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INTROLUGTION

Boron is one of the four ossential clemonts that occur
principally as andons, in godls. It do uniqgue cmong the coscontlal
mineral nutrionts because it is the only clement that i normolly
present in soil solution as a nonwioﬁized‘molecule over tho pH
range suitable for plant growth as shown by Oertli and Grgurovic
(1975) ¢ The cssentlality of this clomant was £irot roportod by
Mage (1914). HMany scicntists arae of tihwe viow that boron in coila
generally occur in molecular form (Hanos) and 4t is pasgivoly
absorbed by plants and dstributed through the transpiration
streame S0 it does not participate in tho metabolic zativity

associated with the lon uptake and accumulation in roots.

Boron deficleongy in orops is correlatchnot only with the
amount of boron in the s0il, but also with other coll foctoro,
specics of croﬁs and fortilicer proctices. Because of high
solubility of potassium tetreborate, heavy eddition of potassiun
te solls should incroase the aﬁa}ldbility Qf horon in the coil

to the plants, B

Theo ariginallaource,of boron in nogt vwell deoined onilo
is tourmaline. Acid rocks and motamorphosed scdimonts are thoe
main sources of tourmaline (3 to ¢4 por cent boron) in sollo.
Doron can substitute for tetri%cdrelly co=ordinated silicon in
some minoralse. It is likoly that much of the boron in ro&hn

and solls lso dlsporsced in the silicate minerals in this uay



and would ba available only after long pericds of weathaering
(Norrioh, 1975). oot of the boron in soils that is availlable
to the plants is derived from sedimonts or plaont residuco
(Bowen, 1977). S&olls formed from marino sedimonts are likoly

to contaln more boroﬂ than thoso formed from ignecus rocks.

Beoause of its non ionic naturae once boron 1o roluoascd
from soll mineral, it is subject to leschidng from soll, Eairb_
ropidly. 7That is ﬁhy soils in high rainfall arcas ago ofton
deficient in borone On tho other hand tho availability of
boron decreases sharply undor drought conditions, ‘This [elc]
bean partly attributed to a lowor poiulation of micro organisms
that con goleasse boron from.parent,mqterials. It 1se also truc
that oufficient molsture may not bo availablq to dissolva horon
undcer such condiéiona and causesits absorption into the plant

strecam along with watcr.

Total) boron and avallable boron are tho two major fractions
of boron prescent in sollg. Tho total boron contcnt of most coils
vary f£from 20=200 ppine Ot wator solublo boron, which ig considered
to bo the avellablo froction, varlos fxom 0438 to 4467 ppme
Generally lega than 5 per cont of tho total boron is found to

be availablo to the plants.

In plants boron is not readily translocated from oldor
to merlstomatic region. S0 whien a deficlionay occurs tho £firot
vigual aymptom ia the ceagation of growth of terminol bud followed

shortly by the death of the young leaves. Tho youngoot lceaves



become palce green, losing colour at the baso then at tho tipe
The ‘basal tissues, break down and 1ff growth continucg, tho leavoes
present a onn aided or tulsted CODCArINCa.  Usually ¢ho lodves
dis ond tomninel growth cosses, The borato ion hoas en unusual
affinity for polylydroxyl compounds with ortho configuratioho.
Decause of this, plum a vealith of axporimontel ovidénce ehot
has acaumlatod, it hoe been suggoested thoat Oron can aceount

for four distinct roles or roqulatory machonismg in may pLantde

1. Tranaslocaticn off gugacs acroes tho menbyanes - .
3. Rlegulagory offccits on oxidation by polyphenoleso
'activigg.
3¢ Modifications of coguilibrium in phoophato eator
matabolism.
4o Influcnuing outent of catolytic ciflects of G—ﬂiphﬁnolo
'in cell matabolism, Ancluding tho inpibition of £ho
egtivity of indolocotic ocld oxidaso and pogoibly
promoting pyrldinoe nucleotide quinnola rodugtaaa

activity vhich Ao copegiclly high 4in Dootu.

