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X. INTRODUCTION

Cotton (Gossypium 8p.) is an isportss commercial crep
in the world. Being a prime supplier of raw material for
textile industry, it plays an important role in the Indian
economy. Among the cotton growing countries in the world,
India occupies the £irst position in respect of area.
Presently the area under cottom in India is 7.6 milliom
hectares, out of which only 2.3 million hectares (30%) is
gtown with assured irrigation. Remaining 5.3 maillion hectares
(709 is entirely depondent on erratic and uncertain raimfall
varying from 400 mm to £00 mm received hardly for a period
of 80 to 100 days (Bonde, 1992). AS regards production of
cot:on, India occupies the fourth position after China,

USSR and USA with an amual production of 12 million bales
of lint (Basu, 1992),

™e average yield in India is only 200 kg lint per
hectare as campared to the yield levels of 613, 963 and 1060
kg lint per hectare of USSR, USA and Egypt, regpectively
(Basu, 1992)., The low yield levels nscessitate improvement
of genstic, agrfonomic and physiologicd aspects inwolved im
cotton production, in addition to M" of pest and
disease complex ingpite of the limitations set by climatic
factors,
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In Karnataka, ti@ area and production during 1950e51
was 5.67 lakh hectares and 6,92 lakh bales of lint,
respestively, with an average yield of 204 kg lint per
hectare (Anon., 1993). |

The northern dry sone of Karnataka, compfiasing 3%
taluks from the ontire districts of Bijapur and Bellary,
and parts of Belgaum, Dharwad, Chitradurga anu Raicham
districts is the major cotton growing area. This aone alons
contributes 95 per cent of area and 90 per cent of cotion
production in the State. 3o0il and climatic conditions are
quite suitable for the cultivation of cotton in this sone
particulacrly under irrigation. With the advent of high
yielding varietiss and hybrids during the last two deSades,
intansive cultivation is being followed to exploit the full
potential of these varieties/hybrids. This necessitates
balanced application of sutrients incd uding micromutrients.

Under the intensive cropping system, proper swpply of
all essential nutrients including micronutrients to cxops
assunes greater importance as the native soil outrients e
depleted continmwously. MThis calls for the use of proper
blend of all essential matrients through chemical fertilisecs,
manures, soil amendments, micronutrient fertilisecs, Grep
residues, bilofartilizers otc., to maintain soil fertility and
rfaise the yield levels manifold,



2inc, copper, manganess, iron, boron, molybdemm and
chlorine are required by the plants in vecy amall amounts.
Nevertheless from nutritional point of view, they are
indispensable 1ike any other essential macronutrients.

2inc is essential £or protein and auxin productiom.
Iron helps in photosynthesis, reduction of aitrate, sulphate
and assimilation of nitrogem. MNanganese is necessary for
photosynthesis, CO, assinilation and nitrogen metabolism,
Copper is a constituent of cytochrome oxidase and many other
ensymes. Boron is essential for proper development and
differentiation of tissuwes. Molybdemm is esscatial for °N°
assimilation and °N*' fixatcion. Chlorine stimulates activities
of some enzymes, influsntes carbohydrate metabolism and water
holding capacity of plant tissues (Anon., 1966)..

In order to deal with the emecging problems of micro-
nutrient deficiencios, the Indian Council of agricultural
Reacarch initiated an All Indig Coordinated Rescarch sgheme
on micronutrients in soils and plants in 1967,

Among the micromutrients, 2m deficiency is the most
predominant and widewspread. The s0ils which are coarse and
texture, high in pH ( >8.5), high in Caco, (J0.5x) and low
in orgaic matter({0.4% organic carbon) are the ones to show
Zn deficiency (Takkar ot al., 1989),



Not much work has been done o the respoase of cotton
to soil and foliar application of micromutrients im the
country in gemeral and in Karnataka in particular. In
recent years, scattered instances of response of cottom to
micronutrients have be=n reported (Malewar, 1981 and Shacma
ot al., 1988). Hence, in order to see whether yield of
cotton can be incroased by the spplication of micronutrients
either thiocugh soil or through follar application to rainfed
cotton, & study was undettaken at the Agricultural Resastoh
Station, Dharwad Farm, Dharwad (Rarnataka) during ths year
1991<92 with the following cbjectives s

1. To astudy t.e effaect of Cu, Zn, Nn, Fe and B applied
individually and in combination through soil or
foliar application on the growth and ¢rowth parameter:s.

2. T £ind out the effect of micromutrients on the
vield amd yield parameters of cotton.

3. To study the offect of micromutrients on fidre
pEoperties of cotton,

4. To compare the relative efficacy of soil and foliax
application of micronutrients on cotton.

5. To study the uptake of N, pzos mdx,ony the
pplication of micromitrients,
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XX, REVIEW OF LITZRATURE

Nutrient deficiences in Indian soils and orops are os
the increase. In tae intensively cultivataag areas of the
country, the daZiciencies of aicronutrients have been emerging
and posing problems to realisation of potential yields of
crop varisties, particularly with the gdvent of high yielding
varietiss and hybrids and adoption of intensive crop
production technologies,

The consumption of 1 vacYo nutfients increased by
eight fold from 1.1 m.toames in 1966«67 to 6.74 . tomnes ia
1986=87, Concurrently increase in the coasumption of aicro=
nutrients especially zn, Mn and Fe has takea place (Takkar,
et al., 1989), This has necessitated to demomstration of
aicronutrient dofieciencies, so that these can be included
in the fertiligzer schedule for realising the highest yields
of ostton crop.

2.1 Status of micronutrients in soils

2.1.1 m.

Mamn ot 2l., (1972) obseswed that the availadble Cu content
of punjadb s0ils varies from 0.08 to 2,6 ppm with a mean value
of 0.75 ppm,

Lindsay and Rarvell (1978) found 0.2 ppm of Cu content
ad tentative critical level in Colorado 80ils of neutral to
calcarisus natuce,
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Chakraborthy ot al. (1979) observed that the available
copper content of Assam soils varied from 0.187 to 2.7 ppm.
They further faported that soils rich in organic matter
exhibited lowex amount of available copper.

Sinch and Singh (1981) moticed that the total and
available copper content of Rajasthan soils waty from 17.2 to
67.6 and 0.23 o0 0.84 ppm, respectively.

Joshi et al. (19682) reperted that the DIPA extractable
appex varied from 0.28 to 1.25 ppm with an average of 0,68 ppm.

2.1.2 Maaganeses

Mann gt al. (1572) reportad that the avallable mangemese
content varied from 1.8 to 38 ppm with an average of 10.54 ppm
in Punjad soils.

Rawat and Mathapal (1981) studied the available ¥m
content of seme hill scils of Uttar Pradesh which ranged from
3,6 to 26 ppm with a mean value of 14.5 ppm.

Jha et al. (1964) reportsd that the available Ma ia
Mzharashtra solils varied fraom 2.09 to 5.62 ppm, but the
variation aid not follow the plysiography of the trast.

Acoording to Murthy and vislwsansth (1987) verticols
of Karnatska were found to have higher amounts of DESA
extragtable Ma in the range of 6 « 25 ppme



2.1.3 Irom

Iron is most oommon of the metallic elements in the
sarth's crust, It's total content in the lpm. however
Tehges from a very low value of 0,02% to 10 per ceat,

viets and Lindsay (1973) reported that soils containing
2.5 ppm of DTPA extractable iron as deficient, 2.5 to 4.5 ppm

as matrginal and more than 4.5 ppm as adeguate.

Ramwer and Randhasa (1974) reviewed the studies om
iron content of Indian 80ils and stated that total irom
contunt varied from O.4 to 27.3 ppm and the available iron
content varied from tracaes to 98 ppm.

Rawvat and Mathaphal (1581) reported that available iron
content in solls of Uttar Pradesh varied from 0.4 to 8.4 ppm,

2.1.4 Zincs

Sharma and Moti Raxani (1969) fourd that black svils
are rich is available and total sinc than alluvial soils of
Nadhye Pradesh. The available sinc comstituted 8.4x of
total sinc,

vViets and Lindsay (1973) classed soils containing less
than 0.5 ppa a8 deficient, 0.5 to 1 ppa as maxginal anc more

thah 1 ppm as adequate.



According to Kamwar ani Randhassa (1974) the surfase
soils contained maxlmum amount of availlable sinc and
avail dbility decreased with profile depth,

Analysis of Punfsb soils for sinc by Takkar et gl. (1976)
revsaled that soils containing 1ess than 0.6 ppa were
deficient and 0.6 to 1.2 prm adequate in svailable sinc,

Analysing seven soil profiles from diffcrent agroe
climatic regions of Karnataka, Vasuki (1979) noticed the higheet
available sinc content in surfage 8cil of Bidar (3.07 ppm)
and Khanapur (2,67 ppm) and the lowest in sub-siwxrface soils of
Rachalagsre (0,01 ppm). The avallable DTPA extractable =inc
contant in the surface layers of Hagari (chromustort) and
Kallur (rellusterts) s30ils wure 0,30 and 0,36 prm, respestively.

Sarora gt a). (1983) analysing all the 11 soil a.xies
profiles from Kapurtala district of runjab, reported that
loamy sand and silty Clay loam soils contained 0.28 « 0,53,
0,62 « 1,08 ard 1,24 = 1,52 ppm of avalilable zinc in low,
medium and adequate categories, respestively.

Ramparia et al, (1984) analysed 391 sucface soil saxples
from Gird region and found that availakle zinc was in the
zange of Q0.1 to 3.04 ppm indicating thct 75 psr cent of soils
analysed ware deficicnt with a critical limit of Ged oM



Sakal et al. (1988) analysed 812 surface (0.15 om
depth) soil samples from old alluvial soils of Bihar,
Thoy found that available zinc in these 80ils ranged from
0.04 to 5.8 prm with mean and critical valuss of 0.66 ppm
and 0.65 ppm raspectively.

Tafuvanshi gt al. (1988) moticed no specific pattern
of available (DTPm extractable) sinc distribution vertically
in the profilea It was increasing with depth ia Palapr
and decreasing in Farecr, Chandir, Jassor and Paraur eesies of
Kangra valley in Himachal Pradesh. The available sinc v:ried
bewesn 0.5 to 3.9 ppm.

2.1.5 m‘

Berger and Truog (1945) considered not water soluble
boron as a good imdex of available boron in 80ils as it gwe
good correlations with boron uptake by crops.

Roger (1947) suggested that hot watsr soluble borea
might be of practical value in selecting areas whete boron
faertilization could shew response,

Bendale ot a). (1951) reported that black scils of
Bombay State contained 0.1 to 0.6 ppm of available boron,

_ Stinmson (1953) suggested to use 0.3 ppm hot water
soluble boron for sandy soils and 0.5 ppm £ox heavy s.ils
as the critical levels, ‘
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In alluvial s ils of Bihar, Mandal gt al. (1956)
observed that water soluble boron content ranged from
0.3 to 2.2 ppm,

Gandhi and Mehta (1958) found that available boron
content of normal s0ils of Gujarat ranged from 0.2 to 1.5
ppm while that in saline soils of Barocla and Sauwrashtra
from 3.0 to 3.5 ppm.

Rayachoudhuri and Datta Biswas (1964) considered
C.1 to 0.5 ppm o f hot water soluble boron in soils as the
eritical limit for most of the agricultural crops in India,

2.2.1 gn growth, yield ond yield parameters

Patel and Patel (1949) rcported the beneficlal effect
of manganese, zinc and borom on growth, bud and boll formae

tion of vijaya cotton (Cossypium hirsutum).

From the results of field experiments conducted for a
number of years on "merican and Indian cotton varieties,
Dastur and Singh (1953) recorded beneficial effect of copger,
manganese and zine, while application of magnesium had no
effect on yield., They reported that on the black cotton soils
of Indore (pH 8.2) copper increased cotton yield significantly
and it was mo% promising because of its low cost. The applie
athaotmlbznso‘ increased cotton yield in 4 out of
6 years.
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Simgh (1961 a) indicated that the treatment of soeking
of cotton seads in znso‘ solution before sowing, had no
influonce on either single plant yield or yield per scre of
sead cotton, In this connection, it may be poinaed eut that
the s0il in which the trial was coaductsd, was fnot known to
be deficient in zinc,

™he results of tie fiecld exper.iments conducted at
Jullundar, Ludhiana, Abohar, Hansi and Hissar by Kamwar and
Randhawa (1967) showed that none of the micronutrients
registered a significant effact on cotton yield at Jullandar
and Luadhiana, But.tmvpuadonotznso‘ at 20 kg per ha
to the s0il at Hansi andé Abohar incweased the yields of seed
cottol by 15.8% and 19,5% to 41.7% respectively. At Abohar,
the response of folilar application of Znso, at 2 kg per ha
in 150 gallons of water about 60-75 DA3, was highly aignifie
cant. It resultod in an increase of yield by $7 per came,
Substantial incresases wero also rscorded by both aoil and foliar
agplication of Ma at Hansi and Hissar. Amferson and Fred
(1968) reported that yield anxi earlimess of harvest benefitsed
from higher levels of Nn (4.46 kg/hs) ani boron (0.89 kg/tm).

Dubey and 3ingh (1969) reported that aine in the form
otznso‘utwkqpuh-amuu:mldouwotl.vm
R increased the yield under rainfec coaditions. Yield
increese was 11X over control, However, foliar spray descessed
the yield levels, but not sicni ficantly:
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Bagestwara Rao (1977) reported that soil spplication
of Mg, B and Zn increased the seed cotton yleld by 16, 26 and
21 per cent, respectively.

Varma et al. (1984) reported that all the micromutrients
(zn, B, Mn, Cu, Mo aml Fe) incrsased the yileld of capaularis
jJute in the ran e of 9.22 to 53.3 while im olitorius jute,
Fe, 2n, Mo and Cu increased the yield in the range of 8.21 to
36.4 per cont,

sharma gt al. (1988) was of the cpinion that application
of zinc incressed the number of bolls per plant, boll weight
and seed ootton yiald, Effect on plant height was not
significant.

Kashyap et al. (1988) obsexved that 3m at 10 pgm
produted the maximum Ary matter of all plant parts of hoth
genotypes at equaring and flowering stages. Mighr Zn bwvels
showed a detrimental effect on 2\ content in different plst
organs.

srivastava and Singh (1968) reportsd that the sesd
cotton yield increased linearly due to N and zZn upto 80 kg N and
SOqunso‘pchamuMy. Both N and 2n influenced
the nurber of Mnlls and yield per plant. A response of 11,31
kg and 6.9 kg seed cotton per hadu.uom‘ applied at
28 kg per ha was obsecved in 1982 and 1983, respectively,

Kumar anc OGupta (1989) observed that soil application of
lﬂ‘ at 20 kg per ha was better than foliar spray. zinc
application
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concentration in leaves at flowa: ing increesed significanly
with Za application. The Zn content ia lewes in :the foliar
spplication was higher than the soil application dus to moce
active abectption and translocation.

2.2.2 Fibre proporties

Hegab ot al. (1983) reported tha: using POy and zase,
increased the seed cotton per feddan and lint grade, seed
indax and lint index were nohmeigni ficant. Micromnaire vdne,
£lat bunrile strength and yarn strength impoved significantly.

Varma gt al. (1964) showed that application of micxow
mtrients gave some ircreasos in fidbre yield of jute whem
applied with RPK but these incraases were non-s8icnificant.
All the micronutriants (2n, B, iIny Cu, No and Fe) increased
the fikre yleld of capsularis jute in the rangs of 2.22 o
53.3% while in olitorius jute, Ye, 2n, Mo and Cu increased
the filxe yield in the range of 8.21 to I6.4%

Srivastava and Singh (1988) repcr ted that neigher
B oL 2n significantly affected tihe ginning per cent, lint
index and stiple lengtl,

Azab and El«ialawemy (1989) reportod that micronnaire
and pressely strength values were not affected by microe
autrient application and there was no clear effect on seed
index of lint percentage. |
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Khodzhaev and Stenyagina (19689) from Uzhekistan
reported that the soil and sead treatment with cﬁo‘ “
M‘ increased the fibre length of cotton compared with

NPK alone.
2.3 Response of cotion to follar gplisation of
aicroputrients

Foliar apilication is practiced whenever nutrient
uptake tiwough the plant roots is restricted. The restrice
tion may be due to either plant or soil limitations.
Eventhouch the effectiveness of a unit of foliar applied
mitrient may be higher =han that £or soil application
(Gray, 1977)3 attampts to supply the major nutrient
requirements by foliar spplication are usually not suSessful
due to higher rates and repeated applications which cause
foliage scorching and also become expensive. However,
spraying micronutrients on foliace is a widely used practice

in some areas,

Spraying of Fe, Zn, Mn, Cu, Bo and Mo compounds has
been extensively used to prevent nutritional disorders in
crops (Gray, 1977). The most commonl micromutrient deficiency
corrected by foliar spraying in arid regions is iron. The
amounts of microe-nutrients needed for correction of dise
orders are relatively less and concentrations of spraying
solutions are rather low, Therefore, foliar spray with these
nutrients is of ten much more efficient than soil application.
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™he most common Salts used in spraying solutions are «
sulphates of Fe, 2n, in, “u and Mg, sodium borate and
amnonium molybdate. However, rescarch on foliar method of
fexcilizer application is increasing.

