyabean seed (Singhal, 2006). Sasode (2008) reported that applicatfaulphur
significantly increased protein content of greeangrApplication of 45 Kg S Ha
increased the protein content in mustard (Ziztlaal, 2008). Kumar and Singh

(2009) reported that increased rate of sulphuriegpdn markedly increased the



protein, Cyctine, Cystein, methionine and carbohtgrcontent of seeds in black
gram. Application of 40 Kg S Haincreased crude protein content in Sorghum
(Jeevan and Singh, 2009). Deshbhrataal. (2010) reported that application of 20
Kg S ha'increased protein content of pigeon pea. Kaishet (2010) also found the
highest protein content in mungbean with the apfitim of 30 Kg S ha which was
attributed to the enhanced synthesis of sulphutac@ng amino acids (cystine,
cysteine and methionine). Patetl al (2010) revealed that application of sulphur
significantly influenced quality of green gram aris of protein content. Bharose
al., 2011 reported that application of 40 Kg S'Isignificantly increased protein and
oil content in toria.
2.1.4 Effect of sulphur on nutrient content and upake of nutrients by crop
Application of sulphur as elemental sulphur andogén to calcareous soils
resulted in a pH drop from an initial value of 91087.68 (Motioret al.,2011) which
is due to the oxidation of elemental sulfur andssgfuent production of acid resulted
in a reduction in the pH in all the soils relatit@ the original soil. Moreover
reduction in soil pH significantly increased theadgability of micronutrients as well
as plant dry matter yield (Motiat al, 2011). Thus in addition to supplying sulphur
as a nutrient, sulphur compounds are also usedodsamendments. These
compounds act as soil acidifiers which neutraliz&G; resulting in lowering of soil
pH and improved nutrient availability in the soMdtior et al., 2011). Sulphur
deficiency decreased the concentration of N inst@ots of many legumes (Andrew,
1977).Tiwari et al (1985) reported that application of 60 Kg S'liacreased yield,
uptake and concentration of sulphur in lentil. Adleand Pasricha (1979) observed
that fertilization with sulphur increased the sulpltontent of pulses. Significant
increase in sulphur uptake was observed due tdcafiph of 90 Kg S hain pea
(sharma and Kamath, 1991). Singh and Ram (1989)dfdbat sulphur application
increased nutrient content and uptake in chicksigaificantly up to 120 Kg S Ha



both in grain and straw. Singh and Singh (1992)prtepl that increasing rate of
sulphur application markedly influenced the nutrieantent and uptake of N, P, K
and S in pea. Increasing rate of sulphur applioatiogroundnut increased uptake of
N, P, K and S whereas P uptake was decreasedlarHayels (Jenat al, 2006).
Hoffmann et al (2004) concluded that neither the concentratibsudphur in the
leaves nor the sulphur uptake of beet or tops asae with sulphur application. In
contrast, field grown oil seed rape responded tphsw application with increasing
sulphur concentration in the leaves. This mightlbe to the higher sulphur demand
of oil seed rape compared to that of sugar beeichMtould not entirely be met by
soil sulphur supply.

Kasturikrishana and Ahlawat (1999) reported thatliaption of 40 Kg S ha
in pea markedly increased the available sulphusaifs, N and S contents in pea
grains and uptake of N, P, K, S and Zn. Applicatiminsulphur increased the
concentration of nitrogen in the shoots of pea Ztaal, 1999). Application of 120
Kg S ha' as elemental sulphur in groundnut significantlyréased uptake of N, P, K,
Ca and Mg (Tathe, 2008).

Venkatestet al, (2002) reported that application of 30 Kg S'lracreased S
uptake in groundnut. The uptake of N, K and S iaseel with increasing levels of
sulphur application, whereas, P uptake was dealeaséighest level (Marok and
Dev, 1980). The available sulphur in the soil imsed with sulphur level (Jeeaal.,
2006). Jeevan and Singh (2009) reported that atjgit of 40 Kg S hain sorghum
increased uptake of N and S. Increasing rate gshsml application increased S-
content and uptake in rye and wheat (Shaahal, 2009). B haroset al, 2011
reported that application of 40 Kg S hincreased the nitrogen phosphorus and
potassium concentration in toria.

Bharathi and Poongothai (2008) reported that aafitin of 45 Kg S ha in

maize increased the uptake of N, P, K and nutgentents and available sulphur in



post-harvest soil. Application of sulphur increasiegl utilization of soil sulphur when
the sulphur levels were low and at higher levebs tiptake from soil sulphur was
reduced and obviously more and more fertilizer lsufpvas taken up. The percentage
of S and P in plants varied significantly with tapplication of sulphur (Acharya,
1973). Zizalaet al (2008) reported that sulphur content (seeds &asvland total
sulphur uptake (seeds and straw) increased witintneasing sulphur levels up to 45
Kg ha' in mustard.

Tripathi and Sharma (1993) observed that there avalsight decrease in pH
with the increasing doses of sulphur. The decr@aseil pH and increased available
sulphur was observed with sulphur application (Kaed Singh, 1993). Aulakh and
Chibba (1992) observed that there is a significeegative relationship between the
soil pH and the available sulphur content in thé Swil pH drops with the addition
of elemental sulphur (Motioet al, 2011). Similar results were also observed by
Lopez-Aguirreet al (1999) who found that addition of varying levelssulphur (O,
0.5, 1.0 and 2.0 mg Sopf soil) in alkaline tropical soil, lowered the dtbm 8.5 to
7.2 at 45 days after incubation.

Tripathi and Sharma (1993) observed a slight deereda EC with the
increasing levels of sulphur. A highly significaatnd positive correlation between
electrical conductivity and sulphur was observedan( et al, 1993). Electrical
conductivity (EC) was significantly and positivetorrelated with sulphur (Ghai,
1980).

Singhet al, (1991) reported that organic carbon showed Bogmt positive
correlation with sulphur. Application of sulphurcheased the organic carbon (Kher
and Singh 1993). Ramt al (1993) observed significant and positive relaltp of
organic carbon and different forms of sulphur.

The application of sulphur significantly affectsrieas nutrient ratios in
stover and seed of legume plants. Najaal. (2011) observed that N:S and P:S ratio



was maximum in seed than stover of soybean, whdfeasCa:S and Mg:S ratio
were maximum in stover with different treatmenitscreasing levels of sulphur
significantly decreased the entire ratio except Pa8o which increased with
increasing levels of sulphur up to 20 Kg S*hand thereafter decreased. The
maximum N:S, K:S, Ca:S and Mg:S ratio were recordeder control whereas
minimum with the application of 40 Kg S hin stover and seed. However, P:S ratio
in stover recorded maximum under 20 Kg S.Haecreasing various nutrient ratios in
stover and seeds of soybean with increasing lewtlsulphur may indicate the
sulphur requirement for higher productivity of segn in sulphur deficient soil.
Moreover, adequate availability of sulphur may alselp in mineralization of
nutrients, as sulphur is the integral part of sutptontaining amino acids which is
essential for growth and development of microorgiasi that may lead to an increase
in the concentration and uptake of macro and sergnuutrients by soybean (Saini
et al.2005).

Najar et al. (2011) reported that the uptake of N, P, K, S,a0d Mg by
soybean was recorded maximum with the applicatfotDdKg S h& over rest of the
treatments but at par with 30 Kg S*halthough the increasing levels of sulphur
increased the uptake of these elements significaviien compared to control. The
author owes it to high production of stover anddsgeld and increase in the content
of these elements in stover and seed due to Scafiph at 40 Kg HA These results
corroborate the findings of Shrivastaestaal.(2000) and Nasreen and Farid (2006).

Regarding nutrient uptake pattern as conditionethbyapplication of sulphur
the findings of Motioret al. (2011) revealed that uptake of N, P and S inegtas

which corroborate the findings observed time ararafjy the scientific community.



2.2 Effect of boron on Growth, yield and quality paameters
Essentiality of boron was established by Waring(d923) who

showed not only that field beawi€ia fabg died when boron was not supplied in the
nutrient solution but that boron was needed foriviady Boron deficiency is
particularly prevalent in light textured soils, whewater-soluble boron readily
leaches down the soil profile and becomes unavailab plants (Walsh and Golden,
1953). Boron deficiency may also occur on a sothwadequate boron level if its
uptake is impended by over liming, dry or wet smihditions, and a low level of soil
oxygen (Goldberg, 1997; Wojcik, 2003). Adequatedmanutrition is critical not only
for high yields but also for high quality of cropBoron deficiency causes many
anatomical, physiological, and biochemical changemst of which represent
secondary effects (Blevins and Lukaszewski, 199Bdron is an essential nutrient
required for higher plants (Marschner, 1995). Bdnas been found to play a key role
in reproductive processes affecting anther devedspmpollen germination, and
pollen tube growth (Loomis and Durst, 1992; Robdeest al., 1990). For this reason,
in boron-sensitive crops abortion of flower inifiand poor set of fruit or seeds are
observed under conditions of boron deficiency (Batth, 1997; Mozafar, 1993). The
primary effect of boron deficiency appears to be thsruption of the normal
functioning of the apical meristems with changesmniembrane structure, cell wall
synthesis, metabolism of auxin, carbohydrate, &ster and RNA, and lignifications,
phenol accumulation and sucrose transport beingnsiecy effects (Parr and
Loughman, 1983; Blevins and Lukaszewski, 1998; Breal., 2002).
2.2.1 Effect of boron on growth

Application of boron in cow pea significantly inased growth parameters
(Hassaneiret al, 1999).Bonilla et al (2004) observed that application of boron
increased seed germination, root elongation, pldevelopment and mineral

composition of pea in saline soils. Yaegal (1998) observed that addition of boron



increased mungbean seedling height. Kaighel. (2010) reported similar effect on
plant height of mungbean and the tallest plantfeasd with a dosage of 5 Kg B ha
beyond which the plant height decreased. Besided pkeight, boron affects number
of branches per plant in legumes. Kaisheial (2010) reported highest number of
branches per plant in mungbean by applying 5 KgB h

Bolanos et al (1996) observed that in boron-deficient pea neslulthe
number of infected host cells was much lower tmasuifficient controls. Host cells in
boron-deficient plants developed enlarged and abally shaped infection threads,
which frequently burst. Binding of the plant matgbycoprotein to the cell surface of
Rhizobium leguminosarumas inhibited by the presence of borate in the bation
buffer. The authors proposed that binding of magijccoprotein in the absence of
boron may block the interaction between bacteri@ll surface and the plant
membrane glycocalyx. Developing soybean root nalwlere more sensitive to low
boron nutrition than large fully developed nodul@&amagishi and Yamamoto,
1994). Bolanost al. (1994) reported that boron application increatedd number,
size and weight of nodules in pea. Gardtal (1993) reported that the application of
boron increased plant weight and number of nodirlepea. Deficiencies of soil
nutrients such as N, P, B and Mo may limit the dmwaent of population of free
living rhizobia in the rhizosphere, reduce noduweanfation, nitrogenase activity and
growth of many legumes (Sangingé al, 2001). Application of boron enhanced
nodule development in pea (Azeveebal 2002). The nodule development in pea
was promoted with the boron application under saliditions (Hamdaouet al,
2003). Field studies revealed that deficiency abbacause considerable reduction of
growth, nodulation and yield of mungbean (Howeleal, 1978). The deficiency of
these nutrients has been very pronounced undeipheuliropping systems due to
excess removal by high yielding varieties of crap®l hence their exogenous
supplies are indispensable (Shktl al, 2007). Yakubeet al (2010) concluded that



application of 0.5 Kg B ha significantly increase nitrogen fixation in cowpea
groundnut and bambara groundnut. Based on all tphmological attributes of pea
measured by Mehmoodt al (2011), it is concluded that boron plays sigmifit
positive role in nodule development up to a certhmreshold value, above and below
that value it has negative impact on all the patarseof nodulation.
2.2.2 Effect of boron on yield

Micronutrients play an important role in ieasing yield of pulses and
oilseed legumes through their effects on the pitseif and on the nitrogen fixing
symbiotic process (Shit al, 2007). Singlet al (1992) reported that application
of 10 Kg B h& increased yield of vegetable pea. Increase img@&i76 q ha) of
gram was observed with application of 1Kg B'ta sandy loam soil (Singtt al.,
2004b). Application of boron increased pod yieldpea (Jana and Paria 1996).
Application of boron in cow pea significantly inased yield components (Hassanein
et al, 1999).Prasacet al, (1998) reported that foliar application of 2.§ Korax ha
increased yield of pea. Highest yield of pea waseoled with 1.5 Kg B haalong
with 3.0 tons lime stone Ha(Dwivedi et al 1992). Singtet al (2002) reported that
increasing levels of boron application as boraxaip Kg ha in pea and black gram
increased the grain yield.

Boron has a marked effect on the number of graersppd as seen by the
application of borax in green gram (Rerkasem angjad 1997). Similarly, the work
of Kaisheret al (2010) revealed that the highest number of grges pod in
mungbean was obtained with 5 Kg B'h&est weight in pulses is also affected by
the application of boron as observed in mungbeaddmanet al. (1996). Kaisheet
al. (2010) obtained the maximum test weight of summengbean by the application
of 5 Kg B ha". In french bean, boron application increased peight per plant
(109.1 g) significantly up to 1.5 Kg B Han first year but in second year pod weight
increased up to 1.0 Kg B h@eyond which it declinefMoniruzzamaret al, 2008).



Bharti et al. (2002) reported that mean seed vyield of chickpeseased with
the application of 2.5 Kg B Ha Islam (2005) observed that seed yield of Chickpea
(cv. BARI chola 5) increased significantly due faphcation of 1 to 1.5 Kg B ha
With the application of boron and molybdenum in &piea, boron principally
contributed to yield and the crop performed beitiéh subsequent higher doses up to
2.5Kg B ha (Shilet al, 2007).

2.2.3 Effect of boron on quality

Pratimaet al. (1999) reported that the lower levels of boron mmapion
increased the concentration of sugars, starch, @oteins in pea seeds. The
application of lower concentration of boron incredgthe reducing sugars, sucrose
polysaccharides and total carbohydrates in cow(paly et al, 1999). Increasing
levels of boron application significantly improvetie protein content in lentil
(Kushwahaet al, 2009). Among the qualitative parameters, bontifuénces the
protein content of the pulses. The maximum proteintent (37.79 percent) in seed
was recorded in soyabean with the application 0K40S ha' in combination with
0.5 Kg B h& (Singhet al, 2006). Kaisheet al (2010) reported significant influence
on the protein content of mungbean and higheseprabntent was associated with 5
Kg B ha.

2.2.4 Effect of boron on nutrient content and uptie of nutrients by crop

Singhet al (2004c) reported that application of boron (1Ka&bhincreased
the boron content, boron uptake and soil availdaen in groundnut and pigeon
pea. Application of 2 Kg B hain soyabean grown on coarse textured soil of
Jharkhand significantly enhanced uptake of bororoup98.72 g ha (Singhet al,
2006).

Hassaneinet al (1999) reported that application of boron inceshghe
contents of P, K, Na, Ca, Fe, Mn, Zn, Cu and Bawpgea seeds. Boron content in

different parts of pea plants increased with insirgg boron concentration. (Zhae



al., 1997). Application of boron enhanced the N conhia roots and shoots of pea
plant under salinity conditions (Bonilkt al., 2004).

Patel and Golakiya (1986) reported that boron apfibn up to 2ug g soil
increased the uptake of N, P, K, Fe, Cu and B. isppibn of 1.0 Kg B hd in gram
grown on sandy loam soil increased B uptake (34.68") in grain while as 2.0 Kg
B ha' markedly enhanced the availability of boron inl stiharvest (Singtet al.,
2004Db). Increasing levels of boron application émtil significantly increased B
uptake and improved available nutrients — N, Pn& B (Kushwahaet al, 2009).
Jenaet al (2009) reported that application of boron decedabe pH of soil.

2.3 Suitable combination of S and B for optimum crp performance

Nasreen and Farid (2003) reported that combinedicapipn of sulphur and
boron markedly improved the growth and yield redadtributes of pea. Application
of 60 Kg S h& along with 1 Kg B ha significantly increased seed vyield (1.83 tha
and stover yield (3.0 t H of soyabean (Singeét al, 2006). Increase in yield due to
S and B application has also been reported in legand oilseed crops by several
workers (Misra 2001 and Saketl al, 1988).

Kaisheret al (2010) reported that combined application of 3Pslphur and
5Kg boron h# significantly increased plant height, number oérmhes plart
number of pods plafit number of seeds pdd1000-seed weight and seed yield of
mungbean. Yangt al, (1998) reported that combined application ofpbul and
boron markedly increased growth and yield relatixibates of mungbean. Sarket
al. (2002) reported that combined application of 30¥Kha& and 1Kg B h# to silty
loam soil increased seed yield up to 23.01 §drad straw yield up to 31.10 g hin
soybean significantly. The increase in yield areld/related attributes of french bean
was reported due to combined application of N, PSKzZn and B in the ratio of 120 :
120:60:20:4:1 (Moniruzzamanal, 2008).

Karthikeyan and Shukla (2008) reported that appticaof 60 mg K¢



sulphur along with 2 mg Kyboron significantly increased dry matter and sgettl
of mustard and sunflower grown on Typic Haplustafféndia. Combined application
of 80 Kg S h& and 2.5 Kg B ha significantly increased dry matter, grain yield, o
and protein content of canola (Nadetral.,2010).

Singhet al (2006) reported that application of 40 Kg S'hia combination
with 0.5 Kg B h& significantly increased the protein content intszgn. An increase
of protein content in grains pulses was observes tduapplication of sulphur and
boron (Singhet al, 2000). The oil and protein contents of sun-flowwad mustard
were significantly improved by the application aflghur and boron (Karthikeyan
and Shukla 2008).

Kaisheret al (2010) reported that application of 30 Kg S'tadong with 5 Kg
B ha' significantly increased the protein content of mioean. Combined application
of 50 Kg S h# and 1 Kg B ha increased the protein up to 43.5 percent in s@m@be
(Sarkeret al, 2002). Chakraborty and Das (2000) reportedttieprotein content in
mustard seeds was significantly influenced by thalwined application of 3 Kg B ha
! 'and 60 Kg S ha Chakarborty and Das (2000) reported that solevel as
combined application of sulphur and boron increabedS and B content in mustard
seeds. Combined application of sulphur (40 Kg)hend boron (2 Kg H3 increased
the uptake of sulphur (18.10 Kg'haand boron (224.19 g Hain soyabean grown on
coarse textured soil of Jharkhand (Sirggtal, 2006). The combined effect of boron
and sulphur significantly increased the concergratf sulphur in the seeds of sun-
flower and mustard (Karthikeyan and Shukla, 2008).

The combined application of S and B in rape seedeased the nutrient
content (S and B) and improved nutrient uptakeaat formation stage. A positive
and significant relationship of organic carbon awtphur and boron was observed
(Bandyopadhyay and Chattopadhyay 2000). The high@stn uptake (116 g Hx
was achieved by the combined application of 20 KgSand 4 Kg B ha while as



highest sulphur uptake (9.89 KgHawas achieved by the combined application of
10 Kg S h# and 1 Kg B hd in Soyabean (Sarket al, 2002).

Prasacdet al, (1998) reported that the net returns were highigr the foliar
application of 2.5Kg borax Hain pea crop. The maximum net profit was achieved
with the application of 10 Kg tetraborate hm vegetable pea (Singtt al, 1992).
Singh et al, (2004c) reported that application of 2.5 mg B™'Kig pigeon pea
significantly increased the gross income and nefitpr

Biswaset al (2004) reported that the economic returns frotplaur fertilizer
use were very attractive and benefits were muchemdren the residual effect on
succeeding crops were also taken into account. iéqijin of 30Kg S hd in pea
significantly increased the gross income and néfitfiPrasad and Prasad, 2003).

On the basis of results drawn under the agro-clor@inditions of Varanasi
(Uttar Pradesh) by Kumagt al. (2009) it may be recommended that in addition to N,
P and K, sulphur at 20 Kg fialong with vermicompost at 1850 Kg-hahould be
added to the crop to get economically better resudim french bean.