o systemaﬁia inveotigations regepding tho zole ©f boron
in plent nutpition, in XKerala has so for boon careicd out,
The boroﬁ content of cithopr tho oollo or plants of Horcla hap
nevor beon syatematically studled by any cuthors “hore hag
algo not bacn any report of wido gpread boron doflcioney in

any crops in the Statos The possibility of a hidden hunger



witly considarable yield redugtion oexldsting in the éaaa of many
cropB, cannot be ruled ocut, There are roports that the boren
deficiency in ccconut results in the f£ailurc of unfolding of
leaves, and that the condition cculd be corrected by tho
application of borax, thethor éhere is any reduction in yield
. due to this phenomenon is a question yeit to bu angvered, Tho
presant inﬁestigation was teken vp with a viey o assesoing
the boron status of four mejor soll types of Trivandrum
district and also of two crops namely coconut and banana
growing in'these'soils. This invaatigaﬁion was taken up only
as a praliminary step . which may lead to a furthering of the
knowledge regarding the boron status of soils and planto,
which in turn may help further investigators in fommulating

corrective mocasures,.
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REVIEW OF LITERRTURE

Boron, widch was includod oo an esscential petriont
for plants after 1914, is an important micronutricnt in
many ploces, Vory little vork hoa béen done on ¢his
slement in Indla, Thora are many conotreints in condosting
experiments with thls olemoit. The major one boing the
contamination with boron during analysiso vhopover borocllicato
glagswares aro used. Yo, a lot of work has boon carried om:.
in many foraign t;_:euntr:i@s. regarding its rolo, godl contant
and other factors influancing availabllity. In the p?:esont
chapter a brief revicw of the works donz on varicus aspocts
such &3 the rolo of boron in plant nutrition: in rolation €O
coll content,factors governing avallebility,individual crop
reculrcmant and otheor playe £actors coutrolling boron uptake

ig presentcd.

201s Role of boron in plent nutrition ond deficioncy symotoms

The cgsentilality of boron wag £iragt mentioncd by #aca

(1914) in maldzo croDe

Harzio and Brolmenn (1965} roported that in poanuto
£ho boron deficient plato phowed stubby leaves vhich wors
froguently mottled and thoy dovalgped dari areéas in tho
internpdes, Tha roof: also showod malformations, The pnlonto

. which wore given boron amendments wern £roc of these malfformationo,



Hortan (1963) described tho early oyhnptoms of boron
doficicngoy in banona as the asppearance of geatterad slightly
chlorotic streaks croseing primary veins in the leaf lamina.
In acute cages thero wero interveinal chlogosis and
incomplete leaf formatidon. Such plants rocponded repidly

£o boron application.

pavip and Pillal (l@é@) after a feptlllizer trial
condluded that Soron incroased yicld of root (wili) afSegted
palms and tho loaves of dischsed planto conbtainsl moso

boron than thoso of healihy palme adter boron applicaition.

toley gf al (1969) observed an incr@asalﬁn yiold of
cotton in a boron'aeﬁicient sandy Joam s0il) vhon it was
applied in ccombination with nitrcgen; Thoy have also obgcrvad
" ¢hat incrcased boron application inecroased tho boron content

off the plant tlscuad,

Sodbherry gt al (1969) based on thoir ewporimont
conducted ovor a period of five years buggooted thoet cotton
violdn wore significantly increased by applicasion of boron

at the rate of 1 Xgfha,

-melyubcvafend porozhiina (1970) in a cand culturs
exporimont chaerved that the deflciency of boren inhibited

the movemant of sugers from the leaves to the roots and alco



from the conducting tissues of the roots o thd otorage
ti5Suce. Dut no deficlency symptons were obeerved, which
indicated s condition of hidden hunger.

shatilov and Ikinnikov (1269) roported that tiw
epplication of boron could decrease the haroful effect of
drought on pollen viability end the £ak conteny of secda

in sunflowsr.,

Rajecatnan (1972) atudied tho destribution of boren
in oil palm and observed tnat older leaves had higher boron
than younger leaves which confirms the fact that koron is
dnmobile. '

A],agarea'aany and Rao (1973} noticed an increased uptake
'& oxygen by the leaveos which led to g decrease in the level
of reducing sugars and total carbohydrate when plants wora
grown in cultures containing 1 ppm boron which was greater
than the anount gl-acasihle in normal scil cultures.

