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ABSTRACT

The experiment was conducted in the Instructiomait; Department of Agronomy,
College of Agriculture, Orissa University of Agriture and Technology, Bhubaneswar
during Kharif (wet) and rabi (dry) seasons of 2Ai0and 2011-12. The soil was sandy
loam in texture with pH of 5.8, medium in N, P, Kntent and deficient in available S (8
ppm), Zn (0.33 ppm) and B (0.43 ppm). There weexeah treatments i.e.,1 E RFD (80-
40-40 kg N-ROs ha'), T, = RFD + FYM @ 5t hd, Ts = RFD + ZnSQ @ 25 kg h&, T, =
RFD + Zn-EDTA @ 1 kg h4 Ts=RFD+S @ 30 kghaTe=RFD + B @ 1 kg h§ T
RFD + Zn-EDTA @ 1 kg hda+ S @ 30 kg 4 Ts= RFD + Zn-EDTA @ 1 kgha+ B @ 1
kgha!, To=RFD +S @ 30 kg hla+ B@ 1 kg h3, Tio=RFD + ZnSQ @ 25 kg ha + B
@ 1 kg hd and Tiu= RFD + Zn-EDTA @ 1 kg ha+ S @ 30 kg hd+ B @ 1 kg ha.

The treatments were tested in randomized blocigdesith three replications. The
rice variety ‘Lalat’ was grown with 15 cm x 10 crpaging during Kharif season. The study
was made to assess the effect of integrated ntitmanagement on growth, yield, nutrient
uptake and economics of rice during Kharif season.

During rabi season rice variety ‘Lalat’ was grownthese treatment plots with a
common dose of N4#s-K,O @ 80-40-40 kg hato study the residual effect of FYM, S, Zn
and B on growth, yield, nutrient uptake and ecomsnaf rice, as well as the effect on rice-
rice cropping system.

During Kharif season, application of RFD alongwi#nSQ @ 25 kg ha and B
@ 1 kg ha produced the maximum grain (5.28 thand straw yield (6.33 t iy This
treatment also ensured highest uptake of nutrieatsN (135.5 kg hd), P (33.1 kg h3d),
K (178.1 kg hd), S (13.3 kg hd), Zn (256.0 g hd) and B (177g hd), net return
(% 39,312 hd) and B:C ratio (1.65).

During rabi season, the same treatmem) @roduced maximum grain (6.21 thand
straw yield (7.45 t hg with highest uptake of nutrients N (195.5 kghhd (49.7 kg h§, K
(204.9 kg hd), S (20 kg hd), Zn (439 g hd) and B (276 g h3, net return 47231 ha) and
B:C ratio (1.75), which was due to residual effetZnSQ (25 kg ha) and B (1 kg hd)
applied to Kharif rice.

Integrated application of RFD along with ZnS@5 kg hd) and B (1 kg hd) to Kharif
rice produced the maximum grain (11.49 thhand straw vyield (13.78 t Rpin the rice-rice
cropping system. This treatment also exhibited maxn nutrient uptake i.e., N (331 kgha
P (82.8 kg hd), K (383 kg hd), S (33.3 kg hd), Zn (695 g hd) and B (453 g hj, net
return € 86543 ha) and B:C ratio (1.70) in rice-rice- cropping syste
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INTRODUCTION

Rice is cultivated in about 160 million hectardsbally with a produce of
685 million tonnes (DRR, 2011). Asian countriesduoe about 90 per cent of this
production. India is one of the leading rice pradgccountries of the world along
with China, Thailand, Vietnam, USA and Pakistanhdis the world’s largest area
under rice with 43.95 million hectare with an annpeoduction of 106.54 million
tonnes and an average yield of 2424 kg (@OI, 2014). India’s share in global rice
production is 21.5 per cent. Rice crop alone cbuates to about 40 to 43 per cent of
the total food grain production and that is whg tlop plays a vital role in national
food and livelihood security mission. Rice expoontributes nearly 25 % of total

agriculture export from the country.

The major rice growing states are Uttar Pradesh wait area (5.98 M ha),
production (14.63 MT) and average yield of 2447hedj followed by West Bengal
(5.50 M ha,15.31 MT and 2786 kg Haand Andhra Pradesh (4.51 M ha,13.03 MT
and 2891 kg h3.Uttar Pradesh ,West Bengal and Andhra Pradestriloote about
14.63,14.37 and 10.25 % to total rice area ofcthntry. Odisha cultivates rice in
4.18 million ha with an annual production of 7r&8lion tonnes and average yield of
1815 kg ha.The area of rice in Odisha contribute to 8.51 %graiss rice cultivated
area of the country. However its productivity is.58 % less than the national

productivity (GOI, 2014).

Rice is a staple food of majority of Indians ateldemand in future is bound
to increase with growing population, which is gaied to be 1.301 and 1.378 billion
by 2020 and 2030 respectively (DRR, 2011).1t co&& %6 of the gross cultivated area
and 63 % of the total area under food grain in kdi$he state economy is directly linked

with improvements in production and productivityrige in the state (Das, 2012).



The reasons for low productivity of rice in thetst are many. Imbalanced
fertilizer use and low fertilizer use efficieneye the main reasons in achieving
higher productivity in the coastal alluvial soilt @disha. With introduction of high
yielding and fertilizer responsive varieties oferighe supply of nutrients in adequate
guantities at right time has assumed considerabfitance in a rice-rice cropping
system for sustainable production, which is lagkimthe state. Most of the soils of
Odisha are deficient in some or other nutrientduding micronutrient owing to
intensive cropping system for obtaining highetdgegoer unit area. Introduction of high
yielding varieties and indiscriminate use of hagtalysis fertilizers has led to imbalances

in soil fertility.

As cropping intensity and yield levels go up, is the mining of plant
nutrients through harvested crops. This had hassechuthe deficiency of
micronutrients in the state, which are indispensalibr normal plant growth and
development. It's deficiency is one of the majoolgem in achieving targeted vyield

of rice.

Among the micronutrients, boron deficiency is riduvide spread in soils of
Odisha. Boron deficiency in soils ranged from €89 % with an average of 44 %,
Out of 30 districts, 14 districts are having mtran 50 % B deficient soils. Coarse
textured red, laterite, mixed red and yellow sails prone to B deficiency. The boron
content in these soils ranged from 0.18 to 5.1kmgvith a mean value of 1.41

mg/kg. Sulphur is deficient in 28% of the soilsCdisha (Jenat al., 2008).

Zinc has been identified as the third most impdontarrient element after N and
P in low land rice limiting growth and yield ofag. Soil is the principal source of Zn
from which plants draw their requirements. Butprasent, nearly half of the Indian soils
including the coastal tracts suffer from zinc deficy of varying magnitude. About 50
per cent of Indian soils are deficient in zind 20 per cent soils have hidden deficiency
symptoms (Singh, 1999). About 8 million hectaresl@dded rice is affected by zinc

deficiency in India (Katyal and Ponnamperuma, 1974)



Sporadic deficiency of Zn in fine textured soisiirigated command areas
of the state is observed. Analysis of soil samglesn 30 district of Odisha
showed that the DTPA (diethyline triamine penta&cacid) extractable Zn in
soils ranged from 0.24 to 2.08 mg/kg with a mealueaf 1.10 mg/kg. The Zn
deficiency of 25 districts in the state ranged frGnio 76 %. The deficiency in
alluvial and laterite soils ranged from 7.0 to 7@&fd 2-12 % respectively but it

was 42 % in black soils (Jena et al., 2008).

In Odisha, about 19 per cent of total soils afei@at in zinc. The problem seems
to be more acute in rice and it is aggravated byynfald in rice-rice cropping system in
the irrigated ecosystem. Zinc fertilization hasdme an essential component to the

package of practice for ensuring high rice prodgugt(Singh, 1999).

Sulphur is increasingly being recognized as thetfomajor plant nutrient
after Nitrogen, Phosphorus, and Potassium. Sulgéficiency in the soils of Odisha
ranges between 7.0 to 98% with a mean value of 28%status in the soils of the
intensive rice growing districts of Odisha is alargn Available sulphur contents in
soils of Balasore, Kalahandi, Bargarh and Bhadiakidt ranged between 4.5 — 27.0,
2-22.8, 1.2-23.8 and 1.2-103.5 mg'kgespectively with a deficiency of 27.8, 81.1,(88.
and 20.0 per cent respectively. Considering 0.1&s%ritical limit of sulphur deficiency
in leaves of rice plant, 33-94. % of plant sammiE8alasore, Kalahandi, Bargarh and
Bhadrak district were found to be deficient in $wip As studied under long term
experiments, heavy depletion of soil sulphur dugcepulse and rice-oilseeds systems in
the coastal district aggravate the sulphur deftyie These are the leading cropping
systems in Odisha and the removal of sulphur vefinitely decline the rice, pulse and

oilseed yields in the coming years.

Application of recommended dose of major nutriemith FYM is crucial to
obtain the desired yield of rice. Imbalanced femit application with little or no

organic manure and use of high analysis fertilizevithout micro-nutrients in



intensively practiced rice-rice cropping systemfialencies or hidden hunger of

secondary and micronutrients especially S, ZnEahdve also been observed.

Rice-rice cropping system is the second largestesy in India next to rice-
wheat system. Increasing productivity in rice-rsystem can’t be sustained unless the
declining trends in soil fertility due to nutrientining is replenished properly from
outside sources. An integrated approach to natmemnagement involving inorganic
fertilizers, organic manures and micronutrient iigdgrs are the right step in this

context.

As rice is grown under submerged anaerobic cmmdif integrated
management of nutrients offer a wide scope for éssimg the efficiency of different
nutrients, and their combinations. Informationnoanagement of S, Zn and B for rice
in lateritic soils of Odisha is lacking for whidhe present study is proposed to
assess the direct, residual and interactive affeictS, Zn and B along with FYM on

rice-rice cropping system, with the following oljees.

) To study the effect of INM on growth and yield afe-rice system.

i) To assess the residual effect of FYM, S, Zn anchBucceeding crop of

rice during rabi season.

i) To estimate the nutrient uptake.

iv) To work out the economics of the system.




REVIEW OF LITERATURE

Next to nitrogen and phosphorus, zinc deficierecgonsidered to be most
important one limiting the growth and yield of ricék necessitates immediate
attention for zinc management. Application of zihcough organic and inorganic
sources make it cost effective. Further, the redi@dfect of zinc in the succeeding

crop also reduces its application cost for twadhteé seasons.

Sulphur has been widely recognized as the foudjonplant nutrient after
nitrogen, phosphorus and potassium for some y8amse 40-45 % soils of India are
found to be deficient in available sulphur, it Heecome impossible to achieve higher

rice yield with superior grain quality without shigr application.

Boron deficiencies are becoming increasingly obseérin India. Among
micronutrients, boron deficiency is found wide guren soils of Odisha limiting the
potential yield of HYV rice. Besides the effect ©YM have also been observed for

improving the growth and yield of rice.

Here an attempt has been made to review the résiadings available in India
and abroad on the above essential elements alohgFRVM related to the present

investigation entitled “Integrated nutrient managemn rice-rice cropping system”.

2.1 Zinc deficiency

Zinc deficiency was wide spread in Indian soileaNy 8 million hectares of
flooded rice is affected by zinc deficiency in ladiKatyal and Sharma, 1989). In
Odisha nearly 19 % of the soils are deficient imcziJenaet al., 2008). Among the
soil groups black, black mixed red and black ardval soil appears to be more
deficient. The problem seems to be more acutecm soil and it is aggravated to
many fold in rice-rice system. Zinc fertilizatioafhibecome an essential component in

the package of practices for ensuring high croglpetvity (Singh, 1999).



2.1.1 Zinc nutrition

In 1919, Maze first reported the essentialityzafc in plant nutrition.
Zinc deficiency appears to be one of the importautritional disorders limiting
crop growth and yield. Zinc is essential for norpgrowth and yield of in plants.
It has particular functions in the plants such asintenance of structural and
functional integrity of biological membranes andifdaation of protein synthesis

and gene expression (Shukla and Behera., 2011)

Havlin et al. (2010) reported that zinc was involved in synthesf
tryptophan, a compound needed for production ofwmginohormone auxin and
indole-actetic acid. It is also involved in chlotagt synthesis, enzyme activation

and cell membrane integrity.

Zinc is also vital for oxidation process in placells and helps in
transformation of carbohydrates and regulates sungerabolism in plant. Its

deficiency retards photosynthesis and nitrogen bwism (Tandon, 2009).

2.1.1.1 Zn deficiency in India

Zinc deficiency was observed in intensively riceowing regions of
Odisha. The DTPA extractable Zn content in soils @disha ranged from
0.24-2.18 mg/kg with mean value of 1.10 mg/kg. Thragnitude of Zn
deficiency in the state ranged from 0-76 % with meaalue of 19 %
(AICRPMSPE, 2009-10). The zinc deficiency in blaad|uvial and laterite
soils of Odisha was found to be 42 %, 7 to 76 % antw 12 % respectively
(Jenaet al., 2008).

Zinc deficiency is now considered to be the mostenspread nutrient

disorder in low land rice (Fragereh al. (2002).



2.1.1.2 Zinc status and availability in soll

Total zinc in Indian soils ranges from 2 to 1,68m, but in most cases
it is within 10-300 ppm. Coarse textured alluvialls are very low in Zn while
fine textured red and black clay soils are richzm Similarly highly weathered
coarse textured red and lateritic and calcareouds sare poor in zinc

(Tandon, 2009).

Total zinc content of soil depend on the type afgmt material, age and
organic matter content of the soil. According togw(1995), the average value
of the total zinc content of most of the minerall s@ries between 10 and 300
ppm. The zinc content of Orissa soils ranges betw®8 to 4.6 ppm (Sahu and
Mitra, 1992).

The available Zn content in the soils of in Odiglanged between 0.04-

25.38 mg k¢ with a mean value of 1.16 mg KAICRPMSPE, 2008).

2.1.3 Critical level of zinc in soil and plant

Dubey et al. (1981) reported that the critical limit was 0.6np DTPA
extractable zinc in soil for rice crop. The AICRR MSPE has been using uniform
critical level of deficiency as 0.6 mg ®gcroos the country as a database that has

been accepted in administering Zn (Shukla and Bep@t1).

According to Sakal and Singh (1982) the critibalit of zinc in soil
below which plant responded to zinc application Wag8 ppm. The soil available
zinc for rice was 0.50, 0.70, 0.80 and 1.00 ppm datisols, inceptisols, alfisols and

vertisols respectively (Katyal, 1985).

Biswas and Tewatia (1988) reported that the afititmits of DTPA
extractable zinc in soil for deficiency, sufficignand toxicity were 0.39, 1.80 and 12

ppm respectively.



214 Deficiency and toxicity symptoms of Zn in de.

Under zinc deficiency, the mid rib of lower leawesvards the base become
chlorotic. These leaves develop brown rusty spatschvjoin together and form
continuous areas. In case of severe deficiencygettiee leaf becomes rusty. Zinc
deficiency in rice is termed as Khaira diseasenthid (Alloway, 2008). Characteristic
symptoms in rice is bronzing starting with youngJes and later spreading to other

leaves and stem (Tandon, 2009).

Zinc toxicity in cereals is normally 60-80 ppm dny weight basis but
tolerance of much higher concentration is reporéegurvey of international literature
shows that on zinc sensitive crops, the threshaldes of toxicity were in the range

of 150-200 ppm (Alloway, 2008).

Zinc toxicity can result in reduction in root grtwand leaf expansion

followed by chlorosis (Tandon, 2009).

2.1.5 Response of rice to sources of zinc.

Zinc sulphate which is most extensively used Zarttlizer because of its

higher water solubility and relative low cost (Jaaraan and Ramiah, 1989).

Zincated super, zinc phosphate {ZR(y)2) and zinc ammonium phosphate
(Zn (NHs) PQy) proved as effective as Zinc sulphate on calcaresoils of Bihar

(Singh and Singh, 1983).

Several sources of zinc available in the counttyehbeen evaluated for
their relative efficiency and effectiveness for reating Zn deficiencies in crops or
cropping system. Among various chemical sourcesic Zulphate heptahydrate
(ZnSQy. 7H20 ) containing 21-22 % Zn is the major source ofi@rindia and has
proved most effective compared with other Zn sesirin correcting Zn deficiency
Zn-EDTA was found at par with Zinc sulphate in catibg Zinc deficiency of rice,

however its high cost over Zng@ade it most uneconomical and less effective.



The efficiency of sparingly soluble Zn sources tsws ZnO, ZnCgQ
Zinc frits in  fine textured soils was at par wiklighly soluble ZnS@7H;0

(Jenaet al., 2008).

2.1.6 Response of rice to time and method of ziapplication

Soil and foliar application and sometimes evenpulig of the planting

material in micronutrient slurry can be used fpplging micronutrient

Soil application is mostly recommended method fnc application
(Tandon, 2009). Regular and small application Hasen advocated by than a single
large application, due to strong fixation of addetuble Zn (Swarup, 2003), Katyal
and Rattan (1990) found that the best time of ziagplication was at sowing or

transplanting of rice.

Residual effects of zinc application are commnod aach crop in rotation
is not to be treated with micronutrients, unlikeZihc applied at 10 kg Zn/ha in black

clay soil leaves residual effect for 4-6 succegdirops (Singh, 2003).

If zinc fertilizer, is not available before sowimg crop, results show that a
delayed application can help the farmer to cut dolss in yield as compared to no

application (Tandon, 2009).

Katyal (1985) reported that among various methbdimc application like
soil application as broadcast, bond placement,di@ssing and foliar application.
Coating of seeds with zinc suspension, nurseryclement with zinc, dipping the
seedlings roots in zinc suspension and amendimg with organic manures before
adding in soil, soil treatments and foliar sprays &eore effective. Broadcasting
ZnSQ: on the surface of the soil followed by mixing appe to be the best method
of zinc application. Drilling ZnS®@below the seed row was equally effective like that
of broadcast application, while its band placenaamy from the seed row was some
what inferior to broadcasting or drilling or soadfi seeds in ZnSQOsolution or

coating seeds with zinc powder or application ofczio the nursery did not prove



better. However, dipping rice seedling roots in 24inc suspension was found to be

quite effective in correcting zinc deficiency amdreasing yield of rice.

Although Zinc sulphate is commonly advocated fait application for field
crops, the usefulness of spray application carbeagnored and the recommendation
is given in cases when soil application has beeppskl for any reason or zinc

deficiency is noticed in a growing crop.

In rice spray applications were effective and kg6Zn/ha applied to the
soil produced 97% of the yield obtained with 3 ggraf 1% Zinc sulphate.
(Tandon, 2009).

Sakalet al. (1993) found that split application of 25 kg Zn@#t@a @ 12.5
kg each at transplanting and tillering provedefisctive as 25 kg ZnSQapplied
once at transplanting. Application of 25 kg ZnS@ three splits (10 kg at
transplanting + 10 kg at tillering + 5 kg at Plgags was also at par to its single
application at transplanting or two split applioati(12.5 kg at transplanting + 12.5 kg

at tillering).

Sahoo and Sahoo (2001) reported that soil agdfit of 25 kg ZnS@ha
at puddling integrated with in situ green manuriimgice (cv. Lalat) was significantly

superior to other method of application.

2.1.7 Residual effect of Zinc in rice-rice croppig system

Continuous application of zinc for 15 years wasoagsted with substantial
build up of available zinc in soil. At Bhubaneswiagrease in zinc content has been
noticed from initial 1.40 mg/kg to 7.47 mg/kg afteéy years of continuous application

of zinc under long term fertilizer experiment (Naarh1994).

Response to grain yield after four seasons (arextdand three residuals)

was highest (21.9 %) with 50 kg Zn8fa when compared to the other levels. The
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yield response with 50 kg Zn&f@a was highest (19.9 %) even after eight seasons

indicating the existence of strong residual eff@attanaik and Bhujapalraj, 1999).

Grain yield increased 33.2 % due to residual €& kg Zn/ha applied to
kharif season (Sahoo, 2005).

Residual effect of FYM, S, Zn and B recorded 2.1@0, 7.97 and 1.4 %
increase in mean rice yield respectively over tlmmtrol. But their combined

application were more effective than their singie.u

2.1.8 Zinc use efficiency
According to Randhawa and Takkar (1975) resporisgce to zinc in
different states of India largely varies from 0105.6 t ha of grain with variable

levels of zinc application (10 to 100 kg Zn&0a).

2.1.9 Effect of zinc on growth and yield attributs

Srinivasan (1984) reported that plant height wasagased by Zn application.
Higher shoot length in Zn treated plants might e ¢b high auxin production in
these plants. Similar results were reported by niglaat al., 1997.

Biswal (2007) found that application of Zng@ 25 kg ha to soil before
planting produced maximum plant height (87.7 cmhatvest. Among the sourves,

ZnSO; proved significantly superior to Zn-EDTA.

Sahoo (2005) found that application of 5 kg Znihaoil was found to be
superior to 2.5 kg Zn/ha or foliar application af-EDTA the plants become taller

during kharif (62-75 cm) than that of rabi sease® o 66 cm)

Sahoo (2005) found that highest LAI was recorded5aDAT (4.9 to 5.0)
with soil application of 5 kg Zn/ha where khari€&iwas grown with green manuring

or FYM @ 5 t/ha.

Mohapatra (2003) found maximum plant height of.684cm with use of S

+Zn + Binrice.
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Maximum number of tillers per hill was obtainedtlwresidual use of
S+Zn+B followed by either S + Zn or Zn + B. Residuae of Zn alone recorded
more number of tillers per hill than that of FYM, B and S + B in all the growth

stages (Mohapatra, 2003).

Dixit and Khanda (1989) found that increasing Isvef zinc application

increased number of tillers significantly.

Khanda and Dixit (1991) reported that applicatminZnSQ @ 25 kg/ha
significantly produced higher dry matter than ZDJA applied either through soil

or foliar.

Sahoo and Sahoo (2001) reported that integratgdicapon of 25 kg
ZnSQOy/ha along with green manuring produced higher dagten/hill than application

of same dose of ZnS@r Zn-EDTA either to soil or as foliar application

Sharma and Singh (1985) found that applicatiori®fkg Zn ha as soil
application and 5 kg Zn Haas foliar spray increased the weight of grains

significantly over control (No zinc).

Application of Zn increased the growth parametgossibly due to inter
relationship with auxin, (an important growth paeder) regulating stem elongation

and cell enlargement .

Zinc @ 10 kg ha registered favourable effect on yield attributes, number
of panicles ri, panicle weight, panicle length, number of fillgoikelet (grain/panicle)

and grain filling per cent and test weight (Devanegnd Krishnaswamy, 1996).

Tabassungt al. (2013) found that the yield attributes increasighificantly
with increasing levels of zinc and organic manuoe®r control (no zinc). The plant
height increased by 7.0 to 15.4 %, number of §lley 12.6 to 36.3 %, number of
effective tillers by 14.8 to 45.3 %, length of é&ad by 5.4 to 19.5 % and test weight

by 3.3 to 11.3 % with increasing levels of zinc ogentrol.
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The vyield of rice increased significantly with dipption of zinc @ 2.5, 5
and 10 kg ha recording 17.5, 26.3 and 29.9 % increase inngaad 21.0, 31.9 and
42.7 % in straw yield respectively over control lfdaumet al., 2013).

Zinc application increased paddy yield by 200-&@(ha in 39 % trials and
500-1000 kg/ha in 23 % trials (Singh, 1999 and kKht¥985).

Application of zinc increased the number of pascper M and ZnSQ

recorded more panicles perrthan Zn-EDTA (Khanda and Dixit, 1991).

Sahoo and Sahoo (2001) reported that irrespeativeethods of application
ZnSQ produced significantly longer and heavier panithes) Zn-EDTA .

Biswal (2007) found that soil application of ZnS@ 25 kg ha recorded
maximum test weight (24.6 g). Among the sourceS@nwas significantly superior

over Zn-EDTA.

Sahoo (2005) found that application of 5 kg Zniti@grated with green
manuring recorded maximum test weight (23.78 g)ctvhvas at per with application
of 5 kg Zn/ha integrated with FYM. Application of52kg Zn/ha both in kharif and
rabi improved test weight (23.68) as comparedfatiar application of Zn-EDTA
(22.9 g) and control (22.2 g).

2.1.10 Effect of zinc on grain and straw yield

Maharana (1992) conducted field experiment in @badistricts of Odisha
and reported that application of Zn$S@ rice both in kharif and rabi season

significantly increased the grain and straw yield.

Sharma and Rathore (1986) reported that soil egipdn of ZnSQ\@ 10 kg
ha? increased the rice yield by 16.2 per cent ovetrobnDas (1981) reported that
application of Zn at 0, 15, 20 and 25 kg'res ZnSQ produced grain yields of 3.28,
3.65, 4.12 and 3.94 t Rarespectively.
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Biswal (2007) reported maximum grain yield (4799 ka') with soil
application ZnS@@ 25 kg h&. Grain yield increased 39.8 per cent over control.

Sahoo (2005) reported that maximum yield of 4yffYa was obtained by
application of green manure with 5 kg Zn/ha folloM®y FYM 5t hat + 5 kg Zn/ha
(41.80 g/ha). Grain yield increased 45.5 and 47.6Wér control by the above

treatments respectively.

Chandrapalat al. 2010 reported that rice responded significatulyhe
application of Zn, S and FYM. Lowest grain yield4f0 t/ha was recorded with the
treatment of NPK alone. However, NPK + Zn + S tmeait recorded highest grain
yield of 5.30 t/ha and remained at par with thattreent NPK + FYM.

Mishra et al. (1993) reported higher grain yield with NPK ana Z

combination in Zn-deficient soils of Odisha unéEmers field condition.

Khandaet al. (1997) reported that straw yield did not increesespicuously
with application of zinc in lateritic soil. Of th&vo sources, ZnS{recorded 4.21 %
higher straw yield than Zn-EDTA. Soil applicatiomcieased straw yield by 2.2 %

over foliar application.

Premkumaset al. (1979) and Bhuiyat al. (1981), observed that application

of zinc either soil or foliar increased the straely.

Sahoo (2005) recorded highest kharif rice stragidydf 50.37 q ha with

application of 5 kg Zn haintegrated with green manuring before planting.

Biswal (2007) reported highest straw yield 54.15ad with soil application
of ZnSO; @ 25 kg/ha.