2.4  Effect of sulphur fertilization on nutrient content and forms of sulphur in
soil.

Knowledge of different forms of sulphur throughoatt zone is essential for
improving sulphur nutrition of crops. Sulphur swtuaries with depth depending
upon particle size distribution, soil reaction, sggotential, free iron and aluminium
oxides, moisture regime, biomass contettt In addition, physiography through its
influence on drainage, leaching, type of vegetatind profile development play an
important role towards sulphur availability. Sulphun soils is present in both
inorganic and organic forms and the proportionnofganic to organic sulphur varies
widely depending upon the nature of soll, its deptd management factors to which
the soil is subjected. The common forms of inorganilphur in soils are (1) water
soluble sulphur (2) adsorbed sulphate (3) insolshbiphates and (4) sulphides or



other reduced forms of sulphur. Distribution offelieént forms of sulphur and their
interrelationship with some important soil charastes decide the sulphur
supplying power of a soil by influencing its releasnd dynamics in soils. Several
other soil factors also influence the availabilitfy sulphur and hence the status of
different forms of sulphur in soils varies widelytiwsoil type.

2.4.1 Inorganic sulphur

Sulphate present in soil is either water solublénaxdsorbed form, the latter
depends on soil characteristics such as contembmfoxide/hydroxide and pH. The
sulphate fraction generally accounts for less thawer cent of the total sulphur in
soil. Various methods have been proposed to ealiliet amounts of soil sulphur
available for plant uptake. Most of the methods $oil sulphur testing involve
extraction of soil with a weak salt solution, eZaCh, KCI, Ca(HPO4) or KH,PO..
Phosphate containing extractants are used to &xiosic water-soluble and adsorbed
sulphate, whereas, Cl-based extractants mainly water-soluble sulphate. In
calcareous soils, sulphate may also be presentnsoluble form due to co-
precipitation with CaC@

Landeet al. (1977) while working on sulphate sulphur contentswils of
Marathwada region reported that sulphate sulphtieddrom 8.4 to 42.0 ppm with
an average of 15.9 ppm in normal soils and 117840 ppm with a mean of 132.5
ppm in saline soils. The amount of sulphate sulgtwntributed very small fraction
(0.92 percent) to total sulphur. Dolui and NayeR&1) found that the amount of
sulphate sulphur ranged from 0.4 to 28 ppm withaeerage value of 7.22 ppm in
some soils of West Bengal. Its content had no eegtiend in its distribution
throughout the individual profiles as percentagésotal sulphur. Dolui and Saha
(1983) reported that sulphate sulphur in soilsemtéd from different agro-climatic
regions of West Bengal, ranged from 0.5 to 130.® ppth an average value of 19.0

ppm and it accounted for 0.1 to 14.4 per cent @l teulphur. The lowest values of



sulphate sulphur in Jhargram and Bankura soils acasunted for their location at
the tropical region where temperature and moistorelitions could possibly lead to
higher mineralization as well as initial formatiad sulphides and subsequently
oxidized to sulphate form which get lost either tmugolatilization or leaching.

Aroraet al.(1988) reported that the Ca@xtractable sulphate sulphur ranged
from 5.1 to 46.0 ppm in some Benchmark soils ofj#anOn the basis of 9 ppm as
critical limit, 40, 21 and 39 per cent of soils weteficient, marginal and adequate in
available sulphur, respectively. Padmejal. (1993) reported that in some pedons of
Vertisols of Andhra Pradesh, inorganic sulphat@tsul content ranged from 8 to 19
ppm. The available sulphur contents in these sggi® marginal indicating that there
is a need to apply sulphur in near future to meetdulphur requirement of crops,
particularly oilseeds. Available sulphur conter@sld percent Caglextractable) in
rice growing Alfisols and Inceptisols of the highinfall zone of Tamil Nadu ranged
from 1.9 to 159.6 ppm with a mean of 25.0 ppm (gbhs al, 1999). Basumatast
al. (2010) reported that sulphate sulphur accouné&btmt 4.1 percent of total sulphur
while working with soils of Assam.
2.4.2 Organic sulphur

The nature and properties of organic sulphur foactn soils are important
since they govern the release of plant availablighsu. Much of the organic sulphur
in soils remains uncharacterized and three broadpgr of sulphur compounds are
recognized viz. Hl-reducible sulphur, C-bonded bulpand residual or inert sulphur.
Organic sulphur is a reserve source of sulphur glants and must undergo
mineralization before it becomes available to @aits sulphur immobilization is a
microbial process, it depends on factors like nooest aeration, temperature soll
reactionetc. Organic sulphur has been designated as indicatoes#rve sulphur
status of soil (Kumar and Singh, 1974). An incremseontent of organic sulphur

with increase in altitude has been reported by Dardd Bandyopadhyay (1983).



Singh et al. (1990) reported that organic sulphur content vafiedh 5.0 to
168.2 ppm in soils under different agro-climatigioms of Haryana and constituted 5
to 39 per cent of total sulphur in different hongowith an average of 15.9 per cent.
The range of organic sulphur content in some soifld/aranasi region of Uttar
Pradesh was between 21.45 to 70. 00 ppm (TiwariRamdley, 1990). Tripatlet al.
(1997) observed that organic sulphur content vériea 1.2 to 65.0 mg Kgwith an
average of 14.6 mg Kgwhile the percent contribution of organic sulphartotal
sulphur ranged from 3.1 to 15.5. In a study on iwaltdistribution of sulphur
fractions in two soils series belonging to Alfisalsd Entisols of Jharkhand, Kunetr
al. (2002) noticed that organic sulphur content rarfgech 221 to 446 and 76 to 665
mg Kg' with mean values of 331 and 425 mg Kin Entisols and Alfisols
respectively. Jat and Yadav (2006) noticed thatwigy sulphur content in mustard
growing Entisols of Jaipur district in Rajasthanged from 20.50 to 76.40 mg Kg
with a mean value of 154.28 mg Kagccounting about 23.66 percent to the total
sulphur content. Basumataet al (2010) reported that organic sulphur constitutes
about 70.3 to 76.3 percent of total sulphur whilerking with soils of Assam of
Sibsagar district.
2.4.3 Total sulphur

The amount of total sulphur present in soils vaepehding upon its content
in the primary material, organic compounds and Isatp ions adsorbed and present
in the soil solution. It occurs largely in orgariarm in humid and sub-humid soils
and in inorganic forms in arid and semi-arid regiomith low rainfall where salt
accumulation is high. Since India is a sub-contineith a wide variety of tropical
climate, soils and different agro-ecosyetems, thphair contents among and within
soil types as well as regions vary to a great éxten

Venkateswarluet al (1969) studied the vertical distribution of dréat

sulphur fractions in fifteen rice growing soils leated from different Model



Agronomic Experimental Centres. Total sulphur cohtearied from 112.5 ppm in
Nasirpur soil to 275 ppm in Titabar soil in the fage (0-15 cm) samples.
Balasubramanium and Kothandaraman (1985) revehbdtdtal sulphur content in
soils of Coimbatore district of Tamil Nadu, rangedm 190 to 5700 ppm. It was
observed that soils of Dasarapatti series (bladkaoaous soils) recorded highest
amount of total sulphur and was observed to betduts gypsiferous nature. Very
high values of total sulphur in excess of 1000 pfhi percent) are generally
encountered in problem soils such as saline ardl sadphate soils (Ganeshamurthy
et al, 1989). Total sulphur is generally higher in fi@xtured soils than in coarse
textured soils. Generally, soil sulphur contentighest in the top soil and decreases
with depth following the distribution of organic tter. However, this pattern does
not occur where sulphates and carbonates get atatetun lower layers.

Ramet al (1993) found that the total sulphur content itergrowing soils
collected from 22 fields in districts of Kanpur,igdrth and Mathura of Uttar Pradesh
ranged from 100 to 179 mg Kgwith mean values of 153 and 148 mgKfpr
surface and subsurface respectively. In a studyestical distribution of sulphur
fractions in two soils series belonging to Alfisalsd Entisols of Jharkhand, Kunetr
al. (2002) noticed that total sulphur content rangemnfi282 to 470 mg K§with a
mean value of 370 mg Klgin Entisols while it varied from 141 to 723 mg Kugith
an average of 489 mg Kgn soils belonging to Alfisols.

Negaet al (2001) reported that the total sulphur contena ilaterite soil of
sandy clay loam decreased in long-term fertilizgreziment plots with soil depth and
varied from 233.4 to 704.1 ppm at surface and f2@3.3 to 386.8 ppm at subsurface
soil. Hu et al. (2005) reported that 64 soils collected from teavprces in China
varied widely in the amount of total sulphur rarggfrom 64 to 831 mg K§ Jat and
Yadav (2006) noticed that the total sulphur contantnustard growing Entisols of
Jaipur district in Rajasthan ranged from 101.3802.40 mg K with a mean value



of 154.28 mg Kg. The mean content of total sulphur varied from 8&2Kg*" soil to
585 mg Kg" in Sibsagar district of Assam (Basumagtral, 2010). Total sulphur in
the soils of Assam was positively correlated witigamic carbon and clay content
which has been reported earlier by Sharma and ,JaQ@lL and Borkotoki and Das,
2008.

The content of total sulphur increases with inceess organic carbon and
finer fractions of the soils (Basumatast al, 2011). Similar correlation of total
sulphur with organic carbon and finer fracrionssofl have been reported earlier by
Aggarwal and Nayyar (1998), Trivedit al (1998), Jat and Yadav (2006) and
Basumatariat al. (2008). When a single rate of sulphate sulphus a@plied, the
concentration of available phosphorus in soil iasexl versus the NPK fertilized
object. The application of 120 Kg S*haaused a significant decline in the amount of
available phosphorus in soil relative all the remray fertilization objects
(Skwierawska and Zawartka, 2009). This decreasghsphorus content could be
due to several factors, viz. transfer of phosphoouthe deeper soil layer 40-80 cm.
Meanwhile, in the same experiment the authors ebdethat in the 40-80 cm soil
horizon, the other sulphur rates had little effect the dynamics of available
phosphorus. Besides when the sulphate sulphur malged as a fertilizer dose, a
tendency towards decreasing concentration of aMailghosphorus in soil appeared.
2.5 Effect of boron fertilization on nutrient content and forms of boron in

soil.

Knowledge of different forms of boron throughoubta@one is essential for
improving its nutrition to crops. Boron status eariwith depth depending upon
particle size distribution, soil reaction, moisturegime, biomass contemtc. In
addition, physiography through its influence onimizge, leaching, type of vegetation
and profile development play an important role taigsboron availability. Boron can

be considered as existing in five categories insibiéviz. primary minerals such as



tourmaline and B rich micas; Secondary mineralgjqadarly within the clay mineral
lattice; Adsorbed on clays, hydrous oxide surfaaed organic matter; Solution
usually as boric acid but also as borate anionsQugénic matter and the microbial
biomass. Parent material, soil texture, pH, limamg leaching can be viewed as
variously influencing B in one or more of theseecatries.
2.2.1. Total Boron

Total boron content of most agricultural soils rasdrom 1 to 467 mg kg
with an average content of 9 to 85 mg*kgrotal boron in major soil orders,
Inceptisol and Alfisol, in India ranged from 8 t8 ing kg' (Borkakati and Takkar,
1996). Such wide variations among soils in theltb@ron content are mainly
ascribed to the parent rock types and soil typdsdaunder divergent geographical
and climatic zones. Boron is generally high in saiérived from marine sediments.
The Indian soils have been reported to contair63®mg Kg* total boron moreover;
Rainaet al. (2006) found a significant positive correlatioatlween available boron
and total boron with a correlation coefficient aBD. Similar findings have been
reported by Hadwanet al (1989). Kheret al. (2006)reported that total boron
content of citrus orchard soils of Jammu regiorgeafrom 5.75-34.60 mg Kgwith
an average value of 18.30 mg'Kg
2.2.2. Available Boron

Available boron, measured by various extractionhoés, in agricultural soils
varies from 0.5 to 5 mg Kg Most of the available boron in soil is believedhe
derived from sediments and plant material. Few istudhave been conducted to
identify solid-phase controls on boron solubilitysoils. Most of the common boron
minerals are too much soluble for such purposewdday, 1991).

Hot water soluble boron in benchmark surface sdfilxdia range from 0.07
to 3.62 mg Kg soil with a mean value of 0.70 mg KgSharma and Katyal, 2006).

Further Sharma and Katyal (2006) reported thas seith aquic moisture regime had



the lowest hot water soluble boron with a mean evaifi0.56 mg Kg. Contrary to
this boron may accumulate to toxic levels in thgeaupsoil layer of arid regions
(Kanwar and Singh, 1961).

Soil texture shows very little effect on availalleron status. However fine
textured vertisols and coarse textured entisoldagaed marginally lower levels of
hot water soluble boron compared with the mediuxtuted inceptisols (Sharma and

Katyal, 2006) which may be due to pronounced leaghn sandy soils and strong
adsorption on fine textured soils.



Chapter — 3
MATERIALS AND METHODS

A field experiment entitle@&ffect of different levels of Sulphur and boron on
yield and quality of French bean (Phaseolus vulgéri) var. Contendor in eutro-
chreptswas conducted durirkharif 2011 at the Research Field of Regional Research
Station Wadura Sopore. The details of materiald umed methods adopted for
experiment are presented as under:

3.1 Location

The field investigation was carried out at the ekpental field of Regional
Research Station Wadura Sopore which is situagdaden 3420 North latitude
and 74.24 East latitude at an elevation of 1585.26 meteowalnean sea level.

3.2 Climate

The climate of the experimental site is of tempetgpe with mean rainfall,
maximum day temperature and relative humidity dukharif 2011 was 14.92 mm,
21.71°C and 76.65 % respectively. The mean monthly metegical data pertaining
to period of experimentation was taken from agraemelogical observatory of RRS
and FOA Wadura, Sopore and is given in fig 1.
3.3  Saoil of the experimental site

The composite soil sample taken at a depth of @sh5Sbefore the start of
experiment was subjected to mechanical and chemaralysis. The results obtained
at the beginning of experiment revealed that sas wlay loam in texture, medium in
available nitrogen, phosphorus and potassium afiditd@ sulphur and boron with

neutral pH and is given in table below.
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Table: Physico-chemical properties of soil of the xperimental field before

sowing.

Particulars

Value

Method employed

Mechanical Characteristics

Sand (percent) 42.50

Silt (percent) 25.25 | International Pipette Method (Piper, 1966)
Clay (percent) 32.25

Textural Class Clay loam

Chemical Characteristics

)

\2J

d

nod

H 7 0 1:2.5 soil water suspension with Beckma
P ' Glass Electrode pH Meter (Jackson, 1967).
EC (dsn) 0.14 | Solubridge Conductivity Meter (Chopra, 197¢
Organic carbon 130 Walkley and Black Rapid Titration Methg
(percent) ' (Jackson, 1973).

_ Alkaline potassium permanganate meth
Available N (kg h&) | 310.38 _ )
(Subbiah and Asija, 1956).
_ Extraction with 0.5 M NaHC® (Olsenet al
Available P (kg hd) | 21.92
1956).
_ Extraction with Neutral Normal Ammonium
Available K (kg hd) | 155.0
Acetate (Jackson, 1967).
Extraction by (Williams and Steinberg, 1959)
Available S (ppm) 8.92 | method and determination by turbidimetric
(Chesnin and Yien, 1951) method.
Available B (ppm) 0.56 | Azomethine —H method Johknhal (1975).
CEC (cmolKg") 15.0 | Ammonium acetate method Peethl (1947).
CaCQ (percent) 0.22 | Rapid titration method (Puri, 1930)




3.4  Experimental material

The seed of French bean cv. Contendor was pro\igiddepartment of Plant
Breeding and Genetics while as chemical fertilizeutphur and boron were provided
by Department of Soil Science Regional ResearchioBtand Faculty Agriculture
Wadura Sopore.
3.5. Brief description of cultivar used

The cultivar Contendor takes 50-55 days for firgkimg. Pods are round,
green, 13-14cm long, stringless, meaty and sligbtived, seeds light brown. Pod
yield is 80-95 q ha
3.6. Experimental methods
3.6.1 Experimental details
Table: The details of the experiment are summarised helow

a) Design RBD

b) Treatments 16

C) Replications 03

d) Total number of plots 48

e) | Plotsize 3.0mx3.0m=9.0m
f) Spacing 30cm x 10cm
g) | No. of rows plot 10

h) | Number of plants plot 300

)] Crop French bean
) Cultivar Contendor

K) No. of observational plants 10




3.6.2 Treatments Details

a) Sulphur

Levels of sulphur

S No sulphur

Sis 15 kg ha

Ss0 30 kg hd

Sus 45 kg hd
b) Boron

Levels of boron

Bo No boron

Bos 0.5 kg hd

B1.o 1.0 kg hd

Bis 1.5 kg hd
C) Treatment combinations

Notation Treatment
combination

T1 S Bo (RFD)

T2 S Bos

LE S Bio

T4 Sb Bl.5

Ts SisBo

Te Si5Bos

T? SlS Bl.O

Ts Si5Bis

To S30 Bo

T1o S30 Bos

Tu S30B1o

(Source : Gypsum)

0 kg ha
100 kg h#
200 kg ha
300 kg hd
(Source : Boric acid)

0 kg Ha
2.94 kg hd
5.88 kg hd
8.82 kg hd

Treatments

30:60:60 N: P03 K.Okg ha' + FYM 20 tha'
RFD + 0 kg S ha+ 0.5 kg B ha
RFD+ OkgSHh+1kgBh&
RFD+ OkgSHh+1.5kgB hd
RFD + 15kg Sha+ 0kg B h&
RFD + 15kg S + 0.5 kg B ia
RFD + 15kg S + 1 kg B hha
RFD + 15 kg S ha+ 1.5 kg B hd
RFD + 30 kg Sha+ 0kg B h&
RFD + 30 kg S + 0.5 kg B Ha
RFD + 30kg S + 1 kg B ha



Ti2 Ss0Bus RFD + 30 kg S + 1.5 kg B ifa

LEE S5 Bo RFD + 45kg Sha+ 0kg B h&
T Sus Bos RFD + 45kg S + 0.5 kg B ia
Tis Su5B1o RFD + 45kg S + 1 kg B ha
Ti6 Su5B1s RFD + 45kg S + 1.5 kg B ia

3.7 Details of field operations

The details of field operations performed during éxperimentation are given
in Table below.
3.7.1 Experimental site and preparatory tillage

The site selected for the experiment was wellllegdewith medium fertility
status and good drainage. Land was prepared bylpiog, clods were broken and
layout was done after removing weeds and trashies.field was divided into 48
plots of size 3.0 m x 3.0 m, separating each plmnhfthe adjoining plots by 15 cm
wide small bunds, moreover, two blocks were sepdrly 50 cm wide path.
3.7.2 Application of manures and fertilizers

The entire dose of FYM was applied as basal dose #horoughly
incorporated in the soil. The entire dose of phosps and potassium along with half
dose of nitrogen was given as basal and thorougimked with the soil. Moreover,
sulphur and boron was also applied to soil asheetreatments at the time of sowing.
The remaining half dose of nitrogen was given 3@sdafter germination. The
sources of N, P and K were urea (46 percent N), i@ percent }Os and 18
percent N) and MOP (60 percent@®) respectively. The sources of B and S were
Gypsum (15 percent S) and boric acid (17 percenteBpectively. The plan of the

layout is given in fig. 2.



Fig. 2: Layout plan of experimental field
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Table: Calendar of operations followed during the sason.

urn

] K

re

PS4

to

Operations Date Remarks

Discing 04-06-2011 -

Tractorization with 06-06-2011| Two turns with cultivator and one ti

cultivator and harrow with harrow was done.

Layout 07-06-2011 -

Application of 08-06-2011| Half dose of nitrogen, full dose P anc

inorganic fertilizers and full dose of S and B as per the
treatment were applied basally befq
sowing to each plot.

Sowing of seed 08-06-2011 Pre-soaked seeds wer@ stwa row,
spacing of 30cm in each plot @ 80Kg'hz

Irrigation 1% Irrigation was given one week prior

1% 13-07-2011 | flowering and 2° at pod setting stage

2" 23-07-2011 | the crop.

Top dressing of Remaining half dose of nitrogen was top

nitrogen 29-06-2011 | dressed when true leaves emerged

Pod Picking

1% 30-07-2011| Pod picking was done when pods w

2nd 09-08-2011 | tender, stringless and green.