2.3.1 9n growth, yield and yield parameters

Ahlawet (1974) conducted experiment ol SS=265 and 320
F (both Gossypium hirsutum L.) at two auperimental sites
where Zn applied at 10 kg per ha did not affect the yileld
sicni ficarly. However, mean yields increased by 1% owver
contzol. Here foliar gpplication proved better (4xX) then
soil application, 2za gpplication failed to affect the plamk
height, nmdber of iranches, bolls per plant and cuality
characters like halo length, GOT and seed indax,

Nageshmara Rao (1977) recorded higher seed cotton yield
que to folisr sprays of Mg (18«33%), zn (29%) and B (32
than scil applications which gave 16, 21 and 26 per cent,
respectively.

El=Cherisb ot 2]. (1998) reported that the imcrease of
1int yield ranged from 7,86 kenter (157 kg lint) per feddan
(0«42 ha) with 0.2% Fe ¢ 0.2X Hn to 9.73 kenter/feddan,
with 0.2% zn, 100=saed veight ranged from 11.4 to 12.4 g.
Aplication of iron markedly increased the mumbet of gpened

bolls per plant and consequently thie yield of ~apassy

Th,3737

UNIV. RSITY OF ArPi-U - UPA! SCIENCES
UNIVER 1TY  LISRARY
@xvK, BANGALCRE - 660 065.
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Ebelhar (1988) observed that harvest plus at a total
rate of 20, 30, 40 or 60 lh/acre applied biweekly, increased
the mean seed cotton yielc but there was no significam
differenc? between treatment and control yields. Foliar
application of harvest plus delayed matwrity slightly but
not signifieantly.

Sarour @t al. (1988) revealed that follar applicatcion
of 4% urea single or in combinmation with mixture of microe
nutrients gave the highest dry matter and l&gest leaf area
per plant and LAY, No asignificant effect on plant heigit,
nmber of flowars, squares and open bolls per plant and seed
cotton yisld per plan% were recorded by application of mixture
of microautrients in combination aith either urea or syper
phosphate, All foliar spraying materials increased significantly
the fruit set per cent whilec decreased the shedding per cent
when compared with coatrol.

Azab and EleHalawamy (1989) showed thet application of
micronutrients (par:icularly Fe)increased the leaf chloroe
phyll content and gemeraly increased carotenoid content,
Internode len th increased with zZn or Mn 9 Zm application.
Micronutriert applicacion had no effect on mumber of nodes,
or sympodia/ plant but gave small nonesignificant increases
in mmber of flowers and open olls per plant and im pere
centage boll setting, Boll weiyght and seed index and yield/
plant imrreased with micronutrient application,
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Sawan gt al. (1989) observed that seed yield per plant,
seed viability and seedling vigour increased with in-reasing
N rate and application of Ca, Cu, Zn, Fe of Ma, Seed index
increased with incraasing N rate along with the application
of Cu, Fe or Mn.

2.3.2 giore properties

Sawan gt al. (1989) indica ed that N levels and Ca
did not affect the fiore properties whereas appliaticn of
Cu, 2n or Fe increased the 2.5% span length over control.

2.4

2.4.1 9n_growsin, yipld sod yield parameters

The deficiencies of Mn in beeteroot (Wallace and
o,
Ogilvie, 1941) peas and borom in twrnips were very resdily
correctad by foliar spray than by sail dressing.

in respect of Mn g plication to onions, spraying appeared
to ke a more efficient method than soil applicatcion (McCall
and Davis, 1953’.

Tikande (1983) reported thac soil application of za
(10 and 20 kg/ha) gave significantly higher grain and fodder
yield of sorghum over control, whereas one foliar applicatcion
of 1% 2Zn was found supericr to that applied twice or tixough
s0il as far as grain and fodder yields were coucerned.
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Sharma ancd Gupta (198%) reportec that on a soil
containing 0,46 ppm available Zm, 2550 kg/ha Zn o, applied,
broadcast orf drilled or a £iliar spray of O.5% 0,
increased the seed cotton yields by 1.8 » 153 2.5 « 7.5 and 6.8
pexr cent, resgpectively,

Mitra and Jana (1991) stated that among the methods of
'B* application, half s0il + half foliar produced signi ficantly
more effective tillers which in twn gave 6.5 and 2,8% higher
grain yield of wheat than full soil and full follar methods
of spplication, respectively.

Mortvedt (1991) roported that correction of Fe chlorosis
is done mainly by foliar sprays because il applications
generally are ineffective, especially for annual crops.

2.4.2 guality cheracters

Karalanathan gt al. (1966) reported that Feso, (both
soil and foliar) tended to increase the yield of seed cotton
in Coimbatore. They ocbserved that foliar as wall as @il
application of t-so‘ ma finenaess, but the strength of
fibre was not influenced.

Effect of N fertilization and foliar application of
microe-nutrients on cotton yield and filxre gquality have been
widely studied (Rarev, 1980),
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Heggeg (1987) obsaerved thit whel the 15 year old grape
vines weLe spfayed with O.l of U.2% boric acid one weok
bafore full blook and again two weaks later in 2 year trials,
bunch weights 100 bakty voluke ang TiS csatent wers incressed
ant acidity wis reducod. 0.2% boric asid cave gmesdiy

better results than lower concentraticons,

Mann an: Takkar (1987) raportad that orange juics and
ascorbic acid content increased with increased Im concCentras
tion la the cxays,

Varma et al. (1987) shawed that cane juice quality
and economic viahility were madmm whent ‘tracel-l’
(containing K, S Y, Mm, in, Cu, Bo, Mg and No) was sprayed
at 7 (3.75 kg/ha), 105 (10 kg/ha) and 135 (10 kg/ha) days
after planting.

ziolak and Ziolek (1987) indica:sd that trace
elemen:s did not affect tis soylean ;Xotein con-ent, whose yield
was incroassc by seed yield inorease, The aino acid Compo-
sition cf the protein depandad o the var sty more than the
fertiliz ara,

2.5 Uptake of N, pzos and K£

Published literature on the effect of different nicrow
nutrients on the uptake o9f N, '205 and K,0 on cottom is mot
available, Howewver, that in case of other field crops like
jowar, culberry and sunflower is reviewed below,
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2.5.1 gg_t_ake £ ]

Xemas (1975) observed that the application of Ve had
increased the N ytake over NPK alone.

Viswanath (1979) obsorved that B yptake of mulbecry
plant was not very much influ noed by foliar syray of microw
mitrients, but however Fe aprayed plots had highest B uptake.

Gangadhes (1969) working with sunflower indicated that
the lowest upt ke of N was observed in 20 kg borax/ha,
howewer in l'oso‘ applied treatments, significant difference
was noticed as compared to NPK alone.

2.5.2 Uptake of ﬁ

Rene (1975) indicated that the total uptake of 9:0,
was higher in Fe appliod treatment tian in ¥/K only, she
diffcrence betwean them being non-significant,

Vistwanath (1979) ocbeerwed that Za, Ma snd Pe sprays wcere
fairly high in PO, wptake.

Gangadhar (1909) noticed nonesignificant difference in
the uptaks of 1'205 from the various micronutrient treatments,
howover numerically highaer uptake of P,Os (11.96) was ia
mmm‘mnatbn. The uptake of P was
found to decreasc with soll application of Zns0,e llnﬂ‘ and
borax (8,66, 9.40 and 8.51 kg/ha, respectively).
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2,5.3 Uptake of lzo

Kene (1975) indicated that the application of zZn or
Mn either alone or in combination significantly increased
mcwmwmﬁlzo;chmmm

_ viswanath (1979) cbserved that Ma at both levels
(2.5 and 5.0 kg/ha) gave highest uptake of K,0 followed by
foliar lptayotm‘.

Gangadhar (1989) observed significant differences
in K,0 uptake in the whole plant (sunflower) at 60 DAS.
Both the levels of Zns0, (25 and 50 kg/ha), Feso, (25 and 50
kg/ha), Mns0, (12 and 24 kg/ha) and Cuso, (10 and 20 kg/ha)
showed significant increase in the uptake of K,0 with
increased application of respasctive compounds,
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IXII. MATERIAL AND MERTHODS

A £ield exper iment was conducted to study the
‘Response of cotton to soil and foliar application of microe
nutrients under rainfod conditions® during ;991-92 cropping
season, on medium black cotton scil of ARS, Dharwad farm.
The det:ils of the materials used and techniques sdopted in
the course of investi ation, are described below

31 Mperimental eite

e aperiant vas comfflt.w farm, thatual
(Karnataka) which is situated 4 km to the east of Dharwad
city on bharwad « Navalgund road, Dhatrwad is situated 4in
the assufed rainfall u'act. of sone number 8 of region=Iv.

It 1ies bewwesn 15 =17° north latitude and 76 =46 sast
longitude and has an altitude of G768 m above meeh Ses level
(Ksh). The apeiment consisted of 14 treataents, laid out
in randomised block design with three replications using
the newly releasod bollworm tolerant variety ‘Abadhita’

(Sossypium hirsutum L.)e
32 Soil ana its characteristigs

™he emperiment was laid out 4in plots 9 and 10 of
*C* block conaisting of modium black clayey soil. Composite
soil samples were drawn from the samples collacted from
O=15 on and 15«30 cm depth in each replication before mwing
add were analysed for physical and chemical propecrties, the
results of which are presented in Appendix-I along with the
methods employed.
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The scil of experimental site is classified as
typic chromustert clayey in texture, containing 61.52 to
62.04 pexr cent of Clay in different layexs. Valuss for
ocoesse sand, f£ine sand and silt ranged between 5.42 to 7.64,
9.40 to 11,50 and 17,30 to 17,68 per eemt, respoctively.

T™e piH of surface soil was 8,0 (112.5 301l water
emtract) and an electrical conductivity of 0.29 dsw™>, T™he
cation swchange capacity for the same swface 20il wes found
to be 60.4 c.mol kg™' and organic corbon 0.50 per cent.

™he analysis for avallable status of important
nutrients indicated that the s0il oconatained low amounts of
available nitrogen (218 kg ha™') and available phesphorus
(26.5 kg ha™l) and adequate in available potassiwm (371.¢
kg ha™t),

3.3 Mechanical analysis of soi}

Mechanical analyah was caxried out by International
Pipette Method as out linaed by Piper (1950),
3.3.1 supi

Soil pH was determined in 102.5 s0il water suspene
sion, as describod by Jackson (1967) using pH astex (Model
LI«10T) of Elicos



24

3.3.2  Electrical condugtivity (EC)

™he IC of the soil sanples wvas ea‘unaud in
swpernated liquid of 1:2.5 soil water suspension using
conductivity bridgs (Modal C 1182 T).

3.3.3 CQci_ carmeg

Free Ca0y cuntent of the il was estimated by
acid neutralisation method as described by Piper (19%0).
3.3.4  orgenic csrbop

organic carbon was estimated by Walkey amd Black's
wet oxidation method as described by Jackson (1967).
3.3.5  Cation exchange capscity (CEC)

The CEC of the soil was determined by sodium
saturation method (Black, 1965) and was expfessed a8 C mol/kg.

3.3.6 AV: nd.tr

Scbbeiah and Ajija’s (1956) alkaline permanganate

method was emplo.ed for available N estimation and was

expressed as Xg ha Y.

3.3.7  Avajlable phosphorus

Availahle phosphorous was estimated by Olsen‘s

Method (Black, 1965) and was expr-ssed in kg ha™r,
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3.3.8 A L tash

Availlabls K was dstermined in 115 smoniwm
acetate extractant of soil using Flame Photometer (Black,
1965) and was cxpressed in kg na"t,

3+.3.9 &t water SOL\lbLG borgg

Hot water soluble °‘B*' was estimated by adopting the
progedure given by Berger and Truog (1939) and modified by
Weer (1965), Air dried soil and 0,01 M CaCl, solution was
boiled for 5 minutes in boron free conical flask with a
reflux condenser attachment, filterad and detecmined *B°
content by Carmine=Sulphuric Acid method.

3.3.10 Avallable zinc, iron, copper and mengagess

Aailable Zn, Cu, Mn and Pe were detesmined by
shaking 10 g & 805l with 20 ml DTPA extractant (0.005 M
diethylene, triamine, pentacetic acid + 0,01l N c.cx, and
0.1 M triethonol amine adjusted to pH 7.3) for 2 houxs amd
£iltered. The concentration of zm, Cu, Mn and Fe were
1ead to shimedsa atomic absorption spectrosphotometer model
M«830=11, using suitable standards and cathode lamps for
each element (Lindsay and Narvell, 1978)«
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3.4 ¥eather conditions

Metsorological data £or the year 1991-93 and
the mean of previous 25 years recorded at the Netesrolociocsl
Obsecvatory of nRS, Dharwad are presented in Table=l and
depicted in Pig.l and 2,

_The annual rainfall of the past 25 yeara from
1967=9) 1is 765 mm with 97 rainy days. Total rainfall raoceived
during the year (1991-92) was 1150 ma as against the normal
rainfall of 765 am (Takle=l) i.e., an emoess of 425.5 mm
(37%). The mmber of rainy days was B3 against tim noemal
of 97 days, 1.e., less by 14. Most of the rainfall was
recaived from June to October, :mong these months, July
recelved the highest rainfall of 160.4 mm with 23 rainy days.

™mes, it can be seen that though the total rainfall
Teceived was more, the nunber of rainy days was less to show
that the intensity of rainfil was more. In addition to the
heavy rainfall, there was continuwus cloudy weather for four
ponths (June=October) which resulted in exoessive vegetative
crowth an: delayed reproductive phase,

™he incidence of pests and diseanes was less and
they were controlled effectively by timely plant protection
Sprays. Henca, due to good rainfall conditions and less of
pest=dise .08 problems, the yield obtained is more than the

aver agSe
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Table=]l ¢ Monthly meteorological data for the year 199192 and
the average of past 25
Meteorolocical

years recorded at the
Observatory of ‘RS, Dharwad

- _v
Rainfall (mm) Deviation Mean air temperature{ C )
Months from
199192 1967=91 normal Maximm Mindmum
1991le 1967« 1991e 196%
52 ) 92 ) §
1991
April 119,1 (8) 42.5 (3) *76.6 (45) 35.16 39.0 24.94 16,50
May 140.7 (8) 97.5 (8) +43.2 (=) 35,67 39.2 24.43 16,70
June 355,6 (_13) 98,4 (13) +257.2 (=) 30,06 29.5 23.63 18.10
July 131.7 (17) 160,4 (23) «28.7 («6) 27,14 27.8 21.67 18.60
August 115.,4 (17) 83,2 (21) +36.9 («4) 26,87 28,2 20,58 18.00
September 108.8 (10) 103.2 (12) +05.6 («2) 31.15 30.1 22,44 16,10
october 181.7 (7) 129.9 (11) +51.8 (=4) 32,37 32,9 23,27 14.30
Decamber 0.0 ‘0’ 905‘003) -9.5(-0.8) 29,83 23.8 18. 27 9.50
1992

January 0.0 (0) - - 30,56 29.5 16.59 10.%
Februsy 18,0 (1) 0.,08{0.2) +17.92(0.8)30.80 32.9 16.40 11.80
March 0.0 (0) 3,0 (0.4) «3.,0 («0,4)31,00 35,2 16,90 16.40
Total/ 3190,0 (83) 765.0 (97) 30.94 32.3 20.98 16.60

NB : Figures in parentheses denote number of rainy days
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3.5 Pr us Crop on the imen 8l

Ixing the year 1990 kharif, groundnut (3panish
Improved) and in rabi, bengil gfam (A=l) were grown on the
anpex iment 1 plotbyadopunguuxwmd
Practices for seed purpose. |

3.6 Exper ineatal details
3.6.1 TIenimamte

™Hhere were 14 cresiments comptising of soil and
foliar application of micxoputrieats, laid out in a randemised

block design
s1. Neatments - Beuoaoe
e
¥ cm‘ ® 20 kg/ha ' Soil ayplication
2 nng, @20 kg/he S 5041 applicatios
3 JFe0, @ 20 kg/ha . Soil applicaticn
¢ za7o, @ 20 kg/he o S04l application
S Boras ® 10 kg/ha Soil application
& Oombinations of all the S nutrients Soil applicetioa
7 cwo & 5 kg/ha in two equal
118s (60 ana 90 pas) Folisr spray
° apb‘l‘(eg o ey ot Toliar epray
® @ 5 kg/ha ia two squal
aolits (60 ana 90 DAS) ¥olia: spray
0 ® 5 xg/ha in tso egual
»pli‘.s (80 and 90 iA3) Joliar apray
11 Borax @2.5 kg/ha in two equal -
gpiits (60 and SO Dwg) ‘ ¥oliaxr spray
12 Combination cf all the 5 matrients
in oo equnl 3.:1its (80 and 90 DA3) Folliar epray
13 ¥Vater spray = control _ . Tolier spray
14 Absolute control -

-—
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- 3.6.2  Dosigy gpd plan of layout

The xpecimant was laid out in R.B.D, with three
Feplications as dgpictad in Fig.3,

3.6.3 Plot sige

Gross and net plot sizes adopted wese as uniaess

Gross plot .« <« S.4 x 6.0 m
et Plot .o oo 3.6 X 4.8 =

3.6.4 Varjety
"Madhita (JRe276e4) 2 agwly raicased {1589) ~ottom

varisty belonsing to Cossypiwa Rirzatus L, was usad as the
test variety.