Kalichava and sherstnev (1974) studied the Aliferences
in protein conposition of normal and boron deficient plants
end suggoestad that boron plays a role in structural organizacion
0f the rhibosoneg which ie the ptartdng point of protein
- synthesis.

Merkal $1975) otudied the effegt of boron on the cation=
enicon equll.!.hrzwn in tOmato plants. B2 found that boroq
deficiency resulted in a decrease in the nitrogen



and potassium contents., Dut it incroased cltate snd maloto
apncentration and decreecod oxalate end poctinato content.

PERCENAI

Shkoliniknila and Mpovskaya (1977) in an osperimont ghoued
that tho nature, contont and ootivitios of phennlic gompounds
in plants cro the maln causes of thelr differont reagtion to
boron ﬂﬂﬁiciancﬁo tonocots aro less gensitive €O boron
Al fficiency then dicots. Thoy cmphasised the viow that
-monscota having highor poly phenol oxidosa agtlivity are more

genoltiva o boron deficlonoy.

Singh (2977) baped on his trial on mengo found out
that foliar sprafs of bori& ecid unto 0.8 por cant incrooned
ieaZ nubor and dry wvolght of leoves pigndficantiy. TLoaof
nltrogen was 2150 incpoacsed Dut highor doses roduced leaf.

nitrogen contente

Soirnov o gl (4977) in tholr cuporimont observed
that. boron deficiency lod o a Accroase in tho contont of

froe indolo acotic 20id in sunflowoer, bean end corn a0cdiingde

S8ilva gt gzl (1979) in tholr exparimont with Aifferont
doses of bhoron im cotton plants grown in boron deficicont zoil
obacrved a positive rosponse to additicnal boron with reopoat

o plant helght, weight of bHolls and secds.

1




Roth (1961) observed thet horon enhances atonatal opendng
in epidermal strigs of Comwelins communds. They sugpeated that

koron acts either by reducing potassium leakage or by increasing
it3 uptaka thus leading to increased ostmotic potentisl and oo

a result of stomatal Openinge.

2.2+ 5011 content in rolaticn €0 plant nutriticn

Mathur et al (1964) roported that total end available
poren leyels were much greater in irrigated coils than in
vhirrigated aé:'.la. In irzigated soils tho sudb soil contained
more available boron than surface layers. Tiaoy als0O observed
significant nagative corrslaticn with pH and available boren
in irxigated solls,

Patol -and Mehta (1966) baged on their exceriment on tobacco
e¥plained tho interaction of calecivm and boron and potassium
and boren on avallgbility of borone They qould oorragt tiv
toxicity of boron by inorsasing the concentraticon of calaium

and potasaiun.

Klenn and sergaant (1968) observed significant corraw
lation of aveilable boran to goil t¢ipe and pH. Sseil pH
correlatad negatively with the aveilable korean content of zoil,

Park and park (1966) suggested that the available boren
Of the different soll types showed a significant
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corrﬂléﬁion with pH end oyganic matter content in the coll,
pH being corrclated negatively end organic mottor contont

~

positivoly.

Galoezyngka {1967) pcported thoat the t’cﬁEal boron
contont of podaglic browa goile, poat sodils end bleak cartho
Were 3e65w3305, .0.75-37.8 and i.ss-sas.s pom respoctivoly
and the soluble boron contonts wers 0.02=1.7, Oel=4.45 and
0405-047 ppm respeetivelys

-

Faliwal and Anjancyulu (1967) studicd about the
available boron status of aglhalino golles Thoy cbsorved
significant positive correlstion botucon exchangeablce
Sodium and bozon, but there was no rolationohdp botwoon

horon content and soll rii.