3¢ 20-08-2011

Harvesting 05-09-2011 Crop was harvested when paoése

yellow to brown in colour




3.7.3 Sowing of seed

Seed sowing of French bean cv. Contendor in kh20itl was carried
out on 08-06-2010. The seeds were sown by droppieig manually in furrows at a
spacing of 30 x 10 cm. The seeds were covered 2vBhcm soil cover. The plant
population was maintained by gap filling (re-sowing
3.7.4 Cultural practices

Cultural practices like weeding, hoeing was pssti when required.
Irrigations were given just one week before flowmgrand at pod setting stages.
3.7.5 Pod Picking

The picking of pods was done 50 days after sovitmgvegetable purpose.
First picking was done when pods were green, teaddrstringless and pods were
not filled with grains on 28 of july 2011. For picking operation ten plants wer
randomly selected in each plot and were taggedth&urtwo pickings were
performed after 10 days intervals from the taggeatp. After 3 picking almost 16
plants over an area of 0.5rwere left undisturbed in each plot for recording
observations on seed related attributes of the. crop

Finally the undisturbed portion of the crop in legdot was harvested by
uprooting the whole plant when the pods were yeltowbrown in colour and the
seeds were relatively firm. The crop was then sugddand seeds were recovered by
beating the crop with sticks.
3.8 Details of observations recorded

During the course of investigation, observatiorsrevrecorded on various
aspects of growth and yield attributes of Frencnbaants.
Observation on growth related attributes of Frenchbean.
3.8.1 Number of nodules plant* their fresh and dry weight at flowering stage

Ten plants from each treatment were randomly updbat flowering and the

soil adhered to the roots was removed by washimgutap water. Then the healthy



nodules which were pinkish in colour (effective nta$) were carefully counted and
average number of nodules planvas determined. After taking fresh weight the
nodules were dried in oven at 60-85 for 48 hours. Then dry weight of randomly
selected samples was recorded.

3.8.2 Dry weight (q ha™)

10 plants were uprooted from each treatment aretidni an oven at 60-86
for 48 hours and the weight of randomly selecteah{sl was recorded in grams and
finally converted in to quintals per hectare.

Observation on yield related characters of French éan
3.8.3 Green pod yield (q ha')

Fresh weight of total green pods harvested fronral@lom plants in three
pickings was recorded to work out the average piefti yplant' in grams and was
converted in to green pod yield per hectare in tgisn
Observation on seed yield related attributes of Frech bean
3.8.4 Number of seeded pods plant

Number of seeded pods from 10 random plants wauwated to work out the
average number of seeded pods plant
3.8.5 Number of seeds pot

The number of seeds in randomly selected 10 pmas éach treatment was
counted and their average was worked out.

3.8.6 Seed yield (q H3

Seed yield was taken from 16 undisturbed pladtSnf area) of each plot

and was converted into seed yield Pl@g) and further into seed yield h4q).
3.8.7 100 Seed weight (g)
A random sample of 100 seeds from each treatmasattaken and weighed

to work out 100 seed weight in grams.



3.8.8 Stover yieldq ha %)

Stover yield was also taken from the undisturbexhisl (0.5 rharea) after
harvesting the crop which was then converted intmtgls per hectare from each
treatment.

3.9 Observation on quality related characters of Frenchhean

For quality aspects of French bean, pod and sesdiprcontent was recorded
in laboratory. Protein content in French bean padd grains at pod picking and
harvesting from each treatment was worked out biyneing the percentage of N in
pods and seeds by Kjeldhals method - Tandon (199®).percent N was multiplied
by factor 6.25 to estimate the protein contentafgpand seeds.

3.10 Chemical studies of French bean pods, grainsé stover for nutrient
contents (N, P, K, S and B) at pod picking and haesting

Five plants out of ten observational plants werdected randomly
from each treatment at both pod picking and hamvgsitages to serve as a substrate
for analysis of concentration of nutrient conteimd-rench bean pods and stover at
pod picking stage and seed and stover at harvestagg. The selected samples were
cleaned with tap water, dilute HCI (5 ml litreof water) and distilled water. The
cleaned seed was finally subject to oven dryin§5iC, till the material exhibited a
constant weight. The dried material was groundowder in Wiley grinding mill.

For estimating N concentration, the powdered malt€di.5g) was digested in
concentrated 80Oy in presence of digestion mixtuke,SQ,, Fe SQ and CuSgin
the ration of 10:1:0.5 withlg Selenium powd&he digest was cooled and
diluted to 100 ml with distilled water. 20 ml ofetligest was taken for N estimation.
For estimation of P, K, and S the powdered mat¢@i& g) was digested in di-acid
(HNO3; and HCIQ) in the ratio of 9:4. The digested material wétefed and volume
made up to 100 ml with distilled water and 5 mthoé digest was used for P, K and S

estimation respectively. For estimation of boronegantration the powdered material



(0.5 g) was digested by dry ashing technique. Tigested material was treated with
20 percent HCI to dissolve it, filtered and volumade up to 25 ml with distilled
water. 1 ml of aliquot was used for B estimation.
Method used for estimation of concentration of nutients at pod picking and
harvesting stages.
3.10.1 Nitrogen (percent)

Nitrogen concentration in plant samples was datexcthby Kjeldhal method
as outlined by Tandon (1993).
3.10.2 Phosphorus (percent)

Phosphorus concentration in plant samples was &by vanadomolybdo
phosphoric acid yellow colour method (Jackson, 3973
3.10.3 Potassium (percent)

Potassium concentration in plant samples was e®thizy Flame photometer
as per the procedure outlined by Jackson (1973).
3.10.4 Sulphur (percent)

Sulphur concentration in plant samples was es#idchaby turbidimetric
method (Chesnin and Yien, 1951).
3.10.5 Boron (ppm)

Boron concentration in plant samples was estimdtgdAzomethine —H
method (Johmet al, 1975).
3.11 Soil analysis

Before the start of the experiment composite samhple was taken from the
experimental field and after harvest of the créw $oil samples were also taken as
per the treatment and analysed for various soilpgmees viz., pH, electrical
conductivity, organic carbon and available plantrieats like nitrogen, phosphorus,

potassium, sulphur, boron and forms of sulphurl@er@n using standard procedures.



The initial status of experimental site with regpecabove characteristics is given in
the table 3.1.
3.11.1 pH

The pH of the soil sample was determined by digithimeter in 1:2.5 ratio of
soil water suspension Jackson (1973).
3.11.2 Organic carbon (percent)

The organic carbon content was estimated by Walkleg Black method
(1934).
3.11.3 Electrical conductivity (ds m™)

Electrical conductivity was estimated by solubridgenductivity meter-
Jackson (1973).
3.11.4 Available sulphur (kgha™)

Available sulphur was determined by turbidimentmethod (Chesnin and
Yien, 1951).
3.11.5 Available boron (ppm)

Available boron was estimated by azomethine-H neé(dohnet al, 1975).
3.11.6 Forms of sulphur
3.11.6.1 Total Sulphur (mg Kg" Soil)

Total sulphur in soil samples was estimated by oektbf Bardsley and
Lancaster (1960), briefly described as under:
3.11.6.1.1Fusion

Soil was fused with N&€O; and NaNQin platinum crucible at 95€ in an
electric furnace till ashing was complete.
3.11.6.1.2Dissolution

After ashing the sample was shaken with distilleatew and was made to
specified volume.



3.11.6.1.3Development of turbidity

The extract (25 ml) was brought to near drynessrtaip in 5 ml of 6N HCI
treated with 1 ml of 1 percent FeCind 1 ml of 40 percent NaOH solution to
precipitate out interfering soil colloids (Hess85T) and acidified by 1ml of glacial
acetic acid and determined after developing théeidity with BaChL crystals on
spectrophotometer at wavelength of 420 nm as p#nadeproposed by Chesnin and
Yein (1951).
3.11.6.2 Organic sulphur

Digestion was carried out as per the method prapdse Williams and
Steinbergs (1959) whose brief detail is given adeun
3.11.6.2.1Leaching

The soil was leached with distilled water and thath 10 percent HCI to
remove sulphate sulphur and finally washed withilthd water to remove excess of
HCI until no chloride was present and then soil veasporated to dryness after
adding hydrogen peroxide.
3.11.6.2.2Shaking

After cooling 1 percent NaOH solution was added ahedken for half an
hour.
3.11.6.2.3Determination

Organic sulphur was determined from the filtratetbg Hesse (1957) and
Chesnin and Yein (1951) method.
3.11.6.3 Sulphate sulphur

Sulphate sulphur was estimated by Chesnin and Method (1951).
3.11.6.4 Adsorbed sulphur

Adsorbed sulphur was detrmined by shaking thevgitil 500 ppm potassium
dihydrogen phosphate as outlined by Ensminger (1954



3.11.6.5 Non sulphate sulphur

Non sulphate sulphur was estimated by subtractirggaroc, sulphate and
adsorbed sulphur from total sulphur.
3.11.7 Total Boron (mg Kg* Soil)

Total boron was extracted by fusing 1g of soil wite,CO; by heating on a
Bunsen burner in a platinum crucible. The conteas wxtracted with 4N 30, as
per the procedure of Tan (2005).

3.11.8 Economics of production

Economics of all treatment combinations was worsedhe basis of seed and
stover yield. The cost of input and output wasneated as per prevailing market
rates at the time of experimentation. The benest catio was determined as:

] ) Net returns
Benefit Cost Ratio =

Total cost of cultivation

3.11.9 Statistical analysis

In order to test the significance of results, theezimental data were
subjected to statistical analysis as per the metlesdribed by Panse and Sukhatme
(1978). The significance of “F” test was testedb gtercent level of significance as
given by Fisher (1970). The software used for thaysis of data was OPSTAT.



Chapter — 4
EXPERIMENTAL FINDINGS

The results obtained from the present study eadtitEffect of different levels
of sulphur and boron on yield and quality of freroigan Phaseolus vulgaris.) var.
contendor in eutrochrepts” conducted duridgarif 2011 are presented in this
chapter under relevant headings through data tabl@graphs wherever necessary.
4.1 Observations recorded in french bean at floweng stage
4.1.1 Number of nodules plarit, their fresh and dry weight at flowering stage

The data on the number, fresh weight and dry wesfiimodules is presented
in Table 1 and illustrated in fig 3. The resultdicate that the number, fresh weight
and dry weight of nodules increased with the insiregalevels of sulphur and boron.
The number of nodules, fresh weight and dry weafhtodules increased from 9.42
to 14.44 plant, 86.33 to 119.88 mg plahand 15.68 to 21.48 mg pldniespectively
with increase in sulphur application. The maximummiber of nodules plant
(14.44), fresh weight (119.88 mg pldhtand dry weight (21.48 mg plabt was
recorded at 45 Kg Raof sulphur application which was significantly suior to
other levels but was at par with 30 Kg'haf sulphur application. Similarly, the
number, fresh and dry weight of nodules increasguifecantly with the increasing
levels of boron. The maximum number of nodules {iafl5.07), fresh weight
(125.42 mg plartt) and dry weight (22.78 mg plahtwas recorded at 1.5 Kg B ha
which was significantly superior to other levels bupar with 1.0 Kg B h&

The interaction effect between sulphur and boradgnificantly and
synergistically increased the number, fresh wemtd dry weight of french bean
nodules plant. The maximum number (17.10), fresh weight (140v@Pplant’) and
dry weight (24.82 mg plafij of nodules was observed at 1.0 Kg B™*hm
combination with 45 Kg S habut higher levels of sulphur and boron showed

antagonistic effect on these parameters.



Table — 1 Effect of sulphur and boron application onnodulation in French bean at

flowering stage

Number of nodulesplant™

Fresh weight of nodulegmg Plant™)

Dry weight of nodules (mg Plant)

Sulphur 4 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo | Bos | Bio | Bis Bo Bos | Bio | Buis Bo Bos | Bio | Bis
S 550 | 7.13| 1226 12.80 9.42 | 56.01| 71.66| 107.00110.66| 86.33 | 9.37 | 12.63 20.29 20.4215.68
Sis 6.90 | 11.20| 13.26 13.78311.27| 60.66| 91.66| 110.383112.34| 93.75| 10.70 | 15.65 21.02 21.1617.13
Sso 8.26 | 14.86| 16.9% 16.40 14.12 | 75.66| 117.0Q 138.92| 136.66| 117.06| 14.44 | 21.70 24.77 24.7021.40
Sus 8.96| 1490| 17.10 16.80 14.44 | 78.00| 121.66 140.09| 139.75| 119.88| 14.48 | 21.87] 24.82 24.7521.48
Mean 741 | 12.02| 14.76 15.0Y 67.58 100{5023.52| 125.42 12.25| 17.9 22.71 22.78
Sulphur (S) = 0.95 Sulphur (S) = 87A. Sulphur (S) = 0.20
C.D (p<0.05) Boron (B) = 095 Boron (B) = 8%9. Boron (B) = 0.20
SxB = 1.90 SxB =19.75 SxB = 040




4.1.2 Dry matter accumulation at flowering

The data on dry matter accumulation at floweringspnted in Table 2 and
illustrated in fig 3 revealed that sulphur and lmoemhanced dry matter accumulation
at flowering stage. Results indicate that dry mmattecumulation increased from
11.36 in control to 14.77 q Haat 45 Kg S ha which was significantly superior to
other levels but was at par with 30 Kg*haf sulphur application. Similarly, dry
matter accumulation increased significantly witke thcreasing levels of boron. The
maximum accumulation of dry matter (14.99 q'haas recorded at 1.5 Kg B ha
which was significantly superior to other levelg btpar with 1.0 Kg Ba’.

The interaction effect between sulphur and boragnifscantly and
synergistically increased dry matter accumulatibfrench bean at flowering stage.
Though maximum accumulation of dry matter (17.08a}) was observed to be
highest at 1 Kg B hain combination with 45 Kg S Hayet, higher levels of sulphur
and boron showed antagonistic effect on dry matteumulation.

4.2 Observations recorded in french bean at pod pking stage
4.2.1 Dry matter accumulation at pod picking

The data on the dry matter accumulation of frelpe&n at pod picking stage
has been presented in Table 3 and illustratedgirBfiDry matter accumulation in
pods, stover and in total by plant was significamifluenced by the application of
sulphur and boron. The dry matter accumulationddsp stover and in total by plant
significantly increased from 1.89, 15.20 and 140 in control to 2.65, 19.74 and
22.39 q ha respectively at 45 Kg S HaThe results were significantly superior to
other levels but were at par with 30 Kg S*h&imilarly, dry matter accumulation in
pods, stover and total plant significantly increafem 1.82, 15.43 and 17.25 gha
in control to 2.61, 20.49 and 23.10 qg'haith increasing level of boron application
up to 1.5 Kg ha&. The dry matter accumulation at 1.5 Kg B'haas significantly

superior to lower levels but was at par to 1.5 KigeB.



Table — 2 Effect of sulphur and boron application a dry matter

accumulation (g ha') in French bean at flowering stage

Sulphur Boron levels (Kg ha)
levels Mean
-1
(Kg ha™) Bo Bos Bio Bis
S 9.29 10.22 12.73 13.19 11.36
Sis 9.67 10.55 13.03 1353 | 11.70
S0 10.90 13.81 16.75 16.41 14.47
Sus5 11.17 13.98 17.08 16.83 14.77
Mean 10.26 12.14 14.90 14.99
C.D(p<0.05) Sulphur (S) = 0.65
Boron (B) = 0.65
SxB = 1.30



Table — 3 Effect of sulphur and boron application ondry matter (q ha®) accumulation in

French bean at pod picking stage

Pods Stover Total dry matter
Sulphur a2 1 <1
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Buis Bo Bos | Bio | Buis Bo | Bos | Bio | Bis
S 1.58 1.65 2.09 2.24) 1.89 | 1452 | 1453 15.8Q0 15.9815.20| 16.10| 16.18] 17.89 18.1717.09
Sis 1.79 2.03 2.34 239 2.14 | 1457| 14.60{ 20.34 20.6617.54| 16.36| 16.63] 22.68 23.0b19.68
Szo 1.92 2.55 2.97 2.89 2.58 | 16.23| 16.48| 22.73 22.5{1 19.49| 18.15| 19.03 25.70 25.4022.07
Sus 1.99 2.68 2.99 293 2.65 | 16.39| 16.72| 23.02 22.8419.74 | 18.38| 19.40 26.01 25.7[722.39
Mean 1.82 2.23 2.60 2.61 1543 15.%8 2047 20149 17.28.81| 23.07] 23.10
Sulphur (S = 01& Sulphur (S = 04t Sulphur (S = 052
C.D (p<0.05) Boron(B) = 0.5 Boron (B) = @4E Boron (B) = 62
SxB = 30 SxB = 09C SxB = 104
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Fig. 3: Dry matter accumulation at flowering (1),pod picking (2) and harvesting
(3) and number (4), fresh weight (5) and dry weigh(6) of nodules as affected by
sulphur and boron application.



The interaction effect of sulphur and boron wasesgistic on dry matter
accumulation in pods, stover as well as in wholenpland the maximum was
observed to be 2.99, 23.02 and 26.01 ¢ hespectively at 45 Kg S Hain
combination with 1 Kg B Ha Higher levels of sulphur and boron showed
antagonistic effect on dry matter accumulationaat picking stage.

4.2.2 Pod yield of french bean (q h8

The data on pod yield presented in Table 4 andtitited in fig 4 revealed
that sulphur and boron enhanced pod vyield of frelpean significantly. The data
indicates that the pod yield increased from 76.52tin control to 93.70 q haat 45
Kg S ha' which was significantly superior to other levelst vas at par with 30 Kg
ha' of sulphur application. Similarly, pod yield inased significantly with the
increasing levels of boron and the maximum poddy{e4.63 q ha) was recorded at
1.5 Kg B h& which was significantly superior to other levelst lat par with 1.5 Kg
B ha'.

The interaction effect between sulphur and borognicantly and
synergistically increased pod yield of french beBme maximum pod yield (101.23 q
ha') was observed at 1.0 Kg B han combination with 45 Kg S Ha However,
higher levels of sulphur and boron showed antagiore$fect on pod yield of french
bean.

4.2.3 Nitrogen content of french bean at pod pickig stage

The data on the nitrogen content in pods and stisvpresented in Table 5.
The results indicate that the nitrogen contentdased with the increasing levels of
sulphur and boron. The nitrogen content in podssiader increased from 0.264 to
0.283 percent and 0.109 to 0.427 respectively withease in sulphur application.
The maximum nitrogen content in pods (0.283 pejcant stover (0.427 percent)
was recorded at 45 Kg haf sulphur application which was significantly swior to

other levels but was at par with 30 Kg'haf sulphur application. Similarly, the



Table — 4 Effect of sulphur and boron application a pod yield (g
ha™) of French bean at picking stage

Sulphur Boron levels (Kg ha)
levels Mean
-1
(Kg ha™) Bo Bos Bio Bis
S 71.12 73.46 78.06 83.45 76.52
S5 73.37 83.02 96.57 97.23 87.55
S0 82.62 89.21 99.54 98.36 92.43
Sus 83.25 90.82 101.23 99.48 93.70
Mean 77.59 84.13 93.85 94.63
C.D(p<0.05) Sulphur (S) = 1.69
Boron (B) = 1.69
SxB = 3.38



Table — 5 Effect of sulphur and boron application omitrogen content (percent) of French
bean at pod picking stage

Pods Stover
Sulphur 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha'l) Mean Mean
Bo Bos Bio Bis Bo Bos Bio Bis
S 0.257 0.263 0.268 0.269 0.264 0.052 0.093 0.130 0.162 0.109
(1.121) | (1.124) | (1.126) | (1.126 (1.124) | (1.026) | (1.042) | (1.063) | (1.079) | (1.047)
Sis 0.260 0.264 0.269 0.280 0.268 0.163 0.204 0.311 0.324 0.251
(1.122) | (1.124) | (1.126) | (1.129 (1.126 (1.079) | (1.096) | (1.146) | (1.150) | (1.117)
Sz 0.276 0.278 0.285 0.284 0.281 0.361 0.402 0.464 0.455 0.421
(1.129) | (1.130) | (1.133) | (1.133) | (1.131) | (1.165) | (1.184) | (1.209) | (1.209) | (1.188)
Sus 0.278 0.280 0.287 0.285 0.283 0.372 0.402 0.471 0.463 0.427
(1.130 (1.13) (1.134) | (1.133 (1.132) (1.169 | (1.184) | (1.213) | (1.213) | (1.189)
Mean 0.268 0.271 0.277 0.280 0.237 0.275 0.344 0.351
(1.126 (1.127) | (L.129) | (1.129) (1.110) | (1.122) | (1.157) | (1.161)
Sulphur (S) = 0.00 Sulphur (S) = 041
C.Dp<009) Boron(B) = 0.001 Boron(B) = 0.041
SxB = 0.002 SxB = 0.008

Figures in parentheses are square root transfovalads.



nitrogen content in pods and stover increased fiegnily with the increasing levels
of boron. The maximum nitrogen content in pods §0.percent) and stover (0.351
percent) was recorded at 1.5 Kg Bhahich was significantly superior to other
levels but at par with 1.0 Kg B Haevel.