2.2 Sulphur deficiency

Singh (2000) has reported that about 45% distotthe country showed more
than 40% S deficient soils. Sulphur deficiency isrenacute in coarse textured soils

having low organic matter.
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Sulphur deficiency is increasing with each passiegr, which is restricting
crop yields, quality of produce, nutrient useigdihcy and economic returns
(Tandon, 2011)

In Odisha, S deficiency in soils ranges from 798% with an average value
of 28%. S deficiency is more prone in light textireed and lateritic soils but coastal
saline soils are sufficient in S. (AICRPMSPE,2008)

Singhet al. (2013) reported that out of 1191 soil samples @ivN ehri district
in Garhwali region, more than 40% soil having lowZ @ontent were deficient in

available S. Hence S deficiency is associated $athOC content.

221 Sulphur nutrition

S is involved in the synthesis of protein, oilsdamitamins. Sulphur
containing aminoacids are methionine (21% S), Qyst€26 % S) and cystine
(27% S). S is also component of Fe-S protein knas/ifierrodoxin. Vitamins biotin

and thiomine also contain S (Prasad, 1999)

S is needed for synthesis of coenzyme A, whicmislved in oxidation and
synthesis of fatty acids, and oxidation of interme&zb of citric acid cycle. S is

required for synthesis of chlorophyll ( Havknhal., 2010).

2.2.2 Effect of sulphur

The results of sulphur trials on rice conductedifferent locations indicate
that HYV rice benefit markedly from its applicatioThis indicates that increasing
occurrence of sulphur deficiencies in soil, makedifficult to supplement adequate
amount of sulphur required for high rice yields endntensive crop rotation

(Mohapatra, 2003).

Rice crop absorbs 2.5-3.5 kg ®t paddy produced, thus an uptake of 15-21
kg S is associated with a 6 thpaddy harvest (Tandon, 1986b).

2.2.3 Critical level of sulphur in soils and plants

Critical concentration of available sulphur forlsainder DTPA analysis

method of extractable micronutrient content (mghkgategorized that soil have been
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found to be < 5.00 ppm (very low), 5.0-10.00 pplowj, 10.00-20.00 ppm
(marginal) and >20.00 ppm (adequate) (Jetrah., 2008).

Islamet al. (1997) studied sulphur concentration of rice pndifferent
stages of growth and suggested that sulphur comtem of 0.144, 0.091 and
0.071 % at tillering, flowering and harvesting sagvere adequate to get optimum
yield. He also reported that S-concentration leas 10.13 and 0.09 %, respectively at

tillering and grain maturity stages caused appi#eiyield reduction.

224 Growth and yield attributes

Bhuvaneswaret al. (2007) reported that application of sulphur alam in
combination with FYM significantly increased the yglological characters over
control (no sulphur). The CGR, RGR, NAR, LAl andarbphyll content were least,
which did not receive sulphur and FYM. LAl was sfgrantly higher with
application of 40 kg S hlaand 12.5 t HAFYM.

Application of sulphur @ 40 kg/ha with FYM on ricecorded 296 number
of panicles/m, 45 number of filled grains per panicle and 20.per 1000-grain
weight (Bhubaneswast al., 2007).

Favourable effects of S on yield characters apel yield could be due to its
stimulating effect in the synthesis of chloroplaptotein resulting greater
photosynthetic efficiency which in turn resulted imcreased yield (Biswas and

Tewatia, 1991).

Islam et al. (1887) reported favourable response to sulplkdilization
under sub-merged condition and plants were fulhwgiod vegetative growth than no

sulphur application.

Bhuiyan and Islam 1989) reported reduction in gennumber in sulphur
deficient plots. The number of panicle was markedbuced to 4.1 per hill as against

14.9 per hill in sulphur treated plots.
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Soren (2003) reported that application of S @ gih& to the soil recorded
higher plant height (71.73 cm) than 20 kg S/ha471cm) and foliar application
(65.82 cm). It was also reported that applicabbelemental S @ 40 kg/ha produced
9.2 tillers per hill which was significantly supar to foliar application of sulphur
(8.28 /nill). It was observed that soil applicatiof sulphur @ 40 kg/ha recorded
higher LAI (4.57) than application of 20 kg S/ha3(@). Further, sulphur application
@ 40 kg/ha was more effective on dry matter pradact23.28 g/hill) than at 20 kg
S/ha (23.20 g/hill) and foliar spray of S (22.5hill). Soil application of S 40 kg/ha
recorded higher panicle length (24.49 cm) thaniegibn of 20 kg S/ha (23.52 cm)

and foliar application (20.59 cm).

2 .2.5 Grain and straw yield

Biswal et al. (1991a, 1991b) reported that in a set of triatsnducted under
the FAO sulphur trials network during 1987, 199@g tyield increase due to
application of 10 kg, 20 kg and 30 kg S/ha to nweere 10.6, 19.5 and 25.5 %
respectively. Trials conducted on rice indicateal thverage yield increase due to S

application ranged from 14 % to 60%.

Recent studies by ICAR’s coordinated researcheptapn Secondary and
Micronturients, trials on rice reported a good kasge of S to rice application.
Averaged over several reports, sulphur applicain@neased the grain yield of rice
(as paddy) by 702-920 kg/ha. Average increaseenytbld of rough rice due to S
application was 869 kg/ha at ten location, howeareincrease in yield of average
734 kg/ha of rice had been reported at the ratapgiication of 37.5 kg S/ha
(Tandon, 2011).

Takkar (1987) based on economic analysis of aelarxgmber of crop
response data recommended 20-40 kg Sasaeconomical dose for enhancing rice
grain yield. However, Islamat al. (1987) suggested application of 30 kg S laa
gypsum for higher grain and straw yield.
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The sulphur use efficiency (SUE), relative agmimefficiency and apparent
sulphur recovery in gypsum treatments were highantS-95 and elemental S for
equal dose of S (Jemhal., 2006 and Jerst al., 2008).

Rice responds up to 40 kg S*hin various field trials on S conducted by
OUAT. In rice-sunflower cropping sequence sulphppleed @ 30 kg ha each to
rice and sunflower recorded higher cumulative yigld.22 t ha) which was 33%
higher than control (Jeretal., 2008)

Biswas and Tewatia (1992) reported that an aeermgrease in yield due to
application of S @ 20 kg Hawas 672 kg h& (14 per cent yield increase over control)

and on an average 27 kg of rice grain was obtgieedqg of applied sulphur.

Tiwari et al (2006) reported that in rice-rice cropping system study on
estimation of residual response to sulphur, apiptina S @ 30 kg/ha resulted in
response of rice of 990 kg/ha and an overall irseaa yield of 23.4 per cent in rice
based cropping system (rice-rice). Almost an averggeld gains due to carry over of

effect of S was almost one tonne paddy/ha.

Soren (2003) reported that among different levélS,ocapplication of 40 kg
S/ha produced higher grain yield (39.30 g/ha) ttren20 kg S/ha (38.60 g/ha) and
foliar application of sulphur (34.45 g/ha) . Simija application of 40 kg S/ha
produced higher straw yield (45.95 g/ha) than \&idhkg S/ha (45.25 g/ha) and foliar
spray of liquid S (41.65 g/ha).

2.3 Boron nutrition

Boron is involved in cell differentiation, developmt and growth of pollen
grains, sugar translocation, movement of growtjuleors with in the plant and
lignin synthesis. It is responsible for carbohydrabetabolism and synthesis of
nucleic acids (DNA and RNA)and tissue developm8&aikél & Singh, 1995).

Havlin et al., 2010 reported that the primary function of Binsplant cell
wall structure integrity that is essential for natmtransport of water, nutrients and
organic compounds to new growth and cell walb#ity which is important for

pollen tube growth that is responsible or seed ldgweent in plants.
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Boron is essential for the development of repraslactissues, and its

deficiency results in low grain set or poor quatied (Delkt al., 2002)

2.3.1 Boron deficiency

Boron deficiencies are becoming increasingly imgiatrtin India and are next
to Zn from practical point of view. Sharma and Kat{2006) reported that out of 57
benchmark soils of the country, B deficiency waspagted in 17.

B has emerged as an important micronutrient inamdagriculture ,next to
only Zn in the context of spread of deficiency (8atet al., 2009). In India ,B
deficiency was initially 2% in the year 1980 (Kdtgad Vlek,1995) which has now
increased to 52% (Singh,2012)

In Odisha, more than 50 % soils of 14 districts dedicient in B. Coarse
textured, red, laterite ,mixed red and yellow salie more prone towards B
deficiency (Jenat al,2008).

Sixty nine per cent of the acid soils of Odisha @ported to be deficient in B
(Sarkar and Singh, 2003).

2.3.2 Critical level of boron in soil and its conaetration in rice plant

In India ,hot water extractable B is the acceptesc@dure for determining
available B in soils and the critical deficiencyéé(CDL) is 0.5 mg kg soil or 0.5
ppm (Rattaret al., 2008)

Boron deficiency is found to be wide spread ailssof Odisha. Analysis
of 10,142 soil samples collected from 30 distrievealed that hot water soluble
boron content in soils ranged from 0.18 to 5 mgwith a mean value of 1.41
mg/kg. Boron deficiency in soils varied from 4.488 % with state average of
44 % (Jenat al., 2008).

The status of B availability in soils of Odisharealed by AICRP on MSPE,
Bhubaneswar, reported the total status of B (mg) kgnged from 2.0-42.0 with a
mean value of 13.0. Similarly the available borstatus of the soils of Odisha ranged
from 0.01-2.96 mg kd with a mean value of 0.60 mgkg
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Sakal and Singh (1995) reported the critical lewa#l®oron (mg/kg or ppm)
for rice to be 18 ppm (deficiency), 18-150 ppnuffisiency) and 400 (toxicity) .

Katyal and Agrawala (1982) concluded that 0.5 pmtvmater soluble boron
could be the critical limit for deficiency and 1.ppm for toxicity .

Out of 30 districts in Odisha, 14 districts haverenthan 50 % B deficient
soil. Course textured red, laterite, mixed red amdlow soils are prone to B
deficiency (Jenat al., 2008).

2.3.3 Growth and yield attributes

Mohapatra (2003) found direct effect of boron a@mpion in rice @1.5 kg ha
recorded plant height at harvest of 89.10 cm, remolbtillers per hills of 14.38, leaf
area index of 3.94 (90 DAT), total dry matter &4 g plant (90 DAT), crop
growth rate (g d@ m? of 9.45, panicle length of 25.32, panicles’ mf 310.20,
number of grains per panicle of 156.84 and 100igraight of 21.33 g.

Premila and Dale (1984) reported significant inseedn plant height and
number of tillers per plant with boron fertilizai.

2.3.4 Grain and straw yield

Tiwari et al. (2006) reported that with rice-wheat and ricericropping
system, boron produced significant yield increasdsoth the crops although B @ 5
kg borax/ha was applied in kharif season. In-rice system, boron applied to kharif
rice increased paddy yield by 260 kg/ha followed®By kg/ha in rabi rice.

Shuklaet al. (2009) reported the fertilization to rice withdobron nutrient
resulted in a potential yield loss of 9-12 per camboron deficient soil.

Tandon (2009) reported grain yield in rice dudtoax application in Odisha
was 570 kg/ha (15 %) in rabi season .

Response of rice to boron application in latestéls of Bhubaneswar was
studied. The range of response of rice to borgriegiion was 0.5-4.25 g/ha with an
average response of 3.86 g/ha with a B:C ratiaifi5Jenat al., 2008).
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For Odisha condition, boron application @ 1.0hkg/ through borax is

recommended for rice to boron deficient soil.

Mohapatra (2003) reported that application of bo@ 1.5 kg/ha (Borax) to
rabi rice resulted in residual effect on kharifermith a grain yield of 48.14 g/ha and
straw yield of 67.67 g/ha.

24 Residual effect of zinc, sulphur and boron onigld and yield attributing
characters

2.4.1 Residual effect of zinc

Sahoo (2005) observed that residual effect of Zkfha + green manuring
during rabi season proved superior to residuakcet® FYM + 5 kg Zn/ha and sole
application of zinc. Organic sources of zinc (greeanure/FYM) applied to kharif
rice benefitted the succeeding rabi rice due sadteal effect which resulted in higher
grain yield as compared to sole application of zinc

Mohapatra (2003) reported that residual use of F8MZn and B recorded
2.10, 1.40 and 7.97 and 1.40 % mean yield increaspectively over control.
Residual use of S + Zn + B recorded maximum gratlyof 52.97 q ha

Singh et al. (1983) reported marked residual effect of Zrilieer when
applied along with farm yard manure. Application &fi with FYM significantly
increased grain and straw yield, Zn content inrged straw over application of

either Zn or FYM alone.

Nambiar (1994) reported that continuous applicatd zinc for 15 years in
rice-rice system was associated with substantiédl lyp of available zinc in soil. At
Bhubaneswar, increase in zinc content has beeoeadbfiiom on initial 1.40 mg/kg to
7.47 mg/kg after 15 years of continuous applicatbrzinc under long term fertilizer

experiment .

Devaranjan and Ramanathan (1995) reported on & | soils of
Bhubaneswar continuous application of 25 kg ZaB&to each rice crop up to six
season maximized the average rice yields and upmtékanc and enhanced the
available zinc status from initial 0.48 mg/kg t83mg/kg .
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2.4.2 Residual effect of boron

Tandon (2011) reported that in rice-rice systeorpb applied to kharif rice
increased paddy yield by 260 kg/ha, followed by X8#ha of rabi rice or total of
annual yield increase of 494 kg paddy/ha as arageenver 3 locations and 2 years.

Boron leaves residual effect on subsequent crojth the application of B
may be omitted in subsequent crop depending oratikeeof B application. Singh and
Goswami (2014) reported application of 0.5 — 2.0B{ga increased rice yields by
460, 500, 570 and 270 kg hén acid soils of Assam, Jharkhand, Odisha andtWes
Bengal.

Dwivedi et al. (1990) reported appreciable residual effect arbh fertilizer
in rice-based cropping seeugnece. Increasirgafaboron application to kharif rice
increased B content in plants and seeds of sugugeniop and in turn helped on

increasing grain yield.

Mohapatra (2003) reported that application of obmorecorded 2.1 % more
mean grain yield in rice as residual effect overtoal.

2.4.3 Residual effect of sulphur

Tandon (2001) reported that in rice-rice croppmggtem, study on estimation
of residual response to sulphur revealed thaiagiimn of S @ 30 kg/ha resulted an
increase in rice yield of 990 kg/ha and overatrease in yield of 23.4 %.

Chowdhury and Majumdar (1994) reported residutdcefof sulphur applied

to kharif rice on increase in yield attributeslaseld of subsequent summer rice.
2.3.4 Residual effect of sulphur, zinc and boron

Mohapatra (2003) reported that maximum graindyaf 52.97 q h& was
obtained in rice cv. Lalata with residual effect 8f+ Zn + B treatment which was at
par with the yields recorded either with S + Zn.&2q ha) or Zn + B (51.75 g hg.

Application of Zn + S and Zn + B to rice-rice cppg system under

Bhubaneswar location in long term fertilizer expemts did not have any
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significant effect on grain and straw yield ovee ttecommended doses (AICRP on
LTF, Annual Report 2013-14).

Akhter et al. (1994) reported residual effect of Zn and S wheplied at
higher rates to first crop of the sequence.dhapplication of 50 kg S + 5 kg Zn"ha
resulted in increasing grain vyield of the nexdpcr but their lower rates were not

effective.

2.4 Nutrient uptake and removal
2.4.1 Sulphur uptake and removal

A large number of sulphur response data showed $happlication results in
a greater increase in S uptake as compared toasena yield of biomass. There is
thus a significant enrichment in the plant sulpbointent which is observed in grain

as well as straw (Tandon, 2011).

Johnet al. (2006a) reported that on rice rice system in kenaroduction of
10.6 tonne paddy/ha resulted in a total S uptak#0dfg/ha through grain plus straw

and more sulphur was retained in the straw thagraim.

In a long term fertilizer trial at IARI, New Delhsulphur uptake on rice-rice

cropping system was found to be 6.5 k¢ irakharif and 10 kg hain rabi season.

Under Bhubaneswar location in rice-rice croppinygtem, highest total S
uptake of 3.06 kg hhin grain in kharif and 7.54 kg/ an grains in rabi seasons
have been reported in long term fertilizer expent(@&ICRP on LTF, 2013).

Long term fertilizer experimetns conducted at Bdenswar locations in 2013
revealed that for every tonne rice production, rdte of absorption of S was 3.32 —
4.54 kg t in rabi season (AICRP on LTF, Bhubaneswar 2013)

2.4.2 Zinc uptake and removal

Sahoo (2005) reported that at higher levels of ajpplication through ZnSO
(5 kg/ha) higher content of zinc was recorded &irg{39.93 ppm) and straw (66.33
ppm) as compared to lower levels (2.5 kg/ha) wiogr 38.81 ppm in grain and
64.61 ppm in straw.
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Mohapatra (2003) reported residual use of nutriaffescted Zn content both
in grain and straw and their total uptake. Higharcontent of grain and straw was

marked in Zn treatments.

Sahuet al. (1994) correlated Zn-uptake with rate of Zn-feadition and

observed maximum Zn-uptake with 5 ppm Zn-applicatie ZnSQ@

2.4.3 Boron uptake and removal

Mohapatra (2003) reported that higher content @b both in grain and

straw was found with residual effect of boron rakif season.

De Datta (1981) reported a total uptake of 90ag@hBoron per/tonne of grain
production of paddy.

Boron content in grain of rice ranged from 12t8616.50 ppm whereas in
straw ranged from 13.17 to 17.13 ppm to varioased of boron application to rice-
rice cropping system under Bhubaneswar locatioghést uptake of 0.182 kg/ha of B
was recorded from the treatment of boron applicat®@ 1.0 kg ha to all crops
(AICRP on MSNPE, Annual Report, 2009-10).

Nayaret al. (1984) reported from CRRI, Cuttack that during season, HYV
rice varieties had low requirement of B but itsaka increased with the rates of

boron application.

Combined application of Zn, S and B to rice remlilin synergistic effect on
uptake of these nutrients as well as uptake of N Knalso but P-uptake was

adversely affected (Muralidharan and Jose, 1995)

2.5 Integrated nutrient management (INM)

Integrated nutrient management (INM) or integrapéaint nutrient supply
(IPNS) is defined as maintenance or adjustmensaolf fertility and supply of
plant nutrient to an optimum level for sustainirtge tdesired crop productivity
from all possible resources of plant nutrientamintegrated manner (Datal.,
2015 and Prasaet al., 2014).
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Integration of organics and inorganics has beemdoto be quite promising
not only in maintaining higher productivity but alproviding greater stability to crop

production (Nambiar and Abrol, 1992).

Fertilizers, inorganic manures, legumes, cropues, industrial by-products

and bio-fertilizers are the main ingredients of INDBset al., 2015).

2.5.1 Growth parameters

Application of 1/% recommended dose of nitrogen (100 % RDN i.e., K0
N/ha) through chemical fertilizer, FYM and Azollegistered the highest plant height
and leaf area index in ric©(yza sativa L.). Higher yield component (viz., number of
panicles/m, number of filled grains/panicle) and grain angst yield of rice were
also achieved from the same treatment as compar&@a % recommended dose of
fertilizer and control (Mohantgt al., 2013).

Application of inorganic fertilizer level of o P>Os 60 K2Os0 + FYM + Zn
produced significantly higher panicleg/an other nutrient management practices. It
could be due to slow release of nutrients for lomgiod after decomposition of FYM
which favoured better plant growth and yield obihg rice (Pandewt al., 2007). Parihar
(2004) also reported similar effect of FYM on rice.

Nitrogen applied after treating with neem extraoder inorganic fertilizer
level of Niwoo Pso K40 produced more yield attributes than untreatettogen due to
reduced loss of nitrogen (Pandsal., 2007).

Mohapatra (2003) reported application of S + Zn «lBng with RFD @
120-60-60 N-P-K kg haresulted in vigorous crop growth at all phasegrofvth
and produced maximum dry matter followed by appiaa of S + Zn + RFD
which remained at par with Zn + B + RFD. Applicatiof Zn @ 5 kg ha along
with RFD was found to be superior in recordinghafher growth parameters than
application of FYM @ 5 t h&RFD.

Sahoo (2005) reported green manuring along withk Xg ha(ZnSay) + RFD
@ 60-30-30 N-P-K kg harecorded highest growth parameters than folialiegtjpon
of Zn-EDTA +RFD.
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2.5.2 Yield attributed and yield

Mohapatra (2003) recorded highest grain yield o788 hat with application
of S+Zn+B along with RFD @120-60-60 kg “ehich remained at par with
application of Zn+B with RFD. It was found to bepsuior over application of FYM
@ 5t hat, along with RFD.

Sahoo(2003) recorded highest grain and straw yigld application of green
manuring with 5 kg Zn h§ZnSa;) along with RFD @ 60-30-30 kg Ne®s-K20 hat,
which was found to be superior over foliar apgima of Zn-EDTA+ RFD.

Field experiment conducted for three years invalusoils of RRTTS,
Ranital to study the integrated effect of Zn anelegr manuring on rice-rice cropping
system. The data revealed that application of Z%k/ha + green manuring with

dhanicha recorded 20.69 % higher yield over corfttehaet al., 2008).

Maximum rice yield was obtained from green manmyr{i®&M) with 5 kg
Zn/ha (4190-4224 kg/ha) followed by that of with Y@ 5 t/ha (4170-4190 kg/ha)
(Sahoo, 2005). In kharif, maximum vyield of rice (#2kg/ha) was obtained by green
manuring with 5 kg Zn/ha followed by FYM @ 5 t/hwith 5 kg Zn/ha (4180 kg/ha)
(Sahoo, 2005).

Application of ZnSQ@ @ 20 kg/ha incubated or blended with press mud or
FYM increase grain and straw yield of rice over ormmended NPK alone

(Kumaret al., 1999).

Sahoo and Sahoo (2001) reported that applicatioh kg Zn/ha as ZnSO
integrated with FYM 5 t/ha increased the graindief rice to 4170 kg/ha (cv. Lalat)

as compared to sole application of Zinc to sd@3@Bkg).

Application of 100-60-40 kg N4®s. K20 along with 10 tonnes of FYM gave
the grain yield and B-C ratio comparable to that@d-60-40 kg N-POs-K>0 + FYM
+ 25 kg ZnSQ@hal. (Pandet al., 2007).
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Application of 1/¥ recommended dose (RD) of N through chemical
fertilizer, FYM and Azolla reported higher yieldroponents i.e., number of panicles
m2, number of filled grain panicfe grain and straw yield of rice as compared to 100
% recommended dose of fertilizer and control (Maha&bal., 2013).

Basal application of ZnSQO@ 50 kg to rice-rice cropping system along with
farmers practices increased the grain yield by @%3 t hal) and 10.8% (7.43t ha
1y during dry season 2007-08 and 2008-09 respeytivetl 4.46 % (6.44 t Hy and
9.4% (7.26 t hd) respectively during wet seasons of 2008 and 200@. results
indicated that zinc application is required fortbdte crops in the cropping system as
against existing recommendation of zinc applicatmnce in three seasons in Nellore
district of Andhra Pradesh (Sujathammtaal., 2013). Similar results were reported
earlier by Rajendra Prasatal., 2000.

Yadav and Kumar, 2009 reported that in rice-wheatesn, application of
Zinc to both rice and wheat was found more berafitian its single application to
any single crop. The result of site-specific nuttimanagement experiment indicated
that maximum grain & economic yield can be achiewsdincluding micro and
macronutrients (MNoP20s 60 K20 120S40Bs5ZNSO; 25).

2.5.3 Nutrient uptake

Ramet al., 2014 reported that the sulphur uptake by grauh straw of rice
increased with sulphur applied through gypsum oogpihogypsum. Application
of sulphur through gypsum @ 30 kg S'hagypsum @ 60 kg S Ha
phosphogypsum @ 30 kg S*hand phosphogypsum @ 60 kg S'ralong with a
common recommended dose of NPK, Zn (150, 26.2,, B®kg ha respectively)
increased the total S uptake of rice by 25.7, 32413 and 32.7 % respectively,

over the control (no sulphur).

Yadav and Kumar, 2009, reported that in a studspomese to sulphur
fertilization in rice-Indian mustard and rice-whearopping system, sulphur
application to rice (S @ 40 kg Ba+ Niso Pso K120 to rice increased sulphur use

efficiency and S uptake appreciably.
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Mohapatra (2003) reported highest uptake of NK,/5, Zn and B in grain &
straw with combined application of S, Zn & B with-B than single application of S,
Zn , B or FYM with RFD and lowest in control pIdRED).

Sahoo (2005) reported combined application ofaZ® kg ha or FYM @ 5 t
ha® with RFD ensured higher uptake of all nutrients KN& Zn) than that of zinc

alone.

2.6 Economics

Sahoo (2005) reported that in kharif season agipdic of zinc @ 2.5 kg/ha
recorded higher gross returR 18,667/ha) than foliar application of Zn-EDTA
(X 18,214/ha), GM and FYM applied alone. Highest retirn €9,452/ha) was
recorded from application of green manure + Zn @fa followed by application
of Zn @ 5 kg ha 8399 hd). Similarly he reported return per rupee invested
highest ¥ 0.67) with application of green manure + zinc @ha’.

Mohapatra (2003) reported highest retufh28879/ha) in 1997-98 and
¥ 28633/ha in 1998-99 and benefit: cost ratio (1.8d 4.83) were obtained with

application of S @ 30 kg Har zinC 5 kg hat in rice hybrid NPH-4507 followed by

Lalat variety treated with the same treatment ice r(Hybrid) — rice cropping

sequence.

Tandon (2011) reported that S application is higleimunerative producing
extra crop witlR 16.6 to 41.4 for each rupee spent on sulphur. iBhignderstable as
sulphur is the least expensive of all the majotrients when delivered through

common sulphate-containing fertilizers such SSPFS ARd gypsum .

VCR (value: cost ratio) are indicators of the rategross returns. The rate of
net return (BCR or benefit: cost ratio) is given W¢R-1 and a value of VCR-2
indicates 100 % profitability. The rate of retufnem input use as represented by the
VCR and the BCRs and generally higher at lower cdt& application as expected
according to the law of diminishing returns (Tangd2d11).