Sims ot a1, (1967) bascd on‘éheir study roported that
vermicuilto, keolinite, montmorillonite and hydrobiotito

axhiblited a magked pH depondant affindty £or borcns

Sedberzy et 2l (19069) conducted an investigation on
boron nuteiclon of cotton in Louiseana and found a highly

signlficant positive corrclation botwoon hot water goluble

-

boron and koron congentration in leaves,

zembaezypiski (1959) based on hin inveotilgation on
the boron content of sofls in Zgltona Gora province gugrestod

t:hat' wator soluble boron showed aisi:j.xici; ncgative relaticnchip
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/ ' L
0 80il pHe 7Tho wator soluble boron was moro abundant in

alluvial scils and Chernozems tham in brown sollo.

®han (1970} in a green house study with rodish obgorved

boron deficicnoy when tho solls wore limed to necar noutealitye

He concluded that this may be duc to the increased celcium

content of plants resulting from the higher uptokae of caloium, -

. \
Nethant et al (1970) bagsed on thoir studies on

Rajastan solls observed a significant negative correlation

betwoon vater soluble boron and Soil pH,

i

" Loghe ond ‘Baser- {(1974) in sa invostigation attemptod .

to £ind cut tho ;alétionahip botuwecn avallobic boron oud pH

of diffprent scoilg of Rajaatén, e=d thaey could not obasorve

any relationehlp botweon tho factors iinke oH,

potagsium and Ca.content of soils.

Singh and Fhandari (1971) observed significant positive

correlaticn botwecn ovaileble boron and pH in

EQCQJ =

4

-

Vindvan soilo.

Tha avaorage content 0f water soluble boron tended o increaso

with increasing Calo, contont of solls

Hodas and: Hagin {2972) in an experiment obsorved a

slgniflcant adsorption of boron by soils wvien
potassium paturated prior ¢o the cuporiment.
indicated a grogter strength of adsorption of

paturated solilo,

the ooils ware
Langmuiy eguations
horon by potossium



Rathore ot el (1973) based on thoir roseasch on AgEa
zoils found out thét available boron in soils were pooitivoly
corrcelated with pH and nogatively correlated with organde

ratter.

Talatl and Agarwal {(1974) studied tha avollable boron
ptatus of Aajastan soils in relation to ofher 5oll foctors
and thoy observed significant nogative correlation with

08903 and posgitive corrolation with piH.

khan gt al (1979) obscrved a significont positivo

coxrolation batween soluble boron in soil and the plant boron

in 33 crops in Lebanese sclils. Highor content of solubloe bhoron

in ooils alvays rosulted in highor concentration of bozon in

planto.

Awad and Hikhael {1980) in a ctudy on Dgyption solls
obhsgerved slinificant positive correlaticn betuweon organlde
mattor and available boron, But thcy could not obscrve any
correlation betwoen available beron and factors lile cgeanleiuvm
coptont and soll piis Thoy proposed that theuse may bo due to
the low amount of calcium found in moat of the coils invaoti-

gated and the highly buffered nature of thooe sollse

Dudziak and Bednerelk (1930) baood on their studies
on chornozems obtained no signiﬁicant corralation botwoen
avoilable boron and soll factors 1iko plH, calcium and organic

carbon contont.

12



203« Factorn govoerning availability of boron

Maurice ond Trocme (1965) f£rom an oxporiment found
that: liming of tho poil decroopcs plant avallability of
poron dua to tho decrcoss in the content of wator aoluble

boron in goil aftar limings

Duchol and Bogmann (1966) reported that boron content
of planﬁé d@cféaseﬁ vith inoreansing clay content. They aleo
omphasisad that nogative offcot of high pH valuso on the boron
supnly o plantstdacsaasaa with incroosing ciay-ccntant off the

8011,

Hajowskl and Jemiozouske (1965) in an aiporiment on
beet and mioterd obsorved greater uptoke of boron at highor
soil moisturc lovels. The uptake of boron wan 2093 whon limo

was applicd.

 Petol ond tichte (1966) in a experimont on tobacco
found that boron deficlicnoy symptnms increesed with incrcaoing
Co/fd on ¥/B ratica. The nitrzogon content in the leasyos woo
loweat, with highor &/B and K}m rotics,.