3.6.5 Zpacing
w rocommendod spacing of 60 x 30 o was adopted,

37 cultix . alat

3.7.  pEspegacion of land

The land was ploughed once with the hmlp of a
tractor after the harviyst of previous rabi crop of beagalgram,
This wvas followad by hacrowing thwice and smsecothening wicth
woodan plank to prapare a £ine seed bed. Plots were laid out
as pexr the plan wall in advance of sowing of cotwon,

3.7.2  Yertilizer gorlicacion

" Heighed quantities of N, vzosandtzouam
4080 of 40-20-20 ko/ha ware mixed wi:h the required quantie=
ties (Appendix-Il) of micronutriants (Cu, M, Fe, B and zm)
and were a plied directly to the acil by hand by opening
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potalls
Cui0, at 20 kg/ha, soil application -
Mns0, at 20 k /ha, soil application
Fes0, at 20 kg/ha, soil application ~
2050, at 20 kg/hs, 80il application ~
Borax at 10 kxg/ha, soil application
Combination of all five, soil spplication

Cudo, at 5 kxg/ha, foliar sprays at 60 and 90 DAS
Lnéooqualspuu -

Mnso, at 5 kg/ha, foliar sprays at 60 and 90 DAS
in t9%o equal splits

Fe30, at 5 kg/ha, folier sprays at 60 and 90 INS
méoquﬂapliu

Zn30, at 3 kxg/he, foliar sprays at 60 wxl 90 L 3
ineaooqudapuu

Borax at 2.5kg/hm, folhr sprays at 60 and 90 DAS
in two equal splite

Combinations of all five, follar sprays at
60 and 90 DAS in two equal splits

Wator ayray, control
Absolute control
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8+10 om deep furrows by hande-drawn wooden plough, before

three days £ sowing.

Yor follar application, micronutrients were sprayed
on the crop in two equal doses at 60 DAS (square formation)
and 90 DAS ( peak Floes'ng ) (Appencix=IX),

3.7.3 Seeds and sowing

Cotton seeds were treatad with bavistin fungicide
at 3 g/kg of seed as a preventive measure against soileborne
pathogens. The Crop was sown on l4th July, 1991 by hand
dibbling two to three seeds per hill with 60 x 30 om spacing.
After 20 days of smwing, seedlings were thinned by leaving
two seedlings per hill. Final thinning was done at 30 duiys
after sowing to maintain only one scedling per hill. |

3.7.4 After care

_‘nr.‘ao hand weadings (30, 60 and 90 DAS) were carried
out during the crop growth. Intercultivation w:g taken wp
once before first weeding and second one bafcre second
wecding.

3.7.% Plant protecticn

The scheduale of plant protection measures taken up
during the crop growth period is given in Appendix=-IIXg



3.7.6 Cotton picking

narvesting of sced cot.toh was done in three pickings
(198 DAS) as ring and net plots, separately.

*

3.8 Collection of experimental data
3.8.1 Samp ngg. procedure

¥ive plats pexr ph't were randomly selected for
recording various growth ard yield parameters. In addition,
two plants per plot were randomly selected fom the row |
next to border on elther side for rewrdaing dry mattexr
accumulation at 45, 75, 105 and 135 LAS stages.

3.8.2 gg!ﬂ‘l Egdmetﬁrg
3.8.2.2 ?;&ﬂt h312!t

The plant height at each stage was recorded from the
base of this plant to the growing tip and expressed in o as

the averaga per plant.

3.8.2.,2 Number of mcnopocial bianches per plant

The number of monopodial wranches per plamt was
recorded at three stages (75, 1G5 and 135 DAS) and the

average was worked out.



The number of sympodial Lranches per plant was
recorded at three sta.es as mantioned above and the average

was worked out,

3.8.2,4 Number of lecaves per plant

The number of green leaves per plant was recorded

at four stages and the average was worked out,

3.8.2.5 Ixy matter production and accumulation

The pattern of dry macter production and acamulation
in leaf, stem and reproductive parts was studied, The two
randomly selected plants were separated into leaf, stem and
reproductive parts and were dried at 60°C in hot air oven
S0 get constant weight and over dry weight was recorded as
g per plant separately for all parts.

Leaf area per plant was measured by disc method.
Leaves from the two plants taken for sampling, were
separated from the plants, Twenty leaves were taken at
random and 20 discs were obtained with tn*npofaeon
bomer, The disce and the remaining leaf blades were oven
dried, their dry weights were recorded and leaf area vas
calculated by the formula given by Johnson (1967) ¢

H
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IA = 'a X A
i‘
where,
1A = Leaf area (dn')

'a"' Weight of all leaves (inclusive of the
waight of 20 discs) in g.

Id = Weight of 20 discs in g.

A -Areaotzodiscainchz

3.8.2.7 Leaf area index guxz

™he leaf area index was worked out by dividing the
leaf area per plant by the land area (spacing) occupied by
that plant. The following formula given by Sestak et al.
(1971) was used for working out LAIy

wr - P
where, |
A = Leaf area in ﬁz
P = Land area or spacing (dm?) occupied
by the plant

3.8,2.8 Absolute growth rate (AGR) A

| It was calculated by using the formula of
Watson (1952) as given below and expressed in g pexr plant
per day. '
wxndryweight (g) of the plant at time t,
Wy = dry weight (g) of the plant at time t,

AGR =

where,
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3.8.2.9 Relative growth rate (RGR)

It is the rate of increase in dry weight per umit

dry weight per unit time and is expressed as g per g per day.
It was calculated by the following formula of Blackman (1919),

= i

nlandl’-drym.i.ghtotmphntuq
at time c,_ and tz.rupccdvuy

3.9  ¥ield and yield components
3.9.1  Seed cotton yield per ha

where

Seed cotton from the met plot was picked separately
from all the treatments every time and the yield per
hectare was worked out by suitable conversion factor based
on net plot yield (including five random plants and ten bolls)
of all the three pickings.

3.8.2  Seced cotton yleld per plant

Seed cotton was picked from the five tagged plants,
for each picking. The weight of kapas obtained from these
five plants from tiwree pickings was added and then averaged
to give the seed cotton yield per plant,

3.9.3  Number of harvested bolls per plant

The bolls picked from the five tagged plants of
each treatment were counted during all the thwee pickings,
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To obtain number of bolls picked per plant, the total number
of bolls picked was dividad by the number of plants from
which the bolls were picked and the result is expressed as
the numbar of harvasted bolis per plant,

- 3.9.4 Mean boll weight

Mean boll weight was calculated by dividing total
seed cotton yield per plant by the number of bolls harvested
per plant. .

3.9.8 Number of seeds bo.

The total number of seeds obtained in the seed
cotton of ten good opened bolls harvested at the first picking
was divided by ten which gave the number of seeds per boll,

3.9.6 Ginnt ercen GP

The seed cotton from all the pickings was mixed
thoroughly and 300 g sample was drawn out. This seed cotton
was ginned with hand gin and the ginning percentage was

worked out by using the following tormul.g '

Weight of lint
@ = t of 8ead cotton X 100

3.9.7 Seed index

3e8d index is the weight of 100 seeds of cotton,
expressed in g, obtained after ginning., Hundred seeds were
Picked at random after ginning and weighed,
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3.9.8 Lint index

Lint index is the weight of lint in g on 100
seeds of cotton, It was calculatad by using the following
formula,

' Weight of 100 seceds x ginning percent
Lint index = - S pet Gent

3.9.9 Fidre properties

Impor tant quality characters mentioned below were
determined from composite cotton lint sample drawn from
different replications as outlined by Sundaram (1979).

3.9.9.1 Iribre length (mm)
Fibre length was determined by tne digital fibrograph,

This is an optical instrument with photoelectric cells,
scanning psrallel cotton f£ibres. The absorption of light by
the filres is a measure of the number of £fibres in the
section where the light beam passes through the segtion. A
servo computer connected to the photoelectric cells completes
the relative mmber of fibres corresponding to different span
length on the display counter. The valus is expressed in mm,

3.9.9.2 Uniformity ratio

Uniformity ratio is derived from the Digital
Pibrocraph and is the ratio of 50% span length to 2.5% span
length, expressed as a percentage,
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3.9.9,3 ¥ibre f£insnoss

Fibre fineness 1s det fmined by the micronaire
instrument., This instrument gives the measurement of
resistance to the flow of air passed at 40 atmosphexric
preasure, through a plug of cotton 3.24 ¢ in weight. The
instrument is designed to indicate the f£ibre weight per unit
lencgth and is calibrated in microgrammes per inch, called the
micronaire value.

309090‘ llatml‘ig %fic:.ent

Maturity coefficient can be derived by using the
micronaire instrument. Two compressions are done on tho
same plug using a 38" spacer. The diff-rence of two
compressions with spacer (W3) and no spacer (Ns) give the

maturity coefficient.

3.9.9.5 Filre strength

The instruvents used to determine the fibhre streagth
are pressley strength tester/stelometer,

A f£lat bundle of f£ibres is placaed between a pair of
clamps in the instrument and brokean.

g Br 1
° o Strength ol > -

Expressed as lbs/mg and g/tex
= lbs/;mg x 5.36
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3.9.10 Plant analysis for nutrient uptake
The plant sampl:=s cdllected for estimation of ary
matter production at 135 days stage werc milled to a conside=
rable f£ineness in a stainless steel .rinder and powdered

samples were stored in plastic bags. These samples were used
for the analysis of nitrogen, phosphorus and potash uptake.

3.9.10.1 Estimation of nitrogen uptike

The nitrogen content in the aqlu was estimated
by micro-kjecdhal method (Jackson, 1967) and expressed as
percentage on dry weight basis, NRitrogen content was
multiplied by the corresponding dry weight per plant and
plant population and axp:essed_ as yptake in kg per hectare.

3.2.10.2 Estimation of phosbhorous uptake

Phosphorous content in plant as a whole, was
estimated calorimetrically as suggestod by Jackson (1967) 5
employin), vanidomolybdate yellow colowr method and cColour
intensity was read in spectrophotometer. Phosphorous
content was multiplied by the corresponding dry weight per
plant, population density and expressed as uptake in kg
P& ha.

3.9.10.3 Estimation of potassium uptake

Potassium eoﬁtent in plant was estimated with
the help of flame photometer (Jackson, 1967). Potassium
content was multiplied by corresponding ary weight per
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plant and plant population and expressed as yptake in
kg per hectare,

3.92.11 cStatistical analysls

FTisher's method of analysis of variance was
applied for tie analysis and interpretation of the data
as given by Panse and sukhatme (1967),

Tho level of significance used in *'P' and 't' tests
was P = 0,05, Critical difference values were calculated
wherever ‘P* test was significant,
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V. BOPMEBIENTAL RESULTS

Rasults of the axperiment ¢ .aducted during 1991-92
season at the Acricultural Research Station, Dharwed faem,
to stuly the 'Respomse >f Co:ton Cv. Abadhita (G.hirsutum)
to soil and foliar application of miczonutrients under
rainfed conditions' are prosented in this chapter,

4.1  Soi} proportieg

The physical and chamical proporties of repfesamtative
s0i) samples from the experimental plot are presentved in

Append in=X,

™he o1l of expecimental plot is classified a8 typic
chronustesrt clay in texture, containing 61.52 to 62.04 pex
cent of clay in different layors., Values for gearso sand,
f£ine sand and silt ranged betwesa s.oa'ao 7.643 9.40 to 11.50
and 17.3c 1B 17,05 per cante respestively.

™e pH of swface soil was 8.0 and electrical apaded~
tivity was 0.29 dsm™}, The cation exchangs Gapacity for the
same surface soil was found to be 60,5 mol kg'+ and orgenic
carbon 0.50 per cent,

e anslysis for avallalie status of important mutrienss
indicated that the soil contained low amounts of available
nitrogen (218 kg/ha) and phosphorous (26.5 kg/ha) while the
available potassium was adequate (371.60 g/«
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In respect of initial micronutrients status of soil
at O=15 cm depth, Ye (7.4 ppm), Cu (2.29 ppm), Mn (24.13 ppm),
B (0.9F ppm) and n (2.63 ppm) were recorded whareas at
15«30 em dopth, 2.11, 7.30, 21.33, V.74 and 1.22 ppm were
present, respectively showing that surface layer (O=15 cm)
contains hicher amounts of micronutrisnts than the lower
layer of 15«30 cm, |

4.2 Bffec: of micronutrionts oh the growth of Qaaagl RlaRt
4.2.1 Plant heicht

The data on plant height at 45, 75, 105 and 135 DAS as
influsnoed by soil and foliar application of micronutrients
axrs presented in Table-2 and Fig.d.

At 45 DAS plant height differed sigalficantly among
diffecent treatmenks, Compared with control (15.3C em)
MOt Ty.o all the other treatments increased the plamk
height significantly, the increase in case of T; being nearly
significanc, T, vig., MBSO, (s0il application) recorded the
highest plant height of 22.2 am followed by Ty borax (soil
application {21.94 om), Tu (combination foliar) (21.63 am),
T, (Cuso, foliar application ) (20,75 cm) and T, (2me9, soil
application) (20.17 cm) as against 15.20 of absolute control
and 16,20 om of water spry.

At 75 DAB aleso, treatments differed signif icantly as
regards plant height, Compared with abeolute control (62.33 cm)
all the treatments except water spray (61.5C om) recorded
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Tdble-2, Plant height (cm) of cotton as influenced by soil and foliar
application of micronutrients.

o

45 % 105 135
Treatments DAS DAS DAS DAS

Ty = Cunge 20 kg/ha (soil gpplication) 19,26 73.50 112,33 115,16
Ty = MnS04, 20 kg/ha (80il application) 22,20 70.58 102,26 108,50
Ty = Fed0,, 20 kg/ha (soil application) 19,90 76,83 107.83 113.%
Tg = 20304 20 kg/ha (01l application) 20,17 70.16 99.66 111.83
Tg = Borax, 10 kg/ha {soil spplication) 21.9%4 90,50 132,66 115,67

T, « Combination >f all five elements
e (o041 application) 19,43 76.16 98.67 107.66

60 & 90 DAS) in 2 egual splits

Tg = MnSO4, 5 kg/ha (foliar spray at
60 & 90 DAS) in 2 egual splits 18,20 68,83 96.83 100,00

To = 5 kg/ha (foliar ay at
9 " & £%0 ) in 2 oqual Gplits

rm-zm‘. S kg/ha (foliar spray at

20,75 70.83 100,83 104.33

18.79 71.66 109,00 109,99

60 & 90 DAS) in 2 egual splits 16.90 70.00 105.33 109.16
Ty~ Borax, 2.5/kg/halfoliar spray at
1) ¥
60 & 90 DAS) in 2 egual splits 19.56¢ 71.41 104.00 111.66

rwmmumu.nuvoam
(foliar spray at 60 & SO DAS) in

2 equal splits 4.63 72.00 105.50 115.33
ru- Water spray, control 16.20 61.50 90.16 95.00
Tye™ Absolute control 15.20 62.33 82,66 91.67

T W
S.Bm, % .09  2.27 721 5.9

C.D, at 5% 3.17 651 20,90 N.S,
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significantly higher plant height. The increase im plant
height in different treatments over control varied from 6.5
cm to 28.2 om, Ts-aouappucauonothotaomkw
recorded the highest plant height (90.50 cm) followed by

Ty = Fes0, soil application (78.83 cm), Tg = combination
of soil applications (76.16 cm), ’r‘ - Cum‘ s0il application
(73.5 o) and l'n « combination of foliar applications
(72.00 om) respectively. Soil application of all the microe
nutrients increased the plant height over the respective
foliaxr application treatments, Howevar, the increase was
significant in case of reso‘ and borax only.

At 105 DAS, plant heicht of diffecent treatments
difforaed significantly fram control, The inccease eves
control varied from 7.5 em in ‘l'n to 30.0 am in T,;. Soll
application of horax ('!.'5). recorded the highest plant height
of 112,66 cm followed by Ty = ®il application of Cuso,
(112,33 o), T = foliar application of Yeso, (109.0 am),

T, = soil application of r-eo‘ (107.83 om), 'l'u « combination
of foliar spplications (105.5 em) and Tn « folisr application
of borax (104.0 cm). All thase treatments were significently
sypstior to control., The ramaining restments also inccessed
the plant height, but mot significantly. There was not much
difference in the plant height between soil and foliar

application of nicronutrients,

At 135 DAS, there was o significant differance in the
plant hei ht of diffcront treatments, Mowewes, Tg = soil
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application of borax recofded the highest plantheight

(115.67 cm) followed by T, = combination of £.lier spray
(115,33 om), 'l'x - Cuso, soil applicetion (115,16 om), Ty =
Fes0, soil application (113.68 om), Ty = 2830, soil spplication
(111.83 om) and Tu = borax foliar application (111.66 am)

as against 91.67 cm of absolute control and $5.0 am of water
spray control. 1Im gencral, plan: height was greater in soil
application than ia follar gpplication of mcromtzuuu.