+€D3
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MATERIALS AND METHODS

3.1 Experimental site

The experiment was conducted at Instructional F&epartment of Agronomy,
College of Agriculture, Orissa University of Agiiture and Technology, Bhubaneswar
duringkharif andrabi seasons of the year 2010-11 and 2011-12.
3.2  Solil characteristics

Soil samples collected randomly from the experiraesite (0-15 cm depth)
were mixed together and composite sample was dfamwmechanical and chemical

analysis. The results of the analysis are predentéable 3.1a and 3.1b

Table 3.1a  Mechanical and physical composition ohe soil (0-15 cm depth)

Constituents Percentage composition Methods employed
(air dry basis)
Hydrometer method
Sand 74.2% (Bguyoucos, 1962)
Silt 12.0 %
Clay 13.8%
Textural class Sandy loam

Table 3.1b  Chemical composition of the soil (0-15rcdepth)

Particulars Value Methods employed

pH 5.8 Glass electrode Beckman’s pH meter with51¢2oil:
water) ratio (Jackson,1967)

Organic carbon (%) 0.54 Walkley and Black (Jackd®67).

Available N Kg hd 295 Alkaline Potassium permanganate method (Shbbia
and Asija, 1956)

Available P Kgha 15 Bray and Kurtz P method (Bray and Kurtz,1945)

Available K Kg hat 162 Ammonium  acetate extraction and Flame
photometric method (Jackson, 1967)

Available S (ppm) 8.0 Monocalcium  phosphate exablet method

(Massoumi and Cornfield, 1963)

Available Zn (ppm) 0.33 DTPA extractable Zn estiimatoy AAS(Pageet al.,

1982)

Available B (ppm) 0.43 Hot water extraction, Azommae H (Pageet al.,
1982)

Electrical conductivity 0.43 Solubridge (Piper, 1950)

(d Sm?)
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The chemical composition of the soil indicatedt tthee soil was medium in
organic carbon, available N P K and acidic in reactlt was deficient in Sulphur,

Zinc and Boron (Table-3.2)

Table 3.2 Chemical composition of farm yard manure

Chemical composition

(%) oven dry basis Method employed

Composition

N 0.61 Micro-kjeldhal method (Jackson, 1967)

Vanadomolybdate yellow colour method

P20s 031 (Jackson, 1967)

Flame photometer method

K20 0.53 (Jackson, 1967)

Table 3.3 Methods employed for plant analysis

Nutrients Methods employed

Nitrogen Micro-kjeldahl method (Jackson, 1967)

Phosphorus Vanadomolybdate yellow colour methock&lan, 1967)
Potassium Flame photometer method (Jackson, 1967)

Sulphur (ppm) Turbidimetric Method (Massoumi and1@ield,1963)
zinc (ppm) DTPA extractable Zn estimation by AAS&@eet al.,1982)
Boron (ppm) Hot water extraction , Azomethine HdPeat al.,1982)

3.3 Cropping history of the experimental plot
Rice-rice cropping sequence was followed duringrkhand rabi seasons in

the experimental field for the last three years 2607-08, 2008-09 and 2009-10.

34 Climate and season

The Instructional Farm, Department of Agronomy,|€y@ of Agriculture OUAT,
Bhubaneswar is situated a®®5 North latitude and 852’ East longitude. It is located at
about 65 km west of Bay of Bengal at an altitud2®® m above mean sea level .The
climate is warm and moist with hot and humid sumiaed a short mild winter. The
meteorological parameters during the cropping se&spresented in Table 3.4 a, b, ¢
and d illustrated graphically in Fig. 3.1a, 3.1l &”2a, 3.2b
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3.4.1 Rainfall

The mean annual rainfall of Bhubaneswar is 145early 85% of the
annual rainfall is received between June to Septenmbgeneral April and May are
the dry months. The monsoon usually sets on armiddJune and recedes by mid-

October, July and August are the wettest monthdewhnuary is the driest one.

The amount of rainfall received during the croppsegisons were 1133.3 mm
in kharif 2010, 96.1mm in rabi 2010-11, 1308.5 mmkharif 2011 and 135.7 mm in
rabi 2011-12,with corresponding number of 74 ,1,486 11 rainy days. The rainfall
was higher in 2011 than 2010 (Table 3.4 a, b, caéad Fig. 3.1a, b & 3.2a, b).

3.4.2 Temperature

The mean maximum and minimum temperature in K200 was 333C
and 25.9 C as against the normal of 320 and 25.2 C. The maximum and
minimum temperature was 32.@ and 18.2C as against the normal of 326 and
19.1° C during rabi 2010-11.

The mean maximum and minimum temperature in khaffl was 33%2C
and 25.0C as against the normal of 32@® and 25.3 C respectively. It was 33.%
and 19.8 C as against the normal of 32@ and 19.4C during rabi 2011-12.

3.4.3 Relative humidity

In kharif, 2010, the average relative humiditytie morning hours (92.2%)
was slightly less than normal value of 92.6 %, hasve it was same (72.6%) in
afternoon hours as compared with the normal vafug2.6%. During rabi season,
the average value in the morning was 89.2 % assignormal value of 91.2 % and

it was 43.6% in afternoon hours as against the abviadue of 44.6 %.

During Kharif 2011,the average relative humiditythe morning hours was
92.6% against the same normal value (92.6%).Duhagfternoon hours the average
relative humidity was 73% which was slightly highthan the normal value of
72.6%.

3.4.4 Bright sunshine hours.

The bright sunshine hours per day was 5.3 on kB@a#io, 7.1 in rabi 2010-11,
4.3 in kharif 2011 and 6.5 in rabi 2011-12 agathstnormal values of 5.1,8.3.5.1 and
8.2 respectively (Table 3.4 a, b, ¢c & d).
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Table 3.4 a Meteorological data at Instructional &rm, OUAT, Bhubaneswar
during kharif, 2010

Month Mean Temperature °C R(?;nn:?ll ':l;i'nsf Mean re'?g%)e humidity ssrzigr?itne
Max. | Min. | Mean days FN AN | Mean | hours day*
June. | C| 35.5 26.9 31.2  196.1 10 91 70 80.5 6.1
N| 354| 263 30.8| 234.2 13 90 66 78 5.3

D| 0.1 0.3 0.4 -38.1 -3 1.0 4.0 2.5 0.8

Juy |[C| 33.0] 26.2 29.6| 209.2 18 92 75 83|5 5.4
N | 32.3| 257 29.0| 369.5 21 93 77 85.0 3.6

D| 07 0.5 0.6 | -160.3 -3 -1 -2 -1.5 1.8

Aug. |C| 33.3| 264 29.8| 253.5 15 92 75 83|5 4.7
N| 31.8| 255 28.7| 363.4 21 93 78 85.5 4.1

D| 15 0.9 1.1 | -109.9 -6 -1 -3 -2 0.6
Sept. |C| 32.8) 257 29.2  286.2 18 94 72 88 5.4
N| 32.8| 252 28.7| 306.1 17 94 77 85.5 5.6

D| O 0.5 0.5 -19.9 1.0 0 -5.0 -2.5 -0.2
Oct. |C| 31.8] 245 28.5| 188.3 13 92 71 81|5 4.8
N| 322| 235 28.7| 162.0 10 93 65 79.0 7.1

D| -0.4 1 -0.2 26.3 3.0 -1 6 2.5 2.3

C=Current N=Normal (10 years average),D=Deviatrom normal

Table 3.4 b Meteorological data at Instructional Rrm, OUAT, Bhubaneswar
during rabi, 2010-11

Month Mean Temperature °C R(anian;a)lll ,:la(\)i.nsf Mean rela(g%)e humidity SE:ligr?itne
Max. | Min. Mean days FN AN Mean hours day*

Dec C| 27.0 14.9 21.0( 41.5 6 90 51 7015 6.2
N | 29.0 14.7 22.00 2.2 0.3 90 40 65.0 8.0

D -2 0.2 -0.9 39.3 5.7 0 11 5.5 -1.8
Jan. C| 287 13.9 21.3 0.0 1.0 87 37 62.0 7.2
N | 29.1 14.7 21.9 10.0 1.0 90 43 66.5 8.0

D| -04 -0.8 -0.6 -10.0 0.0 -3 -6 -4.5 -1.2
Feb. C| 31.9 17.5 24.7 24.6 2.0 92 43 67,5 6.9
N | 32.3 18.3 25.3 11.7 1.0 93 41 67.0 8.6

D| -04 -0.8 -0.6 12.9 1.0 -1 2 0.5 -1.7

Mar. |[C| 35.3 21.9 28.6 1.8 1.0 89 42 65,5 7.9
N | 35.2 22.4 28.8 19.3 3.0 93 47 70.0 8.3

D| -0.1 -0.5 -0.2 -17.5 -2.0 -4.0 -5. -4.% -0.4

April |C | 36.4 23.9 30.1 28.2 7.0 87 45 66 7.1
N | 36.7 25.4 31.0 25.3 3.0 90 52 71 8.6

D| -0.3 -1.5 -0.9 2.9 4.0 -3 -7 -5 -1.5

C=Current N=Normal (10 years average),D=Deviatrom normal
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during kharif, 2010
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Table 3.4 c  Meteorological data at Instructional Brm, OUAT, Bhubaneswar
during kharif, 2011

Month Mean Temperature °C aniqr.f)l" ':l;'n;)f Mean rela(toz;e humidity sssgr?ize
Max. | Min. | Mean days FN AN | Mean | hours day*
June. | C| 351 255 31.2 1808 18 90 65 71.5 3.5
N | 35.6 26.5 30.8 224.0 13 90 66 78.0 5.4

D| -05| -lo 0.4 -43.7 5 0 -1 -0.5 -1.9
July C| 328 254 29.6 361.7 21 93 8( 86|5 4.3
N| 324| 258 29.1| 348.0 21 93 77 85.0 3.6

D| 0.4 -0.4 0.5 13.7 0 0 3 1.5 0.7
Aug. |C| 33.3| 264 29.8| 4195 24 95 83 89 2.8
N | 31.8| 256 28.7| 366.6 20 93 77 85 4.0

D| 15 0.8 1.1 52.9 4 2 6 4 -1.2
Sept. |C| 31.4 248 29.20  290.0 17 95 8D 87.5 3.5
N| 322| 254 28.9| 3249 17 94 77 85.5 5.6

D| -08| -0.6 0.3 -34.9 0 1 3 2.0 2.1
Oct. C| 334 23.1 28.1 57.0 6 90 57 7315 7.3
N | 31.8 234 27.6 176.6 10 93 66 79.5 6.8

D| 1.6 -.30 0.5 -119.6 -4 -3 -9 -6 0.5

C=Current N=Normal (10 years average),D=Deviatrom normal

Table 3.4d Meteorological data at Instructional Arm, OUAT, Bhubaneswar
during rabi, 2011-12

Month Mean Temperature°C | Rainfall ':l;'n;)f Mean rela(zz;e humidity SE:IISI’?;’Ie
Max. | Min. | Mean (mm) days FN AN | Mean | hours day*

Dec C| 29.0 15.5 22.2 0.0 0 81 38 595 5.1
N | 28.9 15.0 21.9 6.4 1 90 42 66.0 7.7

D| 0.1 0.5 0.3 -6.4 1 -9 -4 -6.5 -2.6
Jan. |C| 28.7] 163 22.5 44 .4 3 91 51 71,0 6.1
N| 29.0| 1438 21.9 10.0 1 90 43 66.5 7.9

D| -03 15 0.6 34.4 2 1 8 45 -1.8

Feb. C| 33.1 16.9 25.0 0 0 89 35 62J0 7.8
N|321| 182 25.1 14.1 1 93 42 67.5 8.4

D| 1.0 -1.3 -0.1 -14.1 -1 -4 -7 -5.5 -0.6

Mar. |C| 37.4 22.8 30.8 54 2 94 35 64.5 6.6
N | 35.2 224 28.8 22.3 2 92 46 69.0 8.3

D| 2.2 0.4 2.0 -16.9 0 2 -11 -4.5 -1.7

April |C | 38.2 25.1 31.6 85.9 5 88 52 70.0 7.0
N | 36.6 25.3 30.9 27.0 3 90 51 70.5 8.5

D| 1.6 -0.2 0.7 58.9 2 -2 1 -0.5 -1.5

C=Current N=Normal (10 years average),D=Deviatrom normal
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3.5 Experimental details
3.5.1 The field experiment
The field experiment was conducted in randomizietibdesign with three

replications, consisting of eleven treatments. ffeatments were allocated to different
plots following the random number table (Fisher &atkes ,1957). The experiment was
conducted for two years i.e., kharif (wahd rabi (dry) season of 2010-11 and 2011-12.
The plan of lay out along with the treatments igegiin Fig. 3.3.

Experimental design Randomized block design

(RBD)
Replication : Three
Plot size (gross) : 5.0m x 4.0m
Plot size (net) : 47mx3.8m
Spacing (row to row x plant to plant) : 15 cm xcid
Crop : Paddy
Variety : Lalat
N
R R R
S
T T1 To
T2 Ts Ts
Tio T2 Ts
Ts To T7
T7 Ts T1o0
Ta Te Ta
Te Tio Te
Ts Ta Ta
To T T
T1 T3 Ts
Ts T7 T2
4—

Fig. 3.3 Plan of lay-out
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52 Details of treatment

Treatments Details of the treatment

T1 - RFD (80-40-40 kg N-FDs-K20 hat)

T2 - RFD+FYM @ 5t ha

T3 - RFD +2Zn SQ @ 25 kg ha (5 kg Zn ha + 2.8 kg S hd)

Ts - RFD + Zn EDTA @ 1 kg h¥0.12 kg Zn hd)

Ts - RFD+S @ 30 kg ha

Te - RFD+B @ 1kg h#&

T7 - RFD +Zn EDTA @ 1 kg ha+ S @ 30 kg h&(0.12 kg Zn ha +
S @ 30 kg hd)

Ts - RFD+ Zn-EDTA @ 1 kg h4d+ B @ 1 kg ha

To - RFD+S @ 30 kg ha+ B @ 1 kg ha

T1o - RFD+7ZnSQ @ 25 kg hd + B @ 1 kg hd(5 kg Zn ha + B
@ 1 kg hd)

T - RFD + Zn-EDTA @ 1 kg had+ S @ 30 kg ha+ B @ 1 kg ha

(0.12kgZnha +S @ 30 kg Had+ B @ 1 kg ha)

S = Sulphur (Fertisulph-G (90% elemental S), B =rdBo (Borax-10.5 % B),
Zn = Zinc (Zinc sulphate- 21 % Zn, Zn-EDTA - 12 %)ZFYM = Farm yard manure

Source: S, Zn and B-Products of Karnataka AgroatemLimited, Bangalore (Multiplex).
3.6  Varietal characteristics

Rice variety ‘Lalat’ is semi-dwarf in height andatares in 125 days .The
grain is long and slender. It is resistant to galtige, brown plant hopper and

bacterial diseases. It is grown in wet and dry @esasinder medium land situations.
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Table 3.5 Calendar of operations for kharif (wet sason)
Date of operation
SI.No. Particulars
2010 2011
1. Initial soil sample collection 22.6.10 24.6.11
2 Nursery sowing of sprouted seeds  25.6.10 27.6.11
3 Ploughing,land preparation and6.7.10 and 18.7.11 and
bond trimming. 17.7.10 19.7.11
4 Puddling, leveling and lay out ¢f18.7.10 and 20.7.11 and
main field. 19.7.10 21.7.11
Leveling of plots,basal applicatign
5 of N,P,K,FYM,S,Zn,B as per20.7.10 22.7.11
treatment and transplanting.
Application of granular
6 insecticides ( Phorate 10 G @ [19.8.10 118.11
kg hat) to control insect pest.
Interculture:-
7 a) First manual weeding 11.8.10 13.8.11
b) Second manual weeding | 26.8.10 3.9.11
Top dressing
8 a) First top dressing of N 12.8.10 14.8.11
b)Second top dressing of N anéd.9.10 4.9.11
first top dressing of K
Plant protection
a)Spraying of Quinalphos @ 1/it3.9.10 5.9.11,
9 hat
b)Spraying of Mancozeb (0.3%) t@t.9.10 6.9.11
the crop
10 Draining of excess water 18.10.10 20.10.11
11 Harvesting 28.10.10 30.10.11
12 Sun drying, threshing, cleaning p29.10.10 to 31.10.11 to
grain 31.10.10 2.11.11
13 Weighing and bagging 1.11.10 3.11.11
14 Soil sample collection 7.11.10 9.11.11
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Table 3.6 Calendar of operations for rabi (dry seson)

Date of operation
SI.No. Particulars
2010-11 2011-12
1. Initial soil sample collection 22.12.10 21.12.11
2 Nursery sowing of sprouted seeds 27.12.10 26112.1
3 Ploughing, land preparation and7.1.11 and 16.1.12 and
bond trimming. 18.1.11 17.1.12
4 Puddling,leveling and lay out ¢f19.1.11 and 18.1.12 and
main field. 20.1.11 19.1.12
Leveling of plots,basal applicatign
5 of N,P,K, as per treatment an@l.1.11 20.1.12
transplanting.
Application of granular
6 insecticides (Phorate 10 G @ 15k§0.2.11 9.2.12
ha?) to control insect pest.
Interculture:-
7 a) First manual weeding 10.2.11 9.2.12
b) Second manual weeding| 4.3.11 2.3.12
Top dressing
3 a) First top dressing of N 11.2.11 10.2.12
b)Second top dressing of N ané.3.11 3.3.12
first top dressing of K
Plant protection
a)Spraying of Quinalphos @ 1[it7.3.11 5.3.12
9 ha'
b)Spraying of Mancozeb (0.3%8.3.11 6.3.12
to the crop
10 Draining of excess water 20.4.11 29.4.12
11 Harvesting 45.11 29.4.12
12 gr“ari'ndry'”g’ threshing, cleaning 0f 5 11157511 | 4.5.12t06.5.12
13 Weighing and bagging 8.5.11 7.5.12
14 Soil sample collection 12.5.11 11.5.12

3.7 Details of field operation

3.7.1 Nursery management

Seedlings were raised in nursery beds of 10m herigh width and 15 cm
height with drainage channels of 30 cm width betwbeds. Sprouted seeds were
sown in the nursery bed. The bed was fertilizedhwiell-decomposed FYM (Farm
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Yard Manure) at the rate of one basket (20 kg)@lweith 175 g DAP + 100 g urea for
a bed. A seed rate of 50 kg per hectare for H¥lat. was used. After sowing of
sprouted seeds, soil moisture was maintained dtraten level up to 10 day of
sowing and 1-2 cm standing water was maintainedretfter. Drainage of excess
water was ensured during heavy rains in kharif @emsfor both the year of
experimentation. In order to protect tender segdlirom insect pest infestation,
granular insecticide was applied to the nursery. bate seedlings uprooted for
transplanting after 25 days of sowing in nursery.

3.7.2 Field preparation

Ploughing was done twice by tractor to bring tieddfinto a fine tilth .It was
laid out according to the plan of lay out. Befar@nsplanting, puddling and leveling
were undertaken both in the kharif and rabi sei¥et decomposed FYM @ 5 t ia
was applied to the designated treatments in kkaeakon only and incorporated in to
the soil.

3.7.3 Fertilizer application

Full P @ 40 kg POsha'at the time of transplanting .Full K @ 40 kg&ha'
was applied in two splits i.e half at transplagtand half at panicle initiation stage
of rice. Nitrogen @ 80Kg hawas applied as 50 % at transplanting, 25 % atritiity
and rest 25 % at panicle initiation stage. Sulpimc and Boron fertilizers were
applied to soil before planting as per treatmerkharif season only. Urea, DAP, and
Muriate of potash were used as source of JsRANd KO during both the kharif and
rabi seasons. Sulphur @ 30 kg‘hes Fertisulph-G(90 %S), zinc as ZnS@ 25 kg
ha! and ZnEDTA @ 1 kg hiand boron @ 1 kg Haas borax were applied as per
treatment in kharif season only.

The succeeding rabi rice (Lalat) was transplantégt a uniform fertilizer
dose of 80:40:40 kg N:2Ps:K20 ha! only in the said layout and the residual effefct o
FYM,S,Zn,and B (applied to kharif rice)were studiddthe sources of N,2Ps and
K20 were similar to that of kharif rice.

3.7.4 Transplanting

Transplanting was carried out as per calendaipefaiions (Table 3.5 & 3.6)
with a spacing of 15 cm x 10 cm About 1 to 2 segdl per hill were planted in
north-south direction.
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3.7.5 Water management

After transplanting, a saturation level of soéter was maintained up to 25
days to induce more tillering and thereafter sulymece of 5 £ 2 cm standing water
was maintained throughout the crop growing seasbe. field was drained out one
day before fertilizer application followed by irdtjon in the next day after
fertilization to maintain submergence at desiragtlleDrainage of excess water from

all experimental plots were done ten days befaredst of crops.

3.7.6 Intercultural operation

Two manual weedings were done at 20 and 40 dags @lnsplanting for
both kharif and rabi season.

3.7.7 Plant protection

Prophylactic measures were taken to protect tbp &mom insect, pest and
disease attack. Seed treatment with bavistin (Qaldmm) @ 2g kg* of seed was
done to prevent seed borne diseases. To controhskeet pest attack insecticide i.e
Phorate 10 G @ 15kg Haand Quinalphos @ 1 litre Hawas applied. To control
diseases, Mancozeb( 0.3%) was applied to the crop.

3.7.8 Harvesting and threshing

Harvesting operations were done manually by elatmng two border rows.
The crop was harvested when 85 per cent graingduim straw yellow colour. The
harvested crop was left two days in the fielddon drying before it was bundled and
carried to the threshing floor. Threshing was déoreeach plot separately with the
help of pedal thresher. Grain and straw yields weoerded after drying in the sun

for 3 to 5 days to reduce the moisture to 14 % e grain during both the seasons.

3.8  Calendar of operation
The details of calendar of field operations durkigarif and rabi seasons of

experimentation are presented in Table 3.5 and 3.6.

3.9 Pre-harvest observations
3.9.1 Sampling technique

The sampling unit of one square meter was ear edaik each plot to take
biometric observations. Four corner hills and teatal one of each quadrant were

marked by pegs and periodic growth observation® wecorded from the five hills.
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The observations were recorded at an interval dd&® commencing from $0day

after transplanting (30DAT) and at harvest.

3.9.2 Plant height

The plant height was recorded from the groundllapeto the auricle of the
top most leaf of the main shoot of the sample tglaii flowering and from ground
level up to the neck of the top most panicle dft@wvering, at regular interval of 30
days commencing from 30 DAT from each plot.

3.9.3 Tiller number

Number of tillers per plant of the sample plantaswecorded at 30 days
interval commencing from 30 DAT. Thereafter the evations were totaled and

averaged at different stages of growth.

3.94 Leaf area

Five leaves (third from the top) were randomly s#mo from the field and
actual leaf area was taken by the help of a lesd enetre .The apparent leaf area was
determined by multiplying the length and the middidth of the third leaf .The leaf
area coefficient and the LAI were determined byngsthe following formula
(Watson,1947).

Actual leaf area

Leaf area coefficient (LAC) =
Apparent leaf area

Total actual leaf area

Leaf area index (LAI) =
Total land area

Apparent leaf area (fhX LAC X tillers/m?X average no. of leavesttille

Land area (9

3.9.5 Dry matter accumulation

Two hills from the destructive sampling rows otleglot were uprooted at 30
days interval, starting from 30 DAT and the rooeravseparated. They were initially
sun dried and then oven dried at°®5for 24 hours till a constant weight was
achieved. The dry matter accumulation per plant exgsessed in g plahton oven
dry basis.
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3.10 Post-harvest studies

The post harvest observations were recorded dintieeof harvesting from the
five peg marked plants.

3.10.1 Number of panicles per rh

Total number of panicles per square meter of #mepding units were counted
at the time of harvest of each plot and averagebtain panicles per square meter.

3.10.2 Length of panicles

The length of five panicles from five sample hilgre measured from neck
node to tip of the panicle, averaged and recordquhaicle length in cm.

3.10.3 Number of fertile grains per panicle
The number of fertile grains of five panicles sédel randomly from sample
hills were recorded and counted and averaged tie fgirains per panicle.

3.10.4 1000-grain weight (Test weight)

Five random samples of one thousand grains w&emthom each plot after
threshing. Their weights were recorded separatefind out the average 1000-grain

weight in gram.
3.10.5 Grain yield

The sun dried bundles of each plot were threshg&dgupower operated
thresher. The grains were cleaned and dry weiglst weorded. The weight of the
grains of the five sample hills was added to repenet plot grain yield and the

final grain yield was reported in tonnes per hextar
3.10.6 Straw yield

Weight of the straw in each plot was recordedrafteeshing. Straw weight of
the five sample hills were added and final straeld/iiwas reported as tonnes per

hectare.
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3.10.7 Harvest index (HI)

The harvest index was calculated by the followioigrfula

' Economic yield
Harvest index = : : : X 100
Biological yield

where economic yield refers to grain yield anoldmgical yield is the sum of

grain ,chaff & straw yields.

3.11 Chemical analysis of plant

3.11.1 Plant nutrient content

Composite plant samples from each treatmenttoget replications were
collected at the time of the crop harvest for khand rabi season. The samples
were oven dried, properly grinded by a Willey Ingitinder and passed through a
2 mm sieve for the purpose of chemical analysisN@?,K,S,Zn,and B content in

plant samples. Analysis was done as per methodsioned in Table 3.2d.

3.11.2 Nutrient uptake

The uptake of the particular nutrient by grain atichw was sorted out by
multiplying their nutrient content with correspongliper hectare treatment yield. Total
nutrient uptake was determined by summing up treuatremoved by the grain and straw
and was expressed in kgtia case of N, P, K ,S and ghor Zn and B.

3.12 Statistical analysis

The data were analysed as per the procedure deddob Randomized Block
Design (Panse and Sukhatme,1978).Standard erramezns,SE(m) and critical
differences (CD) were calculated at 5 per centlldge comparing the treatment
means,wherever ‘F’ test was found significant. Tokofving formulae were used for
estimation of SE(m) and CD.