Maicher ot al (1o97) roported that the surfoce arca
over which the alumtnium hydroxide &5 spread is an inportant
flactor in tho adoorption of boron. In coils having o pH voluc

ranging £rom 6.3 =~ 8.3 bozon concontration showed a high

4



correlntion with surfocoe orea and cltrate soluble alumindum
aontente Lime induced boron deficiency, wecording to thoms
resulted from the edditlonal absopption by aluwsinium hydroxida:

precipitated aftor liming.

Martens (1968) suggestod that boron upteke 4n malszo
wag bast produced by thae conzenéraﬁion 0f wator solublo
boron in the soil ond pH of the coils He nleo anphesined
" ghat boron bound by soil Qrgagig fragticns_was a 3igk of

water soluble boron

Goralokd (1969) in a study to £ind the influence of
syatematic liming of scil on tho content 0f water solublo
ﬁ&%ﬁh observed an incroagse of wator soluble boron £rom
0o25 -« 0420ppm in uniimed plots to 0435 to.0.36,ppm“in

1lined plots.

corndllon (1970) roported that addition of organic
matter such as acliuloso caused o rxepid inltiel insrcasa Of
hot water soluble boron and decreased laters Tho adldition
of straw Gi4 not produco any effoct,.

Bl=-holl et gl (1970) suggested that extractablo boron
was cigniflcantly and pooitlively corroiothed with total oolubla
Balts, coluble calaium, CaCO03 and organic metior conbtant, buab

not with silt oz clay contonte
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Gupta (1972) in a study to £ind the intercction offect
of boron and lime on barleoy cobsarved thet highor caten of
lime decreased kornel yiclds ot boron levels of 045 ppm ond
incressed, the vields at 2,0 and 4.0 ppme  The optimun Ga/@

ratio was found o be 180,

e
-

v e
stoyaxer {1973) reported that boron sorptlon is

closely related to sorption cepacity, percentago claye dogreo
of basg seturation and humg content and to a loogor oxtent

+o tha content of froe oxldos of iron and sluminiune

Ll-Damat; et 2l (1974) reported that f£ization of horon
was genesally groater in f£ine touturod eclliuvial soils than in
calcarcous soilsr There was o ¢losc relaticnohip botwoon
boron £ixation and surfacolarea and emorphous oxido contont of
clay minerals, Waximum sorption capacities of bozon in calcium
caturate& soila worae 84, 96 and 102 mg Zor keolinite, vormlcullio

and bantonlte regpootivelys

- Savic gt al (1975) oboerved large variastions in microe
nutrient lavaels egpoeciclly manganesc, copper and boron in tho
surfoce layers of difforent calcarcous soilo of Sarajevie
Tha lowest level of boron was found in samylea with 20~30 por cont

CaCole

t gt al (1975) eﬁghasisca the vieow that limo increaced
boron edsogption and horon diffusivity in sile loam coil.

-
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Limé decrcased the growth and devclopment of cotton gmown and
the upteke of horcn by cotton decreased until sguaro initiation

andd then incroascd,

Potorson and Newazn {1976) from-en investigation found
that availabdility of boron vas relatively uniform with tho
goll pH in a rango of &.7 to Ge3 with significent rodustion
in availability at piH 7.4.

Maunce (1977) in en investigation to £ind the
ralationship botwaeen water extractable boron an@ P, organic
mattor, clay, freo iron end f£ree cluminium found that the
bopon content was poéitivoly corraiated to Bodl pH and organlc
mattor contant.: The rolotionship with clay content, Zroo

iron and free aluminivm wora not significant.

Cupta (1978) found that tho oxganic matter ond clay
content of soil appseciably mﬁfémﬁ tho quantity of hopon romoved
by different oxtractantsy calcium chloride szomed to ramovo
moat of the boron'adaerbad on thoe claysSe Nohe Of the cxtractaﬁts

wap found to romove more than 6% pex cent of the total ooil Oron.