4.2.2 mumber of wonopodis per plant

Data of the mmber of monopodial dranches per plant
recorded at 75, 105 and 135 DAS are presentec in Table=3,

T™he sffect of 501} and foliar application of micro=
nutrients (Cus0.e MnSO., FeS0,, ZnS0, and borax) on the nusbes
of monopodial Ixanches recorded at all the growth stages,
was found nonesignificant. However, at 135 DAS, 2850, {(soll
application) recorded the highest mmbar of monopodial
branches (4.67) pec plant over control (2.50) followed dy
Pe O, (soil spplication), borax (soil application) and
combination (s0il applications), all having 4.50 pes plant,

42.3  Rwber of sywpodial branches per plant

Data on the mmbog of sympodial Iranohes per plant
recorded at 75, 105 and 135 DAS are presented in Tablewd,

At 75 DAS and 105 DAS, soil and foliar application of
micromutriants significantly incraeascd the mmber of sympo-
dial branches. Whereas at 135 DAS, the effect was node
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Table=3, Number of monopodial (M) and sympodial (5) branches per
plant as affec:ed by soil and foliar application of
micronutrients under rainfed conditions

75 Das 105 Das 135 Das
M s N S " 3

Ty = Cuso,, 20 kg/ha
17 (sotf’epplication) 3.66 9.16 3.33 122.33  4.00 12.66
(o0if application) 2.16 ©.66 3.83 11.83 4.00 13.33

(soif appliction) 3.00 11.50 3.50 12,00 4.50 12.66

?‘. » mm
(ooif application) 2.33 9.00 3.50 11.33  4.67 16.16

{s0il application) 3.00 10,33 2,83 14.00 4.5¢ 1247

Tg « Combination of all
five elaments
{s0il application) 3,00 9.5 3.16 13,3 4.50 11.50

- Culd,, 5 kg/ha
7 (ﬁolfulptqu
80 & 90 DAS) in

2 equal splits 3.33 %.00 3,33 13,66 3.67 12,33

- MnS0,, S kg/ha
Te fo1far spray at
€0 & 90 Dns) in
2 Ogual splits 2,50 9,33 3,83 12,66 2.83 12,00

- Fasid 5 kqﬂn
T il o
60 & 90 DAS) in
2 equal aplits 2.83 9.00 3.66 12,83 4,00 ilel6

T N0, 5 kg/ha
167 (101& spray at
60 & 90 DAS) in
2 equal splits 3.16 3%.00 333 12,33 3.16 12,00
Ty3= Borax, 2.5 kg/ha
(foliar spray at
&

60 & S0 DAS) in
2 equal splits 2.83 9.16 3.00 12,3 3.67 1258

Tyg= cembinacion of all
fil/e elemonts
{foliar spray at
60 & 90 DAS) An

’!13- Water spray,control 2.16 733 2.16 9.63 3.00 9.50
Ty s~ Absolute control 2.16 7.66 2.00 946 2.50 9.50

o at

N.S,. 1.63 Ne'e 2.43 HeSe NeSe
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significant. At 75 DAS, the highest nunber of sympodial
branchas per plarn: was resorded in soil spplication of
Y30, (Ty) (11.3) followed by 10.33 in il application of
bor ax (‘l'.) and $.55 in soil gplication of combination

(Tg) and the rest of the treatments werc on par with one
another, Non=significant difference was noticed is respecs
of sympodial branches at 135 DAS, Ngwewer, highsst mumber
of sympedial Ixanches was recorded im soil applicacion off
£n30, (16.16) followed by Mn 0, (soil) (13.33) whea compared
to water s;ray control and absolute control (both recording
9.50).

4.24  Mpber of leaves per plant

Data on the numdber of leaves per plant recorded at
45, 75, 105 and 135 DAS ar2 given in Talle-d,

At all the four stage:; of cxop growth, significamk
differcnoe in respaect of mmber of leaves was obsarved,

At 43 DRS, fcliar application of Fe30, recordsd the
highest mmber of leaves per plant (18,16) followed by soil
epplication of Mn0, (15.00) am follar spplicatiom of lnso.
(14.40) as compared to 10.80 of absolute controls

At 18 pas, the nunber of lesves wes highest in soil
application of combination (97.0) f£ollowed by foliar applie
cation of zaso, (95.16) as against 55.83 of absolute control,
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Table=d§, Mumber of leaves at different sta es of cotton Abadhita uncer
rainfod conditions for il and foliar application of micro=
putr ients

e 54

45 ¥ ;] 105 135
Treatments DAS PAs DAS DAS
e R W

Ty = Cuidg, 20 kg/ha (soil application) 14,13 80.16 123,30 43.50
Tz w m‘. 20 kg/ha (soil application) 15,00 82,00 99,50 7400
Ty - m‘. 20 kg/ha (soil application) 14,13 72.63 133.00 55.80
T4 = 20504, 20 kg/ha (soil application) 13,68 75,00 118,00 100.83
Tg = Dorax, 10 kg/ha (s0il spplication) 1233 90.66 131.50 41.50
f‘ « Combination of all five elements

T,-Cum.ﬁm(mﬂl!a
60 &%90 1nS) in 2 equal splits 13.67 81.83 142,33 108,16
60 & 90 Das) in 2 equal ts 14,40 83,83 101.33 77.16
Ty = Fes04, 5 kg/ha (foliar spray at
60 & 90 DAs) in 2 equal splits 18,16 81,66 110.83 63.83
60 & 90 DAS) 4in 2 equal splits 12,46 95.16 104.00 80.83
5" Borax, 2.5 (foliar spray at
60 & 90 DAS) in 2 equal splits 12.26 78.66 94.83 41.50

rwwmuono:m five elemonts
(foliar spray at 60 & 90 DAS) in

2 equal splits 12,73 76.00 148.00 71.33
r". Water spray, control 12.13 49,67 63.16 39.16
¥, 4~ Absolute concrol 10,80 S5 3 61.83 41.66

s T T T I A o B e
S.%m, & 0.563 4.63  1l.s1  12.01

Ceb, at 5% 1,635 13,46 34.23 35.15
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At 105 DAS, the highmst mmber of lesves per plant
was recorded in foliar application of combination (148.00)
followed by s0il application of cambimation (145,.33), foliar
application of Cuse, (142.33) and soll application of
rom‘ (133.00) when compared to 61.83 cf£ absolute control.

At 135 DAS, highest mmber of leaves per plast wes
observed in foliar spray of nso‘ (108.186) followed by soil
application of 230, (100.83) and folliar spfay of ZnSOL
(80.83) when compared to control {41.66).

4.2.5 Leaf sres per plant (dm %)

Data on the leaf ares per plamt of cotton recocrded
at four different stages (45, 75, 105 and 133 DAS) of crop
growth as influencad by soil and foliar application of mioro-
nutrionts are presented in TableeS,

The differences in leaf area (h‘) pet plant, were
not significant at 45 DAS, whereas the trcatments differed
signiflcantly at 75, 105 and 135 DAS,

At 7S DAB, higher ﬁm)( area per plant (41.13 dm 3)
was recordsd in soil application of Feso, (T;) and the lowest
loaf acoa psr plant (23,32 dm :) was Tecorded in
absolute control. BExcept soil application of EnS0.. rest of
the. traatments racorded significantly higher leaf area than
that of absolute control. Leal area im water spray coatzol
(35.99 an ) was also significantly highet as ecmpered to
abaolute contral (T, .). |



TablesS, Leaf ares (m’; per plant as affectec by soil and foliar

spprlication of micronutricnts under rainfed conditions

at diffacent stages

Teatnents

o0

— — - _

T, =~ CuDge 20 kg/ha (0011 application)
Ty = Nn30,, 30 kg/hs (soll application)
Ty = Fas0,, 20 kg/Ma (804l application)
Ty = 20504, 20 kg/ha (s01l application)
Ty « Dorax, 10 kg/ha (soil application)

r‘ e Combination of all five elemants
(soil applicatiomn)

f,‘m‘g S xg/ha
60 & 90 DAS) in 2 equal oplits

60 & 90 DAS) in 2 equal splits

Ty = Fal,, S kxg/Ma (foliar gpray at
60 &'90 DAS) in 2 equal 8 1its

‘l‘m- Zn304, S kg/ha (foliar spray at
60 & 90 DAS) in 2 equal splits

LY o Boraxy,2.5 kg/halfoliar spray at
60 & 90 Da3) in 2 equal cplits

‘l'w Cambinations of all £ive cleanemnts

{(foliar spray at 60 & S0 D'S) ia
o equal splits

ru. Water spray, control
‘ru- Absolute control

S.Em, &
C.D, at 5%

49 k ;] 108 135

DAS DAS DAS DS
13.7 33.%4 41.66 85.07
15,77 33,07 33.14 .0
14.28° 4€1.13 32.7% 34.41
14.29° 28.58 26.54 34.07
13.88 39.87 39.09 37.93
17,73 35,7 45,96 36.28

(foliar g, ray at

14.93 31. 40,98 45,57
20.71 34.20 30.33 .11
13.% 34.89 34.97 47.37
14.37 31.64 3¢.11 47.98
16,72 31.80 239,64 39.50
18,40 35.99 27.66 41.73
15.8 35.99 17.7 3142
12,37 23912 16.70 31.28
1.9¢ .46 2.03 3.17
N, 8. 7.13 .90 9.18
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At 105 DAS, leaf area pec plant was highest ia soil
application of combination (45,98 dm 3) as compared to
17.77 an ® of water spray control. Significent inckease im
leaf area was cbaarved both with soil and foliar application
of v&ious micromutrients as compared to water spray as well
as abeolute control. |

At 135 Das, follar application of Zaso, (47.96 am %)
and Fes0, (47.37 dam ?) recorded higher leaf area per plase
than that of water spray contsol (3142 ds %) and sbeolute
contral (31.28 da ?). soid application of Cuso,, follar
application of CusO,, MnSO, and combination also recorded
significantly higher leaf area than that of both water spray
and absolute control,

4.2.6 Leaf aroa index (IAD)

Data of the leaf area index recorded at 45, 75, 105
and 135 DAS as influencad by soil and Soliar application of
micromutrients are preseated in ‘rabl.o-d.‘

The differonces in leaf area index were not signifi.
cant at 45 DAS, Howcver, at 75, 105 and 135 DAS, leaf ares
index differed significantly.

At 75 DAS, s0il application of Fe'0, (2.265) and borax
(2.215) recorded higher leaf area index than absolute control
(1.177). Mmoept soil application of Zn0,, rest of the micro=
autrient treatments recorded significantly higher leaf ares
index than water spray ani absolute control.



Table«~6, Leaf arca index of cotton as influenced by soil and folix
@lication of micronutrients under rainfed condi tions at

different stages

S = _acas

Treatoents

e S <

- c\ﬁo‘. 20 kg/ha {90i) application)
Ty = Mn0,, 20 kg/ha (s0il application)
Ty = Fos0g, 20 kg/ha (soil application)
Ty = 20504, 20 kg/ha (soil application)
Tg = Borax, 10 kg/ha (soil application)

Tg = Combination of all five slements
{soil application)

- Cus0,, 5 kg/ha (foliar spray at
W o 08 i a3 eqmb i

Tg = Mn0,, 5 kg/ha (foliar spray at
60 & 90 DA3) in 2 equal splits

- Fa50,, 5 kg/ha (foliar spray at
To 60 &%90 DAS) 4n 2 equal splits

Ty = 2050,, 5 kg/ha (foliar spray at
10 ms‘ﬁom)uzmx.pgu

Tyy= Boram,2.5kg/ha (foliar spr t
n wl-‘;oms)nZWspat:

rwmdono!mundm
(foliar spray at 60 & 90 DAsS) in
2 sgual splits

Ty Water spray, control
'r“- Absolute control

N . S e

S.mm. &
C.De at 5%

e e

(2]
o

45 7 108 135
DAS DAS DAS LAS
Ue768 1.885 2,325 2,503
0,861 1.837 1,841  2.149
0.793 2.285 1.519 1.911
0,994 1,587 1.565 1.893
0.770 2.215  2.172  1.43¢
0,985 1,983 2,554  1.737
0.829 1,725  2.277  2.365
1,151 1.905 1.685  2.450
0.753 1,938  1.942  2.632
0,998 1,757 2.006  2.664
0.929 1,770 1,657  2.184
1.022 1.999 1,536 2.873
0.853 0.890 0.967 1.745
0.667 1,177 0.927  1.668
0.108 0,157 0.113 0,151

MeSe 0.455 0,329 0.4239
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At 105 DAS, application of micronutrients either
through soil or folliage, recorded significantly higher LAI,
than that of control with soil application of combination,
giving the highest LAI (2.554).

At 135 DAS, soil application of FesO,, Zns0,, borax
and combination, recorded . WL Gnpa -~ 2AZ than that
of control. Foliar application of micronutrients either
individually or in combimation recorded significantly higher

LAI as compared to that of control.

4.2.7 Absolute growth rato (AGR)

Data on the absolute growth rate of cotton (g/plant/day)
for different rowth periods are presented in Table=T7.

Sicnificame differences were observed between 45«75,
76=105 and 106135 DAS, At 45«75 DAS, highest absolute
growth rate was recorded in Tg « borax (Soil) (1.32) followed
by Tg = combination soil (1.13) and TyeCuso, (soil) (1.0).
Absolute growth rate was at its peak betweem 75«105 DAS, Highest
AGR was recorded in Tyes il application of CusO, (2.21) followed
by Ty = foliar application of Cus0y (2.20)s Ty, = combination
foliar (2.04) and T; = foliar application of Mns0, (1.90)
when compared to water syray concxol (G.97). Between 106135
DAS highest AGR was recorded in soil application of Zns0,(2.48)
followed by T, = soil application of MRsO, (2.10), T, = foliar
applicat on of Cuso, (1.60), Tyo * foliar applicacion of 0.0,
(1.53) and ‘l', = foliar application of FesO, (1.32)., S04l and
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Tablew7, Absolute growth rate (g/plant/day) as infiuencec by soil and
foliar application of micronutrients

45 « 75 76 « 105 106 -« 135

Treatments DAS o DAS
T‘ - C\ﬁo‘o 20 kg/ha (soil application) 1.07 2.2 0.32
T’ - m‘. 20 m (s-24) mpucation) 0.96 1.47 2.10
" - Zm‘. 20 kg/ha (soil application) 0.79 1.27 2.48
Tg = Borax, 20 kg/ha (soil application) 1.3 1.47 0.15
Tg = Combination of all five elements 1.13 1.64 1.12
{s0il application)
n'-m.!kﬂl(mvtq“
60 &%90 DAS) in 2 equal splits 0,93 2.20 1.60
Tg = Mns04, S kg/ha (foliar spray at
Ty = Fes0,, S kg/ha (foliar spray at
60 & 950 DAS) in 2 equal splits 0.89 1.87 1.32
Tyo™ 0040 S kg/ha (foliar at
60 & 90 pAs) in 2 equal splits 0.9%4 1.7 1.53
Tyy3= Borax,2.5kg/ha (foliar spray at
u 60 & 90 mA3) in 2 egual splits 0.90 1.52 0.86
’12' Combination of all five eclements
{foliar gpray at 60 & 90 DAS)
in 2 egqual splits 0.98 2.04 0.69
Ty3= Water spray control 0.51 0.97 0.53
'r“- Absolute control 0.44 1.12 G.41
S.om, % 0. 100 0.20 0.41

CeDs at 5% 0.28 0.60 .23
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®ltax applied zns0, Wak able to iacrease the
AGR constantly throughout the cropping per fod.

4.2.8 tive growth rate (RGR)

Data on rclative growth rate (g/plant) of cotton as
influenced by soil anxi foliar a.plication of micromutrients
recorded at 45«75, 76105 and 106«135 DAS per iods are

prescntad in Table=8,

Signi Alecant difforences of %GR were observed between

- 45«75 DAS, whereas at 76=105 and 106=135 DA3, difforonces of
RGR were x_nn-ugnutcant. At 45 DAS borax (soil) recorded
the RGR vzl ue of 0,061 followed by Cuso, (s0id) (0.0585),
combination (soil ) (0.051) and combimation £:liar (0.050)

a8 against 0,038 of water spray and 0,034 of absolute control.

4.3 £ a a
4.3.1 pcy maceer sccumulacion in stem

Data on Ary matter accunulation in stem are pressnted
in Table=9 and Fig.S,

ey matter production in stem per plant was signif icant
at 45, 75 and 105 DAS whereas at 135 DAS, it showed noODw

significant effoct,

At 45 DAS, the hichest dry weight of stem (2.66 @)
was recorded in soil application of MB0, (T,) and diff«ced
significantly when compared to control (1.61 g)e Treatmants
‘ ‘!'3. 'rs. Tge '1'8. rm and ru also produced significantly

higher ary matter in stem, .04l application of Cuslse
water spray oontrol and absolute control were o par with

one aother,
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Table-8, Relative growth rate (g/g/day) a8 influenced by soil and
foliar spplication of micronutrients at differemt growth
stages of cotton cve JKe276mit

R -
45 7 76+ 105 i06 « 135
Treawments oA IS e
Ty = CuSO,e 20 kg/ha (soil applicacion) 0.055 0.032 08002
fz - Muﬁb‘. 20 kg/ha (s0il application) 0.045 0,035 0.018
T3 = Fall,, 20 ka/ha (soil application) 0.047 0.038 0.011
Tg = 20504, 20 kg/ha (204l application) 0.040 0.02% 0.023
Ty ~ Borax, 10 kg/ha (scil application) 0.081 0.02% U.008
‘l" « Combination of all five eslenents 0.08 0,034 U.00
(soil application)
Ty = Cull,e 5 kg/Ma (foliar spriy at
60 & 90 mA3) in 2 equal splits 0.049 0.034 0.012
Tg = MnSG,, 5 kg/ha (follar spray at
60 & 90 D8 ) 4in 2 equal splits 0.042 0.032 0.008
60 &°90 DaAS) in 2 equal splits 0.048 0.032 0.0)2
T, 0= Z00., 5 kg/ha (follar spray at '
0 65 &%90 Das) 1n 2 equal splits 0.008 0.028 C.013
Tyj~ Porax,3,5kg/ha (foliar spray at ’
60 & 90 DAS) in 2 equal splitcs 0.047 0.087 0.000

'!u- Crmbination of all five elonents
(foliar spray at 60 & 90 DAS)

in 2 equal gplits 0.05%0 0.032 0.008
Ty~ Water gpray control . 0.038 0.027 0.009
e Absolute control 0.034 - 0.032 0.008

R
s,m, $ 0.1169 0.040 0.030

CeD. at % 0.3389 ReSe B3,
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At 75 PAS, highest stem dry weight w:s recorded inm
soil applic tion of borax (25.6 g) followed by soil applie
cation of Cuso,, combinac ion (soil), Mn30,. Fesd, and foliar
application of CusQ,, Zn30, and borax. Tge Tge T4 and T)o
treacments were on par with one another. Colibination of micro-
nutrients applied through soil and foliar applications recorded
22,0 g and 18,35 g respec ively of dry matter in stem, as
aguag 11.41 g of water spray and 9,83 g of absolute control.