/EMS
SE(m) = = Y

Where EMS=error mean sum of square

r =number of replicationsw

CD (0.05)=SEm%) X \/Ex t (0.05) at error degrees of freedom.
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3.12.1 Correlation Studies

Correlation between vyield and other ancillary chtes were studied.
Correlation coefficient (r) was calculated by usthg following formulae (Panse and
Sukhatme, 1978).

ny_zx];]Zy
r =
JEw =[5y - 2]

Where ,r= Correlation coefficient
x and y represent the mean valuesffe#frent agronomic traits of which

X = independent variable
y = dependent variable
N = Number of treatments

3.13 Economics

The cost of cultivation and gross return of theiice cropping system under
different nutrient management practices for theyed experimentation in 2010-11
and 2011-12 were calculated on hectare basis takitg account the prevailing
price of inputs and total grain and straw produoédhe system. Net return was
calculated by deducting the cost of cultivationnfrthe gross return for the system.
Benefit-cost ratio (B:C) was calculated by dividinget return with cost of
cultivation (Singhet al., 2015).
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RESULTS

The present investigation was made to assess fine ef integrated nutrient
management in rice-rice cropping system. Data ci@tefrom the experiments were

analysed and presented in this chapter with ingéagion.

4.1 Pre-harvest studies
4.1.1 Plant height

Data relating to height are presented in Tabla,sland illustrated in Fig. 4.1.
The height increased with time and reached its mari at harvest. The rate of
increase in height was maximum between 30 to 6@ déter transplanting (DAT),

coinciding with the elongation stage of the crop.

The height was influenced significantly by diffat treatments from 30
DAT till harvest. It was highest at harvest durkitarif 2010 (106.00 cm) and 2011
(105.00 cm) by application of RFD + Zn$@ 25 kg ha + B @ 1 kg ha (T10) with
an average height of 106.00 cm. It was superiather treatments as there was an
increase of 1 to 27 per cent in height. The higlestease was 27 per cent over
application of RFD alone ¢J while it was lowest (1 %) over application of RRD
Zn-EDTA + S + B (Thy. The increase was 3, 5, 19, 22 and 23 per ceat ov
application of ZnS@ FYM, S, Zn-EDTA and B respectively along with RFD
Application of ZnSO4 + B along with RFD {d) was significantly superior over other

treatments exceptiTin increasing the plant height.

During rabi season taller plants (104 cm) wexapced due to the residual
effect of ZnSQ + B which was applied along with RFD to kharifei€Ti). It was
significantly superior over other treatments excéat(RFD + Zn-EDTA + S + B)
and B (RFD + ZnSQ). The plants became taller during the kharif (83L06) than
that of rabi season (80 to 104) (Table 4.1a ank)4.1
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Table 4.1a

Effect of integrated nutrient managemeron plant height (cm) during kharif season

30 DAT* 60 DAT 90 DAT At Harvest
Treatments 2010 | 2011| Mean| 2010/ 2011 Mearl 2010 2011 Mean 20100112| Mean
T, | RFD 41 37 39 62 60 61 84| 79 81 85 81 83
T, | RFD+FYM 58 56 57 80 78 79 99| 98 99l 102 99 101
Ts | RFD+ZnsSQ 59 57 58 84 81 82 102/ 100 101 108 102 103
T4 | RFD+Zn-EDTA 44 42 43 68 63 65 86| 82 84 88 86 87
Ts | RFD+S 47 45 46 70 67 67 88| 83 86 o1 8 89
Te | RFD+B 42 40 41 63 61 62 85| 79 82 87 84 86
T, | RFD+Zn-EDTA+S 58 51 53 79 76 77 96 95 05 99 97 98
Ts | RFD+Zn-EDTA+B 52 48 49 73 69 71 91 89 89 92 93 93
To | RFD+S+B 51 50 50 74 71 73 95| 94 94 9f 95 96
Ti0| RFD+ ZnSQ+B 62 60 61 87 83 85 106) 103 105 106 105 106
Ti1 | RFD+Zn-EDTA+S+B | 61 59 60 86 84 84 103  10p 102 104 051 105
SEm (3) 105 | 1.16| 126| 156 157 178 087 1p6 11/4102 | 1330 1.40
CD (P = 0.05) 3.09| 343 372 462 464 526 256 723 418 | 3.02| 3922 4.5

*DAT — Days after transplanting
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Table 4.1b

Residual effect of integrated nutrienthanagement on plant height (cm) during rabi season

30 DAT 60 DAT 90 DAT At Harvest
Treatments
2010 2011 Mean 2010 2011 Mear 2010 2011 Mepn 20100112| Mean
T: | RFD 37 34 35 58 58 58 80 74 77 81 78 80
T2 | RFD+FYM 53 52 53 76 75 76 95 95 95 100 96 88
T3 | RFD+ZnSQ 56 54 55 81 77 79 98 97 98 102 100 100
T4 | RED+Zn-EDTA 41 40 41 65 61 63 83 78 80 84 83 84
Ts | RFD+S 42 42 43 66 64 65 87 81 84 87 84 86
Ts | RFD+B 39 38 39 60 60 60 81 74 74 84 82 83
T7 | RED+Zn-EDTA+S 52 49 51 75 74 74 92 92 92 96 95 96
Tes | RFD+Zn-EDTA+B 46 44 45 68 68 68 89 86 88 91 91 91
To | RFD+S+B 48 46 47 70 69 70 92 90 91 94 94 94
T10 | RFD+ ZnSQ+B 58 57 58 83 84 83 101 100 101 105 103 104
T E[F)'[I?;ig-l-B 57 55 56 82 80 81 100 100 100 103 101 102
SEm (1) 1.45 1.26 1.48 2.03 0.96 1.93 1.28 0.84 1.89 1/21.83 0 1.42
CD (P =0.05) 4.28 3.74 4.38 5.98 2.84 5.69 3.79 2.48 4.11 3/58.47 2 4.18
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4.1.2 Number of tillers plant!

Data on number of tillers per plant are preseritedlable 4.2a, b and
illustrated in Fig. 4.2. Rapid increase in numbgetillers was observed between
30 to 60 DAT. Maximum number of tillers per plafit5) was recorded in
treatment To (RFD + ZnSQ + B) which was at par withiT (RFD + Zn -EDTA
+ S + B) (14.7) and F(RFD + ZnSQ) (14.7). Application of RFD + ZnSO+ B
increased 30 per cent more tillers over applicatbRFD (T.) only. Application
of RFD + ZnSQ + B increased 9.4, 5.6, 22.0, 17.1 and 27.1 pet ceer single
application of FYM, ZnS@®@ Zn-EDTA, S and B along with RFD. Application of
RFD + FYM increased 11.4,7 and 16.1 per cent ovwagles application of Zn-
EDTA, S and B along with RFD.

During rabi season there was rapid increase mbau of tillers per plant
between 30 to 60 DAT. Residual effect of ZnSOB applied along with RFD to
kharif rice (Tig) increased 45 per cent more tillers per plant duefRFD). Tio was
significantly superior over other treatments, batsvat par with T; and . Residual
effect of ZnSQ + B along with RFD increased 45,11.5,6.8,32.4,2¢hd 37.1 per
cent more number of tillers per plant over singpglication of RFD (1), FYM (T2),
ZnSQ (T3), Zn-EDTA (Ta), S (Ts) and B (%) along with RFD. Residual effect of
FYM along with RFD increased 18.8,15.8 and 23 q@rt more number of tillers
over single application of Zn-EDTA, £}, S (Ts) and B () along with RFD.

4.1.3 Leaf area index (LAI)

Data pertaining to leaf area index are presemtéable 4.3a, b and illustrated
in Fig. 4.3. LAl increased from 30 to 60 DAT rapidind there after decreased. It was
affected significantly by different treatments. Dy kharif, highest LAI (3.51 to
3.57) was obtained at 60 DAT with application ofIRF ZnSQ + B (Ti0) which was

significantly superior over all other treatments.
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Table 4.2a

Effect of integrated nutrient managementon number of tillers during Kharif season

30 DAT 60 DAT 90 DAT

Treatments 2010 | 2011 | Pooled 2010| 2011 Pooled 201 2011 Pool
T1 | RFD 4.7 4.5 4.6 10.6 8.9 9.80 12.2 10.8 11.5
Tz | RFD+FYM 7.1 6.7 6.9 13.0 11.0 12.0 14.7 12.6 13.7
Ts | RFD+ZnSQ 7.4 6.8 7.1 13.9 11.6 12.8 15.3 13.2 14.2
Ta | RFD+Zn-EDTA 5.1 5.1 5.1 113 9.5 10.4 13.2 11.4 12.3
Ts | RFD+S 5.5 5.3 5.4 11.7 9.8 10.8 135 12.1 12.8
Te | RFD+B 4.9 4.7 4.8 11.1 9.3 10.2 12.6 11.1 11.8
T7 | RFD+Zn-EDTA+S 6.7 6.3 6.5 12.7 10.6 11.7 14.4 12.4 13.4
Ts | RFD+Zn-EDTA+B 6.1 5.9 5.9 12.2 10.1 11.2 13.8 12.2 12.9
To | RFD+S+B 6.4 6.1 6.3 12.4 10.3 11.4 14.0 12.4 13.2
Tio | RFD+ZnSQ+B 8.1 7.2 7.6 15.2 12.9 14.0 16.3 13.8 15.0
Ti1 | RFD+Zn-EDTA+S+B 7.5 7.6 7.5 14.7 12.1 13.4 16.0 13.5 14.7
SEm () 0.16 | 0.3 0.09 0.22 0.26 0.17 0178 | 0.51 0.27

CD (P = 0.05) 0.48 | 0.40 0.26 0.67 0.76 0.51 0.52 1.50 0.8(
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Table 4.2b

Residual effect of integrated nutrient mnagement on number of tillers during rabi season

30 DAT 60DAT 90DAT
Treatments
2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled

T: |RFD 6.2 6.4 6.3 11.5 114 115 10.6 10.9 10.7
T> |RFD+FYM 8.6 8.6 8.6 15.2 13.9 14.6 14.6 13.2 13.9
T3 |RFD+ZnSQ 9.3 9.2 9.2 15.9 14.1 15.0 15.2 13.8 14.5
T4 |[RFD+Zn-EDTA 6.5 7.0 6.7 12.9 12.1 12.5 12.1 11.8 1.71
Ts |RFD+S 6.9 7.2 7.0 13.4 12.9 13.2 12.2 117 12.0
Te |RFD+B 6.4 6.9 6.7 12.0 115 11.7 11.5 11.1 11.3
Tz |RFD+Zn-EDTA+S 8.0 8.2 8.1 14.6 13.4 14.0 13.8 12)9 131
Ts |RFD+Zn-EDTA+B 7.0 7.6 7.3 13.6 13.1 13.9 12.7 120 124
To |RFD+S+B 7.0 7.8 7.4 14.3 13.2 13.7 13.1 12.5 12.8
T10 |RFD+ ZnSQG+B 9.8 9.5 9.7 15.8 16.2 16.0 16.1 14.8 15.5
T11 |RFD+Zn-EDTA+S+B 9.4 9.4 9.4 16.2 15.1 15.7 15.7 114 14.9

SEm (1) 0.13 0.13 0.10 0.31 0.11 0.19 0.1 0.12 00.1

CD (P =0.05) 0.40 0.39 0.30 0.93 0.33 0.56 0.32 360. 0.30
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Table 4.3a Effect of integrated nutrient managemenon leaf area index in kharif season-2010 & 2011

30 DAT 60DAT 90DAT
Treatments 2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pool

T1 |RFD 1.13 1.20 1.17 2.13 2.17 2.15 1.23 1.2 1.25
T2 |RFD+FYM 1.90 1.93 1.92 2.63 2.67 2.65 2.2/ 2.2 242.
T3 |RFD+ZnSQ 1.90 2.00 1.95 2.73 2.80 2.77 2.38 2.40 2.37
T4 |RFD+Zn-EDTA 1.40 1.43 1.42 2.23 2.30 2.27 1.73 714 1.60
Ts |RFD+S 1.43 1.50 1.47 2.33 2.37 2.35 1.88 1.60 1.57
Te |RFD+B 1.17 1.23 1.20 2.17 2.23 2.20 1.43 1.40 1.4p
T7 |RFD+Zn-EDTA+S 1.73 1.80 1.77 2.53 2.57 2.55 2.13 971 2.05
Tg |RFD+Zn-EDTA+B 1.583 1.60 1,57 2.37 2.40 2.38 1.93 .671 1.80
T9 |RFD+S+B 1.60 1.67 1.63 2.47 2.43 2.45 2.03 1.y7 901.
T10 |RFD+ ZnSQ+B 2.53 2.60 2.57 3.51 3.57 3.55 3.28 3.33 3.28
T11 |RFD+Zn-EDTA+S+B 1.97 2.10 2.04 2.87 2.93 2.90 2.93 2.60 2.57

SEm () 0.05 0.05 0.04 0.03 0.05 0.03 0.21 0.04 20.0

CD (P =0.05) 0.15 0.14 0.13 0.10 0.14 0.11 0.62 130. 0.06
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Table 4.3b Residual effect of integrated nutrienmanagement on leaf area index in rabi season-2010211

30 DAT 60DAT 90DAT
Treatments
2010 2011 Pooled 2010 2011 Pooled 2010 2011 Poolged

T: |RFD 1.40 1.53 1.47 3.20 2.60 2.90 1.70 1.80 1.7%
T2 |RFD+FYM 2.20 2.63 242 5.10 4.37 4.73 4.0/ 3.33 703.
T3 |RFD+ZnSQ 2.40 2.93 2.67 5.60 4.53 5.07 4.4y 3.63 4.0%
T4 |RFD+Zn-EDTA 1.60 1.80 1.70 3.40 3.07 3.24 2.23 02.83 2.27
Ts |RFD+S 1.73 1.97 1.85 3.47 3.23 3.35 2.43 2.53 2.48
Te |RFD+B 1.50 1.80 1.65 3.23 2.77 3.00 2.07 1.90 1.98
T7 |RFD+Zn-EDTA+S 2.00 2.40 2.20 4.50 4.03 4.27 3.50 .033 3.27
Ts |RFD+Zn-EDTA+B 1.87 2.03 1.95 3.63 3.53 3.58 2.80 .702 2.75
To |RFD+S+B 1.93 2.23 2.08 4.13 3.8C 3.97 3.17 287 023.
Ti0 |RFD+ ZnSQ+B 2.60 3.30 2.95 6.30 5.96 6.13 5.4\ 4.13 5.10
T11 |RFD+Zn-EDTA+S+B 2.50 3.13 2.82 6.00 4.9( 5.45 5.03 3.83 4.43

SEm (%) 0.04 0.04 0.05 0.09 0.10 0.21 0.11 0.07 30.2

CD (P = 0.05) 0.11 0.11 0.13 0.26 0.30 0.63 0.32 220. 0.69
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Application of RFD+ZnSO4+B (i) increased 6.0, 4.6, 3.8, 10.5, 11.0 and
13.0 per cent more LAl at 60 DAT over RFRJ;FYM (T2), ZnSO4 (E),Zn-
EDTA(T4), S(Ts) and B(Te) respectively.

LAl increased rapidly from 30 to 60 DAT during ramd decreased thereafter
(Table 4.3b and Fig. 4.3). Residual effect of ZnS(B applied along with RFD to
kahrif rice (Ti0) recorded highest LAI (5.96-6.30) which was sigpaihtly superior
over other treatments. Residual effect of ZaSOB applied with RFD to kharif
rice (Ti0) recorded higher LAl as compared to residual ¢fééceither ZnSO4 (3), B
(Ts), ZN-EDTA (Ts) applied along with RFD to kharif rice.

Application of RFD+ZnS0O4+B (1) increased 97.0, 21.0, 12.6, 76.0, 70.0 and
90.0 per cent more LAI at 60 DAT over RFD)TFYM (T2), ZnSO4 (8), Zn-EDTA
(T4), S (Ts) and B (%), respectively.

4.1.4 Dry matter production

Data on dry matter production, presented in Td@a, 4.4b and Fig. 4.4. It
was observed that dry matter production increasétth wme and reached its
maximum at harvest. The rate of increase was sjpt 80 DAT, but got momentum
after 60 DAT. The rate of increase was maximum betw60 to 90 DAT both for
kharif and rabi season during 2010 and 2011.

Dry matter production was influenced significantly different treatments.
During kharif season maximum dry matter was produséh application of RFD +
ZnSQ, + B (28.03 - 29.40 g hil) (T10) followed by application of RFD + Zn-EDTA
+S + B (27.20 to 28.13 g hfl) (T11) and RFD + ZnS©(25.20 to 25.40 g hifl) (T3).

Application of RFD + ZnS®@+ B increased 39.4, 15.8, 13.4, 30.6, 27.7 and
31.2 per cent more dry matter over single appboabf RFD (T), FYM (T2), ZnSQ
(T3), Zn-EDTA (T4), S (Ts) and B (&) along with RFD. Application of RFD + FYM
increased 12.7, 10.2 , 13.3 per cent more dryemaiter single application of Zn-

EDTA (T4), S (Ts) and B (&) along with RFD.

59



Table 4.4a

Effect of integrated nutrient managemenon dry matter production (g/hill) on kharif season-2010 and 2011

30 DAT 60DAT 90DAT
Treatments
2010 2011 Pooled 2010 2011 Pooled 2010 2011 Poaled

T: | RFD 3.70 3.50 3.60 10.17 11.10 10.63 20.Y0 20,50 .620
T2 | RFD+FYM 5.10 5.00 5.05 13.47 13.43 13.45 24.Y7 8Q4) 24.78
Tz | RFD+ZnSQ 5.40 5.30 5.35 13.90 13.60 13.75 25.40 25.20 2530
T4 | RFD+Zn-EDTA 4.13 4.03 4.08 11.20 10.97 11.08 21.8322.13 21.98
Ts | RFD+S 4.40 4.33 4.37 11.37 11.17 11.27 22.20 22\722.48
Te | RFD+B 3.83 3.60 3.72 11.23 11.10 11.17 21.93 21/8(1.87
Tz | RFD+Zn-EDTA+S 5.07 5.00 5.03 13.47 13.17 13.32 6Q4, 24.40 24.50
Ts | RFD+Zn-EDTA+B 4.30 4.20 4.25 11.33 11.30 11.31 333.| 23.20 23.27
To | RFD+S+B 4.70 4.60 4.65 11.53 11.50 11.51 2463 4824, 2448
Tio | RFD+ ZnSQ+B 5.90 5.73 5.82 15.17 16.27 15.72 29.40 28,03 7128
T11 | RFD+Zn-EDTA+S+B 5.65 5.69 5.67 15.27 15.13 15.20 8.13 27.20 27.66

SEm (%) 0.03 0.04 0.03 0.02 0.33 0.16 0.12 0.30 60.1

CD (P = 0.05) 0.11 0.12 0.09 0.08 0.98 0.48 0.36 900. 0.49
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Table 4.4b

Residual effect of integrated nutrient mnagement on dry matter (g/hill) production on rab season-2010 & 2011

Treatments 30 DAT 60DAT 90DAT
2010 2011 Pooled 2010 2011 Pooled 2010 2011 Pooled
T: | RED 3.90 3.80 3.85 10.40 10.30 10.35 20.90 20.57 20.73
T. | RFD+FYM 5.30 5.40 5.35 13.70 13.60 13.65 25.20 25.00 25.10
Ts | RFD+ZnSQ 5.50 5.60 5.55 14.13 14.00 14.07 25.60 25.20 25.40
T4+ | RFED+Zn-EDTA 4.30 4.20 4.25 11.30 11.27 11.28 22.4D 21.67 22.03
Ts | RFD+S 4.60 4.50 4.55 11.50 11.33 11.42 22.4D 22.50 22.45
Te | RFD+B 4.10 4.20 4.15 11.40 11.30 11.35 22.13 21.23 21.68
T7 | RFD+Zn-EDTA+S 5.30 5.27 5.28 13.60 12.50 13.05 24.8D 24.73 24.77
Te | RFD+Zn-EDTA+B 4.50 4.60 4.55 11.30 11.80 11.55 24.60 24.20 24.40
To | RFD+S+B 5.00 5.13 5.07 11.60 12.20 11.90 24.80 24.50 24.65
Ti0 | RFD+ ZnSQ+B 5.90 6.00 5.95 14.80 16.60 15.70 28.6D 27.80 28.20
T | RFD+Zn-EDTA+S+B 5.50 5.70 5.60 14.13 15.13 14.63 25.6D 27.20 26.40
SEm (1) 0.01 0.02 0.01 0.01 0.08 0.04 0.01 0.34 0.1y
CD (P =0.05) 0.05 0.06 0.04 0.04 0.25 0.12 0.03 1.02 0.51
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During rabi season maximum dry matter was predy27.80 to 28.60 g hil)
due to residual effect of ZnS@ B applied along with RFD to kharif rice 1] followed
by the residual effect of Zn-EDTA + S + B appliddrg with RFD to kharif rice (25.60
to 27.20 g hilt") (T11). These two treatments fgfand Ti1) were significantly superior

to other treatments.

Residual effect of RFD + ZnSG- B (Tig) increased 36.0,12.4,11.0,28.1,25.6,
and 30.0 per cent more dry matter over singleiegibdn of RFD (&), FYM (T2),
ZnSQ; (T3), Zn-EDTA (Ta), S (Ts) and B (&) along with RFD. Residual effect of
RFD + FYM increased 13.9,11.8 and 15.8 per centemairy matter over single
application of Zn-EDTA (1), S (Ts) and B (&) along with RFD.

4.2 Observations at maturity
4.2.1 Yield attributing characters
4.2.1.1 Length of panicle

Data on length of panicle during kharif and rabasons are presented in

Table 4.5a, 4.5b and illustrated in Fig. 4.5 td04.1

The length of panicle was influenced significanily different treatments.
When RFD was applied along with ZnS®B (T1). It produced the longest panicles
(27 cm), which remained at par with applicatiorR6fD + Zn-EDTA + S + B (T1) or
RFD + FYM (T2), RFD + ZnSQ (T3), RFD + Zn-EDTA + S (§) and RFD + S + B
(To). Application of RFD + Zn-EDTA +S + B during kh&iseason produced longer
panicles (26.3 cm) than RFD + Zn5(@6.2 cm) and RFD + FYM (26.1 cm) and
RFD alone (18.1 cm).

Application of RFD + ZnS®@+ B increased 35, 32, 46 and 21 per cent more
panicle length over single application of Zn-EDTAs), S (Ts), B (Te) and Zn-
EDTA+B (Tg) along with RFD. Application of RFD + FYM increak&0, 27.3 and
41 per cent more panicle length over single aptinaof Zn-EDTA (Ta), S (Ts) and
B (Ts) along with RFD.
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During rabi season longest panicle (28.1 cm) waslyred due to residual
effect of ZnSQ + B applied along with RFD to kharif rice {g). This was
significantly superior over other treatments bupat with Ti1 (RFD + Zn-EDTA + S
+ B) producing panicle length of 28.0 cm.

Residual effect of ZnSO + B along with RFD (To) increased
29.0,11.9,6.0,25.4,25 and 26.0 per cent more |gateagth over residual effect of
RFD, FYM, ZnSQ, Zn-EDTA , S and B along with RFD. Residual etfef FYM
along with RFD increased 12, 11.6 and 12.6 per cenmt panicle length over single
application of Zn-EDTA (¥) S (Ts) and B ().

4.2.1.2 Weight of panicle

Data on weight of the panicle of kharif and rat® given in Table 4.5a and
4.5b and illustrated in Fig.4.6 and 4.11. Applicatiof RFD + ZnS®@ + B (T10)
produced heavier panicles (2.74 g) during kharifclwhwas significantly superior to

T1, Ts and T but at par with other treatments.

Application of RFD + Zn-EDTA + S + B (I) produced heavier panicle
(2.60 g) than application of RFD4jTand RFD + B (§) (23.02). T and T produced

lighter panicles.

During rabi season the residual effect of Za$® which was applied along with
RFD during kharif season {g recorded heavier panicles (2.65 g) which wasfgigntly
superior to all other treatments but at par with(RFD + Zn-EDTA + S + B) producing a
panicle weight of (2.60 g). Application of RFD1JTRFD + Zn-EDTA (&) and RFD + B
(Te) produced lighter panicles i.e, 2.01 g, 2.27 gat8 g respectively.

4.2.1.3 Number of panicles M

Data on number of panicles?vare given in Table 4.5a, b and illustrated in

Fig 4.7 and 4.12.

The number of panicles were significantly influethdgy different treatments

during kharif. Application of RFD + ZnSO+ B (Ti0) produced maximum panicle

64



(307) which was significantly superior to otheratiraents. Applications of only RFD
(T1) produced the lowest number of panidg234). Application of RFD + FYM
(T2) produced panicles (278) which was at par wilDR- ZnSQ (T3) but superior
over RFD + Zn-EDTA (), RFD + S (F), RFD + B (Ts) RFD + Zn-EDTA + S (3),
RFD + Zn-EDTA + B (E) and RFD (T).

Application of RFD + ZnS®+ B (Ti0) increased 10, 8.5, 24, 21 and 24
per cent more number of panicles over singldiegtn of FYM (T2), ZnSQ (T3),
Zn-EDTA (Ts), S (Ts) and B (&) along with RFD.To increased 31.1 per cent more
number of panicles overiTApplication of RFD + FYM increased 13, 9.4 and6l2
per cent more number of panicles over singleiegigbn of Zn-EDTA (%), S (Ts)
and B () along with RFD.

During rabi season highest panicles (331) was yeed due to residual
effect of ZnSQ + B applied along with RFD to kharif rice {)) which was
significantly superior over other treatments bttpar with Ti1 (RFD + Zn-
EDTA + S + B) (T1) producing 325 number of panicles; Tecorded lowest

number of panicles (258).

Residual effect of ZnSO+ B along with RFD (7o) increased 28.6, 7.5,
4.0, 19.0, 17.0 and 22.0 per cent more number oicpes over residual effect of
RFD (T1), FYM(T2), ZnSQ(T3) , Zn-EDTA (T4), S (Ts) and B (%) along with
RFD. Residual effect of FYM along with RFD incredsEL.O, 8.8 and 13.2 per
cent more number of panicles over single applicatod Zn-EDTA (Ts) S (Ts)
and B (Ts) applied along with RFD. sI[(FYM) produced more panicles (308)
which remained at par with Zn$(Q'3) producing 319 number of panicles applied
along with RFD but was superior over RFD +Zn-ED{2Y7), RFD+S (283) and
RFD+B (272).