The interaction effect between sulphur and boragnifscantly and
synergistically increased the nitrogen contentddgpand stover of french bean at pod
picking stage. The maximum nitrogen content in p(@287 percent) and stover
(0.471 percent) was observed at 1.0 Kg B mcombination with 45 Kg S Haand
higher levels of sulphur and boron showed antagjoreffect on nitrogen content of
pods and stover of french bean at pod picking stage
4.2.4 Phosphorus content of french bean at pod picilg stage

The data on the phosphorus content of french beaodapicking stage has
been presented in Table 6. Phosphorus contentda aod stover was significantly
influenced by the application of sulphur and bor®he content of phosphorus in
pods and stover significantly increased from 0.@2d 0.011 percent in control to
0.033 and 0.017 percent respectively at 45 Kg'§ fhe results were significantly
superior to other levels but were at par with 30 &da". Similarly, phosphorus
content in pods and stover significantly increafedn 0.029 and 0.011 percent in
control to 0.031 and 0.017 percent respectivelyhwiicreasing level of boron
application to 1.5 Kg h& The phosphorus content both in pods and stovesakg
B ha' was significantly superior to lower levels but veaar to 1.0 Kg B ha

The interaction effect of sulphur and boron wasesgistic on phosphorus
content in pods and stover, the maximum (0.0350881 percent respectively) was
recorded at 45 Kg S Han combination with 1 Kg B hihand higher levels of sulphur

and boron showed antagonistic effect on phosphoomsent at pod picking stage.



Table — 6 Effect of sulphur and boron application onphosphorus content (percent) of
French bean at pod picking stage

Pods Stover
Sulphur 4 1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha'l) Mean Mean
Bo Bos Bio Bis Bo Bos B1io Bis
S 0.025 0.026 0.027 0.029 0.027 0.009 0.010 0.013 0.012 0.011
(1.013) | (1.013) | (1.014) | (1.019 (1.013) | (1.004) | (1.005) | (1.006) | (1.006) | (1.005)
Sis 0.026 0.028 0.029 0.029 0.028 0.011 0.012 0.014 0.015 0.013
(1.013) | (1.014) | (1.014) | (1.014) | (1.014) | (1.006) | (1.006) | (1.007) | (1.00% | (1.006)
S0 0.031 0.032 0.034 0.033 0.033 0.012 0.016 0.019 0.019 0.017
(1.016) | (1.016) | (1.017) | (1.016) | (1.016) | (1.006) | (1.008) | (1.009) | (1.009) | (1.008)
Sus 0.032 0.033 0.035 0.033 0.033 0.012 0.016 0.021 0.020 0.017
(1.01§ | (1.01§ | (1.017) | (1.016) | (1.016) | (1.006) | (1.009 | (1.010) | (1.010 | (1.008)
Mean 0.029 0.030 0.031 0.031 0.011 0.014 0.017 0.017
(1.019 (1.015 (1.019 (1.016) (1.006) (1.00% | (1.008) | (1.008)
Sulphur §) = 0.000 Sulphur S) = 0.000
C.D (p<0.05) Boron B) = 0.000 Boror (B) = 0.000
SxB = 0.000 SxB = 0.000

Figures in parentheses are square root transfovalads.




4.2.5 Potassium content of french bean at pod piakj stage

The data on the potassium content in pods andrsteyeesented in Table 7.
The data revealed that potassium content increastdthe increasing levels of
sulphur and boron. The potassium content in podsséver increased from 0.26 to
0.33 percent and 0.38 to 0.50 percent respectively increasing levels of sulphur
application. The maximum potassium content in p@d33 percent) and stover (0.50
percent) was recorded at 45 Kg'haf sulphur application which was significantly
superior to other levels but was at par with 30 Ik of sulphur application.
Similarly, the potassium content in pods and stomereased significantly with the
increasing levels of boron. The maximum potassiamtent in pods (0.32 percent)
and stover (0.49 percent) was recorded at 1.5 KigaBwhich was significantly
superior to other levels but at par with 1.0 Kgd&h

The interaction effect between sulphur and boragnifscantly and
synergistically increased the potassium contermgods and stover of french bean at
pod picking stage. The maximum potassium contepbafs (0.35 percent) and stover
(0.54 percent) was observed at 1 Kg B'hHa combination with 45 Kg S Ha
however, higher levels of sulphur and boron shoamdgonistic effect on potassium
content of pods and stover of french bean at pokiny stage.
4.2.6 Sulphur content of french bean at pod pickingtage

The data on the sulphur content of french bearodtgicking stage has been
presented in Table 8. Sulphur content in pods &mneswas significantly influenced
by the application of sulphur and boron. The contdnsulphur in pods and stover
significantly increased from 0.071 and 0.033 petraarcontrol to 0.086 and 0.060
percent respectively at 45 Kg S“ha he results were significantly superior to other
levels but were at par with 30 Kg haf sulphur application. Similarly, sulphur
content in pods and stover significantly increaBedh 0.074 and 0.040 percent in

control to 0.085 and 0.054 percent respectivelywitreasing level of boron applic-



Table — 7 Effect of sulphur and boron application orpotassium content (percent) of French
bean at pod picking stage

Pods Stover
Sulphur 4 1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha'l) Mean Mean
Bo Bos B1io Bis Bo Bos B1io Bis
S 0.19 0.24 0.28 0.30 0.26 0.28 0.36 0.42 0.44 0.38
(1.089) | (1.114) | (1.129) | (1.139 (1.123) | (1.132) | (1.168) | (1.188) | (1.20) | (1.176)
Sis 0.26 0.29 0.30 0.31 0.29 0.39 0.44 0.46 0.46 0.44
(1.123) | (1.138) | (1.139) | (1.142) | (1.138) | (1.180) | (1.201) | (1.209) | (1.209 | (1.201)
S0 0.30 0.33 0.34 0.33 0.33 0.44 0.48 0.53 0.52 0.49
(1.139) | (1.151) | (1.159) | (1.151) | (1.151) | (1.201) | (1.215) | (1.237) | (1.232) | (1.220)
Sus 0.30 0.33 0.35 0.32 0.33 0.44 0.49 0.54 0.52 0.50
(1.139 (1.15) (1.178) (1.146) (1.151) (1.20) (1.220 | (1.242) | (1.232) | (1.224)
Mean 0.26 0.30 0.32 0.32 0.39 0.44 0.49 0.49
(1.116) | (1.139 (1.146) | (1.146) (1.180 | (1.201) | (1.220 | (1.220
Sulphur §) = 0.001 Sulphur §) = 0.060
C.D (p<0.05) Boron B) = 0.001 Boron B) = 0.06C
SxB = 0.00:2 SxB = 0.0ac

Figures in parentheses are square root transfovalads.




Table — 8 Effect of sulphur and boron application orsulphur content (percent) of French
bean at pod picking stage

Pods Stover
Sulphur B 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha®) Mean Mean
Bo Bos B1o Bis Bo Bos B1o Bis
S 0.067 0.069 0.071 0.076 0.071 0.022 0.033 0.036 0.041 0.033
(1.033) | (1.034) | (1.035) | (1.035) | (1.035) | (1.011) | (1.016) | (1.018) | (1.01§ | (1.016)
Sis 0.071 0.072 0.080 0.085 0.077 0.035 0.038 0.041 0.046 0.040
(1.035) | (1.035) | (1.039) | (1.040) | (1.037) | (1.017) | (1.019) | (1.020) | (1.021) | (1.020)
S0 0.076 0.080 0.090 0.089 0.084 0.050 0.054 0.064 0.063 0.058
(1.037) | (1.039) | (1.044) | (1.043) | (1.041) | (1.025) | (1.026) | (1.031) | (1.031) | (1.028)
Sus 0.080 0.080 0.093 0.090 0.086 0.052 0.055 0.066 0.065 0.060
(1.037 | (1.039 | (1.045) | (1.049 (1.042) | (1.025) | (1.026 | (1.032 | (1.032) | (1.029)
Mean 0.074 0.075 0.084 0.085 0.040 0.045 0.052 0.054
(1.039 | (1.039 | (1.040 | (1.040) (1.020 | (1.022 | (1.025 | (1.026)
SulphurS) = 0.00: SulphurS) = 0.02
C.D (p<0.05) Boron B) = 0.00: Boron B) = 0.02
SxB = 0.00 SxB = 0.04

Figures in parentheses are square root transfovalads.




-ion to 1.5 Kg h&. The sulphur content in both pods and stover®Kd, B ha' was
significantly superior to lower levels but was at po 1.0 Kg B ha.

The interaction effect of sulphur and boron wasesgistic on sulphur content
in pods and stover and the maximum was observdik t0.093 and 0.066 percent
respectively at 45 Kg S Han combination with 1 Kg B Ha However, higher levels
of sulphur and boron showed antagonistic effecsualphur content at pod picking
stage.

4.2.7 Boron content of french bean at pod pickingtage

The data presented in Table 9 revealed that bavatent increased with the
increasing levels of sulphur and boron. The borontent in pods and stover
increased from 26.99 to 39.68 ppm and 8.03 to 12@B respectively with
increasing level of sulphur application. The maximboron content in pods (39.68
ppm) and stover (12.48 ppm) was recorded at 45&gph sulphur application which
was significantly superior to other levels but veaspar with 30 Kg ha of sulphur
application. Similarly, the boron content in podwdatover increased significantly
with the increasing levels of boron. The maximumobocontent in pods (38.63 ppm)
and stover (11.89 ppm) was recorded at 1.5 Kg B Waich was significantly
superior to other levels but at par with 1.0 Kg&8-h

The interaction effect between sulphur and boragnifscantly and
synergistically increased the boron content in pai$ stover of french bean at pod
picking stage. The maximum boron content in pod&s2@ ppm) and stover (13.51
ppm) was observed at 1.0 Kg B him combination with 45 Kg S Habut higher
levels of sulphur and boron showed antagonistiecefbn boron content of pods and
stover of french bean at pod picking stage.

4.2.8 Nitrogen uptake (Kg h&') in french bean at pod picking stage
The data on the nitrogen uptake in pods, stovertatadl uptake by plant is

presented in Table 10. The results revealed tleanithogen uptake increased with the



Table — 9 Effect of sulphur and boron application orboron content (ppm) of French bean

at pod picking stage

Pods Stover
Sulphur B 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean
Bo Bos B1o Bis Bo Bos B1o Bis
S 18.43 25.65 30.82 33.07 26.99 5.81 7.00 9.38 9.93 8.03
Sis 22.45 29.58 32.27 36.75 30.26 7.92 8.54 10.12 11.68 9.57
S0 33.36 39.10 43.17 42.58 39.55 10.82 11.93 13.29 12.73] 12.19
Sus 34.11 39.21 43.26 42.12 39.68 10.98 12.22 13.51 13.21] 12.48
Mean 27.09 33.39 37.38 38.63 8.88 9.92 11.5 11.89
Sulphurs) = .91 Sulphurs) = 042
C.D p<0.05) Boron B) = 191 Boron B) = 04z
SxB = L8z SxB = 0.8




Table — 10 Effect of sulphur and boron application o nitrogen uptake (Kg ha®) in French

bean at pod picking stage

Pods Stover Total uptake
Sulphur 4 4 4
oron levels a oron levels a oron levels a
levels B levels (Kg h B levels (Kg h B levels (Kg h
(Kg ha) Mean Mean Mean
Bo | Bos | Bio | Bis Bo Bos | Bio | Buis Bo | Bos | Bio | Bis
S 0.41| 0.43| 056 0.60f 050 | 0.76 1.35 2.05 258/ 169 | 1.16 | 1.79| 261 3.18 2.19
Sis 0.47| 054 | 0.63] 0.67 057 | 2.37 2.98 6.33 6.69] 459 | 284 | 351| 6.96| 7.3§ 5.17
S0 0.53| 0.71| 0.85 0.82] 0.73 | 5.86 6.62 | 10.55 10.24 8.32 | 6.39 | 7.33| 11.39 11.06 9.04
Sus 0.55| 0.75| 0.86] 0.84/ 0.75 | 6.10 6.72 | 10.84 1057 856 | 6.65| 7.47| 11.70 11.41 9.31
Mean 049 | 0.61| 0.72| 0.73 3.77 4.42 7.44 7.52 4|26 5.0817 | 8.25
SulphurS) = 0.31 SulphurS) = 033C Sulphur S) = 0298
C.D <005 BoronB) = 0.31 BoronB) = 033C BoronB) = 0.298
SxB = 0.06: SxB = 066C SxB = 0.97




increasing levels of sulphur and boron. The nitrogptake in pods, stover, and total
uptake by plant increased from 0.50 to 0.75 Kg,Ha69 to 8.56 Kg Hhand 2.19 to
9.31 Kg hd respectively with increasing level of sulphur aggiion. The maximum
nitrogen uptake in pods (0.75 Kghastover (8.56 Kg h§ and total by plant (9.31
Kg ha') was recorded at 45 Kg haf sulphur application which was significantly
superior to other levels but was at par with 30 Ikt of sulphur application.
Similarly, nitrogen uptake in pods, stover and ltatatake by plant increased
significantly with the increasing levels of borofhe maximum nitrogen uptake in
pods (0.73 Kg hd), stover (7.52 Kg hY and total uptake (8.25 Kg fjpwas
recorded at 1.5 Kg B Haevel which was significantly superior to otheveés but at
par with 1.0 Kg B ha.

The interaction effect between sulphur and boragnifscantly and
synergistically increased the nitrogen uptake imlspostover and total uptake by
french bean plant at pod picking stage. The maximitnagen uptake in pods (0.86
Kg ha'), stover (10.84 Kg h§ and total uptake (11.70 Kg fiawas observed at 1.0
Kg B ha' in combination with 45 Kg S Ha However, higher levels of sulphur and
boron showed antagonistic effect on nitrogen uptakeods, stover and total uptake
by french bean plant at pod picking stage.

4.2.9 Phosphorus uptake (Kg hd) in french bean at pod picking stage

The data on the phosphorus uptake of french be@odpicking stage has
been presented in Table 11. Phosphorus uptakeds, gtover and total uptake by
plant was significantly influenced by the applioatiof sulphur and boron. The
uptake of phosphorus in pods, stover and totalkepty plant significantly increased
from 0.051, 0.168 and 0.219 Kg han control to 0.088, 0.351 and 0.439 Kg'ha
respectively at 45 Kg S HaThe results were significantly superior to otleels but
were at par with 30 Kg Faof sulphur application. Similarly phosphorus ugtak
pods, stover and total uptake by plant signifiganmttreased from 0.052, 0.171 and



Table — 11 Effect of sulphur and boron application o phosphorus uptake (Kg h&) in

French bean at pod picking stage

Pods Stover Total uptake
Sulphur 4 4 B
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 0.040| 0.043| 0.056 0.0650.051| 0.131| 0.145| 0.205 0.191 0.168| 0.170| 0.188| 0.262 0.256 0.219
Sis 0.047| 0.057| 0.068 0.069 0.060| 0.160| 0.175| 0.285 0.310 0.233| 0.207]| 0.232| 0.353 0.379 0.293
S0 0.060| 0.082| 0.101 0.0950.084| 0.195| 0.264| 0.432 0.428 0.330 | 0.254| 0.345| 0.533 0.523 0.414
Sus 0.064| 0.088| 0.10% 0.09Y 0.088 | 0.197| 0.268| 0.483 0.457 0.351 | 0.260| 0.356| 0.588 0.553 0.439
Mean 0.052| 0.067| 0.082 0.082 0.171 0.213 0.351 0.B46 .223] 0.280| 0.434 0.428
Sulphur §) = 0.00! SulphurS) = 0.31 Sulphur§) = 0.5
C.Dp=0.05) Boron B) = 0.00! Boron B) = 0.31 Boron B) = 0.03!
SxB = 0.ac¢ SxB = 0.e2 SxB = 0.071




0.223 Kg h& in control to 0.082, 0.346 and 0.428 Kg“heespectively with
increasing level of boron application to 1.5 Kg*h@he phosphorus uptake in pods,
stover and total uptake by plant at 1.5 Kg B' eas significantly superior to lower
levels but was at par to 1.0 Kg Bha

The interaction effect of sulphur and boron wasesgistic on phosphorus
uptake in pods, stover and total uptake by pléwet haximum of which was observed
to be 0.105, 0.483 and 0.588 Kg'h@spectively at 45 Kg S Han combination with
1 Kg B ha' and higher levels of sulphur and boron showedgamtatic effect on
phosphorus uptake at pod picking stage.
4.2.10 Potassium uptake (Kg hd) in french bean at pod picking stage

The data on the potassium uptake in pods, stowktaal uptake by plant is
presented in Table 12. The results revealed tleapthassium uptake increased with
the increasing levels of sulphur and boron. Theggtim uptake in pods, stover, and
total uptake by plant at pod picking stage incrddsem 0.49 to 0.87 Kg 5 5.74 to
9.93 Kg hd and 6.62 to 10.79 Kg Harespectively with increasing levels of sulphur
application. The maximum potassium uptake in p@d87(Kg hd), stover (9.93 Kg
ha') and total by plant (10.79 Kg fpwas recorded at 45 Kg fhaf sulphur
application which was significantly superior to ethevels but was at par with 30 Kg
ha' level of sulphur application. Similarly, potassiuptake in pods, stover and total
uptake by plant increased significantly with theregasing levels of boron. The
maximum potassium uptake in pods (0.84 Ki)hatover (10.12 Kg h§ and total
uptake (10.95 Kg hY was recorded at 1.0 Kg B thawhich was significantly
superior to other levels but at par with 1.0 Kgd&h

The interaction effect between sulphur and boragnifscantly and
synergistically increased the potassium uptakeadsp stover and total uptake by
french bean plant at pod picking stage. The maxirpotassium uptake in pods (1.05
Kg ha'), stover (12.43 Kg hY and total uptake (13.48 Kg hawas observed at 1.0



Table — 12 Effect of sulphur and boron application o potassium uptake (Kg h&) in French

bean at pod picking stage

Pods Stover Total uptake
Sulphur 4 4 B
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 0.30 0.40 0.59 0.67] 0.49 | 4.07 5.23 6.64 7.01 574 | 437 | 5.63| 7.22| 7.68 6.22
Sis 0.47 0.59 0.70 0.74) 0.62 | 5.68 6.42 9.36 9.50, 7.74 | 6.15| 7.01| 10.06 10.24 8.37
S0 0.58 0.84 1.01 0.95 0.85 | 7.14 7.91 12.05 11.71 9.70 | 7.72 | 8.75| 13.06 12.6p610.55
Sus 0.60 0.88 1.05 0.94 087 | 7.21 8.19 1243 11.88 9.93 | 7.81 | 9.08| 13.48 12.80110.79
Mean 0.48 0.68 0.84 0.83 6.03 6.94 10.12 10J02 65162 7.10.95| 10.85
Sulphur ) = 0.(49 SulphurS) = 0281 SulphurS) = 0330
C.D p=<0.05) Boron B) = 0.49 Boron B) = 0281 Boron B) = 0330
SxB = 0.098 SxB = 0562 SxB = 0.66




Kg B ha' in combination with 45 Kg S Ha however, higher levels of sulphur and
boron showed antagonistic effect on potassium @ptakpods, stover and total
uptake by french bean plant at pod picking stage.
4.2.11 Sulphur uptake (Kg hd') in french bean at pod picking stage

The data on the sulphur uptake of french bean dtpicking stage has been
presented in Table 13. Sulphur uptake in pods.estauad total uptake by plant was
significantly influenced by the application of ship and boron. The uptake of
sulphur in pods, stover and total uptake by plagniicantly increased from 0.13,
0.51 and 0.64 Kg hain control to 0.23, 1.19 and 1.42 Kg heespectively at 45 Kg
S ha'. The results were significantly superior to otlearels but were at par with 30
Kg ha' of sulphur application. Similarly, sulphur uptakepods, stover and total
uptake by plant significantly increased from 0.0%2 and 0.76 Kg hain control to
0.22, 1.13 and 1.35 Kg Haespectively with increasing level of boron apation to
1.5 Kg ha'. The sulphur uptake in pods, stover and totalkephey plant at 1.5 Kg B
ha' was significantly superior to lower levels but veagpar to 1.0 Kg B ha

The interaction effect of sulphur and boron wasesgistic on sulphur uptake
in pods, stover and total uptake by plant, the maxn was observed to be 0.28, 1.52
and 1.80 Kg ha respectively at 45 Kg S Hain combination with 1.0 Kg B ha
however, higher levels of sulphur and boron shoaethgonistic effect on sulphur
uptake at pod picking stage.
4.2.12 Boron uptake (Kg h&) in french bean at pod picking stage