At 105 DAS, signi ficant effect of stam dry macter was
observed, Highest stem dry matter was recorded in soil
application of CusQ, (59,75 g) followed by soil application
of borax (58.4), foliar aepplication of CuSO, (58.0 g),

Feso, (s0il) (51.6 g) and foliar application of Mn O, (51.25 g),
as against 27.5 g of absolute control. IxXy matter produstion
in treatments Ty, Tge Tge Tge Tye Tg and l‘u was on par with
one another,

At 135 DAS, the results showed statistically none
significant differences in respect of dry matter production
in stem, However, numerically higher stem @ry matter was
mummwucauoaoccao‘ (70.0 g) followed by
soil applic uonotm‘ (67.35 g) when compared to absolute
control (27.40 g)¢ Combination treatments of s il and foliar
application of micronutrients (Tg and ‘!n) recorded 58,0 ¢
and 57,30 g dry matter in stem, respectively.
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Table«0, Oven driec stem dry matter (g) perplant at different growth

stages of cotton for soil and foliar application of micro=

(s0il application)

Ty = Fes0,, 5

2 egual splits
Tyy~ Water sprayecontrol
e Absolute control

jents under rainfed conditions
45 7 108 135
Treatments DAS DAS DAS DAS
Ty = Fes0,, 20 kg/ha (soil applicat om) 2,33 18.85 51.60 61.00
r‘ - m‘. 20 kg/ha (soil application) 2,08 17.88 42.7 62.50
r..mmunx five elements
2.33 22.00 49.50 58.00
Ty « Cusd,., 5 kg/ha (foliar spray at
60 &"90 DaAS) in 2 egual splits 2.16 19,66 $8.00 70.00
Tg = ¥ns0,, 5 kg/ha (foliar spray at
® " 60 90 mS) in 2 equal splits 2.40 16,83 5125 5140
kg/ha (foliar spray at
60 & 90 IAs) in 2 equal splits 2.16 16,66 $0.20 5€.75
Ty™ 2050,, 5 kg/ha (foliar spray at
10" 60 &%90 DAs) in 2 equal slits 2.2¢ 19.66  42.00  $9.00
LY o Borax,2.5kg/ha (foliar spray at
60 & 90 DAS) in 2 equal splits 2.33 18,33 41.50 5235
ru- Combination of all five elements
(foliar spray at 60 & 90 #as) in
2.16 18,15 44.10 57.30
1.58 1l.41 25.10 34.490
1.61 9.83 27.50 27.40
S.mm. 3 0.20 1.60 4. .66
CeDe at 5% 0.60 ‘o” 12.60 ReSe
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¢.3.2 rxy matter accumulation in leaves

Data on dry matter accumilatiosn in leaves, recorded
at 45, 75, 105 and 135 DAS are given in Tablew-l0 and Fig.6.

Maf dry weight at 45 DAS shewed statistically
on=sicnificant differentes whexea. at 75, 105 and 135 DAS,
ehowed significant differences amsng the treatments.

At 7S DAS, highast leaf dry matter was Peesfded by
Ty = borax soil spplied treament followed by trestments |
Tge Tye Ty and Tge At 105 maS, highest dry weight of lesves
vas recordad in T,, = combination (£213ar) followed by l'w -
2ns0, !tauar) { 37.50 g) as against 23.00 g of aheslute
control. At 135 DAS, leaf Ary weight started 4eoreasing,
with the highest weight of 30,53 g in ‘l“ « combination (soil)
followad by 27.35 g in T, = Cuso, (foller) as agaimst w.ssf;c
absclute control. ’ ‘

4.3.3 pxy macter accunulation ip fruiting perss

Data on &y waight of Iruiting parts per plant
reoorded at 754 105 and 135 DAS afe presemted in Table=l}

Iy matter accumulation of fruiting parts pex plant
diff red significantly due to soil and foliar spplica:ion of
alcronutrients at all the atages., There was increasing trand
of Ary weight of fruiting pats per plamt from 75 to 135 DAS,

At 7S DA8, dry waeight of frulting parts differed
siganificarly among various treatmionts. The hMghest dcy weight
of fruiting parts puB plant was recorded im Ty, Tg and Tu._



Table~10, Oven dried leaf dry matter (g)
stages of cotton as influenced

application of micronutrients under rai

Treatnents

Ty = Cus0,, 20 kg/ha (soil application)
Ty = MnS0,, 20 kg/ha (soil application)
Ty = Fes0,, 20 kg/ha (s0il spplication)
Ty = 20504, 20 kg/ha (soil application)
Tg = Borax, 10 kg/ha (soil application)

Tg = Combination of all five elements
(s0il application)

Ty = Cul,, S kg/ha (foliar spray at
60 &%90 mAS) in ® equal splits

60 & 90 DA3S) in 2 equal splits

r,-m‘.sm(mw“qu
60 &790 IAS) in 2 eqgual splits

60 & 90 Das) im 2 equal splits

ru-nen-.Z.m (foliar spray at
60 & 90 DAS) in 2 equal splits

ru- Combination of all five elements
{(foliar spray at 60 & 90 DAsS) in
2 equal splits

Ty~ Vater spray,control
Ty~ Absolute coatrol

a3

Selmg 2
CQD. at 5%

&5 7 108 135
DAS DAS DAS OAS
5.7 16,83 34.38 24.18
7.15 16,50 28.50 22,28
6.66 18,08 27.15  23.05
6.863 24,33 27.50 17.65
$5.50 20.83 24.65  24.25
6.66 19.75 30.15  30.52
6.00 15.83 32,00 2755
7.33 17.50 33,15  20.55
.91 17.41 29.15  23.10
6.75 16,75 37.50 24.20
6.16 16.58 32,35 19.75
6.00 18,00 42.85 16.70
5.50 10.66 20.85 12.5¢ |
$5.50 10,11 23,00 10.35
0.45 1.20 3.50 2.20
N.S. 3,60 10,38 630

60

per plant at different growth
by foliar

and
nfed conditions
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£31.25 g @ach),

At 105 DAS, cambination of micronutrients applied
thwouch soil (12.75 g), foliar a.plication of Cudo, (1245 g)
combimation foliar (12.00 g), soil application of m‘
(11.85 g), Fe30, (foliar) (11.80 g) anmd zn30, foliar (10.30 ¢)
were aimifiéancly superiof to watsr apray (5.85 g) and
ashsolute control (3.680 g).

At 135 DAS, highest dry matter accumalation in
fruiting parts was recordad in soil application of zn:‘b‘
(65,30 g) followed by s0il application of NnsO, (56.30 g) and
foliar agplication of CusQ, {52.80 g). These rocorded

=igni fic ant increase over control (16.30 ¢g) but were
among themselves on par with one anotier and so also Ty and
rn increased the dfy matter acocunmulation in frulting pata,
sigmif icantly,

4.3.4 Totsl dry marter production per plant

Data on the otal dry macter productiocn pes plant
in the alove=cground plant pacts at 45, 75, 105 and 135 DAS, e
given in Tablewl2 and Fig.8.

At 45 IaS, there was no significant difference in total
dry matter production elither dus to soil or foliar application
of micromutrients.

At 75 DAS, the total dry ma:ter increased signifiematly
over control, Highest dry macter procuction was recorded im
s0il application of dorax (47.58 g) followed by combination
of micronutrients through soil (43,00 g). %‘ {s011) (39,66 g)
and Mn30, (soil) (38.38 g).
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Table=11. Oven driacd fruiting parts (g) per plant at 75, 105 and 135
CAS of JR«276=4 cotton as influance. by sail and foliar
~ eppldestion of microautrients under rulnfed conditisms

TEeatments 75 DAB 105 DA8 138 Ins
Ty « Cui0,e 20 ka/ha (soil spplicetion)  0.66 11.88 .30
Ty = MnW0,, 20 Xg/Ma (30l application)  1.25 9.15 56.30
Tq = 20504, 20 kg/ha (s0i) spplication) 0.7 9.7% 65.30
Tg = Borax, 10 kg/ha (soil application) .18 8.0 23828
Tg = Combination of all five elements 1.5 12,8 37.%
(2011 application) ‘
Ty = CusO,, 5 kg/ha (folliar epfry at 0.66 - 12.18 52.80
60 & 90 PAS) in 2 equal aplits . _
Tg = Mn0,, S kg/ha (foliar gpray at 0.79 7.08 38,90
€0 & 90 DA3) 4in 2 equal splits , ,
60 & .C OAS) in 2 equal splits (
T),= 2000 5 ka/hs (follar spray at 1.08 10.30 51.7%
60 & 90 GAS) 4in 2 equal plits ,
60 & 90 DAS) in 2 equyh splits
ru- Conmbination of all five elenents 1.328 12.00 45.60
(£oliar spray at 60 & 90 DAS)
in 2 equal FPplits .
'ru- Nater xpray econtrol C.54 S.85 21.00
e Absolute o natrol 0.5 3.80 18.20
S.mm, & 0.20 3.40 6.9

CuDs at 5% 0.2 4.30 19,65
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At 105 DAS, significantly higher total Ay matter
production was recorded in all the treatments axcept ru.\,
801l application of Cus0, (105,95 g) and Cuid, (foliar)
(102.18 g) and combination through soil (92.40 g) were
significantly superiof over water spray con:rol (51.80 g),
but. vere on par with one ancther among themeelves.

At 135 DAS, the total dry matter production differed
significartly amon; the various troatments, Treawmemts T, .,
Tee T3 and T, were found significant over water spfey and
abeolute comtrol, but they themselves ' gm par with
one andther, Highost total dry matter per plant was recorded
in Cus0, (foliar)(130.15 g) when compared to 54.05 of
absolute control. S0il application was better for Mn.0, and
Zn'0, whereas foliar a plication was better for cwo‘.

4.4 ) ents

4.¢.1 Buber of squares per plant

Data on tiie mmber of squares per plank gecorded at
78, 105 and 135 DAS are presented in Table=13.

Wurber of squares diff-red ngniﬂcanuj anbng the
treatments at all the three atages of oxop growth, Nubes
of squares reachad the peak at 105 DAS and square fasmstion
was almost negligible later at 135 DAS,

84ignificnt diffaronces among the treatments were
obsa.ved at 75, 105 and 135 DAS, At 75 DAS, significantly
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Table-12, Total dry matter production (g/plant) at different growth
foliar a plication

stages of JK-276-4 cotton for soil and

of micronutrients

45 75 105 135
AR DAS DAS DAS DAS

Ty = CusQ,, 20 kg/ha (soil application) 7.50 39,66 105.45 115.78
T, = Fes0,, 20 kg/ha (soil application) 9.00 37.54 84.40 123,80
'r‘ - m‘. 20 kg/ha (soil application) 8,91 32.%91 70.95 145,45
Ty = Borax, 10 kg/ha (soil application) 8.08 47.58 91.60 96.25
Tg = Combination of allfive elements

(soil appliecation) 2.00 43.00 92.40 126.02
Ty = Cusl,, S kg/ha (foliar spray at

60 &790 DAS) in 2 equal splits 8.16 36.16 102.15 150.15
r. - MRC,4, 5 kg/ha (foliar spray at '

60 & 90 DAS) in 2 equal splits 9.90 36.79 92.25 110.85
Tg = Fest,, S kg/ha (foliar spray at

60 & 90 DasS) in 2 equal splits 8.08 35.08 ®1.15 130.85
'rm- Zn30,as S kg/ha (foliar spray at

60 & 90 DAS) in 2 egqual splits 9.00 37.50 89.00 134.95
5" Borax,2.5kg/ha (foliar spray at

60 & 90 DAS) in 2 egual splits 8.50 35.50 81.00 106.75
rn- Combination of all five elements

(foliar spray at 60 & 90 Das) in

2 equal splits 8.15 37.50 98.95 119.60
‘l'x’- Water spray, control 7.08 22.62 51.80 67.90
T4 Absolute control 7.11 20.42 54.30 54.05

S.Em. & 0.83 2.62 8.92 11.67
CeD. at 5% N.3. 7.61 24.58 34.32
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higher nunber of squares par plant was recorded in all the
troatments excapt Tye Tge Ty, and 7,30 over control. Hign st
mmber of sqUales was Fecorded in rz (39.6) followed by Tg

~ $17,50) and T¢ (17.0) as agenst 8,0 of absolute comr.l and

" 9.83 of water gpray control. At 1085 DAS, highesst mmber

of squares was recorued in Tg « soil application of
combination (36.83) followod by T, = follar a.plicacion of
Cwso, (33.16) and T) « soil application of CulO, (33.0) as
against 10,66 of control.

At 135 DAs, significant differonces a:iohg the tFeatments
were observed, T; ~ CusO, (s0il) recorded ths highest of 3.00
squares/plant followed by Tg « Mn 0, (folliar) with 2,.83.
Lovwes: Wmber of squares per phncm:eea:ddura andru
(0.5 each) as against 2.16 of control.

4.4.2 FNumber of n 18 per

Pata on the mumber of green bolls per plant recorded
at dfferent ¢fowth stages have been presemted in Tables-ll.

Sicnticant difforences were obgsecved dus to soll and
foliar application of micronutrionts regarding number of
gfesn bolls per plant at 105 and 135 DAS,

At 105 DAS, highest numbar of gresm bolls par plant
was recofded in soll spplication of FesOg (17) followed by
£:11ar application of Feso, (15.66), combination of soil
application (1’6) (14.33), foliar application of Cus0, (13.0)
and foliar application of combination (12.33) when compared
to absolute control (5,5).
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Tablewl3, Production trend of mmbor of sguares and green lolls per
plant at different growth stages as influenced by soil and

foliar application of micronutrients under rainfed

conditions Cve JKe276al -
M

75 DAS 105 DAs 135 bas
Trcatments
Sguares Green Squares Greemn Squares Green
bolls bolls bolls
M (oot apmaioaes
( application) 14.50 - 33.00 13.33 3.00 20.16
Ty - ¢ 20 kg/ha
(coif application)  15.60 = 22,50 8.83 0,50 20,00
Ty = Fas0,, 20 kg/ha
(nd' application) 8.00 - 24.00 17.00 0.83 24.83
'l" - Z03N,, 20 kg/ha
(20 mmCQM) 14.83 - 22.00 10.00 0.83 20.83
Tg = Dofax, 0 kg/Mha
(s0il application) 19.33 - 27.66 3.30 1.83 16,5
£ive elements
(s0il application) 17,00 - 36,83 14,33 Q.66 19,66
Ty = Cui0,, 5 kg/halfoliar
77 soxad at 60 & 90 DAS)
in 2 m‘ splits 14,66 - 3. 13.00 1.6 .50
Ts - MNS0,., 5 kg/halfoliar
s rag at 60 & 90 DAS)
in 2 ogual splits 17.50 - 26,00 10,00 2,83 15.00
Ty = Fe0,, 5 kg/halfoliar
apra¥v at 60 & 90 DAS3)
in 2 egual splits 10,66 - 29,50 15.66 1.3: 15,50
P, - 2 5 kg/hal fol iar
o m?’n €0& 90 DAS)
in 2 egual splits 10,83 - 26.00 10.00 1.00 1s.G3
Tnn imzowm
spray at 60 & 90 Das)
in 2 equal splits 11,83 - 20.66 10.50 1.50 14.50
o~ Combination of al)
five elenents(foliar
spray at 60 & 90 bas)
in 2 egual splits 16.67 . 28,00 12,33 0.50 17.66
l‘w Yater spray, control 9.83 - 13,16 6.50 0.66 12.00
-ru- Absolute control 3.00 - 10,66 5.50 2,16 9.%
8.-. z 10” - 3:'” 20” 003’ 10“
C.E, at % 377 - 7.“ 7.36 0.65 2.9%4
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At 135 DAS, there was signi ficamt difference in the
nunber of green bolls per plant of different tSeatments.
T3 = il spplication of Feso, recorded highest number of
green bolls per plant (24.83) followed by T, « soil applie
cation of Zn0, (20.83), T.,. follar application of Cuiog
(20,50) and T « soil application of Cus, (20.16) as
against 9.50 of absolute control and 12.00 of water spray.
In general, g¢green bolls wers high r in soil applicotion than
in foliar applicat on of micronutrients, The increase in
number of grecn lolls in different treatments over absolute
control (9.50) varied from 2.50 to 15.33,

4.4.3 Busber of harveotod bolls per plant

Data on number of harvested bolls per plant are
given in Table-l4 and Fig.9.

Different treatments differed significantly with
respect to number of hacvested bolls per plant. Tr atments
r,. ?‘. '8’ !". ‘l'u. ?u. ‘l'w. ‘l" and f’ were found signi ficant
over control but they thamselves were on par with one anothex,

4.4.4 Mean boll weighc ()

Data on mean boll weight recorded, are given in
Table 14 and Fig.9.

There was nonsignificant difference among tre-tments
as regards boll weight, However, numerically highest mean
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boll weight was recorded in soil application of borax

(4450 g) followed by Tye foliar applicetion of Cusggf f/)
T4 = 201l application of znso, u.uyum to 388 g

. of water spray omd 4.04 of dsolute control.