4.2.1.4 Fertile grains paniclé

Data on number of fertile grains paniélare given in Table 4.5a and 4.5b and

illustrate in Fig. 4.8 and 4.13.
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The fertile grains per panicle were significanthfluenced by various
treatments during kharif. Application of RFD + ZnS® B (Tig) produced
maximum fertile grains panicfe(157) which was significantly superior over
other treatments, however, it remained at par \apiplication of RFD + Zn-
EDTA + S + B (Tiy) (154). Application of RFD (), recorded lowest number
of fertile grains (97). Application of RFD + ZnSG- B increased 18.9, 8.3,
40.1, 36.5 and 45.3 per cent over single applicatbFYM, ZnSa, Zn-EDTA,

S and B applied along with RFD kahrif season.

During rabi, the residual effect of Zng@nd B which was applied along
with RFD in kharif rice (To) recorded highest number of fertile grains per
panicle (166) which was significantly superior ovat treatments. This was
closely followed by %, T2, T7 and To recording 152, 141, 137 and 132 number
of fertile grains per panicle respectivelys [RFD) recorded lowest number of
fertile grains per panicle (107)..d (RFD + ZnSQ + B) recorded 18.0, 9.2 ,
42.0 , 36.0 and 45.6 % increase in number of fergtains per panicle over
single application of FYM (3), ZnSQ(Tz3)), Zn-EDTA (T4), S(Ts) and B(Ts)
applied along with RFD.

4.2.1.5 Thousand grain weight

Data on thousand grain weight for kharif and rabason are presented
in Table 4.5a, b and illustrated in Fig. 4.9 and44.Application of RFD +
ZnSOy + B (T1o0) recorded highest test weight (24.14 g) which wigmificantly
superior over other treatments, but at par with (RFD + Zn-EDTA + S + B)
recording a test weight of 23.25 g2 (RFD + FYM) recording a test weight of
23.10 g and 7 (RFD + ZnSQ) recording a test weight of 23.38 g. Lowest test
weight (19.38 g) was recorded by application of Réy (Ta).
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Table 4.5a

Effect of integrated nutrient managenm on yield attributing characters during kharif season

Panicle length (cm) Panicle weight (g) Panicles't™ Fertile grains paniclest | 1000 grain weight (g)

Treatments
2010 | 2011 Mean| 2010 2011 Mean 201D 2011 Mean 20100112| Mean | 2010 2011 Mean
T1 |RFD 18.4 | 17.8 18.1| 210 193 2.01 232 245 234 96 07 9719.10| 19.67 19.38
T> |[RFD+FYM 26.1 | 26.1| 26.10| 240 240 240 270 286 218 127 136132 | 22.57| 23.63 23.1d
Tz |[RFD+ZnSQ 26.3 | 26.2 26.2 260 2.50 2.55 278 287 283 143 147 45 1 22,87 23.90 23.38
T4 |RFD+Zn-EDTA 19.7 | 204 20.0 220 2.10 2.16 241 253 247 107 116 12 1 20.47| 20.43 20.45
Ts |[RFD+S 204 | 20.7| 205| 220 218 211 249 258 254 113 117 15 1 20.47| 20.63 20.55
Te |RFD+B 17.2 | 19.9 185 | 210 193 201 241 252 247 105 111 08 1 20.13| 20.13 20.13
T; |RFD+Zn-EDTA+S | 26.1 | 26.1| 26.7| 233 237 2.34 261 272 267 123 132 28 1 21.87| 22.30 22.08
Tes |RFD+Zn-EDTA+B | 224 | 225 22.4 230 2.21 2.25 244 264 254 118 122 20 1 21.10] 21.37 21.23
To |[RFD+S+B 24.60| 245 24.5 238 228 2.28 255 268 262 120 130125 2170 22.20 21.99
T10 |[RFD+ ZnSQ+B 27.13| 26.8 27.0 278 2.70 2.74 302 312 307 155 158157 2410, 24.17 24.14
T11 E[F)'[I?Z\ig+8 26.30| 26.3| 26.3| 270 250 2.60 289 295 292 152 155154 | 23.33| 23.17 23.25
SEm (%) 098 | 067, 090| 0.23 0.0f 0.18 1.84 3.54 3.54 316592 2.97 0.57| 0.68 0.59
CD (P =0.05) 294 | 2.01| 267| 069 0.20 0.5¢ 545 10.p8 1045 9.4B78 8.92 1.70] 2.04 1.78
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Table 4.5b Residual effect of integrated nutrient rmanagement on yield attributing characters during rai season

an

Panicle length ( cm) Panicle weight (gm) Panicles Fertile grains panicles® | 1000 grain weight(g)

Treaiments 2010 | 2011 Mean| 20102011| Mean | 2010 2011| Mean 2019 2011 Mean 2010 2011 Me

T: |RFD 21.6| 22.1 21.8/ 2.002.03| 2.01 260 255 258 | 109 105 107 | 21.90| 21.60| 21.75
T, |RFD+FYM 25.2| 25.0f 25.1] 2.5p2.52| 2.50 306 310 308| 137 145 141 | 23.50| 24.60| 24.05
Ts |RFD+ZnSQ 26,5| 264 26.5| 2552.50| 2.52 320 317 319| 153 151 152 | 23.60| 24.90| 24.25
T4 |RFD+Zn-EDTA 22.4| 225 224 2.302.25| 2.27 280 275 278| 118 116 117 | 22.60| 23.17| 22.88
Ts |RFD+S 225 22§ 225 2.332.30| 2.32 284 282 283| 121 122 122 | 22.90| 23.50| 23.20
Te |RFD+B 22.3| 224 223| 2.282.13| 2.18 275 269 272| 116 112 114 | 22.50| 22.80| 22.65
T: |RFD+Zn-EDTA+S | 23.8| 235 23.7 2.5®.50| 2.50 302 299 301| 131 142 137 | 23.40| 24.60| 24.00
Ts |RFD+Zn-EDTA+B | 22.7| 22.8 22.7| 2.302.43| 2.36 292 288 290| 122 129 126 | 23.30| 24.13| 23.72
To |RFD+S+B 23.2| 229 231 2.37247| 242 294 291 293| 128 136 132 | 23.40| 24.40| 23.90
T10|RFD+ ZnSQ+B 28.1| 28.1| 28.1| 2.7p2.60| 2.65 328 334 331| 168 163 166 | 24.13| 25.03| 24.58
Tu gfg+2n-EDTA T | 280/ 280 280| 2.602.60| 2.60 325 325 325| 161 154 158 | 23.83| 24.93| 24.38
SEm () 0.08/ 0.10 0.07} 0.040.05| 0.03 | 0.62| 0.96| 3.80 144 | 174 125 | 0.04| 0.04| 0.03
CD (P =0.05) 025 030 0.21 0.19.15] 0.09 1.83| 2.85| 1140 432 | 5.22 416 | 0.11| 0.12| 0.09
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Application of RFD + ZnS®+ B (T1o) recorded 24.5 per cent increase in test
weight over application of RFD ()it also recorded 4.5, 3.3, 18.0, 17.4 and 19.9
per cent increase in test weight over single appba of FYM(T:), ZnSQ(T3),
Zn-EDTA (Ts), S (Ts) and B () along with RFD Treatment:d also recorded 3.8 per

cent increase in test weight oven.T

During rabi, residual effect of ZnGG- B which was applied with RFD to
kharif rice (Tio) recorded highest test weight (24.58 g) which wamificantly
superior over other treatments. This was closdlp@d by T:1 (RFD + Zn-EDTA -

S + B), T, (RFD + ZnSQ), T> (RFD + FYM) and 7 (RFD + Zn-EDTA + S),
recording a test weight of 24.38 g, 24.25 g, 24@nd 24.0 g, respectively. Lowest
test weight was recorded by TRFD) recording a test weight of 21.75 go [RFD +
ZnSQ + B) recorded 13 per cent increase in test waght RFD (T).

4.2.2 Yield
4.2.1 Grainyield

Data on grains yield are presented in Table 4db imstrated in Fig. 4.15.
The kharif grain yield ranged from 3.57 to 5.28at' ldue to imposition of different
treatment . Highest grain yield (5.28 tfavas recorded ini6 (RFD + ZnSQ + B)
which was significantly superior over other treatitse Application of RFD + ZnSO
+ B (T10) recorded an increase of 14.7 and 42.3 per camte in grain yield over 3l
(RFD + ZnSQ) and T (RFD + B). The same treatment i.e;p [RFD + ZnSa + B)
increased 10.7 per cent in grain yield over (RFD + Zn-EDTA + S + B).

Application of RFD +Zn-EDTA + S + B (ih) recorded 23.5, 19.5, 28.5, 10.4,
17.2 and 15.2 per cent increase in grain yield 0vy¢RFD + Zn-EDTA), E (RFD +
S). Ts (RFD + B), & (RFD + Zn-EDTA + S), § (RFD + Zn-EDTA + B) and §
(RFD + S + B). Application of 1o (RFD + ZnSa + B) recorded on increase 18.9,
32.4, 22, 29.7 and 27.5 per cent more grairdyekr L (RFD + FYM), Ts (RFD +
S), T (RFD + Zn-EDTA + S), ¥ (RFD + Zn-EDTA+B) and J(RFD + S + B)
respectively. Application of RFD + FYM recorded 15]1.2 and 19.7 per cent

increase in grain yield over treatments Ts and T respectively. T (RFD) recorded

73



lowest grain yield (3.57 t . Tio recorded an increase of 48 per cent in grain yield

over sole application of T

The residual rice crop grain yield ranged fror@84to 6.21 t hd due to
imposition of various treatments. During rabi,idesl effect of ZnS@+ B which
was applied along with RFD to kharif riceiff recorded highest grain yield (6.21t
hal) which was significantly superior over all otheedatments. This was closely
followed by Ti1, T3, T2, T7, Te and T recording a grain yield of 5.66, 5.48, 5.38, 5.21,
5.08 and 4.92 t hta Tio recorded 13.3 and 38.6 per cent increase in yie@ T
(RFD + ZnSQ) and T (RFD + B). The same treatment i.ey vas significantly
superior over 11 (RFD + Zn-EDTA + S + B) and recorded an 9.7 pet @aecrease in
grain yield over the same treatment.

Table 4.6 Effect of integrated nutrient managemnt on grain yield (t hat)over
seasons 2010 & 2011

Kharif Rabi Total
Treatments grain
2010 | 2011| Pooled 2010 2011 Pooled yield

T | RFD 3.59| 3.55 3.57| 4.34| 4.22 4.28| 15.69
T2 | RFED+FYM 4.35| 4.53 4.44| 5.36| 5.39 5.38| 19.63
Ts | RFD+ZnSQ 452 4.68 460 5.46| 551 5.48| 20.16
T4+ | RFD+Zn-EDTA 3.87| 3.85 3.86| 4.59| 4.58 459| 16.89
Ts | RFD+S 3.92| 4.07 3.99| 4.76| 4.70 4.73| 17.44
Ts | RFD+B 3.71| 3.70 3.71| 452| 4.44 4.48| 16.37

T7 | RFD+Zn-EDTA+S | 4.24| 4.40 4.32| 5.22| 5.20 5.21| 19.06

Te | RFD+Zn-EDTA+B| 3.99| 4.15 4.07| 4.89| 4.94 4.92| 17.98

Ts | RFD+S+B 406| 423 414| 507| 500 508 1845

T10 | RFD+ ZnSQ+B 519| 5.36| 528 6.14| 628 621 22.96

T EEBD+Z”'EDTA+ 469| 486 477| 569 563 566| 20.86
SEm (4) 006 | 006| 006| 005 006 003 211
CD (P = 0.05) 018 | 018| 017 | 016 016 018  6.27
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T11 (RFD + Zn-EDTA + S + B) recorded an increase 0£3239.6, 26.3, 8.6,
15.0, and 11.4 per cent more grain yield ove(RFD + Zn-EDTA ), E (RFD + S),
Te (RFD + B), T (RFD + Zn-EDTA + S) , §(RFD + Zn-EDTA + B) and J(RFD +
S + B). Similarly o recorded 15.4,35.3,31 and 39 per cent more greid over b
(RFD + FYM), T4 (RFD+Zn-EDTA), T (RFD + S) and T6 (RFD+B) respectively.
Ti0 recorded 13.3 and 38.6 per cent increase im giald over & (RFD + ZnSQ)
and Ts (RFD+B) respectively.

Residual effect of FYM which was applied in khaibng with RFD recorded
an increase of 25.7, 17.2, 14 and 20 per cergrain yield over T (RFD), T4 (RFD
+ Zn-EDTA), Ts (RFD + S) and d (RFD + B) respectively. Lowest grain yield
(4.28 t ha) was recorded by treatment T1 (RFDj)o flecorded 45 per cent increase in
grain yield over T (RFD).

It was revealed that application of RFD + ZnSOB (Tio) recorded highest
total grain yield (22.96 t h of the system followed by:T (RFD + Zn-EDTA + S
+ B) recording a system grain yield of 20.86 tha

4.2.3 Straw yield

Data on straw yield are present in Table 4.7. dhgtrated in Fig.4.16. The
straw yield ranged from 4.78 to 6.33 t’hdue to imposition of various treatments.
Highest straw yield was recorded (6.33 thhy Tio (RFD + ZnSQ + B) which was
significantly superior over other treatments. Apation of RFD + ZnS©+ B (Tio)
recorded an increase of 11 and 30 per cent in stigle over B (RFD + ZnSQ) and
Te (RFD + B). Application of T1 (RFD + Zn-EDTA + S + B) recorded 16,14,20, 6.6,
10.8 and 9.4 per cent increase in yield ove(RFD + Zn-EDTA), E(RFD + S), &
(RFD + B), 7 (RFD + Zn-EDTA + S), §(RFD + Zn-EDTA + B) and J(RFD + S +
B) respectively. Application of 16 (RFD + ZnSQ + B) recorded 13, 26, 24 and 30
per cent increase in yield over, [RFD + FYM), T4 (RFD+Zn-EDTA), T5 (RFD + S)
and Ts (RFD+B) respectively. Application of RFD + FYM {)Trecorded 17,11,9 and

14.5 per cent more yield over treatmentd4,Ts and | respectively.
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Lowest straw yield (4.78 t Hawas recorded by{T{RFD). Tio (RFD + ZnSQ

+ B) recorded 32.4 per cent increase in straw yogkt T. (RFD).

The rabi straw yield ranged between 6.11 to 7.4&due to imposition of

various treatments applied in kharif. Residual effdf ZnSQ + B (T10) applied along

with RFD in kharif season recorded highest stragidyof 7.45 t ha followed by T,
T3, T2, T7, T9 and & recording a straw yield of 6.95, 6.81, 6.72, 6&50 and 6.41 t
ha? respectively. To recorded on 9 and 22.3 per cent increase in pigddl T (RFD +
ZnSQ) and & (RFD + B) respectively.

Table 4.7  Effect of integrated nutrient managemetnon straw yield (t ha?)
over seasons 2010 and 2011

Kharif Rabi Total

Treatments straw

2010| 2011| Pooled| 2010| 2011 | Pooled| yield
T1 | RFD 4.70| 485 4.78| 596 6.26 6.11 19.73
T2 | RFD+FYM 5.45| 5.73 559, 654 691 6.72 24.62
Tz | RFD+ZnSQ 5.55| 588 5.71| 6.66 6.97 6.81 25.04
T4 | RFD+Zn-EDTA 495 511 503} 6.04 6.24 6.14 22.33
Ts | RFD+S 4.99 5.24 511} 6.19 6.32 6.25 2273
Te | RFD+B 481 496 488 6.08 6.14 6.09 21.4
T7 | RFD+Zn-EDTA+S | 5.32 562 547 650 6.Y8 6.64 24/23
Tg | RFD+Zn-EDTA+B | 5.10f 5.41 5.26] 6.23 6.60 6.41 23.34
To | RFD+S+B 515/ 551 533 637 6.63 650 23|65
T10 | RFD+ ZnSQ+B 6.21| 646/ 6.33| 7.34 756 /.45 27.56
Tu EEBD *ZnEDTA* 1 572| 5.04| 583| 682 7.08 695 2556
SEm (%) 0.07] 0.05 0.04f 0.0 0.06 0.05 1.63
CD (P =0.05) 0.20 0.16 0.13 0.16 0.16 0.16 4.89
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T11 (RFD + Zn-EDTA + S + B) recorded an increase of 1B 14, 5, 8. 4 and
7 per cent more straw yield ovex (RFD + Zn-EDTA), B (RFD + S), § (RFD +
B) T7 (RFD + Zn-EDTA + S), ¥ (RFD + Zn-EDTA + B) and §(RFD + S + B)

respectively.

Ti0 (RFD + ZnSQ + B) applied in kharif recorded an increase 11a8d 19
per cent more straw yield over treatmendRFD + FYM), T4 (RFD + Zn-EDTA)
and T (RFD +S) respectively.

Residual effect of FYM which was applied in khaibng with RFD recorded
an increase of 10.9, 5, 7.5 and 10 per cent miedd yover & (RFD), T2 (RFD +
Zn-EDTA), Ts (RFD + S) and d(RFD + B) respectively. Lowest straw yield (6.1Hat
1y was recorded by treatment (RFD).

It was revealed thatid (RFD + ZnSQ + B) applied in kharif recorded highest
system total straw yield of 27.56 t*h#ollowed by i1 (RFD + Zn-EDTA + S + B)
recording a total straw yield of 25.56 tha

4.3.3 Harvest index (%)

Data on harvest index are presented in Table Bb& the years (2010 and
2011) recorded more or less similar harvest intéeghest harvest index (45.44) was
recorded by To (RFD + ZnSQ +B) which remained at par with:T (RFD + Zn-
EDTA + S + B) recording a harvest index of 45.01.

Application of Tio (RFD + ZnSQ + B) recorded an increase of 2 and 5 per
cent more harvest index oveg TRFD + ZnSQ) and & (RFD + B) . Similarly.
Application of T.1 (RFD + Zn-EDTA + S + B) recorded 3.6, 2.7, 4.332and 3 per
cent more harvest index oves (RFD + Zn-EDTA), & (RFD +S), 5 (RFD + B), T
(RFD + Zn-EDTA +S), & (RFD + Zn-EDTA + B) and § (RFD + S + B)
respectively. Application of 16 (RFD + ZnSQ + B) recorded an increase of 2.6, 4.6,
3.7 and 5.3 per cent more harvest index ove(RFD + FYM), T4 (RFD + Zn-
EDTA), Ts (RFD + S) and d (RFD+B) respectively. Lowest harvest index (42.75)
was recorded byI{RFD).
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Table 4.8 Effect of integrated nutrient managementon harvest index over
seasons 2010&2011

Kharif Rabi
Treatments
2010 | 2011| Pooled 2010 2011 Pooled

T1 | RFD 43.26 | 4224 42.75 4226  40.23 41.24
T> | RFD+FYM 44.36 | 44.14 44.25 45.04  43.82 44.43
Ts | RFD+ZnSQ 44.86 | 44.28 4457 45.0%  44.14 44.59
T4+ | RFD+Zn-EDTA 43.84 42.98 43.41 43.1¢9 42.34 42.76
Ts | RFD+S 43.91 | 43.70 43.81 4350  42.65 43.07
Ts | RFD+B 4353 | 42.70 43.13 4286 4221 42.53

T7 | RFD+Zn-EDTA+S 44.33 43.89 44.11 44.57 43.39 43.95

Ts | RFD+Zn-EDTA+B 43.89 43.40 43.64 43.99 42.84 43.41

T9 | RFD+S+B 44.08 43.42 43.75 44.37 43.43 43.9(

T10 | RFD+ ZnSQ+B 45.54 45.34 45.44 45.5] 45.39 45 .44
RFD+Zn-

T11 EDTA+S+B 45.05 44.98 45.01 45 .44 44.29 44.89
SEm (%) 0.44 0.26 0.29 0.39 0.38 0.38
CD (P =0.05) 1.29 0.77 0.86 1.15 1.11 1.12

During rabi residual effect of Znga B (Ti0) applied along with RFD in
kharif season recorded highest harvest index (3svéch was significantly superior
over other treatment. Residual effect of RFD + Z0fRA + S + B applied in kharif
recorded 5, 4.2, 5.5, 2.1 and 3.4 per cent manevelst index over treatment TRFD
+ Zn-EDTA), Ts (RFD + S), & (RFD + B), T (RFD + Zn-EDTA +S) and g(RD +
Zn-EDTA + B), respectively.

Residual effect of ZnSO+ B applied along with RFD (b) in kharif
recorded an increase of 2.3, 6.3, 5.5 and 6.8 @er more harvest index ovep T
(RFD + FYM), T4 (RFD + Zn-EDTA), B (RFD + S) and 4 (RFD + B),
respectively. Lowest harvest index (41.24) was réed by T (RFD).
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4.2.4 Correlation studies

Correlation studies were taken up to determine rnthture and degree of

relationship between the yields and attributed. &R are presented in Table 4.9.

It was evident from the data that the ancilleimaracters such as plant height,
(at harvest), LAI (60 DAT), dry matter productio@0( DAT), length of panicle,
height of panicle, number of fertile graihspanicle n¥, test weight and harvest
index had a positive and significant correlatigith grain yield both at 5 per cent

and 1 per cent levels during kharif and rabi sea®f 2010 and 2011.

Table 4.9 Correlation of growth characters and yil attributes with grain
yield (kharif 2010, 2011) and (rabi, 2010, 2011)

Correlation Correlation
ﬁg Characters coefficient (Kharif) | coefficient (Rabi)
2010 2011 2010 2011
1 | Plant height at harvest 0.514 | 0.590° | 0.527° | 0.629
2 | LAl at 60 DAT 0.478 0.561" 0.641 0.571

*

3 | Dry matter production (90 DAT) 0.513 | 0.629° | 0.617" | 0.622

4 | Length of panicle 0.563 | 0.647° | 0.574" | 0.568"
5 | Weight of panicle 0.615 | 0.49¢ 0.494 0.434
6 | Fertile grain/panicle 0.642 | 0.595" | 0.644" | 0.633
7 | Test weight 0.379 0.618" 0.621" 0.608"
8 | Harvestindex 0.831 | 0.946° | 0.897" | 0.415

* Significant at 5 per cent level
** Significant at 5 per cent and 1 per cent level

4.3 Nutrient uptake
4.3.1 Nitrogen uptake
Kharif grain

The uptake of nitrogen (N) by grain was signifitaraffected by various
treatments (Table 4.10a and Fig.4.17a, b). The tdkepvaried from 51.4 to 86.5 kg
ha® in 2010 and 51.5 kg to 85.6 kg han 2011. Application of recommended
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fertilizer dose (RFD) absorbed 51.4 to 51.5 kg N hg grain with a mean absorption
of 51.5 kg h&. Highest uptake of N (86 kg Hjawas recorded by§ (RFD + ZnSQ
+ B). It also recorded 18 and 59 % increase inkg#aver application of3[{[RFD +
ZnSa) and T (RFD + B), respectively. 16 was found to be significantly superiority

over other treatments.

T11 (RFD + Zn-EDTA + S + B) recorded 15.3 to 41.3 %ramse in uptake
over T4 (RFD + Zn-EDTA), B (RFD + S), 5 (RFD + B), T (RFD + Zn-EDTA +
S), Ts (RFD + Zn-EDTA + B) and J (RFD + S). To recorded 23.0 to 59.0 %
increase in uptakes over treatments(RFD + FYM), Ta (RFD + Zn-EDTA), &
(RBD + S), & (RFD + B), 7 (RFD + Zn-EDTA + S),§ (RFD + Zn-EDTA + B)
and To (RFD + S + B). Application of T(RFD) recorded lowest N uptake (51.5)
kg hal)

Kharif straw

Nitrogen uptake by straw was significantly affectey different treatments

(Table 4.10a and Fig.4.17a, b).

Application of recommend dose of fertilizer (RFB)sorbed less N than its

combinations with ZnSg) Zn-EDTA, S, B and FYM in both the years.

Maximum N uptake (49.5 kg Hawas recorded by 1§ (RFD + ZnSQ + B)
which recorded 13 and 43 % more uptake over( RFD + ZnSQ) and &
(RFD + B) respectively.

Residual effect of 1k (RFD + Zn-EDTA + S + B) recorded 11.3 to 31.3 %
more uptake by straw over treatments of(RFD + Zn-EDTA), E (RFD + S), &
(RFD + B), 7 (RFD + Zn-EDTA + S) , §(RFD + Zn-EDTA + B) and J(RFD + S
+ B) respectively. Similarly 1 recorded 17.3 to 37.5 % more uptake by straw @yer
(RFD + FYM), T2 (RFD + Zn-EDTA) & (RFD + S), T (RFD + Zn-EDTA +S), ¥
(RFD + Zn-EDTA + B) and d§ (RFD + S + B) respectively.id recorded 13 and 43
per cent more uptake oves (RFD + ZnSQ) and & (RFD + B). T. (RFD) recorded
lowest (33.4 kg hd) uptake by grain.
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Total N uptake

Application of o (RFD + ZnSQ + B) recorded maximum N uptake
(135.5 kg hd) followed by i1 (RFD + Zn-EDTA + S + B) recording an uptake of 21
kg N hat.

Addition of ZnSQ/FYM also resulted the crop to absorb more N (2828
kg hal) which were significantly different from each othiaan RFD. The uptake
increased from 3.7 to 32 kg-hawhen FYM/ZnS@Zn-EDTA / S and B applied with
RFD. Lowest uptake of N (84.8 kg Hawas recorded byi{RFD).

Rabi grain

During rabi higher N uptake in grain was recortiegh in Kharif (Table 4.10b
and illustrated in Fig.4.18a,b). Highest grainake (121.6 kg hg was recorded by
residual effect of 1o (RFD + ZnSa + B) followed by &1 (RFD + Zn-EDTA + S +
B) recording an uptake of 108.6 kg*hd11 (RFD + Zn-EDTA + S + B) recorded an
increase 12.6 to 41.8 % more uptake owe(RIFD + Zn-EDTA), & (RFD +S), &
(RFD + B), T; (RFD + Zn-EDTA + S), ¥ (RFD + Zn-EDTA + B) and J(RFD + S +
B). Similarly residual effect of ibrecorded 21.6 to 59 % more uptake of N over T
T4, TS5 and T6 respectively. Residual effect of fecorded 17.8 and 59 % increase
in uptake over single application of Znsé&nd B with RFD. Lowest grain (70.8 kg
ha?l) uptake was recorded from TRFD).Tio recorded 17.9 to 58.6 % increase in N
uptake over I(RFD + ZnSQ) and & (RFD + B) and T (RFD).