The data on the boron uptake in pods, stover atad tptake by plant is
presented in Table 14. The results revealed tleabtiion uptake increased with the
increasing levels of sulphur and boron. The borptake in pods, stover, and total
uptake by plant at pod picking stage increased f6od% to 10.64 g hg 12.31 to
24.92 g ha and 17.56 to 35.57 g Raespectively with increasing level of sulphur
application. The maximum boron uptake in pods @@éa'), stover (24.92 g h8



Table — 13 Effect of sulphur and boron application o sulphur uptake (Kg ha') in French

bean at pod picking stage

Pods Stover Total uptake
Sulphur 4 4 B
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 0.11 0.11 0.15 0.17) 0.13 | 0.32 0.48 0.57 0.65| 0.51 | 0.43 | 0.59| 0.72| 0.82 0.64
Sis 0.13 0.15 0.19 0.20] 0.17 | 0.51 0.55 0.83 0.95 0.71 | 0.64 | 0.70| 1.02] 1.15 0.88
S0 0.15 0.20 0.27 0.26] 0.22 | 0.81 0.89 1.45 142 1.14 | 096 | 1.09| 1.72] 1.68 1.36
Sus 0.16 0.21 0.28 0.26/] 0.23 | 0.85 0.92 1.52 148/ 1.19 | 1.01 | 1.13| 1.80] 1.7 1.42
Mean 0.13 0.17 0.22 0.22 0.62 0.71 1.09 1.13 0(76 0.8831 | 1.35
SulphurS) = 0.01 Sulphur§) = 0.61 Sulphur §) = 0.08
C.D p=<0.05) Boron B) = 0.01 Boron B) = 0.06 Boron B) = 0.08
SxB = 0.02 SxB = 012z SxB = 016z




Table — 14 Effect of sulphur and boron application o boron uptake (g ha') in French bean at
pod picking stage

Pods Stover Total uptake
Sulphur 4 4 B
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha®) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 2.91 4.23 6.44 741 525 | 8.44 | 10.17| 14.82 15.82 12.31| 11.35| 14.40| 21.26 23.23 17.56
Sis 4.02 6.00 7.55 8.78| 6.59 | 11.54| 12.47| 20.58 24.18 17.18 | 15.56| 18.47| 28.14 32.91 23.77
S0 6.41 9.97 12.82) 12.3]1 10.38| 17.56| 19.66| 30.21 28.66 24.02 | 23.97| 29.63| 43.03 40.96 34.40
Sus 6.79 | 1051 1293 12.34 10.64 | 18.00| 20.43| 31.1Q 30.1Y 24.92 | 24.78| 30.94| 44.03 42.5]1 35,57
Mean 5.03 7.68 9.94 10.21 13.88 15.(138 2418 2469 11828.36| 34.12 34.90
Sulphur §) = 040t Sulphur §) = 1.33¢ Sulphur§) = .50¢
C.Dp<00s Boron B) = 0.05 Boron B) = 1.33¢ Boron B) = 150z
SxB = 0.1 SxB = 2.677 SxB = 2007




and total by plant (35.57 g Bawas recorded at 45 Kg fhaf sulphur application
which was significantly superior to other levelst bvas at par with 30 Kg Haof
sulphur application. Similarly, boron uptake in ppdtover and total uptake by plant
increased significantly with the increasing levelsboron. The maximum boron
uptake in pods (10.21 g fig stover (24.69 g Y and total uptake (34.90 g Hawas
recorded at 1.5 Kg B Hawhich was significantly superior to other levelst lat par
with 1.0 Kg B h&.,

The interaction effect between sulphur and boragnifsicantly and
synergistically increased the boron uptake in pstsyer and total uptake by french
bean plant at pod picking stage. The maximum boake in pods (12.93 g g
stover (31.10 g hY and total uptake (44.03 g Hawas observed to be highest at 1.0
Kg B ha' in combination with 45 Kg S Habut higher levels of sulphur and boron
showed antagonistic effect on boron uptake in psisier and total uptake by french
bean plant at pod picking stage.

4.2.13 Crude protein content (percent) in french ben at pod picking stage

The data on crude protein content in pods at poling stage presented in
Table 15 revealed that sulphur and boron enhanoede cprotein content at pod
picking stage. Results indicate that crude protantent increased from 1.65 in
control to 1.77 percent at 45 Kg S hahich was significantly superior to other
levels but was at par with 30 Kghaf sulphur application. Similarly, crude protein
content increased significantly with the increaslagels of boron. The maximum
protein content (1.75 percent) was recorded akKg.B ha' which was significantly
superior to other levels but at par with 1.0 Kgd&h

The interaction effect between sulphur and boragnifscantly and
synergistically increased protein content of fret@an pods at pod picking stage.
The maximum protein content (1.79 percent) was rvieskat 1.0 Kg B hain combi-



Table — 15 Effect of sulphur and boron applicationon crude
protein content (percent) of French bean pods at
pod picking stage

Sulphur Boron levels (Kg ha)
levels Mean
(Kg ha) Bo Bos Bio Bis
S 1.61 1.64 1.68 1.68 1.65
(1.616) | (1.627) | (1.637) | (1.637) | (1.628)
Sis 1.63 1.65 1.68 1.75 1.68
(1.622) | (1.628) | (1.637) | (1.657) | (1.637)
Suo 1.73 1.74 1.78 1.78 1.75
(1.654) | (1.655) | (1.667) | (1.667) | (1.657)
Sus 1.74 1.75 1.79 1.78 1.77
(1.655) | (1.657) | (1.669) | (1.667) | (1.665)
Mean 1.67 1.70 1.73 1.75
(1.635) | (1.643) | (1.654) | (1.657)

Figures in parentheses are square root transfovalads.

C.Dp<o0s) Sulphur (S) = 0.0096
Boron (B) = 0.0096
SxB = 0.0192



-nation with 45 Kg S H& however, higher levels of sulphur and boron showed
antagonistic effect on crude protein content.

4.3 Observations recorded in french bean at harveisig stage

4.3.1 Yield attributes of french bean at harvestingtage

The data presented in Table 16 and illustratedign4f indicated that the
number of pods plafit number of seeds pddind 100 seed weight increased with the
increasing levels of sulphur and boron. The nunatigrods plant, number of seeds
pod® and 100 seed weight increased from 6.50 to 9.(82 ® 6.03 and 27.43 to
28.78 grespectively with increasing level of sulphur apation. The maximum
number of pods plafit(9.07), seeds pdd(6.03) and 100 seed weight (28.78 g) was
recorded at 45 Kg Raof sulphur application which was significantly suior to
other levels but was at par with 30 Kg*haf sulphur application. Similarly, the
number of pods plarit number of seeds pddand 100 seed weight increased
significantly with the increasing levels of borofhe maximum number of pods
plant® (8.61), number of seeds pbd6.02) and 100 seed weight (28.95 g) was
recorded at 1.5 Kg B Halevel which was significantly superior to othevéés but at
par with 1.0 Kg B ha.

The interaction effect between sulphur and boragnifscantly and
synergistically increased the number of pods planumber of seeds pddand 100
seed weight of french bean. The maximum numberwodsmplarnt (9.85), number of
seeds pod (6.37) and 100 seed weight (29.83 g) was obsetwdzk highest at 1.0
Kg B ha' in combination with 45 Kg S Habut higher levels of sulphur and boron
showed antagonistic effect on yield attributingretaters.

4.3.2 Seed and stover yield (q 3 of french bean at harvesting stage

The data on yield (seed + stover) of french begresented in Table 17 and

illustrated in fig 4. Seed and stover yield wasnsgigantly influenced by the

application of sulphur and boron. Seed and stoiadd significantly increased from



Table — 16 Effect of sulphur and boron application a yield attributes of French bean at

harvesting stage

Number of podsplant™ Number of seedgpod™ 100 seed weight (g)
Sulphur 4 4 B
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 5.10 6.20 7.21 7.49| 6.50 | 4.87 5.17 5.53 5.72| 5.32 | 26.60| 26.90| 27.93 28.28 27.43
Sis 6.20 6.36 7.33 7.48| 6.84 | 4.97 5.20 5.70 5.90| 5.44 | 26.74| 27.06| 28.33 28.66 27.70
S0 8.06 8.50 9.80 9.70 9.02 | 5.43 5.90 6.28 6.20| 5.95 | 27.07| 28.48| 29.58 29.37 28.63
Sus 8.13 8.56 9.85 9.75| 9.07 | 5.50 5.97 6.37 6.27| 6.03 | 27.10| 28.71| 29.83 29.47 28.78
Mean 6.87 7.41 8.55 8.61 5.19 55 5.9 6.02 26.28.79| 28.92 28.9%
Sulphurs) = 0.1 SulphurS) = 0.0¢ Sulphur §) = 04€
C.D p=<0.05) Boron B) = 0.1 Boron B) = 0.0¢ Boron B) = 046
SxB = 0.2 SxB = 0.1 SxB = 092




Table — 17 Effect of sulphur and boron application o yield (g ha') of French bean at
harvesting stage

Seed yield Stover yield
Sulphur 1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha®) Mean Mean
Bo Bos B1o Bis Bo Bos B1o Bis
S 19.86 20.75 23.03 23.30 21.74 29.20 33.44 35.24 35.70| 33.40
Sis 20.34 21.47 23.39 23.80 22.25 30.88 35.69 39.28 39.77| 36.41
S0 21.30 23.08 24.96 24.71 23.51 35.57 37.37 40.69 40.28| 38.48
Sus 21.64 23.27 25.25 24.88 23.76 35.86 37.48 41.12 40.84| 38.83
Mean 20.79 22.14 24.16 24.17 32.88 36.0D 39.08 39.15
Sulphur (S) = 0.54 Sulphur (S) = 630.
C.D (p<0.05) Boron (B) = 054 Boron (B) = 0.63
SxB = 1.09 SxB =1.27
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Fig. 4: Yield (1, 2 and 3) and yield attributes (45 and 6) of french bean as
affected by sulphur and boron application.




21.74 and 33.40 q Han control to 23.76 and 38.83 g heespectively at 45 Kg S ha
! The results were significantly superior to otherels but were at par with 30 Kg
ha® of sulphur application. Similarly, seed and stoy&id significantly increased
from 20.79 and 32.88 q Han control to 24.17 and 39.15 q haespectively at 1.5
Kg B ha'. Both seed and stover yield at 1.5 Kg B' hevel was significantly superior
to lower levels but was at par to 1.0 Kg B'ha

The interaction effect of sulphur and boron wasesgistic on seed and stover
yield, the maximum was observed to be 25.25 anti24d.hd respectively at 45 Kg
S ha' in combination with 1.0 Kg B haand higher levels of sulphur and boron
showed antagonistic effect on sulphur content dtgoking stage.
4.3.3 Dry matter accumulation at harvesting stage

The data on the dry matter accumulation of frenelnbat harvesting stage
has been presented in Table 18 and illustratedqil.fDry matter accumulation in
seeds, stover and in total by plant was signifigainfluenced by the application of
sulphur and boron. The dry matter accumulatiorerds, stover and in total by plant
significantly increased from 19.16, 25.71 and 44987a" in control to 20.80, 30.10
and 50.89 q hHarespectively at 45 Kg S HaThe results were significantly superior
to other levels but were at par with 30 Kg'haf sulphur application. Similarly dry
matter accumulation in seeds, stover and totaltpdagmificantly increased from
18.51, 25.31 and 43.82 g han control to 21.33, 30.35 and 51.68 g'haith
increasing level of boron application to 1.5 Kg'h@he dry matter accumulation at
1.5 Kg B h&' level was significantly superior to lower levelstlvas at par to 1.0 Kg
B ha' level.

The interaction effect of sulphur and boron wasesgistic on dry matter
accumulation in seeds, stover as well as in whiaatpthe maximum of which was
observed to be 22.19, 31.72 and 53.91 Yreapectively at 45 Kg S Han combinat-



Table — 18 Effect of sulphur and boron application o dry matter (q ha™) accumulation in

French bean at harvesting stage

Seeds Stover Total dry matter
Sulphur B B 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 17.48| 18.28| 20.33 20.5519.16 | 22.45| 25.99| 27.08 27.38325.71| 39.93| 44.27] 47.41 47.8844.87
Sis 18.78| 18.93| 20.63 20.87 19.80| 23.42| 27.76| 30.82 30.99 28.25| 42.20| 46.69 51.4% 51.8648.05
Sso 18.82| 19.88| 21.92 21.8320.61| 27.65| 29.20| 31.52 31.44 29.95| 46.47| 49.08] 53.44 53.27/50.57
Sus 18.95| 19.96| 22.19 22.0820.80| 27.72| 29.32| 31.72 31.68 30.10 | 46.67| 49.28 53.91 53.7150.89
Mean 18.51| 19.26| 21.27 21.38 25.31 28.p7 30{29 30.35 3.824 47.33] 5155 51.68
Sulphur (S = 032 Sulphur (S = 0.7 Sulphur (S = 042
C.D (p<0.05) Boron(B) = 032 Boron (B) = 07 Boron (B) = 0.4
SxB = 64 SxB = 05t SxB = 0&




-ion with 1.0 Kg B h& but higher levels of sulphur and boron showedgonisstic
effect on dry matter accumulation at harvestingesta
4.3.4 Nitrogen content of french bean at harvestingtage

The data on the nitrogen content in seeds andsioygesented in Table 19.
The data indicates that the nitrogen content irsg@avith the increasing levels of
sulphur and boron. The nitrogen content in seedisséover increased from 2.91 to
3.37 percent and 0.16 to 0.67 percent respectiwély increasing level of sulphur
application. The maximum nitrogen content in se@d37 percent) and stover (0.67
percent) was recorded at 45 Kg'taf sulphur application which was significantly
superior to other levels but was at par with 30 iK' of sulphur application.
Similarly, the nitrogen content in seeds and stamereased significantly with the
increasing levels of boron. The maximum nitrogentent in seeds (3.33 percent)
and stover (0.54 percent) was recorded at which sigrsficantly superior to other
levels but at par with 1.0 Kg B Ha

The interaction effect between sulphur and boragnifscantly and
synergistically increased the nitrogen contenteads and stover of french bean at
harvesting stage. The maximum nitrogen contenegds (3.50 percent) and stover
(0.73 percent) was observed at 1.0 Kg B' fia combination with 45 Kg S Ha
however, higher levels of sulphur and boron shoasigonistic effect on nitrogen
content of seeds and stover of french bean at stngestage.
4.3.5 Phosphorus content of french bean at harvesg stage

The data on the phosphorus content of french bedraraesting stage has
been presented in Table 20. Phosphorus conteeentssand stover was significantly
influenced by the application of sulphur and bordhe content of phosphorus in
seeds and stover significantly increased from 0.ddd 0.039 percent in control to
0.437 and 0.043 percent respectively at 45 Kg'§ Mhe results were significantly

superior to other levels but were at par with 30 Ik of sulphur application.



Table — 19 Effect of sulphur and boron application a nitrogen content (percent) of French
bean at harvesting stage

Seeds Stover
Sulphur 1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha'l) Mean Mean
Bo Bos B1io Bis Bo Bos B1io Bis
S 2.72 2.82 3.03 3.05 2.91 0.08 0.13 0.21 0.21 0.16
(1.92) (1.95) (2.00) (2.00) (1.96) (1.043) | (1.067) | (1.101) | (1.101) | (1.095)
Sis 3.09 3.16 3.27 3.30 3.21 0.25 0.32 0.51 0.52 0.40
(2.02) (2.03) (2.06) (2.06) (2.04) (1.119) | (1.152) | (1.230) | (1.236) | (1.185)
S0 3.16 3.33 3.50 3.48 3.37 0.58 0.63 0.72 0.72 0.66
(2.03) (2.08) (2.11) (2.11) (2.09) (1.259) | (1.277) | (1.314) | (1.314) | (1.289)
Sus 3.16 3.34 3.50 3.49 3.37 0.60 0.63 0.73 0.72 0.67
(2.03) (2.08) (2.11) (2.11) (2.09) (1.267) | (1.277) | (1.323) | (1.314) | (1.293)
Mean 3.03 3.16 3.33 3.33 0.38 0.43 0.54 0.54
(2.00) (2.03) (2.07) (2.07) (1.177) (1.197) | (1.243) | (1.243)
Sulphur(S) = 01 Sulphur (S) = 0.0
C.D p=<0.0s) Boron (B’ = 0.0 Boron (B’ = 0.01
SxB = 0. SxB = 0.2

Figures in parentheses are square root transfovalads.



Table — 20 Effect of sulphur and boron application o phosphorus content (percent) of
French bean at harvesting stage

Seeds Stover
Sulphur 1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha®) Mean Mean
Bo Bos B1io Bis Bo Bos B1o Bis
S 0.412 0.415 0.419 0.421 0.417 0.038 0.038 0.039 0.042 0.039
(1.188) | (1.189) | (1.191) | (1.192) | (1.191) | (1.019) | (1.019) | (1.019) | (1.021) | (1.020)
Sis 0.415 0.417 0.421 0.422 0.419 0.040 0.041 0.041 0.042 0.041
(1.190) | (1.191) | (1.192) | (1.193) | (1.191) | (1.020) | (1.020) | (1.020) | (1.021) | (1.020)
Sz 0.428 0.431 0.444 0.443 0.437 0.040 0.042 0.043 0.043 0.042
(1.195) | (1.196) | (1.202) | (1.201) | (1.199) | (1.021) | (1.021) | (1.021) | (1.021) | (1.021)
Sus 0.429 0.431 0.444 0.443 0.437 0.042 0.043 0.044 0.042 0.043
(1.195) | (1.196) | (1.202) | (1.201) | (1.199) | (1.021) | (1.021) | (1.022) | (1.021) | (1.021)
Mean 0.421 0.424 0.432 0.432 0.040 0.041 0.042 0.042
(1.192) | (1.194) | (1.197) | (1.197) (1.020) | (1.020) | (1.021) | (1.021)
Sulphur §) = 0.000 Sulphur S) = 0.000
C.D p=<0.0s) Boron B) = 0.000 Boron B) = 0.000
SxB = 0.000 SxB = 0.000

Figures in parentheses are square root transfovalads.




Similarly phosphorus content in seeds and stowgrifstantly increased from
0.421 and 0.040 percent in control to 0.432 andDikercent respectively at 1.5 Kg
B ha’. The phosphorus content both in seeds and stoveba&g B hd level was
significantly superior to lower levels but was at po 1.5 Kg B ha.

The interaction effect of sulphur and boron wasesgistic on phosphorus
content in seeds and stover, the maximum of whiak wabserved to be 0.444 and
0.044 percent respectively at 45 Kg S'tia combination with 1.0 Kg B habut
higher levels of sulphur and boron showed antagiore$fect on phosphorus content
at harvesting stage.

4.3.6 Potassium content of french bean at harvestirstage

The data on the potassium content in seeds andrgpogsented in Table 21
revealed that potassium content increased withntweasing levels of sulphur and
boron. The potassium content in seeds and stoeegdsed from 1.50 to 1.54 percent
and 1.81 to 1.89 percent respectively with increg$evel of sulphur. The maximum
potassium content in seeds (1.54 percent) and rs{@\&9 percent) was recorded at
45 Kg ha' of sulphur application which was significantly suior to other levels but
was at par with 30 Kg halevel of sulphur application. Similarly, the patasn
content in seeds and stover increased significavittythe increasing levels of boron.
The maximum potassium content in seeds (1.53 pgresd stover (1.87 percent)
was recorded at 1.5 Kg B hédevel which was significantly superior to othevéés
but at par with1.5 Kg B K&

The interaction effect between sulphur and boragnificantly and
synergistically increased the potassium conterserds and stover of french bean at
harvesting stage. The maximum potassium contesg¢éals (1.57 percent) and stover
(1.91 percent) was observed at 1.0 Kg B lmcombination with 45 Kg S Haand
higher levels of sulphur and boron showed antagjoneffect on potassium content

of seeds and stover of french bean at harvestaggst



Table — 21 Effect of sulphur and boron application o potassium content (percent) of
French bean at harvesting stage

Seeds Stover
Sulphur 5 a1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha'l) Mean Mean
Bo Bos Bio Bis Bo Bos B1io Bis
S 1.47 1.49 1.50 1.52 1.50 1.79 1.80 1.82 1.85 1.81
(1.572) | (1.578) | (1.581) | (1.587) | (1.580) | (1.671) | (1.674) | (1.680) | (1.689) | (1.680)
Sis 1.48 1.49 1.51 1.53 1.50 1.85 1.87 1.87 1.86 1.86
(1.575) | (1.578) | (1.584) | (1.591) | (1.582) | (1.689) | (1.695) | (1.695) | (1.692) | (1.692)
S0 1.52 1.54 1.55 1.54 1.54 1.87 1.88 1.89 1.90 1.89
(1.587) | (1.594) | (1.597) | (1.594) | (1.594) | (1.695) | (1.698) | (1.701) | (1.704) | (1.701)
Sus 1.53 1.55 1.57 1.52 1.54 1.89 1.90 1.91 1.87 1.89
(1.591) | (1.597) | (1.603) | (1.587) | (1.594) | (1.701) | (1.704) | (1.706) | (1.693) | (1.701)
Mean 1.50 1.52 1.53 1.53 1.85 1.86 1.87 1.87
(1.581) | (1.587) | (1.591) | (1.591) (1.689) | (1.692) | (1.695) | (1.695)
SulphurS) = NS Sulphur §) = 0.000
C.D (p<0.05) Boron B) = NS Boron B) = 0.000
SxB = NS SxB = 0.000

Figures in parentheses are square root tnanstbvalues.