4.4.5 Kapas yiold per plant

Data on the kapas yield per plant as influenced by
soil and feliar application of micronutrimts are given in
Table=l4 and Fig.9,.

Yield por plant was signiiicantly higher in case of
foliar application of PFesO,, Zn50,, MnSO., CusQ, and combie
nation when campared to soil applications of the same
elements, The increase over control (26,93 g) varied from
3.4091.0‘1'”-“&‘ -pnrundgn!,-huarqpup
cation of Feso,. rau-éq';?}neam of Fes0y recorded the
highest yield per plant followed by Tio = foliar application
of za0, (48.87 g)s Tg = foliar application of Mn 0, (47.93 g),
Tq = foliar application of CusQ, (47.13 g) and Tg = soil
application of borax (45.53 g) as against 26,93 g of absolute
control. All these treatments were significantly supe: for
to control. The remaining treatments also ingreasd the yield
per plant but not sl gnificantly, There was not much difforenc.
in the yield per plant between soil and foliar application of
micronutrients,
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4.4.6  Yield per heotare

Data on the yield of seed cotton (kg/ha) as
influenced by soil and foliar application of micronutrients
are presented in Table-=ld and Fig,%.

All the treatments increased the yield of sced cotton
significantly over absolute control as well as water spray
control. But they themselves were of jar with one amother,

Feso, (follar application) gave tie
highest yield of 2446 kg/ha followd very closely by Znso,
(foliar application) with 2405 kg/ha, Next in order were 3
Cuso, (foliar) (2337 kg/ha) borax (sosl) (2291 kg/ha. and
combination (foliar) (2241 kg/ha) as against 1544 kg/ha of
comtrolvater spray. The increase in yicld of these treatments
over cntrol worke out to 902, 861, 793, 747 and 697 kg/ha
or 5¢ S6, 51 ,48 and 45 per cent, respectively.

The increase in yield of MnsO, (soil) (214/- kg/ha) and Feso,
(so1l) (2164 kg/ha) (39 and 40%) was -//-  significant over
control. Combimation (soil) (:066 kg/ha), MnQ, (foliar)
(2003 kg/ha) and borax{foliar) (2009 kg/ha) also gave 464 to
$22 kg/ha increased yield over centrol  the incrsases
(522, 459 and 465 kg/ha or 34, 30. and 30,0% respectively)
were . signi ficant,

Thus, it is seen that application of micronutrients
gave significantly and appreciably higheryields over control.
while soil application was better im case of
foliar application was good for Fey (v I, L7,
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Table-14. Number of harvested bolls per ?hnt. mean boll weicght (g),

kapas yield (g/plant and kg/ha

as influenced by
foliar application of micronutrients under rainfed

solil and

conditions
au'veo- Mecan Yield/ Y inorease
boll plant m in yield
Treatnents MWM'. (g) over cone
(@) trol (Kg/ha)
20 kg/ha 9.86  4.04 39,93 2189 648 (L27)
(ood application) )
- Mnso,, 20 kg/ha 9.33 4.15 38,80 2144 cooGW)
cod a plication) .
T, = Fes0,, 20 kg/ha 8.73 3.81 3336 2164 m(’*“@
(s01f appucauoa)
e o 2 kg/ha) 10.20  4.23 43.4 2188 644 (4>,
sod application)
Tg - Borax, 10 kg/ha 10.00 4.50 45,53 2291 27 -5/,
(=0il application)
Tg = Combination of all 8.30  3.96 32.93 2066 s22 (347
five clements
(204l application)
5 kg/ha (foliar
ﬂouuon at 60 & 90 >
Do)in 2 equal splits 10.55  4.47 47.13 2337 3527,
apra’ at 60 & 90 Das) -
in 2 equsl splits 12,33 3.89 47.93 2003 459 (27
5 kg/ha (foliar
’ at 60 & 90 DA3) .
m 2 equal splits 12,33 4.11 49.33 2446 903(55/ y
T)o= Z030,, 5 kg/ha (follar
4 at 60 & 90 bas) (;,/
in 2 equal splits 11,80 4.14 48,87 2405 86)°¢ "
Ty~ Borax,2.5 kg/ha(foliar
spray at 60 & 90 DAS) ,
in 2 equal splits 10.20 4.00 Q87 2009 465(3»0//
'ru- Combination of all five
elements (foliar spray
at 60 & 90 DAS) . g
in 2 equal splits 10.40  3.73 38,87 2241 697 (4-5%,
Ty 3= Water spray control 7.80 3.88 30,33 1546 002 (o6
‘l'l‘- Absolute control 6.50 4.04 26,93 1544 -
S5.Em, z 1.14 0.523 1.32 152
Cebe at 55 3.32 N, 3. 3.82 446
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4.4.7 [Mumber of seeds por boll

Data on number £ seeds per boll as iafluenced by soil
anG foliar applicstion of micronutrients are presented in
Table=l5,

Significant differences were observed among the
treatments in respect of number of seeds per boll. Ireatments

Tige Tye Tge Tgo Tye Tge Ty and Ty were found
significant over absolute mntrol as well as water spray control,
but they themselves showed on par effect with one aother,
memofmwhonn#mumwpm
cation of Feso, (30.06) and soil application of FesG, (30.00)
as compared to 26,63 of absolute conirol.

648  5med imiex

Data in raespecc of seed index as influenced by @il
and foliar gplication of micromutrients are givesn in Table-lS,

Statistically non=significant differences in seed
index among ﬂ\etratmmuwu% However, foliar
application of Mnso, (Tg) tooarded/Lw seed index of
9.13 ¢ followed by foliar application of Cuso, (o.ocf),
Feso,=foliar (8.93g), borax =(5:41)(8.90 g), Zns0, = foliar
(8.83 g) and boraxefoliar (8.83 g) when compared to control

(8.30 g)o



4.4.9 GM per_csnt e

Data on ginning pexr Geat a8 infiuenced by soil
and follar spplication of micronutrients are presenzed
4 N

Jant differemes in ginaning per cent were
ohserved . he different soil and £oliasr trestments,

eatnents Tgo Toe Ty; :md Ty wese found signifiomnt
over control and themselves showed o par effact wich one
another, Tg = 50il application of cembinaton
recorded the highest ginning par cent (43.,20) followed by
Tg=acil application of Mn3d, (41.10), Tyy = foliar applie
cation of borax and T; = soil apvlic:tion of Feso, (40.0})
as against 37,71 per cent of absslute control. The increase
over ontrol (37,71) varied from 0.05 in T9 €0 5.49 per cent
in Tg. Both s0il and follar applications were better in

Gase of Pe%0, (40.01 and 40.16)e Ty Tg T ank 7jo were_ olss
/Xl‘@wﬁwﬁ
4.4.10 Lint index

Data on lint index as affested by s0il and foliar
application of micronutrients are presented in TablewlS,

Signi flcant differonces ampng the treatasnts were
Zeourded in respect of lint index. Treatmenks T, and'l“m
found significant over water sprfay of absolute control. Highsst
1int index (6.39) was recordad in soil application of combie
nation followsd by foliar application of M0, (6.01) as
against 5,16 of water spray amd 5,48 of abaolute couttalq



Table=15, Number of seceds per boll, secd index, ginning
lint index of cottom (cv, Abadhita) as influenced by methods

of micronutrient application

73
per cent and

) NHo, of Seed Ginning Lint
Treatments seeds/ index per cent Aindex
boll
Ty = Cuso,, 20 kg/ha (soil application) 28,30 6.63 38.54 5.29
!3 < m‘. 20 kg/ha (soil gpplication) 28,96 8.50 4.10 5.93
1'3 - m‘. 20 kg/ha (soil application) 30.00 8.76 40.01 5.65
f‘ - m‘. 20 kg/ha (s0il application) 28,40 8,73 39.7% 5.76
Ty = Borax. i0 kg/ha (soil application) 27.50 8.90 38.06 5.26
Tg = Combination of allfive elements
{s0il zpplication) 28,80 8.76 43.20 6. 39
Ty = Cuslge S kg/ha (foliar spray at
Tg = N304y 5 kg/ha (foliar spray at
60 & 90 DAS) in 2 equal splits 29,30 9.13 39.73 6.01
t’ - m‘. 5 kg/ha (foliar at
60 & 90 Bas) in 2 equal splits 30.06 86.93 L.16 S.64
Tyo= Z0904s 5 kg/ha (follar spray at
60 &"90 Dns) in 2 egual splits 28,3¢ 8,83 38,33 S48
T~ Borax,2.5kg/ha (foliar spray at
60 & 90 Das) in 2 equal splits 28,60 8,83 40,32 S.94
’12‘ Combination of all five oclanents
(foliar spray at 60 & 90 DaYs) in
Ty o= Water spray, control 2743 8,03 39,22 5.16
Ty~ Absolute control 26,63 8.3 37.7 S5.46
S.mm, 3 0.62 0.20 0.5 0.20
C.P. at 5% 1.81 .030 1.43 0.57
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4.5 ) ties

4.5.1  Eibre Jength

Data on fibre length, a8 affected by #0il ad
foliar spplication of micronutrients are presanted in
Table=16,

ﬁere was no significant difference in the filwe

~ length of different reatmenta. lowever, Tg» soil application
of combination recorded the hichesat f£ibre length (25.5 am),
followed by Tq = 0il application of 2a%, (25.1 m), §) =
sefd spplication of Cusn, (25.06 mm) as against control
(24.30 mm),

4.5.2 Fibre uniformity ratio

Data on £itra uniformity ratio (4) are presested in
Table-16,

Fibxe uniformity ratio was moc affected Jdigniticaaily
either by soil or by foliar mpplis.tion £ micxonutsiente.
But, 20il spplic tion of combination (Tg) and foliar applie
catlon of 2850, ('rm) recorded hicher per Cent unifocmity
Fatio (50X) whereas other treatments including controly
showed alighcly lowes values.
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4.5.3 Prilre fineness
Data on filre finsmess (10™® g/inch) of aifferent
treatments are prasanted in Table«l6,

Beither soil mr ~£o~l.iar_ application of micromutrionts
influonced £ibre finemess significntly, Howewor, soil
application of Fed0,, foliar a.plication of Mn;0, and folix ‘
application of mbination recorded higher but equal v. w38
of micronnaire (3.36) as against 3,08 of aoatrol.

4.5.4 Maturicy coefficient

Data o matw icy coefficliant are given ia Tahle=lil.

Matur ity coefficiont of diffegent treatasnts
difiered aiqnifl::;gly over control. Mmeept Ty and Tyae ald
- other txeame,bfoum ol par with one another, Howewver, higwmet
maturity coefficient was recorded in Tgefoliar applicition of
Feso, (0.69), followad by T, « =il gplication of Feso,
(0.68), and ‘l'a « follar application of Ha-0, (0.66) a8
againast G.60 of absolute control. Both soil and foliel

appli ations were found better in case of Fes0, amd wo‘.

4.5.5 Eundje strength

nau%m bundle strength (g/tex) are xeseantesd in
Tablo=16,

Bundle stroagth was affected significantly due to
soll and foliar application of maicronutrients, NMNighest bundle
strength of 43.96 was rocorded in foliar gpplication of un.0,
$621owed by s0il application of Mn0, (42.73) as agaimst 38.76
of control. Except T e Tg and T,q. all the Femaining treate
ments wore significantly syperior owor sbsolute control,
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Tablew16., Fifre properties of cottn cv. Abadhita as influenced by
soil and foliar application of micronutrients under
rainfed conditions

Fibre Unifore Fine=- Matiwi~- Bundle

length mi ness co= strength
Treatments (mm) ra (micro= z-icunt
(%) naire)
( application)
" - s 30 m uo” 49.@ ’036 00“ ‘2."’
(aod application)
Ty = 20 kg/ha 24.50 49,66 3.36 0.68 42.13
3 (-olfwucauon)
‘!‘ - 2N50,, 20 kg/ha 25.10 49,33 3.20 0.64 40,86
(aod application)
Tg = Borax, 10 kg/ha  24.80 49,66  3.16 0.64  41.33

(s0il application)

Tg = Combination of all
five elements 25,50 50.00 3.30 0.65 40.63
(soil application)

s.ray at 60 & 90 DAs)

in 2 equal splits 24.90 49,33 3.30 0.65 41.43
s.Ta§ at 60490 DAS)
in 2 equal splits 24.53 49,66 3.36 0.66 43.96

Tg = Fe0,, 5 kg/ha(foliar
spray at 60&90 Das)

in 2 equal splits 25,36 49,33 3.20 0.69 41.30
Tyo" Zns0,e 5 kg/hal foliar
!pta’ at 60&950 DAS)

Tm- Borax, 2.5kg/ha(foli=
ar spray at 60&90DA:3)

in 2 equal splits 24.90 49.00 3.26 0.65 41.03
1'13- Combination of all
S elements(foliar 24.60 49,33 3.36 0.‘5 40.90

application at 60&950
DAS)in 2 equal splits

rn- Water spray control 24.73 49,33 3.16 0.62 39.80
‘!'“- Absolute control 24.30 48,00 3.06 0.60 38.76
S.Bm, : 0.32 0.56 0.08 0.02 0.80

c.bc .t 5“ .03.; n' SG .Q 3. 0007 2. n
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4.6 Nutrient uptake Qeg/ha)

4.6.1 Nitrogen

Data on nitrogen uptake by the crop at 135 DAS are

presented in Table-17,

There was significant difference . in the nitrogen
wtake of all Jhe treatments. Treatments T,, Tys Tye Ty
and Ty were significant over control and they themselves
on par with one another, Tg = foliar application of reso‘
recorded the highest uptake (134,16 kg/ha) followed by T, =
soil application of Feso, (132.03 kg/ha), Ty = soil gpli-
cation of Cuso, (130.33 kg/ha) and T‘- soil application of
zns0, (129.33 kg/ha) as against 104.36 kg/ha of absolute
control., Soil amd foliar application of Cus0,, recorded
almost e@,\;\‘/mwu of nitrogen (130.33 and 130.41 kg/ha).
While soil spplication was better in treatments T; and T,,

foliar application was better for T, and LA

4.6.2 Pho sphorus

Data on phosphorous uptake by cotton ci'cp at 135 Das

are given in Table-l17,

There was significant difference in phosphorous uptake
among the various treatments. Treatments T, 77,//1 a«xc/f,}mo

found significant over control but on par with one another,
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Tg = foliar agplication of FesO., 5 kg/ha prayed in two
equal split doses at 60 and 90 DAS recorded the highest
utake of PO, (12,60 kg/ha) followed by T, = follar applica=
tion of Cusa, (11,83 kg/ha), T = combina:ion of soil
applicntion (11.20 kg/ha) and 7j, « foliar application of
combination (10.80 kg/ha) as agaimst 7.9 kg/ha of
absoluts control. Howaver, the woolvaosmhueh
the soil am! Soliar application of HnSO.. ZNS0, and borax,
Both 831l and #£oldiar mea:marm‘nomwtc
P05 uprake.

4.6.3 Eotassiwm

Data of potassium yptake by the crop at 135 DAS, are
presenced in Tablewl7.

Significamt difforences among various treatments for
potassium yptaks were beerved, Foi0, foliar spray
5 kg/ha (Ty) registered the hichest uptake of potassium
(156.5 ko/ha) against 105, €7 ko/ha of absolute contrel,
Besides, this treatrent wes sicnificant from other
troatnants, Hn’l%. nm‘ and zaso‘ were better for both seil
and folier & plication.

r‘.'c'."‘ ‘!.. Tz' !‘,“T‘ﬂowﬂm
with one another but significant over control. Absolute
control and water spray control recorded the lowest yptake
of 105,67 and n.mkg/hndlzo. respectively,



79

Table=17, NPK uptaks (kg/ha) as influsnced by soil and foliar application
of micronutrisents at 135 DAS 0O cottom

N RN

| Wtaks (kg/ha)
™reatmants o —
= POy K0
'1 - cmo‘. 20 kg/ha (80l application) 130.33 9,96 341.20
!' - nnso‘. 20 ko/ha (soil application) 122.80 9.46 146,33
Ty = Fe30,, 0 ko/ha (soil application) 132,03 V.34 146.33
T = Zn804, 20 ko/ha (5041 application) 129.33 9.49 146.67
Tg = Combination of all five elements - 320.00 11.20 119,17
{20i) application) :
Ty = CusO,, 5 kg/he (follar spray at 130. 4 11 .63 142.83
60 & 90 DAS) in 2 equal splits
so&soms)nzoqmspgu
Ty = Fa0,, S ka/ha (Soliax soray at 134,16  12.60 156,50
60 & 90 DAS) in 2 equal splics
Tyo™ 20804, S xg/ba {foliar spray at - 123.43 9.13 142.23
60 & 90 DAS) in 2 equal splits
Ty3= Boraxe2.5 (foliar spray at 116.90 8.80 115,17
60 & 9 DAS ) in 2 equal eplits
Tya~ Combination of all five slements 12).66 10.80 120.83
(follar wpxay at 60 & 90 DAS)
in 2 equal splitas
r”. Water spray oonirol 310B.23 8.81 110,80
)¢~ Absolute control 104.3¢  7.%0 105.67
' s.ma, & 2.43 0.72 2.01

C.P, at % 7.03 2.10 5.82
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DISCUSSION




VY. DISCUSHKON

The results ébtain.d from the emperiment conducted
at Agricultural Rescarch Station, Dhacwad farm, during the
yoar 199192 to study the response of cotton cv. Abadhita
(gapgypius hirsutun()to soil and foliar applicatiom of
micronutri~nts under rainfed conditions are dis vuseed belewt

The metecrological data({Tablesl) revesléd that the
Seasonal conditions during the period of crop Fowth were
formal. Rainfall during the year 1991-92 was 1190 = 1.e.e (25
35.7 per cent more than the normal rainfall (765 sm) for the
experimental station, On the other hand, the mmber of rainy
days during the year werg 083 against the msemal of 97, i.e.,
2008 by 14 days. Rain wa+eeelv.d in high intensity at times.
 The rainfall was particularly high during April, May and June
and less during August and November, Apart from emgessive
rain, the weather was continuwusly cloudy for a period of about
four months 1.€., June to Septamber. Sowing wes dome Owing
the second week of July.