Supta and Mac Leod (1975) vere of the visw that in tho
absence ¢f added boron, decrease in boron uptdklke appoarced o
be related to increased soil pH rathorx than the avellability
f/of Ca or #Hge In the prepense of agdded bopron thio eoffect wag
not evident. Ca and Mg concentration in plant tissues were not

affectad by the application of bogon.



From an investigaticn Blameqg and Chapman (1979) found
that application of lime and gypsum had little offect on tho
boron concentration in sun’flover plant tisocuoss  Liming upto
pH 7.0 did not appeor to be edversely affiecting tho uptako _
and trenslocetion of borone. They concluded thet the low boron
concentration in seodiing tops rosulted £rom tho diiution |

effeot duo o the bencEiy of liming.

Gupta and lic Leod (1981) in a field tricl to find oub
*ho influsnoe of soil pi and calceium sounccs on plant and
folad N Gbrsei“vaﬁ that bora?n concentration dogreased with tho
addition of limd, ‘E‘hﬁf aleo r&;&ért@ﬁ that plent tissue
boron was rolated to soil pi—: rathor than amount of Ca. They

found that liming induced boron asficlonceys

20ds Crop roguirwmont and factors influoneing foron avallaobility

Ishihara 93,. al (1965) vosking on the nutrient halanco
of clirus planf:é obgoerved that ealci@n has got a profound
influonce on boron content of leaves, They oloo suggeotod
that by increasing Ca/B ratio the plants cc}u,;!.d be mellevod |
from horon toxlciltye.

Hehrotra gt al (1966) studled the boron nutfition of
bhindd and oboorved thot 0ed ppm B in nubricnt culture ig
oufficiant flor normal growth, Rlant contedning <3S pma D -
showed daﬂicianéy and plents contoining > 125 ppm | Showed

Loxicity.
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Tanaka {1967) cobsorved that boren absorution by plante
wore markedly reduced with the incresse in cslciun concen=
tration of the mediun, but dncrezsing phosphorus concentraticn
increased boron uptaks, b= also ohéemd_ that kozon translos
cation £from stem to leaves got inhibited by high calcdun
status in the stan tissues. The Ca/B ratio in punflouer
glmts was tho bast index of assegsing boron deficicncy

ageording €0 him.

Koogh and Maples (1969) noticad significant yield
increase and alleviation of growth aincrralitiss when boeon
was applied to loessial plain soils.

teley et al (1969) obtained significant yleld increase
in cotton when boron was applied along with nitropan. tds
study aleo showed that increased potassiuvn opplication ine

creasod beron content of plants,

overtld and noth (1969} ased on their experiment
suggasted that there 'ie a wide variation among crops .w.'l':.h
regard to boren reguiremonta. Thoy alss observed eignificant
difference in different gpecles Of certain crops.

Tollenasr (1969) conductod studies an boron degiciency
in sugarcane and oil palm on volemic solls of Bouador and
Zound that the deflciency was not ocrrolated with leaf boron
contents, but Ga/B raotic had o greater influence in koroen
deficiency. [@ noticed that,with higher Ca/B ratios greater

was the chance for koron deficiency.
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Henpiksen (1970) studicd the boreon contont of various
agricultﬁral erops in Denmark cnd ho ostimcted en annual
removal of boron at 42 g/ha in cropped lands £rom &n annual
supply of boron at the rate of 156 g/ha oupplied through

manureg, fortilizers and limoc.

‘Tanaka {1972} in on cxporiment to investigato tha
behaviour of boron in sollecrop systoms obscrved that aspplicetion
of Calto3 incrceased boron adsorption by on acid minorcal soll.
Desorption occured whan boron concentration in thae soil solution
dagreastd. Tho amount of boron relcascd being reducod by lime
application and coil dryinge

v nﬁﬁgyl and Adoghite (1979) while studying the boron
nutrition of okra planta cbsorvesd thot noot applicatlion of
2 ppm boron, rosulted in soavore root burn and toxicity vhoroas
foliar boron application four ppm prodused adocquata growths.
Thay also cbserved a significant and positive correlation
beéween boron and phosphorus and boron and potassiume Buf tho