4.3.7 Sulphur content of french bean at harvestingtage

The data on the sulphur content of french bearaatesting stage has been
presented in Table 22. The data indicates thactiment of sulphur in seeds and
stover significantly increased from 0.25 and 0.@rcpnt in control to 0.34 and 0.11
percent respectively at 45 Kg S*hahe results were significantly superior to other
levels but were at par with 30 Kg haf sulphur application. Similarly, increasing
levels of boron significantly increased sulphurteont in seeds and stover from 0.27
and 0.07 percent in control to 0.32 and 0.11 penespectively at 1.5 Kg B HaThe
sulphur content in both seeds and stover at wamsfis@ntly superior to lower levels
but was at par to 1.0 Kg B ha

The interaction effect of sulphur and boron wasesgistic on sulphur content
in seeds and stover, the maximum of which was obdaio be 0.36 and 0.13 percent
respectively at 45 Kg S Hdn combination with 1.0 Kg B fahowever, higher levels
of sulphur and boron showed antagonistic effectsolphur content at harvesting
stage.
4.3.8 Boron content of french bean at harvesting atje

The data on the boron content in seeds and steveresented in Table 23.
The results revealed that boron content increasedthae increasing levels of sulphur
and boron. The boron content in seeds and stoeezased from 30.38 to 51.90 ppm
and 12.55 to 18.98 ppm respectively with increaséwegl of sulphur application. The
maximum boron content in seeds (51.90 ppm) andest8.98 ppm) was recorded
at 45 Kg h& of sulphur application which was significantly sujor to other levels
but was at par with 30 Kg Haof sulphur application. Similarly, the boron canttén
seeds and stover increased significantly with theeiasing levels of boron. The
maximum boron content in seeds (48.41 ppm) andestB8.04 ppm) was recorded
at 1.5 Kg B h# level which was significantly superior to othevéés but at par with
1.5 Kg B hé.



Table — 22 Effect of sulphur and boron application a sulphur content (percent) of French
bean at harvesting stage

Seeds Stover
Sulphur 1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha'l) Mean Mean
Bo Bos B1o Bis Bo Bos B1o Bis
S 0.21 0.23 0.28 0.29 0.25 0.05 0.06 0.08 0.08 0.07
(1.098) | (1.108) | (1.130) | (1.139 (1.118) | (1.026) | (1.028) | (1.038) | (1.038) | (1.034)
Sis 0.24 0.26 0.29 0.30 0.27 0.06 0.07 0.09 0.10 0.08
(1.112) | (1.121) | (1.134) | (1.18) (1.127) | (1.031) | (1.033) | (1.042) | (1.05Q | (1.040)
S0 0.31 0.33 0.35 0.35 0.34 0.07 0.09 0.11 0.11 0.10
(1.143) | (1.155) | (1.163) | (1.163) | (1.159) | (1.033) | (1.046) | (1.055) | (1.055) | (1.050)
Sus 0.31 0.34 0.36 0.35 0.34 0.09 0.11 0.13 0.12 0.11
(1.143) | (1.159 | (1.167) | (1.163) | (1.159) | (1.046) | (1.055) | (1.064) | (1.060) | (1.055)
Mean 0.27 0.29 0.32 0.32 0.07 0.08 0.10 0.11
(1.127) | (1.134) | (1.147) | (1.147) (1.035) | (1.038) | (1.050) | (1.055)
Sulphur S) = 0.00: Sulphur S) = 0.00
C.D (p<0.05) Boron B) = 0.0(7 BoronB) = 0.00I
SxB = 0.04 SxB = 0.0L

Figures in parentheses are square root transfovalads.



Table — 23 Effect of sulphur and boron application a boron content (ppm) of French bean

at harvesting stage

Seeds Stover
Sulphur a1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean
Bo Bos Bio Bis Bo Bos Bi1o Bis
S 22.72 27.66 34.75 36.40 30.38 8.58 11.78 14.15 15.67| 12.55
Sis 24.46 28.52 36.49 39.41 32.22 10.36 15.28 16.37 16.69| 14.68
S0 41.02 45.96 59.30 58.70 51.25 16.40 18.65 20.10 19.83] 18.75
Sus 41.83 46.56 60.08 59.12 51.90 16.64 18.97 20.34 19.96| 18.98
Mean 32.51 37.18 47.66 48.41 13.00 16.17 17.7 18.p4
Sulphur (S) 1.042 Sulphur (S) =.407
C.D (p=<0.05) Boron (B) 1.042 Boron (B) = .407
SxB 2.084 SxB 20.814




The interaction effect between sulphur and boreeaked significant and synergistic
increase in boron content in seeds and stovereotkr bean at harvesting stage. The
maximum boron content in pods (60.08 ppm) and st(®®& 34 ppm) was observed at
1.0 Kg B h& in combination with 45 Kg S Haand higher levels of sulphur and
boron showed antagonistic effect on boron contéseeds and stover of french bean
at harvesting stage.
4.3.9 Nitrogen uptake (Kg h&) in french bean at harvesting stage

The data on the nitrogen uptake in seeds, stovért@mal uptake by plant
presented in Table 24 revealed that the nitrogéakepncreased with the increasing
levels of sulphur and boron. The nitrogen uptakseeds, stover, and total uptake by
plant increased from 55.84 to 70.32 Kg'h4.15 to 20.26 Kg hhand 59.99 to 90.58
Kg ha' respectively with increasing levels of sulphureThaximum nitrogen uptake
in seeds (70.32 Kg H stover (20.26 Kg K8 and total by plant (90.58 Kg fiawas
recorded at 45 Kg Raof sulphur application which was significantly suior to
other levels but was at par with 30 Kg'haf sulphur application. Similarly, nitrogen
uptake in seeds, stover and total uptake by placrteased significantly with the
increasing levels of boron. The maximum nitrogetake in seeds (71.14 Kg fha
stover (16.82 Kg 3 and total uptake (87.96 Kg fiawas recorded at 1.5 Kg B ha
which was significantly superior to other levelg btipar with 1.0 Kg B ha

The interaction effect between sulphur and boragnifscantly and
synergistically increased the nitrogen uptake iadse stover and total uptake by
french bean plant at harvesting stage. The maximiinogen uptake in seeds (77.67
Kg ha'), stover (23.16 Kg hH and total uptake (100.82 Kghawas observed at 1.0
Kg B ha' in combination with 45 Kg S Hahowever, higher levels of sulphur and
boron showed antagonistic effect on nitrogen uptalseeds, stover and total uptake

by french bean plant at harvesting stage.



Table — 24 Effect of sulphur and boron application o nitrogen uptake (Kg ha®) in French
bean at harvesting stage

Seeds Stover Total uptake
Sulphur 2 1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha®) Mean Mean Mean
Bo | Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 47.55| 51.55| 61.60 62.6855.84| 1.80 3.38 5.69 5.74) 4.15 | 49.34| 5493 67.29 | 68.42| 59.99
Sis 58.03| 59.82| 67.46 68.8) 63.55| 5.86 8.88 | 15.72 16.11 11.64 | 63.89| 68.70 83.18 | 84.99| 75.19
S0 59.47| 66.20| 76.72 75.9VY 69.59 | 16.04 | 18.40| 22.69 22.6419.94| 75.51| 84.60 99.41 | 98.61| 89.53
Sus 59.88| 66.67| 77.67 77.0670.32| 16.63| 18.47| 23.16 22.77 20.26 | 76.51| 85.14 100.82| 99.83 | 90.58
Mean 56.23| 61.06| 70.86 71.14 10.08 12.28 16{81 16.82 6.31§ 73.34 87.68 | 87.96
Sulphur §) = 0921 Sulphurs) = 0.341 Sulphur §) = 1.20Z
C.D p<0.05 Boron B) = 0921 Boron B) = 031 Boron B) = 1.20z
SxB = 1.84: SxB = 0.70. SxB = 2404




4.3.10 Phosphorus uptake (Kg hd) in french bean at harvesting stage

The data on the phosphorus uptake of french belaaragsting stage has been
presented in Table 25. Phosphorus uptake in setmser and total uptake by plant
was significantly influenced by the applicationsafiphur and boron. The uptake of
phosphorus in seeds, stover and total uptake byt glgnificantly increased from
7.99, 1.01 and 9.0 Kg Han control to 9.09, 1.29 and 10.38 Kg'heespectively at
45 Kg S h&. The results were significantly superior to otherels but were at par
with 30 Kg ha of sulphur application. Similarly, phosphorus lgtan seeds, stover
and total uptake by plant significantly increasgshf 7.79, 1.02 and 8.81 Kg than
control to 9.23, 1.28 and 10.51 Kgheespectively with increasing level of boron
application to 1.5 Kg b The phosphorus uptake in seeds, stover anduptake by
plant at 1.5 Kg B hdwas significantly superior to lower levels but waspar to 1.0
Kg B ha'.

The interaction effect of sulphur and boron wasesgistic on phosphorus
uptake in seeds, stover and total uptake by pthatmaximum was observed to be
9.85, 1.40 and 11.25 Kg haespectively at 45 Kg S Han combination with 1.0 Kg
B ha' but higher levels of sulphur and boron showed guonistic effect on
phosphorus uptake at harvesting stage.

4.3.11 Potassium uptake (Kg hd) in french bean at harvesting stage

The data on the potassium uptake in seeds, stodetogal uptake by plant is
presented in Table 26. The results revealed tleapthassium uptake increased with
the increasing levels of sulphur and boron. Thagmtim uptake in seeds, stover, and
total uptake by plant increased from 28.67 to 3X@éha’, 46.70 to 56.96 Kg ha
and 75.37 to 89.04 Kg Harespectively with increasing sulphur level. Theximam
potassium uptake in seeds (32.08 Ki)hatover (56.96 Kg hg and total by plant
(89.04 Kg hd) was recorded at 45 Kg haof sulphur application which was

significantly superior to other levels but was at with 30 Kg h& of sulphur applic-



Table — 25 Effect of sulphur and boron application o phosphorus uptake (Kg h&) in

French bean at harvesting stage

Seeds Stover Total uptake
Sulphur 4 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Buis Bo | Bos | Bio | Bis
S 7.20 7.59 8.52 8.65| 7.99 0.85 0.99 1.06 1.15{ 1.01 | 8.05| 8.57| 9.57| 9.80 9.00
Sis 7.79 7.89 8.69 8.81| 8.29 0.94 1.14 1.26 1.30{ 1.16 | 8.73 | 9.03| 9.95| 10.11 9.46
S0 8.05 8.57 9.73 9.67| 9.01 1.11 1.23 1.36 135 1.26 | 9.16 | 9.79| 11.09 11.0210.27
Sus 8.13 8.60 9.85 9.78| 9.09 1.16 1.26 1.40 1.33] 1.29 | 9.29 | 9.86| 11.25 11.1110.38
Mean 7.79 8.16 9.20 9.23 1.02 1.15 1.27 1.28 8{81 9.3D.46| 10.51
SulphurS) = 0.09¢ SulphurS) = 0.(52 Sulphur S) = 0.61
C.D p=<0.05) Boron B) = 0.099 Boron B) = 0.62 Boron B) = 0.061
SxB = 019¢ SxB = 0.10 SxB = 0.12:




Table — 26 Effect of sulphur and boron application o potassium uptake (Kg h&) in French
bean at harvesting stage

Seeds Stover Total uptake
Sulphur 1 1 -1
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha®) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Buis Bo | Bos | Bio | Bis
S 25.70] 27.24| 30.50 31.24 28.67| 40.19| 46.78| 49.29 50.56 46.70 | 65.88| 74.02 79.78 81.8075.37
Sis 27.79] 28.21| 31.1% 31.9829.77| 43.33| 51.91| 57.63 57.6452.63| 71.12| 80.12 88.78 89.5782.40
S0 28.61| 30.62| 3398 33.6231.70| 51.71| 54.90| 59.57 59.74 56.48 | 80.31| 85.51] 93.5% 93.3588.18
Sus 28.99| 30.94| 34.84 33.5632.08| 52.39| 55.71| 60.59 59.15 56.96 | 81.38| 86.65 95.42 92.7]189.04
Mean 2777 29.25| 32.62 32.59 4690 52.82 56|77 58.77 4.671 81.57] 89.38 89.36
SulphurS) = 0.70 SulphurS) = 0.69 SulphurS) = 1.06!
C.D p=<0.05) Boron B) = 070 Boron B) = 0.69 Boron B) = 1.06!
SxB = 140 SxB = 1.34 SxB = 210




-ation. Similarly, potassium uptake in seeds, stomed total uptake increased
significantly with the increasing levels of bororhe maximum potassium uptake in
seeds (32.62 Kg 3, stover (56.77 Kg h9 and total uptake (89.38 Kg hawas
recorded at 1.0 Kg B Hawhich was significantly superior to other levelst lat par
with 1.5 Kg B h&.,

The interaction effect between sulphur and borognigcantly and
synergistically increased the potassium uptakeeeds, stover and total uptake by
french bean plant at harvesting stage. The maxirpomassium uptake in seeds
(34.84 Kg hd), stover (60.59 Kg h} and total uptake (95.42Kg hawas observed
at 1.0 Kg B h& in combination with 45 Kg S Haand higher levels of sulphur and
boron showed antagonistic effect on potassium @piakseeds, stover and total
uptake by french bean plant at harvesting stage.

4.3.12 Sulphur uptake (Kg had') in french bean at harvesting stage

The data on the sulphur uptake of french bean iateking stage has been
presented in Table 27. Sulphur uptake in seedgeisend total uptake by plant was
significantly influenced by the application of shlp and boron. The uptake of
sulphur in seeds, stover and total uptake by magtificantly increased from 4.88,
1.76 and 6.64 Kg hain control to 7.09, 3.41 and 10.50 Kg'haspectively at 45 Kg
S ha'. The results were significantly superior to otlearels but were at par with 30
Kg ha' of sulphur application. Similarly sulphur uptake seeds, stover and total
uptake by plant significantly increased from 4.9774 and 6.71 Kg hain control to
6.90, 3.13 and 10.03 Kg haespectively with increasing level of boron apation
to 1.5 Kg h&. The sulphur uptake in seeds, stover and totalkepby plant at 1.5 Kg
B ha' was significantly superior to lower levels but veaar to 1.0 Kg B ha

The interaction effect of sulphur and boron wasesgistic on sulphur uptake
in seeds, stover and total uptake by plant, theinmmam was observed to be 7.99, 4.12
and 12.11 Kg harespectively at 45 Kg S Han combination with 1 Kg B habut



Table — 27 Effect of sulphur and boron application o sulphur uptake (Kg ha') in French

bean at harvesting stage

Seeds Stover Total uptake
Sulphur 4 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha™®) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Buis Bo | Bos | Bio | Bis
S 3.67 4.20 5.69 5.96| 4.88 1.12 1.56 2.17 219| 1.76 | 479 | 576| 7.86| 8.15 6.64
Si5 4.51 4.92 5.98 6.26| 5.42 1.41 1.94 2.77 3.10 2.31 | 591 | 6.87| 8.76/ 9.39 7.72
S0 5.83 6.56 7.67 7.64| 6.93 1.94 2.63 3.47 3.46| 287 | 7.77 | 9.19| 11.14 11.1D 9.80
Sus 5.87 6.79 7.99 7.73| 7.09 2.49 3.23 4,12 3.80 3.41 | 837 | 10.01] 12.11 11.5210.50
Mean 4.97 5.62 6.83 6.90 1.74 2.34 3.13 3.13 6|71 7.98.97 | 10.03
SulphurS) = 0332 Sulphur S) = 0562 SulphurS) = 0893
C.D p=0.05) Boron B) = 0332 Boron B) = 0562 Boron B) = 08¢3
SxB = (.66t SxB = 1125 SxB = 17€6




higher levels of sulphur and boron showed antagonesfect on sulphur uptake at
harvesting stage.
4.3.13 Boron uptake (Kg hd) in french bean at harvesting stage

The data on the boron uptake in seeds, stover @atl uptake by plant is
presented in Table 28. The results revealed tleabtiion uptake increased with the
increasing levels of sulphur and boron. The borptake in seeds, stover, and total
uptake by plant increased from 58.93 to 109.011 8a.76 to 57.35 g Haand 91.69
to 166.36 g ha respectively with increasing levels of sulphureThaximum boron
uptake in seeds (109.01 ghastover (57.35 g h8 and total by plant (166.36 g Ha
was recorded at 45 Kg haf sulphur application which was significantly suior to
other levels but was at par with 30 Kg'haf sulphur application. Similarly, boron
uptake in seeds, stover and total uptake by placrteased significantly with the
increasing levels of boron. The maximum boron uptak seeds (103.93 g fHa
stover (55.01 g K3 and total uptake (158.4 g flawas recorded at 1.5 Kg B ha
which was significantly superior to other levelg btipar with 1.0 Kg B ha

The interaction effect between sulphur and boragnifscantly and
synergistically increased the boron uptake in sestdser and total uptake by french
bean plant at harvesting stage. The maximum bopoaka in seeds (133.32 gha
stover (64.52 g K8 and total uptake (197.84 gHawas noticed at 1.0 Kg B Han
combination with 45 Kg S Ha Higher levels of sulphur and boron showed
antagonistic effect on boron uptake in seeds, stand total uptake by french bean
plant at harvesting stage.
4.3.14 Crude protein content (percent) in french ban at harvesting stage

The data on crude protein content in seeds at &angestage presented in
Table 29 revealed that sulphur and boron enhancedecprotein content at
harvesting stage. Results indicate that crude jpratentent increased from 18.16 in

control to 21.08 percent at 45 Kg S hahich was significantly superior to other



Table — 28 Effect of sulphur and boron application o boron uptake (g ha') in French bean

at harvesting stage

Seeds Stover Total uptake
Sulphur 4 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo | Bos | Bio | Bis Bo | Bos | Bio | Bis Bo Bos | Bio | Bis
S 39.71| 50.56| 70.65| 74.8Q 58.93 | 19.26| 30.621 38.32 42.8332.76 | 58.98 | 81.18| 108.96117.63| 91.69
Sis 45.94| 53.99| 75.28| 82.25 64.36 | 24.26| 42.420 50.4% 51.7242.21| 70.20 | 96.41| 125.78133.97| 106.58
Szo 77.20| 91.37| 129.99 128.14| 106.67| 45.35| 54.46| 63.3¢6 62.3556.38 | 122.55| 145.83| 193.34| 190.49| 163.05
Sus 79.27| 92.93| 133.32 130.54| 109.01| 46.13| 55.62 64.52 63.1357.35 | 125.39| 148.55| 197.84| 193.67| 166.36
Mean 60.53| 72.21| 102.31 103.93 33.75| 45.78 54.16 55.01 94.28 117(9%H6.47| 158.94
Sulphur (S) = 612 Sulphur (S) = 16t Sulphur (S) = .962
C.D(p<0.0s) Boron (B) = 2612 Boron(B) = 1.65 Boron (B) = 3.96z
SxB = 5.224 SxB = 253C SxB = 7.924




Table — 29 Effect of sulphur and boron applicationon crude

protein content (percent) of French bean seeds at
harvesting stage

Sulphur Boron levels (Kgha')
levels Mean
1
(Kgha™) Bo Bos Bi1o Bis
S
17.00 17.63 18.94 19.06 18.16
(4.240) | (4.314) | (4.463) | (4.475) (4.379)
Sis 20.63 20.03
19.31 19.75 20.44 : :
(4.505) | (4.547) (4.623 (4.656) (4.583)
Sz0
19.75 20.81 21.88 21.75 21.05
(4.547) | (4.653) | (4.768) | (4.754) (4.681)
Sus 19.75 20.88 21.88 21.81 21.08
(4537) | (4.676) | (4782) | (4.774) (4.692)
Mean 18.95 19.77 20.78 20.81
(4.457) | (4548) | (4.645) | (4.653)

Figures in parentheses are square root transfovalads.