Apext from higher rainfall during 199192, less
ingidence of bollworm vas noticed starting eacly in the season
which hawewer prevailed till the end of Nowvember and was
controlled effectivaly by plant protection measures.
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Oon the whole, it could be stated that higner rainfall
of t.e yoar couled with very less incidenees of bollworm
was helpful for the cotton Crop, Howower, continuous
cloudy weather f£or fouwr montis from June till Sep:amber resulted
in excessive vegaetative rowth of cotion ¢cap and delayed

reprocductive phase.

S.1 Respomes of gotton
5.2, Grath Componeit |
Significant differences in plant height of diiferent

treatments was obgserved at 45, 75 and 105 DA3S but mo: at 138
DAS, Application of micronutrients through soil or foliar
application 4did not increasse the mmber of monopodial .ranches
signi ficantly. Howcver, compared with control there was mmes
rical increase in tie mumber o!munpodiapq‘phu in case of
diifcrent micronutrient treatments, Significant diffecrences

in mmbaexr of m@ummmmunaﬂ:mm.
but not at 135 DAS, Number of leaves per plant differed
significantly at all the stages of observation., Similar
Tesults ware also reportod by sSarouwr gt al. (1968) and

Patel and Patel (1949), Non:ignificant differemos of sympodial
Iranches per plant roparted by A lawat (1974) and Asab and
Eleilalavamy (1969) also found that micronutrient application
had no effoct on nunber of nodes and sympodial branches per
Plant,
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Signiicant increase in the plant height at early
stages may be due to t..e effect of applimtion of microe
autrients through soil. The increased plant height particularly
in case of boren (socil) is due to its requirement by the
meristomacic regions of the plam. Bexger (1949) has
mentioned that lorom is very important in cell division and
forms an esscntial componant of cellwwall. similarly, Teul
(1948) has given convincing evidance on the impoctaat role
of za in the production of growth promoting hormsnes and it
is likely that the ajpreciable incrcase in growth mi_ht be due
to this factor. Applimtion of miczonmutrients through soil
and foliaxr spray incrcased the uptake of N, 9205 and K50 |
significantly which in t ra might have halped ia the growth of
gotton plant.

™e differcnces in leaf arca (dlz) and LAX were not
significant at 45 DAS, whereas the treatments differed signis
ficantly at 75, 105 and 135 DAS,

At 135 DAS, foller application of zns0, (47462 am %
and Pes0, (47.378 da®) recorded hicher leaf ares per plant
than that of water gpray control (31.424 da3) and absolute
control (31,282 am?), Soil application of CusO, and foliar
application of Cu.0., MnsO, and combination also recorded
significantly higher leaf ar a than that of both water spfay
and abeolute control. At 135 DAS, s0il application of Yes0,,
SR30,, borax andcombination recorded significantly lower bal,
Nevever, folisr application of micronutrients either alome
of in combination recorded significantly higher LAXI as compav®d
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to that of absolute control, S5Signi ficant difforences were
ohesrved for AGR betwoen 45«75, 76=105, and 106=135 uAS
pericds. Relative growth rate of cotton was significantly
higher at initial stage (45«75 DA3), vheress with increasing
gfowth, there w & decreasing trend of RGR which therefore
showed non=gignificant differonces at later stages (76-13S LAS),

Ina general, foliar application of zm0,, combination
(sofl), soil application of /‘n0, and Cui0, (soil) wesre found
better for ha:m:lng LA IAXe AGR and RGR respectively. Sush
results wers also rzmg Safour et al). (1968) that folias
application of 4% xoa/{/or in combination with mixture of
micronutrients gave t .c highest dry mattor and largest leaf
sfea pex plant and LAI, This might be due to higher wptdke
of NPK by the ootton plant in Za applied as doth soil and
foliar, combination (sail) and Cusdg (80il) treatments.
Basides this, Zn is known to play a definite role in the
syntheais of tryptophane « 2 pregursor %0 indale acetic agid,
a growth hormone in plants. Teul (1943)°'s work has provided
convincing proof, regarding the important role played by aa
in the production of growth promoting hormones and the
sppreciable increase in the physiological paramsters by Za
aignt be dus to thess effects.

With zespect to stem Ay matter accumilation, siganificant
diffecences at 45,75, and 133 DAS were recotded but mot at
138 DaAS,
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At 105 DAS, highest stem dry matter was recorded in
soil application of Cus0, (59.75 g) followed by foliar
application of Cu 0, (58.40 g)s =01l applicaticn of boras
(58.0 g) 2nd Fes0, (51.6 g). At 135 DAS, stem Gry matter
chowed nonesignif icant diff rences. However, soil applied
micromutrients increased the stem dry matter accusulation
numerically compared to foliar gpplied treatments includiag
control, Leaf ary matter weight at 45 DAS, showed statistically
non-significant differance, whereas at 75, 105 and 135 LAS,
differed significantly. At 75 DAS, dry matter in stem was
highest in Tg =« soil application of borax followed by Tg =
combination (soil)y T3 = Feso, (soil) and Tg = Mn30, (foliar).
There vwas significantly highest leaf dry weight at 105 DAsS,
thersafter decreasing due to defolliation effect at later stages,
DXy macter production in fruiting parts differed significantly
due to s°il and foliar application of micromutrients at 75, 105

and 135 DAS stages. Incre:sing trend of dry weight of fruiting
parts was obsarved due to continuous production of sguares,

flowers and bolls, As regards total &y matter (TiM)
except at 45 DAS, there was statistically significant

difforence in total dry matter production both due to soil
and foliar mpplication of micromutrients. S,/ application

of cmso, @n30, (soil), Mns0, (soil), Zns0,(foliar),

Feso, (foliar) and combination (soil) were more effective in
increasing TiM sccunulation per plamt. Soil appliaation of
combination recorded 126,02 g of TiM per plant when compared with
119.6 g of foliar gpplication of combination as against

67.9 g of water spray and 54.05 g of control.
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On the whole, Cuso, (soil), combination (soil), ZnsQ,
(s0il) and Cuso, (foliar) were found better for increasing
dry weights of stem, lecaf, fruiting parts and total dry matter
production per plant, respectively, Such results were also
ob.alned by Sarour @t dl. (1988) that foliar application of
mixture of micronutrients gave ti:e¢ highest dry matter. The
Treason could be attributed that dry matter increqses as the
stage advances due to increase in LA, LAI and AGR due to the
application of micronutrients, Cug, acts as catalyst in oxidation
and reduction reactions., It is ala believed that Cu may -
function in photosynthesis, thercby increasing the number of
leaves per plant, stem and fruiting parts which resultod in
greater production of total dry matter., Boron is also
believed to facilitate translocation of sugars and carbow
hy@rates in plant and is required by the merishematic regions
of the plant (Varma, 1973),

S.1.2 xielg componants pod yisld

Significar differences among the treatments were
observed at 75, 105 and 135 DAS as regards to mumber of
squares per plant. Highest number of squares per plant was
recorded in soil application of combination (36.83) followed
by foliar spray of Cusg, (33.16). Soil application of Cud,,
Fe 040 m‘ and m‘ recorded 33.0, 24.0, 22.5 and 22.0

nunber of sguares per plant respectively when compared o
foliar application of the same clements which recorded 33.1,

29,5, 26,0 and 26,0 number of squares per plant, respectively.
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Signi ficantly higher mmber of green bolls per plam was
recorded in soil application of Feso, (24.83), followed Ly
soil application of zns0, (20.83), Cus0, (20.16) and

Mns0, (20.0) against 9,50 of absolute comtrol at final stage.
Significantly higher mmber of harvested bolls per plant was
recorded in foliar appli-stion of MmO, (Tg)s Fes0, (T,) and
A e ey
Howower, numerically h&ghu&gppucatm of borax, where as
soil application of Feso,, combination (Tg), MnsO, (foliar),
combination (follar) and water spray contmvl (3.81, 3.96, 3.89,
3,73 and 3,88 respectively) recorded almost egual mean boll
weight, sSignificant difference wvas observed in respect cf
yield per plant, Highest yield per plant was recorded in
Peso, (foliar) (49.33 g) followed by SnsO, (foliar) (48.57 ¢)
over 26,93 g of control,

At 135 DAS the number of squares per plant were negligible
mm:m«mowumqpuawum‘
and highest number of green bolls per plant was observed in
Fe0, (soil)s !nsO, (foliar), Feso, (foliar), borax (soil)
and Feso, (foliar were found beneficial to increase the mumber
of harvested bolls per plant, boll weight and yield per
plant respectively. Such findings were also reported by Sarour
et aj. (1588) that all the foliage spFayed micronutrients
increased the number of squares per plant signif icantly and
it dacreased the shedding as compared to control,; which is
suppoted by the findings of srivastava and Singh (1968),
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EleGharieb et al. (1986) and Azab and El=Halawamy (19588)

rep rted significant increase of mumber of bolls per plant,
boll weight and yield per plant whereas Ahlawat (1974) and
saromrgt al. (19868) reported nonsignificant effect of number
of green Inlls per plant, This positive beneficial effect on
yield parameters can be attributed to higher number of total
bolls retained and harvested bolls per plant and »(reased
LA, LAI and increased transport of photosynthates from source
to sink followed by higher absarption and better utilisation
of micronutrients, thus inf uencing boll weight and mmber of
boils per plant, Fe is believed to be essential for the
synthesis of chlovophyll and biolocical nitrogen fixation and
primary photochemical reaction in photosynthesis (Varma,1973).
‘!‘h’lafeould be nuafm that foliar mCCuﬂ of Fe was
better for increasing the number of harv-osted 'olls per plant
and mean boll weight and thereby increased the yield per plant,
Mn also plays some role in the synthesis of chlorophyll and
in the transfer of electrons from water to photoxidised
chlorophyll in photosynthesis. Hence, it might have been
responsible to increase the mmber of harvested bolls and

yield pex plant.

Feso, app/ied throuch foliage recorded significamtly
highes: seed cotton yield (24 46 kg/ha) followed by foliar
application of “n30, (2405 kg/ha)l, Cuso, (2337 kg/ha)and
combination spray (2241 kg/ha) when compared with control
(1544 kg/ha). Soil application of combination (r‘) recorded
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lower yisld of seed cotton (2066 kg/ha) wien compared with
follar spray of combination (2241 kg/ha)e Asab and 2l ) awenmy
(1969), sSharma and Gupta {1989) also reported that soil
containing 0.48 prm available 2a, respondad to 25,50 kg/he
zZno, mpplied, osdcast of drilled of a foliar spray of Ce3
Zn30, increasing the seed cotton yield by 1,815, 2,5«7.> and
6:;8 per cent, respectively. Kamalsnathan gt al. (1966) repocrted
that Fes0, (s0ll and foliar) tended to incroase the yield of
seeC cotton at Coimbatore, These findings are also awthantide
catad by the findings of EleGharie) et al. (1966),

S0il & plication of micronutrients also performed bettes
for increasing tile scad cotton yicld whem caompared o controls,
™his is supportod by Nageshwara Rao (1977) who found that 521}
®plication of NG, B and 7n increased the seed cottom yleld
by 16, 26 and 2] per cent,y respectively and by Nastur amd
8ingh (1953), Andarson and F.red (1968), Varma et a)l. (1984),
scivast.va and singh (1966), Sharma gt.a).(1968) and Kumer and
Gupta (198%9),

Highest increase in yield of sesd cotton (902 kg/ha)
(58X) over absolute control was noticed in foliar application
of Pos04e followed by foliar applicatiom of “nsO, (861 ig/he =
56%) Ca3ln, (793 xg/ha = 51%) and combinationefoliasr (697 kg/Mae
45%). These results agree with the findings of Nageslmsera “ap
(1977) w0 £ound inoreased seed COLtOf yield in folisr eprags
of Bg (33%X), zn (29%) and borax (3a%) than soil applicition
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which gave 16, 21 and 26 per c:ont higher yield over control,
respactively, These rosults are also in line with thosa
Feportad by El=Charied at gl. (1966) and Varma gt g). (1984).

The ircresssissed cotton yield in FesO, (foliar) could
be attributed dus to eoxresponding increase in LA, LAL,
number of harvested bolls per plant, mexn boll weight,
yield per plant and higher iptake of N, ons and Kzo. sffidant
assimilation of applied mfronutriants probably induced better
vagetative grow:h and profuse bearing resulting in marked increase
in seed cotton yisld over control, 30il application of
coadination (Tg) gave lower seed cottom yield which may be dwe
to nonavailability of micronutricnts and anctagemistic effocts
among ons another,

mmber of secds per boll differed significsntly among

treatmants, Foliar mpplicstion of Fas0,, resotded hichest
nuzber (30,06) of secds per boll followed by Feso, (soil)
(30.00) when conmpared to 27.4 of watar spray and 26,63 of
absolute control., Seed index showed nonwgignificant diffecence.
Houever, foliar application of MBSO, recordad numarically
mmmmofs;xagmum#,s.oeof foliar speay of
Cu3d0,. Oinning outemtusn diffored sigmif ic:ntly among the
treatmentis. Higheet ginmiing per cent was recorded in soil
applietion of combination (r@ =(43.20), followed by foliar
application of borax (40.88) than 37,71 »f consrol, Lint iadem
significantly diffcred umong the treatasnts, Highsst value wms
Fecorded in combination (soil) «/Tg) (6.39) and foliar application
of Mns0, (6.01) - a8 against 5.16 in water spray control.
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on the whole, it can Io inferred thatfolier application
of Feso, , follar asplication ag}tns‘. combination 554l and
combination s0il trocuments refsixied better for increasing
nusber of seeds par boll, sead indax, ginning per cent =nd
lint indax respectively., Such results wers also reported by
EleCharieb g: al. (1986) who found that seed index varied from
11.4 to 12,4 g» But, Ahlawat (1974) reported nonsignificent
differenues in ginning par cent and Hagab gt al, (1963),
srivastava and singh (1538) reportad nonsignidcant results
in respect of lint index. For increased sceds per boll, the
reasons might be due to enhanced synthesis of carbohydratas,
proteins and their transport to the site of seed formation.
Feso, helps im protosynthesis, reduction of nitrates,
sulphates and assimilation of nitrogen. Increased ginning
per cent and lint index may be due to combined effect of
initial soil application of NPK and nicronutrients,

S.1.3 Fibre properties

Fibre lengihyuniformity ratic and micronaire values
were monsgignificant, Haturity coefficient differed signie
ficantly among the treatments. FesQ, = foliar (0.69) and
Fe'Dg = soil (0,68) recorded higher maturity coefficient
over 0,60 of control, Bundle streagth also differed significaite
1y by recording highest strangth in MnS0, - foliar (43.96)
followed by MnS0, = 30il (42.73) as against 38.76 of control.
Such £indings were also report-d by aﬂ.m and Singh
(1988) ané sawan gt al. (1969), whereas Khoddzhaev and
Stenyasina (1989), Karev (1960), Kamalanathan (1966) and
Hegab gt 3l.(19683) reported significant differences of f£ibre
length, uniformity ratio and micronaire value,
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Karev (19680) and Megab et al. (1983) reported significant

differences of maturity coefficient and bundle strength.

Oon the contrary, Xamalathan (1966) observed that foliar as

well as s:il1 application of Fes0g influenced £ilxre fineness, but
the bundle strength of fibre was not affsctod,

5.1.4 Sucrient weake

Nitr- gen wptake by cotton was significantly influenced
by foliar application of Fe0, (134,16 kg/ha) followed by soil
application of Feso, = 20 kg/ha (132,02 kg/ha) when compared to
absolute control (104,36 kg/ha). Significant differences of
uptake of P,Os was observed among the treatments, Highest
uptake of P,0; was recorded in FeSO, = foliar (12.60 kg/ha)
followad by Cuss, = foliar (11.63 kg/ha)e %0il application
of combination = Tg (11,20 kg/ha) as agalnst 7.90 kg/ha of
absclute control. For K,0 uptake, sigaif icant difforences
vere observed between treatments. Wtwnhotl’p
(156.5 kg/ha) was recorded in foliar application of Fesd,
followed by soll application of ZmsO, (146,67 kg/ha), MRSO, -
soil (146,33 kg/ha) and PeSO, = 50il (146.33) as agaiast
105,67 kg/ha of absolute control.

On the whole, Fe30, (folisr) treatment was unicue and
respomiedisith increased wpuake of all the three macromutrients
(WPK)e Similar resqlts are also givea by Xens (1978) im
Jowar, vishwanath (1979) in mulberry and Gangadhara (1968) in
aunfilower. mwwcoll.vﬁaﬂt'oamuhmu
the positive influence of micronutrients displaying s)mergetic
effect on grow:h parameters, physiclogical traits, dry matter



production, yield and yield components.