Rabi Straw

Highest uptake of N (73.8 kg fiawas recorded by i (RFD + ZnSa + B)
followed by Tii(RFD + Zn-EDTA + S + B) recording an uptake of Brkg hat. Ti1
(RFD + Zn-EDTA + S + N) recorded 8.9 to 26.8 % @ase in N uptake oven {Zn-
EDTA), T5(S), Ts(B), T2(Zn-EDTA+S), Ts (Zn-EDTA+B) and B ( S + B). Similarly
T10 (RFD + ZnSQ + B) recorded 17.0 to 39.6 % increase in N uptaler T, T3, Ta,
Tsand Te. Tio recorded 14.2 and 39.6 % increase in N uptake Dy&RFD + ZnSQ)
and Ts (RFD + B) Ti (RFD) recorded lowest N uptake (51.7 kg'h@rable 4.10b and
illustrated in Fig.4.18 a, b).
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Table 4.10a Effect of integrated nutrient manage®nt on nitrogen uptake (kg hat) during kharif

Grain

Straw

Treatment 2010 2011 Mean 2010 2011 Mean Total
T, | RFD 51.37 51.54 51.46 33.3 33.4 33.35 84.81
T, | RFD+FYM 69.08 70.08 69.58 413 43.1 42.20 111.80
T: | RFD+ZnsSQ 7251 72.88 72.70 42.6 45.1 43.85 116.55
T, | RFD+Zn-EDTA 56.54 57.35 56.95 36.1 35.8 35.95 2.9
Ts | RFD+S 57.47 61.06 59.27 36.5 37.3 36.9C 96.20
Ts | RFD+B 53.91 54.11 54.01 34.4 34.6 34.50 88.50
T, | RFD+Zn-EDTA+S 65.52 66.94 66.23 39.6 41.7 40.6" 6.88
Ts | RFD+Zn-EDTA+B 59.41 62.74 61.08 37.6 39.0 38.30 389
To | RFD+S+B 61.25 64.15 62.70 38.1 403 39.24 101.90
Tio | RFD+ ZnSQ+B 86.54 85.57 86.06 485 50.4 49.45 135.50
T | RFD+Zn-EDTA+S+B 76.13 76.38 76.26 44.5 46.1 4530 12155
SEm (%) 0.92 0.89 0.56 0.52 3.9 0.89 0.84
CD (P = 0.05) 2.72 2.62 1.68 1.53 1.15 2.67 252
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Table 4.10b  Effect of integrated nutrient managemenon nitrogen uptake (kg ha') during rabi

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean

T1 RFD 71.6 70.1 70.85 50.0 53.3 51.65 122.50
T2 RFD+FYM 99.6 100.4 100.00 61.0 65.0 63.00 163.00
T3 RFD+ZnSQ 102.2 104.1 103.15 63.0 66.1 64.55 167.40
Ta RFD+Zn-EDTA 79.7 79.4 79.55 52.8 55.5 54.15 133.70
Ts RFD+S 84.9 85.5 85.20 55.5 56.9 56.20 141.40
Te RFD+B 77.1 76.2 76.65 51.9 53.9 52.90 129.55
T7 RFD+Zn-EDTA+S 96.3 96.5 96.40 60.9 62.3 61.6( Q88.
Ts RFD+Zn-EDTA+B 88.1 90.3 89.20 57.2 60.3 58.75 087.
To RFD+S+B 924 93.9 93.15 59.3 60.0 59.65 152.80
T1o RFD+ ZnSQ+B 118.5 124.7 121.60 72.6 75.1 73.85 195.50
T RFD+Zn-EDTA+S+B 107.7 109.6 108.65 65.7 68.5 67.10 175.75

SEm (%) 0.97 1.49 0.98 0.53 0.53 0.54 1.36

CD (P =0.05) 2.88 4.47 2.94 1.57 1.58 1.62 4.08
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Total N uptake

Residual effect of ZnSO+ B applied along with RFD (&) recorded highest
N uptake in rabi rice (195.4 kg fafollowed by Ti1 (RFD + Zn-EDTA + S + B)
recording an uptake of 175.7 kg™ halhe uptake increased 5.7 and 36.9 % when
applied singly with FYM, ZnS@ Zn-EDTA, S and B along with RFD.

4.3.2 Phosphorus
Kharif grain

Phosphorus of (P) uptake by grains were signiflgaaffected by various

treatments (Table 4.11a and Fig 4.17a,b).

P uptake ranged from 11.9 to 20.1 kg' fva 2010 and 11.9 to 21.3 kg han
2011. Maximum uptake was recorded (20.1-21.3 kY ath application of RFD +
ZnSq + B which remained superior over other treatmaeritis a mean uptake of 20.7
kg hat.

T11 (RFD + Zn-EDTA + S + B) recorded 17.4 to 44.5 férease in uptake by
grain over treatmentss{RFD +Zn-EDTA, & (RFD + S),  (RFD + B), T (RFD +
Zn-EDTA + S), B (RFD + Zn-EDTA + B) and §(RFD + S + B) respectively.

Similarly Ti0 (RFD + ZnSQ + B) recorded 26.0 to 64.2 % increase in uptake
over treatment Jd T3, T4, Ts and T. Tio recorded 20.3 to 64.2 % increase in P uptake
over T3 (RFD + ZnSQ) and & (RFD + B) . & (RFD) recorded lowest grain uptake
(11.9 kg hd).

Kharif straw

Phosphorus uptake by straw was significantly &gdoy treatments (Table
4.11a and Fig. 4.17a,b ) It ranged from 7.7 to kg %a' in 2010 and 7.8 to 12.8 kg
hat in 2011. Highest P uptake (12.4 kg'havas recorded from treatmento{TRFD +
ZnSQ + B) followed by 11 (RFD + Zn-EDTA + S + B) recording up uptake of
11 kg hat.
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T11 recorded 13.4 to 35.8 % increase in P uptake weatments 7 (RFD +
Zn-EDTA), Ts (RFD + S), & (RFD + B), T (RFD + Zn-EDTA + S),  (RFD + Zn-
EDTA + B), and B (RFD + S + B).

Tio recorded 24 to 38 % increase in uptake ovetriretats & (RFD +FYM),
T4 (RFD + Zn-EDTA), E (RFD + S) and § (RFD+B). T: (RFD) recorded lowest
(7.8 kg ha) uptake.

Total P uptake

The total P uptake was differed significantlywsesn the treatments (Table
4.11a,). Maximum uptake (33.1 kg¥hawvas recorded with RFD + Zn%3 B which
recorded 68 % increase in uptake ove(RIFD). This was closely followed byii[{RFD
+ Zn-EDTA + S + B) recording a total uptake of28g hat. Sole application of FYM,
ZnSQ, Zn-EDTA, S and B increased 34.0 to 51.0 % mtotal P uptake over; TRFD).

Rabi Grain

During rabi higher grain uptake was recordedtkbarif (Table 4.11b and
Fig. 4.18a,b). Uptake of phosphorus (P) was dcpamtly influenced by residual use

of various nutrients applied in kharif

Highest P uptake (29.7 kg ha was recorded by 1§ (RFD+ZnSO4+B)
applied in kharif followed by i (RFD + Zn-EDTA + S + N) recording an uptake
of 26.7 kg hd.

Ti1 recorded 11.7 to 33.5 % more grain uptake oneatinents 7 (RFD +
Zn-EDTA), Ts(RFD +S), & (RFD + B), T (RFD + Zn-EDTA + S), ¥ (RFD + Zn-
EDTA + B) and 5 (RFD + S + B).

T1o recorded 19 to 48.5 % more uptake of P overrireats T2 (RFD
+FYM), T4 (RFD + Zn-EDTA), B (RFD + S) and 4§ (RFD+B). Tio recorded 15.5
and 48.5 % more uptake by grain over treatmen{®FD + ZnSQ) and & (RFD +
B). T1 (RFD) recorded lowest P uptake (18.6 kihha
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Table 4.11a Effect of integrated nutrient managem# on phosphorus uptake (kg had) during kharif

Treatment Grain Straw Total
2010 2011 Mean 2010 2011 Mean

T: | RFD 11.9 11.9 11.90 7.7 7.8 71.75 19.65
T> | RED+FYM 16.1 16.7 16.40 9.8 10.2 10.00 26.40
T3 | RFD+ZnSQ 16.8 17.6 17.20 10.2 10.8 10.50 27.70
T4 | RFD+Zn-EDTA 13.4 13.1 13.25 8.4 8.5 8.45 21.70
Ts | RFD+S 13.7 141 13.90 8.5 8.9 8.70 22.60
Te | RFD+B 12.7 12.5 12.60 8.0 8.1 8.05 20.65
Tz | RFED+Zn-EDTA+S 15.3 15.7 15.50 9.4 10.0 9.70 25.2(
Ts | RFD+Zn-EDTA+B 14.3 14.6 14.45 8.8 9.3 9.05 23.50
T9 | RFD+S+B 14.6 151 14.85 9.0 9.7 9.35 24.20
Ti0 | RFD+ ZnSQ+B 20.1 21.3 20.70 11.9 12.8 12.35 33.10
T11 | RFD+Zn-EDTA+S+B 17.8 18.5 18.15 10.7 11.3 11.00 139

SEm (1) 0.22 0.54 0.73 0.12 0.09 0.64 0.99

CD (P =0.05) 0.64 1.62 2.19 0.37 0.27 1.92 2.97
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Table 4.11b Effect of integrated nutrient managemnt on phosphorus uptake (kg hd) during rabi

Treatment Grain Straw Total
2010 2011 Mean 2010 2011 Mean

T1 RFD 16.8 20.3 18.55 14.1 14.6 14.35 32.9C
T2 RFD+FYM 22.3 27.8 25.05 16.9 16.9 16.90 41.95
T3 RFD+ZnSQ 22.9 28.6 25.75 17.4 17.5 17.45 43.20
Ta RFD+Zn-EDTA 18.3 22.9 20.60 14.6 14.8 14.70 35.30
Ts RFD+S 19.1 23.7 21.40 15.0 15.0 15.00 36.40
Te RFD+B 17.9 221 20.00 14.3 14.4 14.35 34.35
T7 RFD+Zn-EDTA+S 21.3 26.5 23.90 16.4 16.5 16.45 80.3
Ts RFD+Zn-EDTA+B 19.8 25.0 22.40 154 15.8 15.60 88.0
To RFD+S+B 20.7 25.8 23.25 15.8 16.0 15.9G 39.15
Tio0 RFD+ ZnSQ+B 26.2 33.2 29.70 19.8 20.2 20.00 49.70
T RFD+Zn-EDTA+S+B 23.9 29.5 26.70 17.4 18.5 17.95 .684

SEm () 0.42 0.56 0.87 0.14 0.15 0.66 1.14

CD (P =0.05) 1.27 1.68 2.61 0.42 0.43 1.98 3.42
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Rabi straw

Phosphorus uptake during rabi was affected byduesieffect of various
treatments imposed during kharif. It ranged frbdnl to 19.8 kg h&in 2010 to 14.6
to 20.2 kg ha in 2011 (Table 4.11b and Fig.18a,b).

Maximum uptake (20 kg Hwas recorded with residual effect of (ZnS©O
B) applied along with RFD during kharif seasoridaled by Ti1 (RFD + Zn-EDTA
+ S + B) recording an uptake of 17.9 kgtha

Ti1recorded 9.1 to 25 % more P uptake by straw dy€@RFD + Zn-EDTA),
Ts (RFD + S), & (RFD + B), 7 (RFD + Zn-EDTA + S), 3 (RFD + Zn-EDTA + B)
and s (RFD + S + S).

Tio recorded 18.3 to 39 % more uptake over(RFD + FYM), T« (RFD +
Zn-EDTA), Ts (RFD + S) and §(RFD+B).

T1 (RFD) recorded lowest P uptake (14.3 kghhlay straw, which was 39 %

less than To.

Total P uptake

The total P uptake during rabi was significantiffuenced by residual effect
of various nutrients applied only with RFD in kiiatMaximum uptake was recorded
with RFD + ZnSQ + B (49.7 kg ha) followed by T1 (RFD + Zn-EDTA + S + B)
recording an uptake of 44.6 kgtha

Residual effect of FYM, ZnSOZn-EDTA, S and B applied along with RFD
in kharif recorded an increase 4.8 to 31.4% in@eastotal uptake over application

of recommended fertilizer dose RFD).

4.3.3 Potassium uptake
Kharif grain

Uptake of potassium during kharif was influencegh&ciantly among various
treatments (Table 12a and Fig 4.17a,b). It rangaah f19.1 to 31.1 kg hain 2010
and 19.1 to 31.9 kg Hain 2011.
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Highest uptake (31.5 kg Bawas recorded on grain byigl(RFD + ZnSQ +
B) followed by (28.3 kg hd) uptake by T: (RFD + Zn-EDTA + S + B). T1 recorded
14.1 to 41.5 % more uptake over (RFD + Zn-EDTA), & (RFD + S), & (RFD +
B), T7 ( RFD + Zn-EDTA + S), (RFD + Zn-EDTA + B) and J(RFD + S + B).

Similarly Tio recorded an increase of 21.1 to 57.5 % increasé uptake
over treatments oI (RFD + FYM), Ts (RFD + Zn-EDTA), & (RFD + S) and §
(RFD+B). Tio recorded 21.1 to 57.5 per cent increase in lakeover & (RFD +
ZnSQy) and & (RFD + B). Lowest uptake (19.1 kg Havas recorded byT{RFD).

Kharif straw

Potassium uptake by straw was significantly aéddby various treatments
(Table 4.12a and Fig. 4.17a, b). It ranged fror8.800 143.5 kg h&in 2010 and
107.6 to 149.7 kg hain 2011. The uptake in straw was more in straamtiyrain.

Application of ZnSQ@ + B along with RFD (7o) recorded maximum K uptake
(146.6 kg ha) followed by i1 (RFD + Zn-EDTA + S + B) recording an uptake of
133.6 kg ha. T11 recorded 7.9 to 23.3 % more uptake over treatmg(RFD + Zn-
EDTA), Ts (RFD + S), § (RFD + B), T (RFD + Zn-EDTA + S), ¥ (RFD + Zn-
EDTA + B) and B (RFD + S + B). To recorded 15.5 to 35.2 % more K uptake in
straw over § (RFD + FYM), T2 (RFD + Zn-EDTA), & (RFD + S) and T6 (RFD+B).
T1 (RFD) recorded lowest K uptake in straw (105.51kg).

Total K uptake

Maximum uptake ( 178.1 kg ttawas recorded from1§ followed by T (162
kg ha').T1 recorded 43 % less K uptake oves. T

Rabi grain

Potassium uptake by grain was affected by treatsn(Table 4.12b and
Fig.4.18a,b). It ranged from 19.6 to 30 kg't2010 and 25.3 to 41.0 kg hian 2011.

Residual effect of ZnSO+ B applied along with RFD b) recorded highest
K uptake by grain (35.5 kg th followed by 1 (RFD + Zn-EDTA + S + B)
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recording an uptake of 31.7 kg*hdl11 recorded 11.2 to 33.2 % more K uptake over
T4 (RFD + Zn-EDTA), & (RFD + S), T (RFD + B), 7 (RFD + Zn-EDTA) + S), ¥
(RFD + Zn-EDTA + B) and J(RFD + S). Torecorded 19.9 to 48.8 % increase in K
uptake over treatments [RFD + FYM), T2 (RFD + Zn-EDTA), & (RFD + S) and
Te (RFD+B). Tio recorded 16.7 to 48.8 % increase in K uptake dwe(RFD +
ZnSQ) and T (RFD + B). Lowest K uptake (22.4 kg avas recorded by 1T
(RFD) which produced 58.5 % less K uptake over(RFD + ZnSQ + B).

Rabi straw

Potassium uptake by straw was influenced by intposof various treatments

during rabi. The straw absorbed more K than grain.

Residual effect of ZnSO+ B applied along with RFD in rabi recorded
highest K uptake (169.4 kg Bathan Ti1 (RFD + Zn-EDTA + S + B) recording an
uptake of 157.8 kg hg(Table 4.12b and Fig.4.18a,b)..

Ti1recorded 5 to 16 % more K uptake over treatiiefRFD + Zn-EDTA),
Ts (RFD + S), & (RFD + B), 77 (RFD + Zn-EDTA + S), ¥ (RFD + Zn-EDTA + B)
and o (RFD + S + B) . Torecorded 11.3 to 24.3 % more K uptake by straar o
treatment ¥ (RFD + FYM), Ta (RFD + Zn-EDTA) ,  (RFD + S) and § (RFD+B).
S + B). T (RFD) recorded lowest (135.1 kgHaK uptake which was 25 % less than
treatment To (RFD + ZnSQ + B).

Total K uptake
The total K uptake during rabi was found to be enttnan kharif due to

residual effect various treatments applied in Khétridifferent significantly between
treatments. Maximum total uptake (204.9 k¢hhaas recorded by:f (RFD + ZnSQ

+ B) than T1 (RFD + Zn-EDTA + S + B) recording a total uptakel89.5 kg ha.
Single application of FYM, ZnSO Zn-EDTA, S and B increased 1.6 to 17.8 %

more total uptake over treatment of recommendediZer dose (RFD).
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Table 4.12a Effect of integrated nutrient managem# on potassium uptake (kg ha) during kharif

Treatment Grain Straw Total
2010 2011 Mean 2010 2011 Mean

T: | RFD 19.1 19.1 19.10 103.5 107.6 105.5 124.6
T> | RFED+FYM 25.6 26.3 25.95 123.6 130.3 126.9 152.9
Tz | RFD+ZnSQ 24.5 27.5 26.00 126.5 134.5 130.5 156.5
T4 | RFD+Zn-EDTA 21.1 21.0 21.05 109.6 113.9 111.7 832.
Ts RFD+S 21.6 224 22.00 110.7 117.4 114.0 136.0
Te | RFD+B 20.1 20.0 20.05 106.3 1104 108.3 128.4
T7 RFD+Zn-EDTA+S 24.2 25.3 24.75 120.2 127.5 123.8 8.4
Ts | RFD+Zn-EDTA+B 22.5 23.3 22.90 114.2 121.6 117.9 0.84
Tg RFD+S+B 231 241 23.60 115.7 124.3 120.0 14316
Tio | RFD+ ZnSQ+B 31.1 31.9 31.50 143.5 149.7 146.6 178.1
T11 | RFD+Zn-EDTA+S+B 27.8 28.7 28.25 130.9 136.4 133.6f 161.9

SEm () 0.33 0.33 0.55 1.57 1.22 1.26 0.35

CD (P =0.05) 0.99 0.98 1.65 4.62 3.61 3.78 1.0%
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Table 4.12b  Effect of integrated nutrient managemenon potassium uptake (kg ha) during rabi

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean

T1 RFD 19.6 25.3 22.45 134.9 135.2 135.0% 157.%0
T2 RFD+FYM 254 33.8 29.60 148.7 155.8 152.2% 181.85
T3 RFD+ZnSQ 26.1 34.7 30.40 151.4 158.8 155.10 185.50
Ts RFD+Zn-EDTA 21.2 28.1 24.65 136.9 138.3 137.60 252
Ts RFD+S 221 29.1 25.60 140.3 140.4 140.35 165.95
Te RFD+B 20.7 27.0 23.85 136.5 135.8 136.15 160.00
T7 RFD+Zn-EDTA+S 24.5 325 28.50 147.1 152.4 149.75 78.25
Ts RFD+Zn-EDTA+B 22.8 30.8 26.80 140.7 146.9 143.80 70.60
Tg RFD+S+B 23.7 31.7 27.70 144.0 148.5 146.25 173.95
T1o RFD+ ZnSQ+B 30.0 41.0 35.50 167.5 171.3 169.40 204.90
T RFD+Zn-EDTA+S+B 27.7 35.7 31.70 155.5 160.1 157.80 189.50

SEm (%) 0.25 0.34 0.62 1.22 1.24 1.33 0.25

CD (P =0.05) 0.75 0.99 1.86 3.61 3.66 3.99 0.7%
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4.3.4 Sulphur uptake

Kharif grain

Uptake of sulphur (S) by grain was significantlyffeted by various
treatments (Table 4.13a and illustrated in Figi4,4). It ranged from 2.7 to 6.2 kg
halin 2010 and 2.7 to 6.3 kg than 2011. Highest S uptake (6.3 kg'havas recorded
by Ti0(RFD + ZnSQ + B) followed by &1 (RFD + Zn-EDTA + S + B) recording an
uptake of 5.4 kg h& Ti1 increased 30 to 80 % more S uptake over treasribnt
(RFD + Zn-EDTA), & (RFD +S), § (RFD + B), 7 (RFD + Zn-EDTA + S), ¥
(RFD + Zn-EDTA + B) and § (RFD + S + B), respectively. 1§ recorded an
increase 38 to 108 % more S uptake over treatnien®FD + FYM), Ts (RFD +
Zn-EDTA), Ts (RFD + S) and d (RFD+B), respectively. 1b recorded an increase
and 25 and 108 % uptake by grain over(RFD + ZnSQ) and T (RFD + B).
T1 (RFD ) recorded lowest S uptake (2.7 kgtha

Kharif straw

Significant difference was observed between treatsh with respect to S
uptake (Table 4.13a and Fig.4.17a, b). It rangeh 8 to 6.8 kg H&in 2010 and 3.0
to 7.2 kg hat in 2011.

Application of RFD (T) recorded minimum amount of S uptake (3 kg)ha
and similar for both the years and treatment oidtes effect of RFD + ZnS©+ B
recorded maximum uptake of 7-7.2 kg'tduring the both the years.

Highest uptake (7 kg Ha was recorded with residual effect of ZnSOB
along with RFD (To) followed by T (RFD + Zn-EDTA + S + B) recording an
uptake of 6.10 kg hh Ti1 recorded 30 to 80 % increase in S uptake over T
(RFD + Zn-EDTA, & (RFD + S), & (RFD + B), T (RFD + Zn-EDTA + S), ¥
(RFD + Zn-EDTA + B) and § (RFD + S + B). To increased 22.8 to 112 % S
uptake over ¥ (RFD + ZnSQ) and T (RFD + B). Tio recorded an increase of 28
to 112 % more S uptake ovep [RFD + FYM), 2 (RFD + Zn-EDTA), &
(RFD + S) and § (RFD+B). T1 (RFD) recorded lowest uptake (3 kg*haand
produced 133 % less thanol
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Total S uptake

The total uptake was maximum (13.3 kg*hay applying RFD + ZnSO+
B (T10)) followed by Ti1 (RFD + Zn-EDTA + S + B) recording an uptake of3.1.
kg hal. The former increased the S uptake by 133 %remisan RFD and and
the later increased 101.7 % more S uptake over RDNddition of FYM/ZnSQ,
Zn-EDTA/S and B increased S uptake 0.6 to 5 kg haver RFD. Addition of
FYM increased 75.4 % S uptake over RFD whereadesiaplication of B along
with RFD decreased 132 % S uptake comparedZn&Q + B applied along
with RFD during Kharif.

Rabi grain

There exist significant difference between treattmavith respect to S uptake
due to residual effect of applied nutrients in khatr ranged from 5.6 to 9.8 kg Han
2010 and 4.9 to 9.9 kg Han 2011 (Table 4.13b and illustrated in Fig.4,b3a

Application of FYM/ZnSQ/Zn-EDTA/S/B increased 7.6 to 53.3 % more S
uptake over recommended fertilizer dose (RFD).Hsgl® uptake was recorded with
residual effect of ZnS@B (9.85 kg ha) followed by Ti1(RFD + Zn-EDTA + S + B)
(8.1 kg hab).

T11 recorded an increase of 9.4 to 44.6 % more S aplakgrain over
treatments 7(Zn-EDTA), Ts (S), Ts (B), T7 (Zn-EDTA+S),Ts (Zn-EDTA+B) and b
(S+B) applied along with RFD4§ recorded an increase of 23 to 74 % more S uptake
over T3(RFD+ZnSQ) and T (RFD+B).

Similarly, Tio also recorded an increase of 26 to 74 % moret&eampver }
(RFD + FYM), T4 (RFD + Zn-EDTA), & (RFD+S) and ¥ (RFD+B). Lowest S
uptake was recorded by 5.25 kg ha) which was 88.4 % less thanol

Rabi straw

Significant difference was observed between diffeteeatments with respect
to S uptake (Table 4.13b and Fig.4.18a, b). lgeanfrom 6 to 10.2 kg Hain 2010
and 7 to 10.1 kg hiin 2011.
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Table 4.13a Effect of integrated nutrient managemetron sulphur uptake (kg hat) during kharif

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean

T: | RFD 2.7 2.7 2.70 3.0 3.0 3.00 5.70
T> | RFD+FYM 4.3 4.8 4.55 5.0 5.9 5.45 10.00
T3 | RFD+ZnSQ 5.0 5.1 5.05 5.2 6.2 5.70 10.75
Ts | RFD+Zn-EDTA 3.3 3.3 3.30 3.8 35 3.65 6.95
Ts | RFD+S 3.4 3.6 3.50 3.8 3.8 3.80 7.30
Te | RFD+B 3.0 3.0 3.00 3.3 3.3 3.30 6.30
T7 | RFD+Zn-EDTA+S 3.9 4.4 4.15 4.8 5.4 5.10 9.25
Ts | RFD+Zn-EDTA+B 3.5 3.8 3.65 4.0 4.1 4.05 7.70
Tg | RFD+S+B 3.7 4.0 3.85 4.1 4.8 4.45 8.30
Ti0 | RFD+ ZnSQ+B 6.2 6.3 6.25 6.8 7.2 7.00 13.30
T11 | RFD+Zn-EDTA+S+B 5.3 5.5 5.40 5.8 6.4 6.10 11.50

SE (m) £ 0.06 0.06 1.12 0.06 0.05 1.32 0.56

CD (P=0.05) 0.17 0.17 3.36 0.19 0.15 3.96 1.68
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Table 4.13b  Effect of integrated nutrient managemenon sulphur uptake (kg hat) during rabi

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean

T: | RFD 5.6 4.9 5.25 6.0 7.0 6.50 11.75
T, | RFD+FYM 7.9 7.7 7.80 8.2 8.8 8.50 16.30
Ts | RFD+ZnSQ 8.1 8.0 8.05 8.6 9.0 8.80 16.85
T4 | RFD+Zn-EDTA 6.1 5.7 5.90 6.9 7.2 7.05 12.95
Ts | RFD+S 6.6 6.0 6.30 7.4 7.5 7.45 13.75
Te | RFD+B 5.9 54 5.65 6.6 7.0 6.80 12.45
Tz | RFD+Zn-EDTA+S 7.6 7.2 7.40 8.2 8.5 8.35 15.75
Ts | RFD+Zn-EDTA+B 6.8 6.5 6.65 7.5 7.9 7.70 14.35
Tg | RFD+S+B 7.2 6.8 7.00 7.6 8.2 7.90 14.90
Tio | RFD+ ZnSQ+B 9.8 9.9 9.85 10.2 10.1 10.15 20.00
Ti1 | RFD+Zn-EDTA+S+B 8.0 8.2 8.10 8.5 9.3 8.90 17.00

SE (m) + 0.08 0.08 1.17 0.07 0.07 1.59 0.49

CD (P=10.05) 0.23 0.26 3.51 0.21 0.22 4.77 1.47
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Application of RFD (&) recorded minimum amount of S uptake (6.5 kg ha
1. The residual effect of RFD + Zn$@® B recorded maximum uptake of 10.1 to
10.2 kg ha during the both the years.