C.Dp<o0s) Sulphur (S) = 0.024
Boron (B) = 0.024
SxB = 0.048



levels but was at par with 30 Kg-haf sulphur application. Similarly, crude protein
content increased significantly with the increaslagels of boron. The maximum
protein content (20.81 percent) was recorded aK#.B ha® which was significantly
superior to other levels but at par with 1.0 Kg&8-h

The interaction effect between sulphur and borognigcantly and
synergistically increased protein content of frerman at harvesting stage. The
maximum protein content (21.88 percent) was obserae 1.0 Kg B ha in
combination with 45 Kg S Raand higher levels of sulphur and boron showed
antagonistic effect on crude protein content.

4.4 Soil analysis after harvest
4.4.1 Soil reaction, electrical conductivity and aganic carbon content in soil

The data on the soil pH, electrical conductivitydaarganic carbon is
presented in Table 30. Increasing sulphur levelmff to 45 Kg ha decreased soil
pH significantly from 6.995 to 6.565. The decreasepH exhibited significant
difference with control but remained at par witH ather levels of sulphur.
Increasing levels of boron revealed decrease inpsbslightly and had no statistical
significance. Interaction between sulphur and bogghibited no influence on soil
pH.

The data in the table also indicated that the eféécsulphur and boron
application had no effect on electrical conducyiveind organic carbon content of
soil.

4.4.2 Forms of sulphur in soil after harvest

The data on forms of sulphur in soil after harvestthe crop has been
presented in Table 31. Increasing levels of sulfitam 0 to 45 Kg ha significantly
influenced all the forms of sulphur in soil. Thetalén the table revealed that total
sulphur increased from 141.12 to 153.18 ppm, ogyamiphur from 121.64 to 130.21
ppm, sulphate sulphur from 4.96 to 11.19 ppm adsbsgulphur from 4.08 to 4.59.



Table — 30 Effect of sulphur and boron application a pH, EC and Organic Carbon content

of soil after harvesting crop

pH EC (dsm?) OC (percent)
Sulphur 4 B 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Buis Bo | Bos | Bio | Bis
S 7.003| 7.000 | 7.000 | 6.977 | 6.995| 0.140| 0.143| 0.146 | 0.149 | 0.145| 1.459| 1.461| 1.464| 1.472| 1.464
Sis 6.883| 6.880 | 6.873 | 6.868 | 6.876 | 0.151 | 0.154 | 0.152 | 0.155 | 0.153 | 1.476| 1.476| 1.480| 1.482| 1.479
Sz 6.690| 6.686 | 6.681 | 6.678 | 6.684 | 0.158 | 0.159 | 0.163 | 0.160 | 0.160 | 1.480| 1.499| 1.501| 1.504| 1.496
Sus 6.572| 6.568 | 6.561 | 6.560 | 6.565| 0.159 | 0.161 | 0.165| 0.168 | 0.163 | 1.504| 1.510| 1.512| 1.517| 1.511
Mean 6.787| 6.784 | 6.779 | 6.771 0.152 | 0.154 | 0.157 | 0.158 1.480 1.487| 1.489| 1.494
Sulphurs) = 0.1 Sulphur §) = NS Sulphur §) = NS¢
C.D (= 0.05) BoronB) = NS BoronB) = NS BoronB) = NE€
SxB = 02 SxB = NS SxB = NS




Table — 31 Effect of sulphur and boron application a forms of sulphur (ppm) in soil after

harvesting the crop

Total sulphur Organic sulphur Sulphate sulphur
Sulphur 4 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean Mean
Bo Bos | Bio | Bis Bo Bos | Bio | Bis Bo | Bos | Bio | Bis
S 140.76| 140.98| 141.18| 141.56| 141.12| 120.98| 121.43| 121.86| 122.29| 121.64| 4.36 | 4.53| 5.12| 5.83 4.96
Sis5 143.13| 144.00| 144.54| 145.21| 144.22| 124.43| 124.73| 125.05| 125.69| 124.98| 8.89 | 9.00| 9.11| 9.14 9.04
Ss0 147.72| 147.96| 148.33| 149.43| 148.36| 125.06| 125.42| 125.60| 126.32| 125.60| 9.42 | 9.57| 9.66| 9.7 9.60
Sus5 152.59| 152.87| 153.15| 154.11| 153.18| 129.18| 130.16| 130.20| 131.28| 130.21| 10.82| 11.07| 11.22| 11.63| 11.19
Mean 146.05| 146.45| 146.80| 147.58 124.91| 125.44| 125.68| 126.40 8.37 | 854| 8.78 9.09
Sulphur S) = 7.0¢ Sulphur S) = 6.5€ SulphurS) = 0.7(
C.D =005 BoronB) = NS BoronB) = NS BoronB) = 0.7(
SxB = NS SxB = NS SxB = 14
Cont...




Table 31 continued...

Adsorbed sulphur Non sulphate sulphur
Sulphur 5 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean
Bo Bos Bio Bis Bo Bos Bio Bis
S 3.96 4.02 4.13 421 | 4.08 11.46 11.00 10.07 9.23 | 1044
Sis 4.19 4.31 4.58 4.60 | 4.42 9.54 9.14 8.62 778 | 877
Szo 4.13 4.33 4.47 479 | 4.43 9.11 8.64 8.60 857 | 8§73
Sus 4.36 4.46 4.63 491 | 459 8.23 7.18 7.10 6.29 720
Mean 4.16 4.28 4.45 4.63 9.59 8.99 8.60 7.97
Sulphur S) = 049 SulphurS) = 2.8¢
C.D <005 Boron B) = NS Boron B) = NS
SxB = NS SxB = NS




However, increasing levels of sulphur from 0 toKi® ha' significantly decreased
non sulphate sulphur from 10.44 to 7.20 ppm. Tisalte further revealed that boron
application had no effect on total sulphur, orgautphur, adsorbed sulphur and non
sulphate sulphur. Contrary to this sulphate sulpimgreased from 8.37 ppm in
control to 9.09 ppm at 1.5 Kg haf boron application.

Interaction between sulphur and boron exhibitechiigant influence on
sulphate sulphur only and 45 Kg S'hia combination with 1.5 Kg B haregistered
maximum content (11.63 ppm) of sulphate sulphur.

4.4.3 Forms of boron in soil after crop harvest

The data on forms of boron in soil after harvestihg crop has been
presented in Table 32. Increasing levels of sulfitum O to 45 Kg h@ increased hot
water soluble boron in soil significantly from 0.660 0.69 ppm and showed no
significance in increasing total boron in soil. Hoxer, increasing levels of boron had
significant effect on hot water soluble boron adllves total boron in soil and
increased from 0.35 and 24.39 ppm in control t® @A8d 25.71 ppm respectively at
1.5 Kg B h&. The increase in hot water soluble boron was Bagmitly superior to
all other levels but increase in total boron wamisicantly superior to 0 Kg B Ka
and was at par with 0.5 Kg B hand 1.0 Kg B ha of boron application.

The interaction effect between sulphur and borognicantly and
synergistically increased hot water soluble bonorseil. The maximum hot water
soluble boron (1.03 ppm) was observed at 1.5 KgBiin combination with 45 Kg S
ha".

4.7 Relative economics

Relative economics with respect to seed yield@fdh bean was worked out
for all treatment combinations of sulphur and boesd presented in Table 33-35.
Gross returns, net returns and benefit-cost ra¢icewalculated on the basis of cost of

cultivation viz., land preparation, seed, fertitizbour, etc. Highest gross and net



harvesting the crop

Table — 32 Effect of sulphur and boron application o forms of boron (ppm) in soil after

Hot water soluble B Total B
Sulphur 4 4
levels Boron levels (Kg ha’) Boron levels (Kg ha’)
(Kg ha) Mean Mean
Bo Bos Bio Bis Bo Bos Bio Bis
S 0.31 0.49 0.71 0.89 0.60 24.06 24.32 24.67 25.31] 24.59
Sis 0.34 0.52 0.74 0.93 0.63 24.19 24.53 24.90 25.63| 24.81
S0 0.36 0.55 0.69 0.97 0.64 24.43 24.71 25.18 25.84| 25.04
Sus 0.37 0.58 0.78 1.03 0.69 24.88 25.12 25.29 26.06| 25.34
Mean 0.35 0.54 0.73 0.96 24.39 24.67 25.01 25.71
Sulphur (S) = 0.022 Sulphur (S) =NS
C.D (p<0.05) Boron (B) = 0.022 Boron (B) = .22
SxB = 0.045 SxB =NS




Table — 33 Treatment wise costs incurred on fertiers and their application for cultivation of
French bean

Cost involved on Labour Cost of Total cost

=1

Treatment Fertilizer | Manure Sulphur Boron daysd |ab102Uc; @ Rs Rs ha
require per
(Rs) (Rs) (Rs) (Rs) labour day
S By | RDF 100percent 30:60:60 N®:: 3861.45 10000.00 - - 19 2280.00 | 33275.0:
K20 kg ha" + 20tons FYM ha

S Bos | RDF + 0kg S ha+0.5 kg B h# 3861.45 10000.00 - 1102.50 20 2400.00, 37980.85
S B, | RDF+0kg S hd 1.0 kg B ha 3861.45 | 10000.00 - 2205.00 20 2400.00| 42446.65
S Bis | RDF + 0kg S ha+1.5 kg B had 3861.45 10000.00 - 3307.50 20 2400.00, 46912.45
SisB, | RDF +15kg S h'0+ kg Bhe™ 3861.4¢t 10000.0! 800.0( - 20 2400.0( 35615.0!
S5 Bys | RDF +15kg S h'+0.Ekg B he' 3861.4¢t 10000.0! 800.0( 1102.5( 21 2520.0( 40320.8!
SisBio | RDF +15kg S h* +1.Ckg B he* 3861.4¢t 10000.0! 800.0( 2205.0( 21 2520.0( 44786.6!
SisB;s | RDF+15kg S h™ +1.Ekg B he' 3861.4¢t 10000.0! 800.0( 3307.5( 21 2520.0( 49252.4!
S;0B, | RDF +30 kg S h* +0 kg B h¢’ 3861.4¢t 10000.0t 1600.0( - 20 2400.0( 37715.0!
S0 Bos | RDF +30 kg S h* +0.Ekg B he’ 3861.4Et 10000.0! 1600.0( 1102.5( 21 2520.0( 42420.8!
S Bio | RDF +30 kg S b +1.Ckg B he* 3861.4¢t 10000.0t 1600.0( 2205.0( 21 2520.0( 46886.6!
S Bis | RDF +30 kg S b +1.5kg B he* 38614¢t 10000.0! 1600.0( 3307.5( 21 2520.0( 51352.4!
SisB, | RDF +45 kg S h' +0 kg B h¢’ 3861.4¢t 10000.0t 2400.0( - 20 2400.0( 39815.0!
SisBos | RDF +45 kg S ' +0.5kg B he* 3861.4& 10000.0! 2400.0( 1102.5( 21 2520.0( 44520.8!
SisBio | RDF +45 kg S b +1.Ckg B he* 3861.4Et 10000.0! 2400.0( 2205.0( 21 2520.0( 48986.6!
SisBis | RDF +45 kg S h* +1.Ekg B he’ 3861.4¢t 10000.0t 2400.0( 3307.5( 21 2520.0( 53452.4!

RDF = Recommended Fertilizer dose, FYM =

100

Farm Yehure, B = Boron, S = Sulphur




Table — 34 Treatment wise comparative economics ofoSt of cultivation in French bean

Fixed cost Rs Variable cost Cost on Total variable cost Total cost of
Treatment ha' Rs ha' fertilizers Rs ha' cultivation
Rs ha' Rs ha'
o Bo EZDOFkt]o;‘?fzgf&io;o,\ﬂmzo& 19787.70 31688.00 33275.05 64963.05 84750.75
S Bos RDF + Okg S h® +0.E kg B he? 19787.71 31688.01 37980.85 69668.85 89456.55
S, B,, | RDF+0kgSh" 1.CkgB he' 19787.7 31688.0! 42446.65 74134.65 93922 35
S Bis RDF + Okg S h'+1.E kg B het 19787.71 31688.01 46912.45 78600.45 98388.15
SisB, | RDF +15kg S h'0+ kg B hi” 19787.7( 31688.0! 35615.0! 67303.0! 87090.75
SisBos | RDF +15kg S +0.E kg B he! 19787.7 31688.0! 40320.8! 72008.8! 91796.55
SisBio | RDF +15kg S h1+1.Ckg B hé? 19787.7( 31688.0! 44786.6! 76474.6! 96262.35
SisBis | RDF +15kg S h™ +1.Ekg B he® 19787.7! 31688.0! 49252.4! 80940.4' 100728.20
SwB, | RDF +30 kg S hT+0 kg B hi® 19787.7! 31688.0! 37715.0! 69403.0! 89190.75
S:Bos | RDF +30 kg S ! +0.Ekg B he® 19787.7 31688.0! 42420.8! 74108.8! 93896.5!
S:Bio | RDF +30 kg S b1 +1.Ckg B he? 19787.7! 31688.0! 46886.6! 78574.6! 98362.35
S;oBis | RDF +30 kg S Ht+1.E kg B het 19787.71 31688.0! 51352.4! 83040.4! 102828.20
Si5Bg RDF +45 kg S F1+0 ke B he? 19787.71 31688.0I 39815.0! 71503.0! 91290.7!
SisBos | RDF +45 kg S b1 +0.5kg B he? 19787.7! 31688.0! 44520.8! 76208.8! 95996.55
SisBio | RDF +45 kg S h1+1.Ckg B hé? 19787.7( 31688.0! 48986.6! 80674.6! 100462.40
SisBis | RDF +45 kg S h! +1.Ekg B he® 19787.7 31688.0! 53452.4! 85140.4 104928.2

RDF = Recommended Fertilizer dose, FYM = Farm Wdahure, B = Boron, S = Sulphur

Total Variable cost (variable cost + added cosbttallcost of cultivation (Total variable cost + Ekcos)
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Table — 35 Economics of seed production of French &e

Total cost of Yield (q ha?) Gross returns (Rs. Net returns Returns Re!
Treatment cultivation ha™) (Rs. ha?) invested
(Rs. ha?) (B:C ratio)
Sy Bo RDF 100percent 25:60:60 N®s: K20
kg ha' + 20tons FYM ha 84750.75 19.86 198600 113849.25 1.34
S Bos RDF + 0kg S ha +0.5 kg B hd 89456.5! 20.7¢ 20750( 118043.4 1.32
S B, | RDF+0kgSh& L.0kgBhd 93922.3 23.0° 23030 136377.6 1.4%
S, Brs RDF + Okg S h&+1.5 kg B hd 98388.1/ 23.3( 23300 134611.8 1.37
Sic By RDF +15kg S 30+ kg B hd 87090.7 20.3¢ 20340( 116309.2 1.3
Si5Bos RDF +15kg S h&+0.5 kg B ha 91796.5! 21.45 21470( 122903.4 1.3¢
Si5B1o RDF +15kg S ha+1.0 kg B ha 96262.3! 23.3¢ 23390( 137637.6 1.43
Si5B1s RDF +15kg S ha +1.5 kg B hd 100728.2 23.8( 23800( 137271.8 1.3¢
Ss0 Bo RDF +30 kg S ha+0 kg B hd 89190.7! 21.3( 21300( 123809.2 1.3¢
SwoBos| RDF+30kg S & +05kg B hd 93896.5! 23.0¢ 23080( 136903.4 1.4€
S30Bio RDF +30 kg S ha+1.0 kg B ha 98362.3! 24.9¢ 24960( 151237.6 1.54
S0 Bis RDF +30 kg S ha+1.5 kg B ha 102828.2 24.71 24710( 144271.8 1.4C
Ss5Bg RDF +45 kg S ha+0 kg B hd 91290.7! 21.6¢ 21640( 125109.2 1.37
S5 Bos RDF +45 kg S ha+0.5 kg B h& 95996.5! 23.27 23270( 136703.4 1.42
ScBio| RDF +45kg S HA+1.0kg B hd 100462.4 25.2¢ 25250( 152037.6 1.51
S:B..| RDF+45kgSHa+15kgBhd 104928.2 24.8¢ 24830( 143871.8 1.37
Input cost Out put cost
Costofseed :Rs. 100kg Costof MOP  :Rs. 13.0kg Costof FYM : Rs. 500tort  Selling price of grains: Rs.
10000 ¢
Cogt1 of Urea : Rs. 5.80kg Cost of Boric acid :Rs375.0 kg  Cost of labour : Rs. 120 day

Cost of DAP : Rs. 19.0Rg Cost of Gypsum
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Tractorization : Rs. 3000 ha




returns of Rs 252500.0 and Rs 152037.60 respegtwete recorded with 45 Kg S
ha' and 1.0 Kg B hd combination. However, maximum benefit cost ratiold4
was recorded with 30 Kg S hand 1.0 Kg B hacombination.
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Chapter — 5
DISCUSSION
The experimental results of the present investigatibtained and described

in the previous chapter are discussed here undeougaheadings by providing
reasoning in the light of available literature.
5.1 Nodulation attributes of french bean at flowenng

Data presented in the table 1 revealed that thelaton activity increased
significantly with the increasing levels of sulphas compared to control. The
maximum number (14.44), fresh weight (119.88 mg) dry weight (21.48 mg) of
nodules plant was recorded with the application of 45 Kg S' lhait the nodulation
activity was at par with 30 Kg S fiaThis increase in the nodulation activity with the
increasing levels of sulphur could be attributed@acomitant increase in ferridoxin
content which is responsible for nodulation acyiviEerridoxins are rich in sulphur
and contain Fe-S clusters which play vital roldNinfixation (Ali et al.,2004; Duke
and Reisenauer, 1986). Similarly, increase in boamplication resulted in a
significant increase in nodulation activity. The ximaum number (15.07), fresh
weight (125.42 mg) and dry weigh (22.78) of nodydnt® was recorded with the
application of 1.5 Kg B Habut being at par with the application of 1 Kg B'h@he
significant increase in nodulation activity with rba application could be due to
increased activity of nitrogenase enzyme and nénofixing bacteria as boron play
an essential role during bacterial differentiatitny stabilizing the conjugate
components of the inner face of peribacteroid mambr(Bolanoset al, 1996).
Moreover, in nodules boron apparently plays a srat role in maintaining the
integrity of cell wall and membranes (Bolaretsal, 1994) which in turn might have
resulted in an increased nodulation activity. Boemd sulphur interaction showed
positive and synergistic effect on nodulation dttivat lower levels of boron
application and the maximum number (17.10), freshight (140.09 mg) and dry
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weight (24.82 mg) of nodules was recorded with 45 ha' in combination with
1.0 Kg B h&. Higher levels of boron (1.5 Kg fiaresulted in antagonistic effect on
nodulation activity with 30 and 45 Kg S haThe results obtained are in agreement
with the findings of Azevedet al.,2002; Hamdaougt al., 2003; Singtet al, 2004;
Khanna and Gupta 2005; Singhal, 2005 and Yakubat al., 2010).
5.2 Dry matter accumulation

Dry matter accumulation was markedly influenced dwphur and boron
fertilization as presented in Table 2, 3 and 1&cBinible gradual improvement at
flowering, pod picking and harvesting stage waseole=d in this important character
due to sulphur application up to 45 Kg“hadigher dry matter accumulation was
recorded at flowering (14.77 g fa Pod picking (22.39 g Ha as well as harvesting
stage (50.89 q HA due to application of 45 Kg S haThe increase in dry matter
accumulation due to sulphur application could hehaited to low status of sulphur
in the studied soil and its subsequent role inaase in chlorophyll contents and
photosynthetic rate that paved the way for incréalg matter production (Juszczuk
and Ostaszewska, 2011). It was also found thatnagter accumulation recorded
significant improvement at flowering (14.99 ghapod picking (23.10 q 4 and
harvesting (51.68 q Ha up to 1.5 Kg B ha The significant increase in dry matter
accumulation may be attributed to low status obhan the studied soil. Boron and
sulphur interaction showed positive and synerggsfiect on dry matter accumulation
at lower levels of boron application and the maximdry matter accumulation at
flowering (17.08 g hd), pod picking (26.01 q F3 and harvesting (53.91) was
recorded with 45 Kg S Han combination with 1.0 Kg B ha Higher levels of boron
(1.5 Kg h&") showed antagonistic effect on dry matter accutimiavith 30 and 45
Kg S ha'. The results obtained are in tune with the finding Yanget al., 1998;
Singhet al, 2003; Khanna and Gupta 2005.
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5.3 Yield and yield attributing characters