Furthel, it may be opined that the cotton plant might
have utilised abscrbed N for boll formation effectively
ard this might be the rsascn why the highest seed cotton
yield was obtainad with the combined application of NPK and
micronutriants, Similarly, higher yptake of onsm\q'l:o
could ke attributad to tine combined effect of absorption and
translocation due to the application of micronmutrients and
nitrogen (Vishwanath, 1579).

Sesults of Proccicel ULILILY

1. Though tie initial scil status contains 7.4 pm of Pe,
cotton responded better for foliar
application rather than scil w.ich 1s an easy source of
oorting muariente o5V eitrand the Righest Sneeese n ssed
cotton yield (902 kg/ha or 58%) over control f£ollowed by
zm‘ohu(“lm'-m and CusQ, = foliar (793
kg/ha « 51 %), These results have to be confirmed by
repeating the experiment for one of two more years before

they cn be recomended for general adoption.

2 soil spplication of borax (10 kg/ha) responded betler
for imerease in seed gottcon yield of 747 kg/ha (48%) over
ontrol followed by CuiG, = 501l (645 kg/ha or 42%) and
m.-aeu (644 kg/ha or 42%). These results can be
recoonended for general adoption by repeating the axperiment
if necessary for confirming the results.



3. Even though, both soil and foliar application of
micronutrients increagsed the s:”csl:; m?&tm yield over water
spray/control, relatively follar  Was found more efficient,
Hence, it 18 possible to combine thne micronuctrients with
insecticidal sprays if not toxic., Campatibility nceds

investigation.

4. As small doses of all the micronutrients tried imreased
the yield of aced gotiton sudbstantially, they em be
recommended for goneral adoptisn eoither throuch soil or

by foliar application,

Futwwe Line of Work
1. Determinatisn >f the optimum doses of micronutrients

inr the cotton orcp is essential to avoid toxicity ceused due
to excess application,

2+ 3inge response of cotton iz bettar for foliar applie
hold Hamgh sol and hatf

cation than soil applicaticn, foliar is to be tried to see

if this is more beneficial than entire soil spplication of

micronutrients or entire follar suray.

. Residual effect of micromerients on succeeding Crops
neede to ve studied in cotwwn with reference to soil

application,

de Costebonafit ratio to be worked out by applying

var ious Quantities of difforent micronutrients sither through
s0il and/or by foliar spray.



S. Areas of aicronutrient defficiancies nsed to be
demackatad by analysis of aoll samles collocted from

najor coLiton growing araas,

6. - The possibilicy »f combining micromutrients with
dnsecticidal sprays needs to be stidied to f£ind ou% their
compatibility and to decre=xse the cost of cultivation.



CHAPTER - VI




A field experiment was conductad on medium black clay
soil under rainfed conditions, at the A¢gricultural Research
Station, tharwad ‘arm, Guring the year 1991«92 .0 stuay
the response of cotton &v. Abadhita to soil and foliar
applicat.on of micronutrients, The empeciment was laid
out in a randomised block design with tires replications.
The treatments consisted of five micronutrients (Cu, in, Fe,
2n and B) applied to soil and throu h follar spray indie
vidually and in combination. Doses usod for soil applicaton
were 20 kg/ha in case of CusO,, MRIO,, Fes0, and Zns0,,
whereas borax was applied at 10 kg/ha. Foliar application
of the micronutrients was done ® 5 kg/ha sach except borax
which was applied @ 2,8 kxg/ha. Yoliar ayplications were made
in two equal instilments viz., at 60 and 90 DAS and water
spray and ocontrol were also included making a total of 14
treatments. AAcommon dose of NPK (40320120 kg/ha) was
spplied to the 80il before sowing of the crop for all the
14 treatments. Observations on growth and yield and yield
paEameters were rocorded at 45, 75, 103 and 135 DAS, Uptake
of N, !'205 and K.0 at 138 DAS by whole plant analysis was
determined, |

The results obtained are summarised below:
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¢«  Ssignificantly highest plant height (232.20 am) was
recorded in soil application of Mn30, followed by soil
application of borax (21.94 cm) and follar application of
combination (21.63 cm) at 45 DAS, At 75 DAS, 8011 applie
cation of borax recordad significantly highest plant haight
of 90.50 em. At 105 DAS also, soil application of botax
recor:ed hichest plant height. Both scil and foliar applie
cation of Cuso‘ - r‘so‘ wore effective in incre.sing the
plant height, However, at 135 Da3 differences im plant
height were not significant,

Rumber of monopodial branches per plant as influsnoed
by soil and foliar application of mickonutrients was found
non=significant for all the tiwree stages (75, 105 anc 135 DAS),

Baber of sympodial branches per plant showod signifie
cant diffcrences at 75 and 105 DAS. At 105 DAS, 50il applie
Cation of borax, combinati ol « soll and faliar application of
N80, . combination « foliar and soil application of cmao‘
recorded higher mumber of gympodial branches per plant,
indicating that both soil and foliar applica:ion of microw
nutrients were effective in increasing the number of sympo-
dial branches, Howewver, hichest number of sym . odial branches
were recorded in 2n30, « 20il (12.66) as agaimst 9.50 in

control.

Nunber of leaves per plant were less at 45 DAS but
Zeathed the poak at 105 DAS and starteod decreasing lates

Docause of onset of sensseence. At 155 DAS, comdinatiol o
foliar recorded the highest of 148 leaves per plant followed
by combination - soil (145.33),
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Leaf area per plant (mz) was lower at initial stage
(45 DAS) and showed none=significamkt difference, At 75 DAS
leaf area per plant was signifigantly higher in soil
application of Fes0, followed by soil application of borax,
foliar application -£f combination, water sprfay control,
soil application of combination, foliar application of Fes0,
and soil application of Cuiog. At 105 DAS leaf area increased
in combination = soil (45.98), Cuso, = soil (41.86) am
Cu 0, = foliar (40.98). Fes0, and unsQ, increased the leaf
area per plant throu lout the crop period (45 to 135 Das)
when applied . by £oliar spray.

Significantly higher leaf area index (IAI) was recorded
in soil application of Feso, (2.265) and borax (2.215) at 75
DAS. Leaf area index was found to fluctuate without any
definice trend at 105 and 135 DaS,

Significantly higher absolute growth rate (AGR) was
recorded in zZn0, =« soil (2.48), Mn30, = soil (2.10) and
Cusdy =« foliar (1.60) at final stage (135 DAS), Constant
increase in “GR was noticed throughout the crop peciod
(45135 DAS) when zns0, and MmO, were applied <}  soil

applicatiorn »

Significantly highest relative growth rate (RGR) was
recorded between 45«75 DAS period and there was continuous

decrease in RGR from 76135 DAS period.
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Significantly highest stem Jdry matter accumulation
was observed in soil application of Cuso (59.75 @)
followed by borax « 804l (58.4 g) and Cul0, = foliar (5‘7'957/)
at 105 DAS,, Oiheress at 135 DAS, soil application of micro=
nutrients nuearically increascd the stam &y mstter
accusuletion v..en congared to folliar applied treatments
and controls. Soil and folisr application of combinat:ion 6’4/;/5(

7o

produced modoarate stem Ky matter aocoumulatlion, :

Soil application of boram recorded significantly
highest (20.83 g) leaf dry matter production followed by
combination = s:41 (19.78 g), Fesg, - soil (18.068 g) anmd
combination « foliar (18,00 g) at 75 DAS, At 105 DAS,
signi ficmtly hicghest lsaf Ay weight was recorded in
combination « foliar (42.85 g) followed by Zni9, = foliar
(37.50 g}, Cui0, = 804l (34.35 g) against abeolute control
(23.@ g)e Wheceas at 135 DAS, there was decrsasing trenmd of
luljzc.ur production becsuse of defoliation of older lawves
from the plant.

Ecy matter accumulation in fruiting pscts was
significantly hichast at 135 DAS and soil applioation of
2830, recorded tha highest dry weigut (65.3 g) followed by
Ma50, = 80il (56.3 g) and Cul0, = Soliar (52.8 g), while
801l appliccztion of Cuso, raecorded lowest dry weight of
fruiting parts per plant among the different micronutrieats
tested,
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Foliar application of Cus0,e soil application of Zn304,
Mns0, and follar gplication of ins0, and Fes0, were signifie
cantly more effective in increasing the total dry matter
production per plant., Lowest total éry matter par plant was
recorded in control and water spraye.

Number of squares per clant was significantly higher
in s0il spplication of conbination (36.83), foliar application
of Cuso, (33.16) and soil application of Cusd, (33.0) at 108
pas, Continued formation of squarcs was observed in folliar
sprayed treatments than soil applica:tion indicating that foliar
sprays were effective for the contimued production of aquares.
Soil application of Zns0, recorded less number of squares
(22.0) as against foliar application of zni0, (26.00).
Higher number of squares per plant was recorded in both soil
and follar spplication of Cu,, MaSO,, FesO, and Zns0.

Number of green bolls per plant differed significantly
among various treatments of micronutrient application at 105
and 135 DAS, At 105 DAS, significantly higher mmber of green
bollgper plant was recorded in Feso, « soil (17.0), Feso, =
follar (15.66), soil application of combination (14.33), Cuie
soil (12,33) and combination « follar (12.33) when compared
to 6.50 of water spray, OWhereas at 135 DAS, significantly
higher numbor of green bolls was recorded in FesQy - soil
(24,83), znS0g = s0il (20.83) and Cuso, = foliar (20.50) as
acainst 9,50 of avsolute control,
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Number of harvested bolls per plant showed significamt
differences. significantly highest number of harvested bfills
per plant was recorded in foliar appuc-uonolm'd
Fesog = foliar (each 12.33) followed by znsSo, - foliar (11.80)
as against 6,50 of absolute control. Soil application of
m‘rmm.mmmmummmn
Borax = soil (10.00) and Cuigy = soil (9.86) when compared to
€.50 of absolute control.

Numer ically highest mean boll weight (4.50 g) was
recorded in soil application of borax, followed by 4.47 ¢ in
foliar application of Cuso, as acainst 3.88 g in water spray.

Significently highest yield per plant (49.33 g) was
recorded in foliar gpplication of FeSO, when compared to
absolute control (26,93). Soil application of FeSO, recorded
33.36 g yield per plant as against 26,93 g of absolute control.
on the whole, foliar application of micronutrients was better
than soil applicacion.

significaxly highest yield of seced cotton (2446 kg/ha)
was harvested in foliar application of Feso, followed by foliar
application of znso‘ (2405 kg/ha) and m‘ (2337 kg/ha) as
againet 1544 kg/ha of absolute control. Soil application of
micronutrients recorded lowor seed cottom yield than foliar
vq:pucauoa. Foliar application of M‘. ZnS0,, Cuso,, bor ax,
m‘mmummmmmumym from
3C to 58 per cent as against 34 to 48 per cent of soil
application of micronutrients,
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Nunber of seeds per Loll was significmtly higher in

fe0, « foliar (30.06) followed by Feso, = s0il (30.0) and
Nn0, = foliar (29.30) acainst 26.63 of control.

Sesd index was nonsignificant. Howevor, numerical ly
highest seed index (9.13 g) was recorded in Mn0 - follar,
followed by Cus0, « foliar (9.06 g) as againat 8.30 g of
sbsolute control.

Soil applicaotion o(tweg)bimuon racorded significantly
highest ginning percentage whem Compared to water spfay and
abgolute control (39.12 and 37.71 respectively).

There wag considerable increase in linte index in case of
soil application >f gombination (6.39) and Mn0, = foliar (6.Gl)
as against 5.482 of absolute control and 5.16 of water spray.

Mean f£idhr: langth Aid not aiffor significantly. However,
soil application Hof combination, Zn04 and Cuso, recorded
aumerically higher mesa £iXre leagth, wvheress <o/ application
of " Fecorded highest mem filre leagth among the =o|
spplication of micronutrients,

Fibre uniformity ratio was mot significant among the
treatrents, Both soil application ©f combination of microe
autrients aiud fallar application of 004 recorded 50 per caat
uniforinity ratio.

Likewiss micronaire also did not differ sicnifioeantly

betwesn treatments, Howev:r, 801l application of Fes0, . folliar

—foliay
application of MasO, and conbinaucn recorded m“ niccensire

le..(@uzlé) R qﬁa(v\ﬁf 3.0 of CO»{"ZV
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—simxucanuy highest maturity coefficient vas resoded
in foliar application of Fe.0, (0.69) and soil applic.ition of
Yoo, (0.68), These two trestments showed significant
effect over remaining treatments including water spray
contsrol and absolute control.

Signd fica: tly higher bundle strength was recorded im
foliar spray of ¥nso, (43,.96) and soil application of the same
element. (42,73), So:l apyplicdin | of econbination recorded
lower bundle strength (40./7) among the different treatments
Whes @smpared to absoliute control (33.76). eV, 5 kg/he =
foli& recorded significamly higheat uptaxke of nitrogea
(134,16 kg/ha) followed by Fei,e 20 kg/ha « soil (132.43
kg/ha)s CusOe, 20 kg/ha = 8541 (130.33 kg/ha) and Cusog,
5 ko/ha .- foliar (130.41 kg/mad, &b agasst [op'36 KgTha of Cofool,

Signi figan tly nighest phospiorus Utaks was Tocorded
in follar spray of Fe0, (12.6ckg/ha) followed by foliar
application of CusO, (11.63 kg/ha) and scil application of
coabination (11.2 kg/hady o8 agast 970 Kelha of Condorf

Potascium uptake was also significatly highest in
Gase of Fai0, - foliar (156.5 ka/he) followed by R0y
Mn04 and FeSOg = i O’-Ooii application) waich recorded 146.67,
146,33 anu 14643 3 ko/ha K,0, respectively, od agair3t 13 br-Kelha_
of  Corfo?]. |
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APPINIIXel, n;yucu and chemical properties of soil of experimental
site '

e e ~a T I TR o # o s ——
bepth of profile Method
Partialars - e anp.

OwiScm 15«30 om
S S~ 58 6 T

I. hysical propertiocs
Particle size distribution
(expressed in percentage)

i. Coarse sand 7.64 5.42 Hydrometer method
(Sankaran, 1966)
114, sile 17.30 17.68 0=
iv. Clay 61.50 62,04 o
IX.Chemical propertieg
i, pH (1:2.5 soll water 8.00 8.00 pH metcer method
suspension) (Jackson, 1967)
i1, Elec conduc:ivi Conductivity bridge
{dam - 0.29 0.30 mathod -
111, Cation emchaange capacity 60.50 64,20 Sodium saturacion
(C.mol/kg) wechod(alack,1965)
iv, organic carbon (%) 0.50 N.40 WwWalkey an Black's wet
oxidation method
{Jackssn, 1967).
v. Calciwm carboaate (%) 3.40 5.0 Acid neutralisation

method (Piper,1950)
vi. Avallable mutrient statue
Q.

Available N (kg tu") 218 202 Alkaline permanganate
. neth-&( subbaiah and

Ajija, 1956)

b. Available P (kg ha™b) 26,5 18.40 Olsen's method
(Black, 1965)

c. Available K (kg ha™b) 371.60 302,50 Flame photometer
method (Black,1965)

d. UTPA extractable zZn (ppm) 2,63 1.22 DTPA method (
and Narvell, 1978)

e, DTPA extractable Fe (ppm) 7.40 7.30 -

£. UTPAextragtable Mn 24.13 21.23 -

ge UTPA extractable Cu (ppm) 2.29 2,11 - -

he UTP2 extr ctable B (ppm) 0,97 Cs74 Carmine oulphuric

acid method (Berger
and Truog, 1939 and
modifiod by Wear,1965)

=

|
|
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APPENDIX«II, Quantity of micronutrients applied to soil and foliar
gpray (as per treatments)

S.No. Treatment Meoghod Dosage of Cuantity/ Quantity/
of appli microe plot plot
cation nutrients (g)(sa) (g)(¥s)

(kg/a )
‘ m‘ m n “.. -
application
(sa)

2 HUO‘ @0 2 64.8 -
3 'm‘ - e 20 64.8 -
4 ns0, 10w 20 64.8 -
-3 Borax (iD= 10 32.4

6 Combination of all five «doe 0 291.6 -
7

90 DAs)
8 MRS, ~dom 5.0 - 8.10 8.10
9 Feso, - 5.0 - 8.10 8. 20
11 Borax w(Om 2.50 - 4.05 4.05
12 Combination of 21l £ive «dées 22,5 - 36.45 36.45
Water spray - - - 1543+ 2160*
{control)
14 Absolute - - - - -
control
a e I ]
BOTE

1. Recommended doscof 40320120 NPK kg/ha (70 kg urea; 43.5 kg 2aPy
33.33 kg MOP) was caloulated to par plot (32.4 m°), mixed and
applied for each treatment at 227 g urea, 141 g DAP and 108 ¢
MOP, Micromutrients applied as per treatmencs as il
application before sowing (I3 to Tgle

2, Pollar mpucauoqot microputrients  twd eqgual splits at
60 DAS (16.9.’1) and 90 DAS (14.10.91) ", to r"’.

3. Quantity of water used at 60 DAS (1543 1/ha) and 90 DAS
(2160 1/ha)e
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APPENDIX-IIX. Schedule of plant protection measures adopted during

exper imentation

::: Date Chemdcal used Dosage Against

) § 20,8,1991 Rogor«30 EC 30 ml in 18 1. Aphids and
water thrips

2 10,9,1991 Nuvacron=-408C 40 ml in 18 1. Bollworms and
of water semilogpers

3 19,9.1991 Endosulfane35 EC SO ml in 18 1. Bol lworms
water

4 1.,11,1991 Endosulfane35 =C SO ml in 18 ), Bollworms
water
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