Highest uptake (10.1 kg Bawas recorded with residual effect of ZnSOB
along with RFD (To) followed by 1 (RFD + Zn-EDTA + S + B) recording an
uptake of 8.9 kg ht T11 recorded 6.6 to 30.9 % increase in S uptake GuegRFD
+ Zn-EDTA, Ts (RFD + S), F (RFD + B), T2 (RFD + Zn-EDTA + S), ¥ (RFD + Zn-
EDTA + B) and B (RFD + S + B). Toincreased 15 to 49 % S uptake ove(RFD
+2ZnSQ) and T (RFD + B). Ti1recorded an increase of 6.6 to 27 % more Skapta
over T (RFD + FYM), T2 (RFD + Zn-EDTA), 5 (RFD + S), T (RFD + Zn-EDTA +
S) and & (RFD + Zn-EDTA + S) and (RFD + S + B). T (RFD) recorded lowest
uptake (6.5 kg hg and recorded 55 % less uptake than T

Total S uptake

Total S uptake was maximum (20 kg *haby residual effect of b
(RFD+ZnSQ+B ) followed by &1 (RFD + Zn-EDTA + S + B) (17 kg h&). The
former increased the uptake by 70.9 % more than BRRdwas found superior over
other treatments. Addition of FYM/ZnS@n-EDTA/S/B increased the S uptake by
0.7 kg ha to 5.2 kg h& over RFD. Addition of FYM increased 39 % S uptaker
RFD where as single application B along with RF) @ecreased 61 % S uptake in
comparison to RFD+ZnS0O4+B {J) applied along with RFD during kharif.

4.3.5 Zinc uptake
Kharif grain

Data on zinc uptake is presented in Table 4.14dalklstrated in Fig.4.17a, b)
There exist significant difference between treathweith respect to zinc uptake due
to imposition of various treatments. It was slighthore in 2010 than 2011. It ranged
from 61 to 123 g h& in 2010 and 47 to 123 g tain 2011. Application of
FYM/ZnSQy/Zn-EDTA/S and B increased zinc uptake by 7 ¢' ha 46 g hd
compared with RFD. Application of RFD decreasedy@®a’ uptake as compared to
RFD + ZnSQ + B (Two). It recorded highest grain uptake of 123 ¢ had was found
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to be significantly superior over other treatmetiswever, addition of ZnSQOand
FYM to RFD increased 41 to 46 gheespectively compared to RFD 11 {RFD +
Zn-EDTA + S + B) recorded a higher grain uptakd®6 g ha and was found to be

superior over other treatments.

Addition of Zn-EDTA+ S/Zn-EDTA + B/S + B and Zn-HIA + S + B with
RFD increased zinc uptake by 18 to 38 ¢ hm2010 and 16 to 49 g Han 2011 in
comparison to T10 ( RFD + ZnS®@B).

It was revealed from the mean data that maximptake of Zn (123 g hj
was recorded with RFD + ZnSQ B followed by RFD + Zn-EDTA + S + B(106 g
ha?l). The former increased the uptake by 127.7 per @ed the later increased 96.3
per cent over RFD. Lowest grain uptake (54 g)haas recorded from 1T(RFD)

treatments Tand & remained at par with each other.

Kharif straw

The zinc uptake by straw differed significantly @amg the treatments
(Table 4.14a and Fig.4.17a. b). The straw absorlmedre zinc than grain. It
ranged from 70 to 132 g Hain 2010 and 52 to 135 g fan 2011. Addition of
FYM/ZnSQy/Zn-EDTA/S and B increased zinc uptake by 10 to g#hal as
compared with RFD. Application of RFD + Zn$3 B recorded highest Zn
uptake (133 g h¥) followed by RFD + Zn-EDTA + S + B recording Ziptake
of 116 g hd. Both the treatments were found to be significastiperior over
other treatments. Application of RFD decreased uateke of 72 g hain
comparison to RFD + ZnSO+ B. However, addition of Zn-EDTA + S /Zn-
EDTA + B/S + B and Zn-EDTA + S + B with RFD increskzinc uptake by 19
to 44 g hd in 2010 and 17 to 57 g Hain 2011 compared with 1§ (RFD +
ZNSOy + B).

It was revealed from the mean data that applicatibRFD + ZnSQ + B
recorded maximum straw uptake followed by applaabf RFD + Zn-EDTA +

S + B. The former increased 118 per cent and ttex lacreased 90 per cent over
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recommended fertilizer dose (RFD) whereas addibbi-YM increased 70 per

cent zinc uptake over RFD.

Total zinc uptake

Total uptake was maximum (256 gy application of RFD + ZnSO+ B
followed by RFD + Zn-EDTA + S + B (222 g fp Addition of FYM, ZnSQ, Zn-
EDTA /S and B increased the zinc uptake by 17 5@ hat compared with RFD.
Application of RFD decreased 123 % in zinc uptakeomparison to RFD + ZnSO
+ B, however, application of FYM with RFD incredsgé3 % zinc uptake than RFD.

Rabi grain

There was significant difference between treatmanrespect of zinc uptake
(Table 4.14b and Fig.4.18a,b). It was higher in@€@1an 2011. It ranged from 89 to
214 g hain 2010 and 75 to 205 g fan 2011.

Addition of FYM/ZnSQ/Zn-EDTA /S/B increased the zinc uptake when
compared with RFD. It increased by 9 to 84 ¢ 2010 and 8 to 80 g Han 2011.
The mean uptake was maximum (209 ghhwith residual effect of ZnSO+ B
applied along with RFD in Kharif followed by RFD2n-EDTA + S +B (176 g h3.
Application of RFD decreased the zinc uptake by d2a! compared to RFD + ZnSO
+ B, however, addition of FYM and ZnS@ncreased uptake by 74 to 82 g*taver
RFD. Addition of Zn-EDTA +S/Zn-EDTA + B/S + B andnZDTA + S + B with
RFD in kharif increased grain uptake by 31 to 9&igin 2010 and 35 to 90 g Han
2010 compared to RFD + Zn%® B.

It was revealed from the mean data that maximutakepof Zn was recorded
by RFD + ZnSQ + B followed by RFD + Zn-EDTA + S + B. The formercreased
155 per cent and the later increased 115 per catiatker compared to RFD. The

treatments Tand & remained at par with each other.
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Table 4.14a Effect of integrated nutrient manage®nt on zinc uptake (g ha) during kharif

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean

T: | RFD 61 47 54 70 52 61 115
T2 | RFD+FYM 96 94 95 104 104 104 199
Tz | RFD+ZnSQ 101 98 100 108 111 110 210
T4 | RFD+Zn-EDTA 74 60 67 87 68 77 144
Ts | RFD+S 77 64 71 89 73 81 152
Te | RFD+B 68 55 61 79 63 71 132
T7 | RFD+Zn-EDTA+S 90 82 86 100 94 97 183
Ts | RFD+Zn-EDTA+B 80 68 74 88 78 83 157
To | RFD+S+B 85 74 80 96 88 92 172
Ti0 | RFD+ ZnSQG+B 123 123 123 132 135 133 256
T11 | RFD+Zn-EDTA+S+B 105 107 106 113 118 116 222

SE (m) + 1.24 1.13 2.08 1.30 0.86 1.79 0.58

CD (P=0.05) 3.68 3.35 6.24 3.85 2.56 5.37 1.74
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Table 4.14b Effect of integrated nutrient managema on zinc uptake ( g ha') during rabi

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean
T1 RFD 89 75 82 107 95 101 183
T2 RFD+FYM 167 144 156 185 165 175 331
T3 RFD+ZnSQ 173 155 164 190 177 183 347
Ts RFD+Zn-EDTA 101 95 98 109 112 111 209
Ts RFD+S 105 103 104 120 118 119 223
Te RFD+B 98 83 90 114 98 106 196
T7 RFD+Zn-EDTA+S 141 138 139 151 160 155 294
Ts RFD+Zn-EDTA+B 118 115 117 132 137 134 251
To RFD+S+B 125 124 124 137 143 140 264
T1o RFD+ ZnSQ+B 214 205 209 234 226 230 439
T RFD+Zn-EDTA+S+B 183 170 176 199 196 197 373
SE (m) + 1.68 1.46 3.14 1.72 1.69 4,69 2.57
CD (P= 0.05) 4.95 4.30 9.42 5.09 5.01 14.07 7.71

103




Rabi straw

The treatments differed significant in respectitec uptake (Table 4.14b and
Fig. 4.18a,b ). It ranged from 107 to 234 ¢'@2010 and 95 to 226 g fhan 2011.
The straw took more zinc than grain. Addition MfNFZnSQO4/Zn-EDTA/S/B with
RFD increased by 7 to 83 g-hin 2010 and 3 to 82 g fdn 2011 as compared to
RFD. However, addition of FYM and Zng@creased uptake by an average of 74 to
82 g hat compared to RFD.

Residual effect of RFD + ZnSG-B(T10) recorded maximum Zn uptake (230
g ha') followed by RFD+Zn-EDTA+S+B (f1) recording an uptake of 197 g-ha
Application of RFD decreased an uptake of 129 ¢ ¢t@mmpared to RFD + ZnSG-
B. Addition of Zn-EDTA + S/Zn-EDTA + B/S + B and Z8DTA + S + B with RFD
increased Zn uptake by 35 to 102 ¢'fa 2010 and 30 to 89 g #an 2011 compared
with T1o.

It was revealed from the mean data that residfedteof RFD + ZnS@ + B recorded
maximum Zn uptake followed by RFD + Zn-EDTA + S + Bhe former increased

127 per cent and the later by 95 per cent compar&drD.

Total Zn uptake

The treatments differed significantly with respexrtotal zinc uptake (Table
4.14b). Application of FYM/ZnS@Zn-EDTA/S and B with RFD increased to uptake
by 7 to 90 per cent compared to RFD. Maximum uptaks observed with RFD +
ZnSQ; + B (439 g hd) followed by RFD + Zn-EDTA + S + B (373 g fp The
former increased 139.9 per cent and the later ase@ 104 % more zinc uptake

compared to RFD.

4.3.6 Boron uptake
Kharif grain

There was significant difference between treatmentespect to B uptake
(Table 4.15a and Fig.4.17a,b ).. It ranged front®387 g h& in 2010 and 36 g to
74 g hat in 2011. Addition of FYM/ZnS@Zn-EDTA/S/B increased the zinc uptake
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compared to RFD. It increased by 10 to 15 g 2010 and 9 to 20 g Han 2011.
Application of RFD + ZnS®+B recorded maximum boron uptake (72 ghha
followed by RFD + Zn-EDTA + S + B (63 g #a Application of RFD decreased 37 g
ha' uptake compared to RFD + Zn$® B. However addition of FYM and ZnQ0
increased boron uptake by 12 and 17 ¢ tespectively. Addition of Zn-EDTA + S/Zn-
EDTA + B/ S + B/Zn-EDTA + S + B with RFD increasbdron uptake by 6 to 23 g-ha
in 2010 and 10 to 26 g #én 2011.

As earlier reported maximum boron uptake was bbby RFD + ZnS©+
B followed by RFD + Zn-EDTA + S + B. The former neased 106 % uptake and the
later increased 81 per cent compared to RFD. Logesh uptake (35 g ha was
recorded by RFD.

Kharif straw

There was significant difference between varisaattnents due to imposition
of treatments with respect to boron uptake (Tabléa and Fig.4.17a,b). It ranged
between 59 to 102 g Han 2010 and 67 to 108 g fan 2011. The straw took more
boron than grain. Addition of FYM/ZnS&Zn-EDTA/S/B increased boron uptake by
10 to 16 g hd as compared to RFD.

Application of ZnSQ@ + B with RFD (Tio) recorded highest boron uptake
(105 g hd) followed by RFD + Zn-EDTA + S + B (95 g #a Application of RFD
decreased 42 g ftacompared to RFD + ZnSG- B. However addition of FYM and
ZnSQ, increased boron uptake by 11 and 16 @ tespectively over RFD. Addition
of Zn-EDTA + S/Zn-EDTA + B/ S + B/ Zn-EDTA+S+B to FD increased boron
uptake by 10 to 33 g Han 2010 and 11 to 31 g #an 2011 compared to RFD.

Total boron uptake

The treatments different among themselves witpeet to boron uptake
(Table 4.15a). Application of FYM/ZnS@Zn-EDTA/S and B increased the uptake 19.4 to
33.6 per cent compared to RFD. Maximum uptake wesrded by RFD + ZnSOr B
(177 g hd) followed by RFD + Zn-EDTA + S + B (158 g Ha Application of RFD
(98 g hat) decreased 81 % boron uptake compared to RFD ©ZaB.
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Rabi grain

The treatments did differ significantly in respéo boron uptake (Table
4.15b and Fig.4.18 a, b ). It ranged between 501 g ha' in 2010 and 51 to
106 g hal in 2011. Single addition of FYM/ZnS©Zn-EDTA/ S/ B increased
boron uptake compared to RFD. It increased fromiolZ9 g hat in 2010 and 11
to 27 g hat in 2011. Application of RFD + ZnSO+r B recorded maximum boron
uptake (111 g h3 followed by Ti: (RFD + Zn-EDTA + S + B) (98 g h9.
Application of RFD decreased 61 g*haptake as compared to RFD+ZnS3@8.
However, addition of FYM and Zn + Zn3@3 B. increased boron uptake by 20
and 23 g ha, respectively compared to RFD. Addition of Zn-E®+ S/Zn-
EDTA + B/ S + B/ Zn-EDTA + S + B increased borontale by 12 to 53 g ha
in 2010 and 15 to 39 g Hain 2011 compared to RFD. 1:d(RFD + ZnSQ + B)
recorded 122 % and 1T(RFD + Zn-EDTA + S + B ) recorded 96 % boron
uptake over RFD . The lowest grain uptake (51 ¢')hwas recorded with
application of RFD.

Rabi straw

There was significant difference between treatmeitih respect to boron
uptake (Table 4.15b and Fig.4.18a,b) It rangeanfi®4 to 183 g hain 2010
and 90 to 148 g hain 2011. The straw took more boron than grainsifeal
effect of FYM/ZnSQ/Zn-EDTA/S and B increased boron uptake 20 to 2¥g
compared to RFD. Residual effect of ZnS® B along with RFD applied in
kharif recorded maximum uptake (165 g'hdollowed by RFD + Zn EDTA + S
+ B (152 g hd). Residual effect of RFD decreased 78 ¢ kampared to RFD
+ ZnSQ + B. However addition of FYM and ZnSGncreased boron uptake 20
g ha! respectively compared to RFD. Addition of Zn-EDRFAS/Zn-EDTA +
B/S + B/ Zn-EDTA+S+B to RFD increased boron ugtaky 18 to 88 g hain
2010 and 10 to 43 g Hain 2011. Residual effect of RFD/Zn%G B and
RFD/Zn-EDTA + S + B recorded 89.7 and 75 per cewctease in boron uptake
compared to RFD.
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Table 4.15a Effect of integrated nutrient managemetron boron uptake (g hat) during kharif

Grain Straw
Treatment Total
2010 2011 Mean 2010 2011 Mean

T1 RFD 33 36 35 59 67 63 98
T2 RFD+FYM 45 50 47 70 77 74 121
T3 RFD+ZnSQ 48 56 52 73 86 79 131
Ta RFD+Zn-EDTA 37 41 39 62 72 67 106
Ts RFD+S 39 43 41 61 68 65 106
Te RFD+B 44 45 44 68 77 73 117
T7 RFD+Zn-EDTA+S 44 48 46 69 77 73 119
Ts RFD+Zn-EDTA+B 51 54 52 79 88 83 135
To RFD+S+B 50 56 53 78 91 84 137
Tio0 RFD+ ZnSQ+B 67 74 72 102 108 105 177
T RFD+Zn-EDTA+S+B 61 64 63 92 97 95 158

SE (m) £ 0.57 0.62 1.33 1.03 0.72 4.87 0.88

CD (P=0.05) 1.69 1.84 3.99 3.05 2.12 14.61 2.64




Table 4.15b Effect of integrated nutrient managemetnon boron uptake (g hat) during rabi

Treatment Grain Straw Total
2010 2011 Mean 2010 2011 Mean

T1 RFD 50 51 50 84 90 87 137
T2 RFD+FYM 65 74 70 104 110 107 177
T3 RFD+ZnSQ 69 78 73 99 115 107 180
Ts RFD+Zn-EDTA 52 55 53 87 96 91 145
Ts RFD+S 54 68 61 89 102 96 157
Te RFD+B 77 60 69 131 98 114 183
T7 RFD+Zn-EDTA+S 63 67 65 95 105 100 165
Ts RFD+Zn-EDTA+B 84 76 80 131 120 123 203
To RFD+S+B 89 84 87 139 132 135 222
Tio0 RFD+ ZnSQ+B 116 106 111 183 148 165 276
T RFD+Zn-EDTA+S+B 104 91 98 165 138 152 250

SE (m) + 0.72 0.71 2.68 0.55 1.17 5.29 2.68

CD (P=0.05) 2.13 2.13 8.04 1.65 3.46 15.87 8.04
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Total B uptake

There was significant difference between treatsaemith respect to total
boron uptake. Maximum uptake (276 g'havas observed with residual effect of
RFD /ZnSQ + B followed by RFD + Zn-EDTA + S + B (250 g ‘Ha The former
increased the boron uptake by 101.5 % and the ilateeased 82.5 % compared to
RFD. Application of FYM increased 29 % in boron ake# over RFD.T1(RFD)
recorded lowest total B uptake (137 g'ha

4.4 Economics

The economics of production was influenced byedéht treatments have
been worked out taking into account the cost ofivation and the value of produce
as per the prevailing farm and market price. Tha dee given in Table 4.16a, 4.16b
and Fig, 4.19. The gross and net returns and thefitreost ratio were considerably
influenced by different treatments. The gross aatireturns and benefit:cost ratio

were generally higher in 2011 than that of 2010.

4.4.1 Kharif season
From the mean data, it was evident that duringriKs@ason maximum gross

return 63087 ha) was obtained (Table 4.16a) fromioTfollowed by T

( 57154 hd). From the Table 4.164a, it was evident that tlsgreturn of 63087 ha
obtained from To was significantly superior over other treatmerise gross return
obtained from treatment 1 (RFD + ZnSQ + B) was significantly superior over single
application of ZnS@and B along with RFD recording a gross retur@ 66147 and
T 44667 ha and an increase of 14.3 and 41.2 % more insgadsrn respectively.

The gross returr®67154 ha) obtained from T; (RFD + Zn-EDTA + S + B)
was also significantly superior over single appiesaof Zn-EDTA, S and B along with

RFD recording 22.9, 19.1 and 28 % per cent inereagross return respectively.

Application of & (RFD + ZnSQ) recorded a gross returf §5147 ha) was
significantly superior over 4 (RFD + Zn-EDTA) recording a gross return of
%46,504 ha. It is due to the lower cost of Zn$@&s compared to Zn-EDTA and higher

efficacy of ZnSQ over Zn-EDTA. & recorded 18.5% more gross return over T
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Application of RFD along with FYM (d) recorded 14.5, 11 and 19.3%
increase in gross return oves (RFD + Zn-EDTA),  (RFD + S) and d(RFD +B).
The highest net retun¥ 89,312 ha) was recorded from 1§ (RFD + ZnSQ + B)
followed by Ti (RFD + Zn-EDTA + S + B). Torecorded 23 and 78.5 % increase in
net return over 3 (RFD + ZnSQ) and T (RFD + B), respectively. Similarly iT
(RFD + Zn-EDTA + S + B) recorded 35, 32 and 45 %#creéase in net return over
single application of Zn-EDTA, S and B along witk[R Application of RFD + FYM
recorded 19.3, 19.4, 28.6 % increase on net raduen Ts (RFD + Zn-EDTA), &
(RFD +S) and §(RFD + B), respectively.

The highest B:C ratio was recorded i 11.65) followed by Ti(1.26). Sole
application of Zn-EDTA/S/B applied along with RFE@corded lower B-C ratio of
0.97 to 1.04. Lowest B:C ratio (0.96) was recoruted@:; (RFD).

4.3.2 Rabi season

From the pooled data, it was revealed that durafg season, maximum gross
return €74231 hd) was recorded (Table 4.16b) by residual effecattment To
(RFD + ZnSQ + B) followed by a gross return &678111 ha by Ti1 (RFD + Zn-
EDTA + S + B). From the results of rabi, it was damt that the gross return was
significantly superior over all other treatmentg fiecorded 13 and 37 % increase in

gross return over treatmeng (RFD + ZnSQ) and T (RFD + B), respectively.

The gross return¥©67811 ha) recorded from 71 was also significantly
superior over sole application of Zn-EDTA, S andd&ording 28.5, 18.8 and 25.2 %
increase, respectively. Lowest gross retu®®1920 ha) was recorded from (T
(RFD). Highest net return 0¥ 47231 ha) was recorded from 1§ (RFD + ZnSQ +
B) followed by Ti1 (RFD + Zn-EDTA + S + B). 1o recorded 20.7 and 74.1 %
increase in net return oves TRFD + ZnSQ) and T (RFD + B). Ti1 (RFD + Zn-
EDTA + S + B) recorded 43.9, 34.5 and 50.4 % iaseein net return over sole
application of Zn-EDTA, S and B along with RFD.

Application of RFD + FYM (%) recorded 32.3, 24.8 and 38.2% increase in
net return over 7(RFD + Zn-EDTA), B (RFD + S) and §(RFD + B), respectively.
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Table 4.16a Effect of integrated nutrient manag®ent on gross and net return and benefit cost rati during kharif

Gross return R ha?) Net return (X hal) B:C ratio

Treatments

2010 2011 Mean 2010 2011 Mean 2010 2011 Megn
T1 | RFD 43251 42952 43101 21251 20952 21101 0.97 0.95.96 (
T2 | RFD+FYM 52206 54381 53293 27206 29381 28293 109181 1.13
T3 | RFD+ZnSQ 54134 56160 55147 31009 33035 32022 1134 1.42 1.38
T4 | RFD+Zn-EDTA 46530 46478 46504 23740 23688 23714 041.1.04 1.04
Ts | RFD+S 47057 48903 47980 23257 25103 24180 0.98 5 1.01.01
Te | RFD+B 44658 44676 44667 22008 22026 22017 0.97 7 0.90.97
T7 | RFD+Zn-EDTA+S 50874 52876 51875 26284 28286 272851.06 | 1.15 1.10
Ts | RFD+Zn-EDTA+B 47970 50003 48986 24530 26563 255461.04 | 1.13 1.09
To | RFD+S+B 48780 50938 49859 23830 25988 24909 0.9706 1 1.02
T10 | RFD+ ZnSQ+B 62070 64105 63087 38295 40330 39312 1161 1.7065 1.
T11 | RFD+Zn-EDTA+S+B 56107 58202 57154 30867 32962 319141.22 1.30 1.26
SE(m)x 679 683 642 695 704 654 0.03 0.04 0.3
CD (0.05) 2004 2013 1892 2085 2112 1962 0/09 0.11.08 Q
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Table 4.16b Effect of integrated nutrient manageent on gross and net return and benefit cost rabi during rabi

Gross return  ha?) Net return X ha?l) B-C Ratio

Treatments

2010 2011 Mean 2010 2011 Mean 2010 2011 Mean
T1 | RFD 52467 51373 51920 25467 24373 24920 0.94 0.9092 0
T2 | RFED+FYM 64212 64818 64515 37212 37818 37515 138401 1.39
T3 | RFD+ZnSQ 65329 66127 65728 38329 39127 38728 142 145 1.43
T4 | RFD+Zn-EDTA 55344 55348 55346 28344 28348 28346 051.1.05| 1.05
Ts | RFD+S 57343 56767 57055 30343 29767 30056 1120 1.1.11
Te | RFD+B 54540 53711 54126 27540 26711 27126 1.02 9 0.91..00
T7 | RFD+Zn-EDTA+S 62600 62638 62619 35600 35638 356191.32 | 1.32| 1.32
Ts | RFD+Zn-EDTA+B 58794 59660 59227 31794 32660 32227118 | 1.21| 1.19
To | RFD+S+B 60906 61235 61071 33906 34235 340711 1.2627 1 1.26
T10 | RFD+ ZnSQ+B 73371 75091 74231 46371 48091 47231 1.72 .7875 1.
T11 | RFD+Zn-EDTA+S+B 68005 67618 67811 41005 40618 408111.52 | 1.50| 151
SE(m)x 587 588 579 732 641 843 0.02 0/02 0402
CD (0.05) 1730 1735 1707 2196 1923 2529 0}06 .06.06 (
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The benefit-cost (B:C) ratio was highest it T1.75), followed by T1 (1.51)
and Tz (1.43). The B-C ratio obtained fromolwas significantly superior over other
treatments. The lower B:C ratio ofilrecorded due to more cost of Zn-EDTA7Q0
kg?) included in T1 along with S 60 kgt) and B €650 kg!) as compared with
ZnSQ; R 45 kg?) in Tio and & which was lower in price. The B:C ratio of [1.39)
was found to be superior over sole application ®fEDTA (1.05), S (1.11) and B
(1.0) applied along with RFD. This was due to hmghmet returns by IT:
recorded lowest B:C ratio (0.92).
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DISCUSSION

Fertilizer is an inescapable input in increasimgdpiction of rice. However,
increasing cost of fertilizer has necessitated owilg the efficiency of applied
fertilizers which depends on adequate availabibfy most plant nutrients in a
balanced proportion throughout the crop growth qeerindiscriminate use of high
levels of N, P and K often leads to nutritional atdnce particularly micronutrients
which ultimately cause deterioration of physicociwh properties of soil and
steadily decrease in crop yield. (Guptaal., 2000). In view of the declining
productivity and rise in fertilizer cost, emphassheing given to integrated nutrient

management system.