The ultimate test to judge the performance or iefficy of a particular
treatment is yield. In the present study, it wasnfb that yield and yield attributing
characters recorded significant and consistenteass with increase in levels of
sulphur and boron (Table 4, 16 and 17). The sicpuifi increase in the yield
attributing characters like number of pods pfa®07), number of seeds pb¢6.03)
and 100 seed weight (28.78) with increasing lewéksulphur to 45 Kg hacould be
due its role in synthesis of sulphur containing raonacids, proteins and enhanced
photosynthetic activity of plant with increased arophyll synthesis (Juszczuk and
Ostaszewska, 2011). Similarly, application of sulpincreased pod vyield at pod
picking stage (93.70 q Haand seed (23.76 q haand stover yield (38.83 q hpat
harvesting stage of the crop significantly up tok&pha®, however, the results were
at par to 30 Kg HA The improvement in yield due to increase in sutgavels might
be due to its important role in energy transforomatiactivation of enzymes and
carbohydrate metabolism (Davidian and Kopriva, 2QL&zczuk and Ostaszewska,
2011). Boron application showed significant incee@s yield attributes of the crop
and the maximum increase was recorded with 1.5 KgiBwhich was at par to 1.0
Kg B ha'. The significant increase in yield attributes nieyattributed partly to the
low status of boron in the soil under study andlpao the greater requirement of the
nutrient by the crop. Similarly the improvementpiad (94.63 q hd), seed (24.17 q
ha') and stover yield (39.15) with boron applicatignto 1.5 Kg h& may be due to
its role in regulation of carbohydrate metabolisnd ats transport within the plant
besides the synthesis of amino acids and proteiddrait and seed setting (Debnath
and Ghosh, 2011). The interaction between sulphdrb®ron revealed a synergistic
influence on yield attributing characters and yedaich were observed to be highest
at 45 Kg S hd in combination with 1.0 Kg B ia Higher levels of boron (1.5 Kg ha

!y showed antagonistic effect on vyield attributifaacters as well as pod and seed
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yield with 30 and 45 Kg S Ha The results obtained are in line with the findiraf
Singhet al, 2002; Prasad and Prasad, 2003; Nasreen and Eaf8d; Khanna and
Gupta, 2005 and Kumar and Singh 2009).
5.4 Crude protein content of french bean

The study revealed a marked increase in the crudieip content of both
french bean pods at pod picking stage and seeldaragsting stage due to sulphur
and boron application as presented in Table 1528nd he significant increase in the
crude protein content in pods (1.77 percent) at picking stage and seeds (21.08
percent) at harvesting stage of the crop with apfibn of sulphur up to 45 Kg fa
being at par with the application of 30 Kg'may be ascribed to the fact that it is a
constituent of cysteine, methionine and a variétytber metabolites like glutathione,
phyto-chelatins, ferredoxin, thioredoxin as well fasmation of clusters with iron
which plays a role in crucial processes in the pleell, such as biosynthesis,
assembly and activity regulation of proteins (Dro@R04; Nikiforovaet al, 2004;
Davidian and Kopriva, 2010). Similarly the crudeotein content in pods (1.75
percent) as well as seeds (20.81 percent) of the iocreased significantly with the
application of boron up to 1.5 Kg habeing at par to 1.0 Kg HaThe significant
increase in protein content in pod as well as d®edoron application could be
attributed to the vital role of boron in proteindanucleic acid metabolism (Debnath
and Ghosh, 2011). The interaction between sulphdrb®ron revealed a synergistic
influence on crude protein content in pods and seedich was observed to be
highest at 45 Kg S Haapplication in combination with 1.0 Kg B haHigher levels
of boron (1.5 Kg ha) showed antagonistic effect on crude protein aunegth 30
and 45 Kg S ha Current study corroborates the findings of Sieghl., 1988; Singh
and Yadav, 1997; Aulakh and Pasricha, 1997; Hus&£f2; Khanna and Gupta,
2005; Nadiaret al, 2010 and Deshbhratet al.,2010.
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5.5 Nitrogen content and uptake

The present study revealed a marked increase imithegen content and
uptake of plant at pod picking as well as harvesstages with the application of
sulphur and boron as presented in Table 5, 10nti®4. The significant increase in
the nitrogen content at pod picking and harvesstage of the crop with the
application of sulphur up to 45 Kg haeing at par to 30 Kg Hacould be attributed
to the increase in the number and size of nodulgshnin turn increase the nitrogen
fixation by the plant and also due to utilizatidncarbohydrates for protein synthesis
(Ganeshamurthy and Reddy, 2000). Nitrogen uptake fallowed the similar trend
as nitrogen content registered marked increaseingtiease in sulphur level up to 45
Kg ha'. In fact, uptake at harvest is the product of diatter yield and respective
nutrient content and since both dry matter andgén content showed significant
improvement with the increase in levels of sulplind hence the increase in nitrogen
uptake. Similarly, application of boron also impedwnitrogen content at pod picking
and harvesting stage of the crop up to 1.5 K§lesel, being at par to 1 Kg HaThe
increase in the nitrogen content with the incressdoron application could be
attributed to increase in nodulation activity (Yakuet al, 2010). Moreover,
application of boron in boron deficient soil mighave resulted in increased
availability of boron which in turn has influenc&®NA and protein synthesis leading
to increased nitrogen content and uptake (Debnath Ghosh, 2011). Boron and
sulphur interaction showed positive and synergisffect on nitrogen content and
uptake in plant at pod picking and harvesting stageh was observed to be highest
at at lower levels of boron application and the immaxn was recorded with 45 Kg S
ha'in combination with 1.0 Kg B ha Higher levels of boron (1.5 Kg Haresulted
in antagonistic effect on nitrogen content and kptat pod picking and harvesting
stage with 30 and 45 Kg S haThe above results are in concurrence with thertsp
of Zhaoet al, 1999; Hussein, 2002; Bonil&t al, 2004 and Najaet al., 2011.
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5.6 Phosphorus content and uptake

The study revealed a marked increase in the phosploontent and uptake of
plant at pod picking as well as at harvesting staigie the application of sulphur and
boron as presented in Table 6, 11, 20 and 25. Rbosp content increased
significantly at pod picking and harvesting stagath the application of sulphur up
to 45 Kg hd, being at par to 30 Kg HaThis could be attributed to the favourable
effect of sulphur fertilization on phosphorus alpdimn, as sulphur mobilizes soil
phosphorus in available form for plant use duenwmadction of acid produced by the
added sulphur (Singkt al, 2006) and thereby, increased phosphorus coatsmt
uptake. Similarly, application of boron also impedvphosphorus content at pod
picking and harvesting stage up to 1.0 K@ hbeing at par with 1.5 Kg Ha The
increase in the phosphorus content with the inereéadoron application could be
due to favourable influence of boron on variousahetic processes which augments
the production of metabolites and their translacato different parts including seed
which ultimately increases the concentration ofrieats in seed and stover. Uptake
of phosphorus at pod picking stage increases upQdg B had but at harvesting
stage uptake of phosphorus increases up to 1.5 Kg'Bvhich is because of greater
increase in dry matter at harvesting stage up foKlg B ha'. The interaction
between sulphur and boron revealed a synergidfiigeimce on phosphorus content
and uptake by plant at pod picking and harvestiages which was observed to be
highest at 45 Kg hhof sulphur application in combination with 1.0 Kg" of boron.
However, the interaction becomes antagonisticgtidrilevels of boron (1.5 Kg Ha
with 30 and 45 Kg S ha The above results are in close conformity with téports
of Jat and Mehra, 2007; Bharathi and Poongoth@82Chandert al, 2010 and
Najaret al, 2011.
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5.7 Potassium content and uptake

The study revealed a marked increase in the patassontent and uptake by
plant at pod picking as well as harvesting stagiis the application of sulphur and
boron as presented in Table 7, 12, 21 and 26. $totascontent increased at pod
picking as well as harvesting stage of the crofghwhie application of sulphur up to
45 Kg hd', being at par to 30 Kg HaBut the increase in potassium content of seeds
at harvesting stage was non significant. Uptakpatéssium increased significantly
at pod picking as well as harvesting stage up t&g¢% ha" and remained at par to
30 Kg S h&. The increase in the content and uptake of patasdly sulphur
fertilization could be attributed to improved ntibhal environment both in the
rhizosphere and the plant system. The increasedbbiigy of the nutrients in the
root zone coupled with increased metabolic activitipy have increased their
absorption, accumulation and uptake subsequerdtyadd Mehra, 2007). Similarly,
potassium content increased at pod picking stagbeotrop with the application of
boron up to 1.0 Kg h§ being at par with 1.5 Kg HaBut the increase in potassium
content of seeds at harvesting stage was non is@gnif Uptake of potassium
increased significantly at pod picking and harvesstage up to 1.0 Kg B fiaand
remained at par to 1.5 Kg B haThe increase in the content and uptake of patassi
by boron fertilization could be attributed to bettgowth of crop resulting in greater
absorption of nutrients from soil leading to itgytmer content and uptake. The
interaction between sulphur and boron revealednarsgystic influence on potassium
content and uptake in plant at pod picking and ésting stage. Potassium content
and uptake was observed to be highest at 45 Kg'$nheombination with 1.0 Kg B
ha'. However, the interaction becomes antagonisthigiter levels of boron (1.5 Kg
ha') with 30 and 45 Kg S Ra The above results are in conformity with the répof
Jat and Mehra, 2007; Bharathi and Poongothai, 2008\ ajaret al, 2011.
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5.8 Sulphur content and uptake

The study revealed a marked increase in the sulpbitent and uptake by
plant at pod picking as well as harvesting stagiis thie application of sulphur and
boron as presented in Table 8, 13, 22 and 27. ignisant increase in the sulphur
content and uptake at pod picking stage and hangestage of the crop with the
application of sulphur up to 45 Kg habeing at par to 30 Kg Hacould be ascribed
to rapid absorption and translocation of sulphurpbgnt with adequate supply of
sulphur from the soil (Shrivastawd al, 2000) leading to improved sulphur content
and uptake subsequently by the crop. Similarly liegton of boron also improved
sulphur content and uptake at pod picking and Istirvg stage of the crop up to 1.5
Kg ha’, being at par to 1.0 Kg HaThe increase in the sulphur content with the
increase in boron application could be attribute@etter growth of crop resulting in
greater absorption of nutrients from soil leadiagt$ higher content and uptake. The
interaction between sulphur and boron revealedrergystic influence on sulphur
content and uptake in plant at pod picking and éstimg stage. Sulphur content and
uptake was observed to be highest at 45 Kg Sim@ombination with 1 Kg B h&
However, the interaction becomes antagonisticgtidrilevels of boron (1.5 Kg Ha
with 30 and 45 Kg S ha The above results are in close conformity with téports
of Jat and Mehra, 2007; Karthikeyan and Shukla820td Najaet al, 2011.
5.9 Boron content and uptake

Boron content and uptake at pod picking and harvgsttage of the crop
showed significant improvement with increase inelsvof sulphur and boron as
presented in the Table 9, 14, 23 and 28. The sgmif increase in the boron content
and uptake at pod picking and harvesting stagdefctop with the application of
sulphur up to 45 Kg hh being at par to 30 Kg Hacould be attributed to improved
nutritional environment both in the rhizosphere #mel plant system. The increased

availability of the nutrients in the root zone ctegwith increased metabolic activity
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may have increased their absorption, accumulatmhugtake subsequently (Jat and
Mehra, 2007). Similarly, application of boron impeal boron content at pod picking
and harvesting stage of the crop up to 1.5 KQ, Ieeing at par to 1.0 Kg HaThe
increase in the boron content with the increadevels of boron could be attributed
to increased concentration of B in soil. The intéom between sulphur and boron
revealed a synergistic influence on boron content @ptake in plant at pod picking
stage and harvesting stage. Boron content and eiptak observed to be highest at
45 Kg S ha in combination with 1 Kg B h& However, the interaction becomes
antagonistic at higher levels of boron (1.5 Kg'haith 30 and 45 Kg S ha The
above results are in close conformity with the rep@f Singhet al, 2004 and
Chandeet al, 2010.

5.9 Soil pH, electrical conductivity and organic cebon content of soil

Soil pH was markedly influenced by application afiphur but was not
affected by boron application. Moreover, the effeicsulphur and boron application
on electrical conductivity and organic carbon wes-significant (Table 30).

Soil pH dropped significantly and consistentlyibgreasing levels of sulphur
to 45 Kg h&. The decrease in soil pH due to sulphur applicatiay be attributed to
oxidation of applied sulphur and subsequent prodoaif acid, resulting in reduction
of soil pH (Motioret al, 2011). Interaction of sulphur and boron presgmie effect
on soil pH, electrical conductivity as well as argacarbon content.

5.10 Forms of sulphur in soil

The application of sulphur to 45 Kg haevealed significant effect on the
forms of sulphur in soil (Table 31). All the forne$ sulphur increased significantly
with increasing levels of sulphur except non sulptsulphur which decreased by the
application of sulphur. This could be attributedthe fact that increase in sulphur
application may have increased its availabilitys@l which may have increased the

forms of sulphur in soil. Besides, application ofphur decreased soil pH and the
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correlation between soil pH and total, organic,peate and adsorbed sulphur is
negative but with non-sulphate sulphur the cori@bais positive (Akhter, 1997).
Hence total, organic, sulphate and adsorbed sulpireased and non-sulphate
sulphur decreased with increase in sulphur appmicatAmong different forms of
sulphur in soil, the application of boron increasetphate sulphur only and had no
effect on forms of sulphur in soil and sulphur d@ion had no interaction effect on
sulphur forms in soil.
5.11 Forms of boron in soll

The application of boron to 1.5 Kg haevealed significant effect on the
forms of boron in soil (Table 32). Both total anot kvater soluble boron increased
significantly with increasing levels of boron. Hatater soluble boron was
significantly affected by increasing levels of dulp to 45 Kg hd. The increase in
total boron and hot water soluble boron could iebated to the basal application of
boron. Interaction of sulphur and boron revealephificant effect only on hot water
soluble boron and was observed to be highest Kig4S ha' in combination with 1.5
Kg B ha'. Similar findings have been reported by Sirgtal, 2004; Singtet al,
2006; Jenaet al, 2006; Jat and Mehra, 2007; Bharathi and Poomrga2i008;
Kushwaheet al, 2009 and Chandet al, 2010).
5.12 Relative economics

The efficiency of a treatment is finally decidediémms of economics (returns
and benefit- cost ratio) of that treatment. Thesprg investigation revealed that the
highest gross and net returns were obtained withapiplication of 45 Kg S Hain
combination with 1.0 Kg B KA However, benefit-cost ratio remained highest with
the combination 30 Kg S Haand 1.0 Kg B ha which was followed by the
combination of 45 Kg S haand 1.0 Kg B ha (Table 35).
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Chapter — 6
SUMMARY AND CONCLUSION

Field experiment was conducted at Research FieldRedional Research
Station Wadura, Sopore duriigparif 2011 with following objectives:

» To study the effect of different levels of sulphamd boron on yield and

quality of the crop.

= To work out a suitable combination of Sulphur amdon for optimum yield
of the crop.

= To study the effect on the different forms of $uwlp and boron after

harvesting the crop.

The experiment was laid out in Randomized Blockibe duringkharif 2011
with four sulphur levels (80 Kg ha', Sis-15 Kg ha', S0-30 Kg ha' and $5-45 Kg
ha') and four boron levels 8 Kg ha', By5-0.5 Kg h&', B11 Kg ha' and B 51.5
Kg ha'). The plots were given uniform recommended dosem¥M, nitrogen,
phosphorus and potassium at the rate of 20 tons3taKg h&, 60 Kg hd and 60
Kg ha' respectively.

The soil of the experimental field was clay loam texture, medium in
available nitrogen, phosphorus and potassium anddavailable sulphur and boron
with neutral pH. The treatment effects on varioharacters under study have been
described in detail in preceding chapters. The mapo findings are summarized here
under:

Effect of sulphur

« Application of 45 Kg S ha significantly increased nodulation attributes at

flowering stage, dry matter production at flowetingod picking and
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harvesting stages of french bean over 0 Kg'Samal 15 Kg S H4 However,
the results were at par with the results obtaine80aKg S hd level of
sulphur application.

* Pod yield at pod picking stage of the crop and lsatad and stover yield at
harvesting stage of the crop recorded higher vali#s the application of
sulphur at 45 Kg Hawhich was significant over 0 Kg S hand 15 Kg S Ha

! However, the results were at par with the resabitsined at 30 Kg S Ha

* Nitrogen, Phosphorus, Potassium, Sulphur and booatent and their uptake
both at pod picking and harvesting stage registsrgdificantly increasing
trend with increasing levels of sulphur from 0 Kaj'tio 45 Kg h&. However,

the results were at par to 30 Kg'haf sulphur application.

* Crude protein content showed significant and coasisincrease with
increase in the sulphur up to 45 Kg'havhich was at par to 30 Kg haf
sulphur application.

» Application of sulphur significantly and consistgnteduced pH of soil and
increased total, organic, sulphate and adsorbgzhsulup to 45 Kg S ha
However non sulphate sulphur was reduced signifigaend consistently
with sulphur application up to 45 Kg thaMoreover, sulphur application
consistently increased hot water soluble bororoihup to 45 Kg ha but had

no effect on total boron in soil.
Effect of boron

« Application of 1.5 Kg B ha significantly increased nodulation attributes at
flowering stage, dry matter production at flowetingod picking and
harvesting stages of french bean over 0 Kg B bad 0.5 Kg B ha
However, the results were at par with the resuttsiined at 1.0 Kg B ha
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level of boron application.

Pod vyield at pod picking stage of the crop and lsatad and stover yield at
harvesting stage of the crop recorded higher valids the application of
boron at 1.5 Kg B Hawhich was statistically significant over 0 and & B
ha'. However, the results were at par with the resaitsined at 1. Kg B ia

Nitrogen, Phosphorus, Potassium, Sulphur and booatent and their uptake
both at pod picking and harvesting stage of the ecewistered significantly
increasing trend with increase in the levels ofolbboirom 0 to 1.5 Kg B h&

However, the results were at par to 1.0 Kg baboron application.

Crude protein content showed significant and caoesis increase with
increase in the boron levels up to 1.5 K& hahich was at par to 1.0 Kg ha

of boron application.

Application of boron significantly and consistenthcreased total boron and
hot water soluble boron in soil with boron applicatup to 1.5 Kg ha
Moreover, boron application up to 1.5 Kg himcreased sulphate sulphur in
soil also but had no effect on other forms of sulph

Relative economics

Gross returns and net returns were highest at 45 Kgt' in combination
with 1.0 Kg B h&. However, benefit cost ratio was highest at 30Kiga" in
combination with 1.0 Kg B hwhich was followed by treatment combination
of 45 Kg S hd and 1.0 Kg B ha

Conclusion

It was evident from the findings that there wateéinite effect of sulphur and

boron on yield and quality of french bean. Thettremt combination of 45 Kg S fia

and 1.0 Kg B harecorded significantly highest dry matter, crudetein content of
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pods as well as seeds of french bean but remataé&dtigally at par with treatment
combination of 30 Kg S RHaand 1.0 Kg B ha Highest pod as well as seed and
stover yield was obtained with combination of 45 &@nd 1.0 Kg B habut was at
par with treatment combination of 30 Kg S*hand 1.0 Kg B h4 From economic
point of view, the treatment combination of 45 K& and 1.0 Kg B ha gave the
highest gross returns and net returns, howevengkigoenefit cost ratio was obtained
at combination of 30 Kg S Haand 1.0 Kg B ha Hence in the light of the
experimental findings, it may be concluded that agiovarious treatment
combinations, 45 Kg S Hawith 1.0 Kg B h& showed better response with respect to
pod yield, fresh and dry weight of plant, seed djiebrotein content, nutrient
concentration of pea grains, nutrient uptake andutadion of french bean, besides
being economic as well. Thus, the results of thelysiead to conclusion that for
realizing higher yield and quality of french bean mceptisols under temperate
conditions of Kashmir valley, the nutrient managabmaust centre around 45 Kg S
and 1.0 Kg B ha, along with recommended dose of nitrogen (30 Kg)ha
phosphorus (60 kg H3 potassium (60 kg A and farm yard manure (20 tonHa
All the same the results obtained during the presenrse of investigation have
generated quite useful information which could bepleited advantageously for

future detailed investigations to be carried oufield at various locations.
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