Use of chemical fertilizers though has raised cymbd but created several
adverse effect on soil, environment and human tinebesides making crop
productivity unsustainable (Mohantgt al., 2013). Integrated use of chemical
fertilizers along with organic manure, crop ressl@ad biofertilizers has therefore,
become need of the hour for improvement and maamee of soil fertility leading to

sustainable crop production.

Field experiments were conducted in the Instometi Farm, Department of
Agronomy, College of Agriculture, OUAT, Bhubaneswduring kharif and rabi
seasons of 2010 and 2011 to study the effect dédhated nutrient management in
rice-rice cropping system”. The experimental firgfinhave been presented in the
previous chapter. The cause-effect relationshipapeng to various results on the
present study have been described in this chapterattempt has been made to
explain significant findings with critical analysend assessment on the extent of
variations among different treatments and corrdirogait with experimental

evidences obtained in the past investigations erséime study wherever relevant.

5.1  Crop-weather relationship

The rice cultivar ‘Lalat’ was the test variety thg kharif (wet) and rabi (dry
season) in 2010 and 2011 at the Instructional Fddepartment of Agronomy,
College of Agriculture, OUAT, Bhubaneswar, Odislfiace is a crop that can be
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cultivated under varied climatic conditions, theref it is difficult to define those
conditions which are most suitable for proper gtowhd development. The various
climatic parameters like temperature, solar ragiméind rainfall and biotic factor like
soil influence rice yield directly affecting the yshological processes associated with

grain production.

Rice needs relatively high temperature rangingnfr@®C to 3%C for
optimum growth and development. A day temperatanging from 28C to 33Cand
night temperature ranging frob%°C to 20C is most suitable for higher growth yield.
However, the critical low and high temperature bel®(’C and above 3C vary
from the one growth stage to another. A higher ntemperature less than®Ccause
slow vegetative growth as a result flowering iseaféd. A good bright sunshine is
essential for increasing photosynthetic activigttresults in higher grain yield.

The mean annual rainfall of Bhubaneswar is 1451 aimvhich 80 % is
received during south-west monsoon period i.e.wéeh June to September. The
post- monsoon and summer showers contribute repeP@ent. Amount of rainfall
received during the cropping season was 1133.3 mkharif 2010, 96.1 mm in rabi
2010-11, 1308.5 mm in kharif 2011 and 135.7 mm abi r2011-12. The mean
temperature ranged from Z1to 31.2C in 2010 and 22.2C to 31.2C in 2011. The
bright sunshine hours per day was 4.7 to 6.2 ir0201d 2.8 to 7.3 in 2011.

It was observed that rainfall was higher (1443rd)rduring the year 2011.The
rainfall during the year 2011 was more or less sameahe average rainfall of
Bhubaneswar, although rainfall during 2010 was.|&se temperature and BSH was
also almost same during the both years of croppaagon. The growth and yield of
the crop in general was better during 2011 thar02@hich might be due to good

rainfall and other parameters prevailing duringgh@wing season.

5.2 Growth and development

Among the sources of zinc (Zn), ZnS@ 25 kg h# performed better Zn-
EDTA @ 1 kg ha in influencing the growth parameters which cob&ldue to its
higher content, solubility and availability to ricglant from the soil. The
supplementary effect of sulphur (S), the key elemennfluencing the growth and
metabolic activities of rice plant added the syrsig effect to Zn in boosting the
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growth, specially to the height of plant. Besiaeslition of boron (B) @ 1 kg Hao
this treatment of ZnS{created favourable conditions for Zn and B uptaiehe
plant enabling quick synthesis of auxin at anyegrbwth stages leading to enhanced
plant growth in height. This might be due to itdemelationship with auxin, an
important growth regulator regulating the stemnghktion and cell enlargement
(Ahmedet al., 1981).

In general, the height of plant during rabi wassleas compared to kharif
which might be due to the effect of low temperatueing rabi .The residual effect of
ZnSO, @ 25 kg h#d + B @ 1 kg h& was found to be superior to Zn-EDTA @ 1 kg
hal+ S @ 30 kg ha+ B @ 1 kg h& and other combinations.

The leaf area index was favorably influenced eydpplication of ZnS©+ B
along with RFD (80-40-40 kg N-P-K Ha Application of ZnSQ@ + B along with
RFD to soil encouraged better expansion of leanéstlaus more photosynthetic area
for dry matter production. This could be due tacgfht utilization of nutrients
resulting in production of surplus protein whicthance the photosynthetic area (leaf
area and LAI). This is in conformity with resutif Dixit and Taliwal, 1989.

ZnSQ in combination with B proved significantly superido its sole
application and Zn-EDTA and their combinations fooducing more number of
leaves and higher LAI, perhaps due to controlRIA degradation as reported by
Dwivedi and Takkar, 1974. The control plot Without Zn, S and B application had
shorter plants with less number of leaves anddesd index because of high RNase
activity and disturbances in the metabolism of auamd indole acetic acid (IAA) in

particular.

In general, the leaf area index of plants durig cvas more as compared to
kharif season which might be due to controlled ngengent of nutrients and water
along with maximum photosynthetic area. The redidtfact of ZnSQ along with B
also proved significantly superior over their sengpplication of Zn-EDTA or their
combinations. The application of Zn$® B also proved to be superior over RFD +

FYM and only RFD in getting maximum LAl

There was progressive improvement in dry matteurilation in rice plant

with advancement of crop growth. (Table 4.4a add).Dry matter accumulation in
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rice plant was more between 60-90 DAT coinciding teproductive stage of the
crop. It increased with the application of ZnSOB along with RFD and resulted in
better assimilations due to greater photosynthaiitace. Application of RFD with

ZnSQ and B had synergistic effect in achieving highsrmatter production.

Accelerated physiological activities enhanced bygyene activation due to
application of ZnS®@integrated with B might be the probable reason iocreased
dry matter production in comparison to their singiee and Zn-EDTA or their
combinations because of increased plant heightagiter photosynthetic surface and
LAI. The application of RFD along with FYM @ 5 t'har only RFD produced lesser
dry matter in comparison to application of ZnS(dd B along with RFD.

Dry matter production in rabi was comparativelyrexalue to more tillers and
expression of higher values of yield attributingadcters. The residual effect of
ZnSQ + B was significantly superior over their sole kgadion and Zn-EDTA or
their combination. The same trend was observedase of number of tillers ¥
during both the years. The findings are similathwevidences of Dravid and
Gowswami (1987) .

54 Yield attributes

The vyield attributes was influenced by differerdatments are presented in
Table 4.5a and 4.5b. The number of panicles length of panicle, panicle weight,
number of fertile grains panicteand test weight were influenced significantly by

different treatments.

Application of ZnSQ@ + B along with RFD exhibited a favourable effect o
yield attributes. It was due to better availability Zn, S along with B in adequate

amounts and their synergistic effect in improwmgld attributes.

The sources of Zn as Zn$©ombined with B significantly influenced the
yield attributing characters as compared with tiseigle application, Zn-EDTA and
their combination. This might be due to higher zinse efficiency and consequent
synthesis of better grain filling (Takaki and Kimdki, 1970). The performance of
ZnSQy was better than Zn-EDTA due to supplementary eft#cS with higher
percentage of Zn present in the former.
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Application of ZnSQ@ + B produced maximum panicle length, weight, more
number of fertle grains panicte and higher test weight due to better
absorption/availability of Zn and B throughout tlggowth period. This is in
conformity with findings of Arifet al., 2012.

Fertility percentage increased due to indiretd# of Zn but direct role of B
through enhancement of auxin synthesis which utetgainfluenced fertilization.
Pollen grains have a very high Zn content and @s@nce of B helping in fertilization,
most of the Zn is incorporated into developing s@g&allar, 1975).

Application of ZnSQ@ + B along with RFD proved its superiority over gl
application of ZnS@B/S/ Zn-EDTA or their combinations along with RFD
improving the yield attributing characters. Howeveingle application of RFD or
RFD along with FYM was found to be inferior ovempdpation of ZnSQ + B along
with RFD resulting in lesser yield attributes. Tléssupported by the findings of
Khuranaet al., 2008.

The yield attributing characters were more proro@ehduring rabi than
kharif which might be due to more translocatidnpbotosynthates from source
(leaf) to sink (seed). This was influenced by mordight hours and higher
temperature during reproductive stage of the cBgsidual effect of ZnSO+ B
during rabi proved superior to their sole applicatior Zn-EDTA or their
combinations. Similarly application of Zn3® B proved its superiority over sole
application of RFD/FYM.

55  Yield

The grain yield was significantly influenced byffdient treatments during
kharif, (Table 4.6). Considering the data for indual years and the pooled data of
grain yield, it was observed that applicatiorzaSQi+ B along with RFD enhanced
the yield significantly as the inherent Zn statfighe soil (0.33 ppm) was less and

below the optimum level (0.6 ppm).

Application of ZnSQ@ + B increased the grain and straw yield compaoeubt
Zn/B application which might be due to better atiion of N and P to increased
metabolic activities (Khanda and Dixit, 1991). kase in yield due to ZnSG- B
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application might be attributed to its role in wars enzymatic reaction and catalytic
effect on growth process and hormone productionsl gmotein synthesis
(Channabasavanmtal., 2001).

Application of ZnSQ@ + B favoured the root growth with mobilizatiof o
plant nutrients at optimum levels and there byeased grain and straw yield of rice
(Das and Singh, 1982).

The increase in grain yield in the present studg W8 per cent in kharif and
45 per cent during rabi as compared to RFD du@pdication of ZnSQ@ and boron. It
might be due to the influence of Zn on the uptakextra plant nutrients i.e., (NPK,
Zn, S and B -62.1 kg Mauring kharif and NPK, Zn, S and B-79.6 kg‘hduring
rabi) through enzymatic action in metabolic processch ultimately accounted for
the higher grain. Increased fertilization of flowdue to Zn and B had also a
favourable effect in the grain yield (Polar, 1975Wwas observed that the effect of Zn
and B was synergistic when integrated with RFDemhancing the grain yield and the
increase in yield was highest. Considering thattinent on application of Zn-EDTA
+ S+ B integrated with RFD, recording the secoigthést grain yield which was due
to the effect of Zn, S along with B, but the aaility of Zn and S was delayed as
compared to ZnSHand also the content of Zn in Zn-EDTA is lestZnSQ.

The effectiveness of elemental S is less in acgbd as compared to
calcareous soil. Promising grain yield was a®served in RFD incorporated
with FYM during kharif season. This was due to flaet that organic manure
(FYM) acts as the store house of plant nutrientsctvlare readily available to the
crop. Organic manure mobilizes the native Zn thiowdpelation and complex
formation, with organic ligands and thereby makbwgter availability of native
Zn which enhances the zinc use efficiency (ZUE)r Rmher grain yield, with
reference to source, Zng@roved better than Zn-EDTA due to its slow andgen
period of availability (Rataet al. 1997).

Highest straw yield was recorded with the appiorabf ZnSQ + B integrated
with RFD followed by application of Zn-EDTA + S B integrated with RFD. The

increase in straw yield followed the same trendtes of the grain yield.
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Application of ZnSe + B integrated with RFD have produced more
photosynthetic products due to integration of Zran8 B causing greater availability
of N, Zn and S for longer period, resulting inttbe vegetative growth. Similar
results were obtained by Srivastava and Gangwa&7.19

Grain yield during rabi season (Table 4.5) washhrgthan that of kharif
which might be due to better translocation of pkgtdhates from source to sink.
This was influenced by the favourable conditionaXximum day light hours and
temperature), experienced by the crop during rpecbove phase .Application of
ZnSOy + B integrated with RFD increased the grain yigignificantly which was
found to be superior over other treatments andlarmirend was also observed in

kharif season.

The residual effect of ZnSG- B during rabi season proved superior over sole
use of ZnS@S/B or Zn-EDTA or their combinations. Organic stes of palnts
nutrients (FYM) applied to kharif rice benefdt¢he succeeding rabi rice due to
residual effect which resulted in higher grainlgias compared to sole application to
S/B/Zn-EDTA and control (RDF). Pooled data on graield for rabi 2010 and 2011
revealed that highest increase yield (45 %) wasrdsd with residual effect of
ZnSQ + B over control (RFD). This was followed by tineatment of residual effect
of Zn-EDTA + S + B recording an increase in yiek8 @) as compared to control .
Sujathammaet al. (2013) reported the superiority of ZnSi@ improving rice yield

in rice-rice cropping system.

The straw yield was influenced by the residualeeff of different
treatments imposed during the kharif and the trerad similar to that of grain
yield. Highest straw yield was recorded due to tb®dual effect of ZnSO+ B
followed by residual effect of Zn-EDTA + S + B. Thesidual effect of ZnS£
B was significantly superior over sole applicatioh ZnSQJ/S/B/Zn-EDTA or
their combined application. It was also superiasver residual effect of FYM,
while considering the source, Znsroved superior over Zn-EDTA in

increasing the straw yield.
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5.6 Harvest index

Data on harvest index of the crop are presentedahle 4.8. It was
significantly influenced by different treatment. Mast index was highest with
integrated application of RFD + Zn$® B followed by application of Zn-EDTA + S
+ B integrated with RFD.

During rabi season the residual effect of ZnSCB was superior over the
residual effect of ZnS£YZn-EDTA/S/B. Harvest index increased due to éase in
grain yield because of application of ZnS©OB due to presence of higher level of
Zn in ZnSQ and B increased the fertilization of reproductivgans which influenced

in increasing the grain yield.
5.7 Correlation studies

The growth attributing characters like plant hejghAl, dry matter
production, length of panicle, weight of panicieumber of fertile grains,
panicle m?, test weight and harvest index had a positive aighificant
correlation with grain yield both at 5 and 1 pentkevels during kharif and rabi
seasons of 2010 and 2011. Similar results wererdecbby Sahoo and Sahoo
(2001) and Mohapatra (2003).

5.8 Nutrient uptake

During kharif season the effect of different treants had a marked influence
on the uptake of various nutrients is N, P, K,8aAd B by the plant. It was observed
that application of ZnS©O+ B integrated with RFD produced the highest grsaeid
and had the highest uptake of N, P and K both angand straw. This was followed
by the treatment i.e., application of Zn-EDTA + SB+integrated with RFD during
both the years of study. Application of ZnS@&long with RFD was significantly
superior over sole application of Zn{ @, Zn-EDTA or their combined application
and FYM with respect to uptake of N, P and K.

The uptake of N, P and K by plant was more by iappbn of ZnSQ +B
along with RFD which might be due to synergistiteef of Zn with S and B in the
uptake of plant nutrients. This is in conformitythvfindings of Pervaizt al., 2012.
Addition of organic matter (FYM) also improved tlhwptake of N, P and K and
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increased its use efficiency. Application of FYMoag with N, P, K mineralized
the organic matter rapidly and supplied adequat® l[dnd K and hence increased
its availability. With respect of nutrient releaged use efficiency, application of
FYM proved superior over sole application of singletrients because of quick
decomposition and faster release of nutrients. I8mwas the trend with regard to
uptake of S, Zn and B. Application of ZnsG B along with RFD was
significantly superior over other treatments witbgards to uptake of various
nutrients because of higher grain and straw yield &igher concentration of
nutrients i.e., (N, P, K, S, Zn and B) in the biana

The results are in agreement with the findingsSafrastava and Tripathy
(1998). The uptake of nutrients i.e., (S, Zn andrBbhe grain and straw and their
total uptake were positively influenced by the o$e these nutrients during both
the years. The lowest uptake of S, Zn and B waerdad in control and highest
in ZnSQ + B along with RFD. The combined application ofSX+ B, Zn-EDTA
+ B, Zn-EDTA + S and S + B recorded higher uptak&pZn and B than their
single application. Application of Zn-EDTA + S + &so recorded higher uptake
of N, P, K, S, Zn and B in comparison to their sapplication. Sahoet al. (1994)
and Islamet al. (1994) reported about synergistic effect of thest&ients on their

uptake and correlated higher uptake with grain stnaw yield.

During rabi season, the residual effect of ZnS@ recorded highest N, P,
K, S, Zn and B which was significantly superior ovather treatments. The
residual effect of ZnS©O+ B was significantly superior over sole effectzfSQ/
B/S/ Zn-EDTA or their combination with regardsratrient uptake (N, P, K, Zn,
S and B). Highest uptake of nutrients due to resi@dfect of ZnS®@ + B was due
to highest grain and straw and their concentratiortsomass. This was due to the
synergistic effect of S, Zn and B on uptake of thastrients. (Islanet al., 1997).

The lowest uptake of nutrients was recorded in @iteatment (RFD).
5.9  Economics

Data on economics on production (Table 4.16a 4déb) indicated that
among the treatments 10o[(RFD + ZnSQ + B) gave the highest gross return

(X 63087 hd), net return¥ 39312 ha) and B:C ratio (1.65) during kharif and
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during rabi, it recorded a gross retuf7é231 ha), net returnI 47,231 hd) and
B:C ratio of 1.75 which was significantly superiover the sole application of
ZnSQy, B, Zn-EDTA, S and their combinations and FYM.rig rabi season, it
was due to residual effect of Zn$® B recording highest gross return, net

return and B:C ratio.

Application of RDF +ZnS® (T3) recorded higher gross retuig5,147
hal), net return 32022 ha) and B-C ratio (1.38) during kharif, while withhis
treatment the residual effect of ZnS@uring rabi season recorded a gross return
(X 65,728 hd), net return 38,728 ha) and B-C ratio (1.43). Application of RFD
+ Zn-EDTA (Ts) recorded a gross returfi 46,504 hd), net return 23,714 hd)
and B:C ratio (1.04) during kharif while these wes were& 55346 hd, T 28,346

ha! and 1.05, respectively during rabi season.

It was evident from the study that the commdrgrade of ZnS®@is less
costly and simultaneously it has a great roleimereasing the yield of the crop
and there by influencing gross return, net retumd &:C Ratio. But the
commercial grade of Zn-EDTA is more cost§ 7190 kg') as compared to ZnSO
( 45 kg?) and less efficient in improving the yield dietcrop for which the net
return and B:C ratio was less by applying Zn-EDTAcomparison with ZnSQO
.While comparing, o (RFD + ZnSQ) + B) with Ti1 (RFD + Zn-EDTA + S + B),
it was realized that higher gross return, nairreand B-C ratio was obtained in
T10 as compared with (1. Besides additional value for the cost of S wkE® a
imposed in Ti, which resulted in decreasing the gross returth retirn and B:C
ratio in the system. Application of RFD + FYM A)Trecorded a gross return of
¥53,293 hd, net return of 28,293 hdand B:C ratio (1.13 ) during kharif season
and while the values wer& 64,515 hd, ¥37,515 hd, and 1.39 respectively
during rabi season. It has been realized that #lees of gross return, net return
and B:C ratio were lower in case ofds compared to the values obtained with
RFD + ZnSQ (T3z) which was due to higher cost involved in apgtion of FYM

as compared to values of ZnS@nd better efficiency for applied Zn®0n
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comparison with FYM in improving the yield of tlewop. Lowest gross return
(X 43101 hd), net return¥ 21,101 ha) and B:C ratio 0.96 were recorded in T
during kharif season, while the values w&®1,920 hd, 24,920 hd and 0.92

respectively for rabi season, where there was ddiadal application of either S, Zn

and B. This resulted in recording lowest yiefdh®e crop and lowest gross return,

net return and B:C ratio as well.
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SUMMARY AND CONCLUSION

The experiment was conducted in the Instructiofatm, Department of

Agronomy, OUAT, Bhubaneswar during kharif and reéasons of 2010 and 2011 to

study the effect of integrated nutrient managenrerite-rice cropping system. It was

laid out in Randomized Block Design with eleveratreents replicated thrice. The

results have been furnished and discussed in thee@ing chapters. The salient

findings and broad conclusions are given below.

Kharif season

Integrated application of RFD + Zn$@ 25 kg ha + B @ 1 kg ha
produced tallest plants (106 cm), highest LAI (3.@&ximum DMP (28.7 g
hill'}) and tillers hili* (15) followed by integrated application of RFDZ#-
EDTA@ 1kghd+ S @ 30 kg A+ B @ 1 kg ha.

Integrated application of RFD + Zn$@ 25 kg ha + B @ 1 kg ha
produced longest (27 cm) and heaviest (2.74 gicjgarhighest test weight
(24.14 g), maximum fertile grains pani¢lg¢157) and panicles ™ (307)
followed by integrated application of RFD + Zn-EDT@ 1 kg hd + S @
30 kg hat +B @ 1 kg hd.

Integrated application of RFD + Zn$@ 25 kg hd + B @ 1 kg hd
produced maximum grain (5.28 tHaand straw (6.33 t h yield and harvest
index (45.44 %)

Among different sources ZnS@ 25 kg ha soil application recorded highest
grain vyield (4.60 t g than Zn-EDTA @ 1 kg hasoil application (3.86 t h.

Application of ZnSQ @ 25 kg ha with RFD (Ts) recorded higher grain
yield (4.6 t hd) as compared with application of FYM (4.44 thaS
(3.99 t hd), B (3.71 t hd), Zn-EDTA + S (4.32 t hd), Zn-EDTA + B
(4.07 thd) and S + B (4.14 t hj along with RFD.
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Application of ZnSQ alone could substitute over application of FYM,BS
Zn-EDTA, Zn-EDTA+S, Zn-EDTA + B and S + B with RAD terms of yield
which also gave higher net retuf32,022 ha) and B:C ratio (1.38).

Application of RFD + ZnS@@ 25 kg hd + B @ 1 kg ha recorded highest
uptake of N (135.5 kg M3, P (33.10 kg hj), K (178.1 kg ha), S (13.30 kg hd),
Zn (256 g ha) and B (177 g h3) followed by application of RFD + Zn —
EDTA@ 1kghd +S @ 30 kg hd+ B @ 1 kg ha.

Integrated application of RFD + Zn$@ 25 kg hd + B @ 1 kg hd
recorded highest gross return (Rs.63,08%) hanet return¥ 39312 ha) and
B:C ratio (1.65) followed by application of RFD ©18Q @ 25 kg ha.

Application of only RFD recorded lowest values abwth parameters, yield
attributes, grain yield (3.57 t g straw yield (4.78 t h, net return 21,101 ha)
and B:C ratio (0.96) and lowest nutrient uptak®loP, K, S, Zn and B.

There did exist a positive correlation betweenrggaeld and plant height, LAI
at 60 DAT, DMP at 90 DAT, length of panicle, weigbt panicle, fertile

grains paniclé, test weight and harvest index.

Rabi Season

Residual effect of ZnSO@ 25 kg ha + B @ 1 kg h& (Ti0) produced tallest
plant (104 cm), maximum LAl (5.10), dry matter @8 hill't), maximum tillers
hill"* (15.5). It also recorded longest (28.1 cm) andileet(2.65 g) panicle, test
weight (24.58 g), more fertile grains panit(@66) and panicles #(331).

Residual effect of ZnSO@ 25 kg had + B @ 1 kg ha (T10) also recorded
maximum grain yield (6.21 t i, straw yield (7.45 t i3 with harvest index
(45.46 %). This was followed by the residual effetZn-EDTA @ 1 kg ha
+S @ 30 kg hd+ B @ 1 kg ha (T11) recording the next highest values in

growth parameters, yield attributes, yield and barindex.
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Considering the residual effect of different sasrof Zn, residual effect of
ZnSQ (@ 25 kg ha applied to Kharif rice) recorded more grainlgie
(5.48 t hd) than Zn-EDTA (@ 1 kg haapplied to Kharif rice) recording
grain yield of 4.59 t h4

Residual effect of ZnSO(Ts) recorded more grain yield (5.48 thaas
compared with residual effect of FYMA)T(5.38 t hd), S (Ts) (4.73 t hat), B
(Te) (4.48 t hd), Zn-EDTA + S (F) (5.21 t hd), Zn-EDTA + B (),
(4.92thd)and S +B (3) (5.08thd).

The residual effect of ZnSCalone was superior over the residual effect of
FYM, S, B, Zn-EDTA, Zn-EDTA +S and Zn-EDTA + B iretms of yield,
which also recorded higher net retlgr88,728 ha) and B:C ratio (1.43).

Residual effect of ZnSO+ B (Ti0) recorded highest uptake of N (195.50 kg
ha?l), P (49.70 kg hd), K (204.90 kg hd), S (20.0 kg hd), Zn (439 g ha)
and B (276 g hd) followed by residual effect of ZN-EDTA + S +B(J.

Residual effect of ZnSO+ B (Tio) recorded highest gross retufi7é231 hd),
net return ¥ 47,231 ha) and B:C ratio (1.75) followed by residual effext
Zn-EDTA + S + B ().

The control plot (T) recorded the lowest value of growth parametedsyaeid
attributes. It also recorded the lowest valuesrafrgyield (4.28 t hd), straw

yield (6.11 t ha&), net return 24,920 ha), B:C ratio (0.92).

The control plot (TI) also recorded the lowest values of uptake of N
(122.50 kg hd), P (32.90 kg hd), K (157.50 kg hd), S (11.75 kg hd),
Zn (183 g hd) and B (137 g h4).

There did exist a positive correlation between rgrgeld and plant height,
LAl at 60 DAT, DMP at 90 DAT, length of panicle, W@t of panicle, fertile
grains paniclé, test weight and harvest index.
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CONCLUSION

From the result summarized above, it is conclutiatl combined application
of recommended fertilizer dose (80-40-40 kg MB$£K.0 ha') along with ZnSQ@ @
25 kg hat and B @ 1 kg haincreased the productivity of rice (Lalat) as wad
higher net return and B-C ratio during Kharif seadb had also good residual effect

on rabi rice grown on the same plot recording hsgjlyesld and profit.
FUTURE LINE OF RESEARCH

Integration of ZnS® and B with RFD recorded increased production,
productivity and profit of rice-rice system. Uskavganic manure (FYM) only with
RFD had also showed promising result in improvimg production and productivity.
Research work may be undertaken to study the ahglatfect of organic manure,
FYM or green manure integrated with ZnSé@nd B for improving yield. The cost
effectiveness and economics of the system may bdiest thoroughly before
recommending to the farming community to get maximprofit under rice-rice

cropping system.
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