corralation of boron uvith caleium was signdfioontly nogative,

Blameg at al (1979) in fiold trlals in South Africa
observed vield increace as a rooult of boron application. G
suggested that the critical concentrotion in the topmoot

leaf was found to Do 32«35 ppm.
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Mamgaie ot a8l (1979) in their trial vith comput
seedlings of yollow tlalayan dwarf x tost African tall
application of borax O 1= ¢g/occdiing did not give any
significant infiluence on gecdling girth, leaf production
and height. Tip burning increased ulth ducrcosing borax
ratess Howovor they recommended low zates of borax opplie
caticn to provent abnormal davelopment caused by boron

doficicnoye

Rogsenguist (1920) conducted a fortilizor trial on
hybrid cocomuts of tiawa (Port Pouet) and obgorved that all
fertilizors applied to tho plonts reduced boron lovels
and at higher rates of Fertilizer application boron

deficiancy may be a limiting fector on yiald,

Kowalenke (1581) in an oxperiment studicd tho intor-
.action of nitrogen and boron on ragp-berrico. Ho chaonved
that léaf boron content Aincroascad when boron wags agpliod
along with nitrogen. Ho aleso sugnested that loaf tiosuo
nn;}ysis 1s not suitable for determining the romuircnont of
nitrogen and boron faertilizers becauco of ingtability of

Ixron concentration in leaves within and betwech SCQ0507

20



MATERIALS AND METHODS



FNTERIALS AT MELLIODS

Thoe present invostigation was unpduptaken with tho
main objcetive of assonsing the boron status of mojor upland
soils of Trivandrum dié%ricto Zhe study vas alaso alwed ot
assessing tha boron content of two major qrops in rolation to
other nutricnts. The suspocted boron deficlioncy soymptonm in
coconut was aleo murginally investigated undor the presont
.investigation. wirlle methods of alloviating tho symptoms ucro
nominclly attempteds The datalls regerding tho golloctlon of
80il and plent samples, oxperimontal procedurcs, analytical
ﬁochniqués and proceduros rasorted towards alloviating

deficlency oymptoms aro pragented in this chaptor.

301c Seleation of site ond observational plontd

Site salection

Four differcnt 204l typeo raprosonting thoe major soil
types of Foerela viz. forest goll, laterite soil, candy ccil
end red soil were chosen for the prosont inveostigacione Tho
aréao wore located efter roforring o thoe Soil map off
Troivandrun district .and adopting suitable statisiéicol nathodGs

Tho difforont locations sclectod in cach catogory acoy

a) Torost s0il

L+ Anad Region
2+ Pangodo Region
3« Palode Roglon



o)) Latorite Coll
1. Ullcor reglon

2. lMadavoor region
c) Red Soil
1, Thiruvallam reglon
2. Popascala region
ad) Condy soll
1, Hazhakkooton megion
2. Kaniyapuram rogion

3. Vizhinjem rogion

The mumbor of samples collocted from cach of thoso

regions arca prosanted in tablao 3=l

Jele2e Cbscrvation of deficiency symptoms

Tho ccourance of suspoctad koron deficlency in coconut
as evidenced by unclcaved leavos was found to be scatiorod
and very cporadic. Thaso gymptoms word mainly ohoerved in
rod soil and sondy soils and rarcly in latorite £oil an8

seldon in foreot soll tracts.

The boren defloiont plonts axe reported o produce |
abnozmal loaveda Tﬁo lcaflots azc all wobbed tcgether arxd
follato unfiold cven after complote emorgensc.  In scme ‘
caeses the leoves oven turned yoliovs. The phwtographs of such

plants arce furnischel, An importont obsorvecion An thio rospect



Tahle 3-1 .

tegiono sclected for sample collestion,

No. of samples

5oil typo raogion colleoted
anad 20
Foxest soil Pangoda 15
ralcdo 15
Ulloor 3¢
Laterito soll Madavoor 20
fed soil Thiruavalleam 25
Parassala a5
_ Rachaklioottan 20
Sandy 80il1 Kaniyapuran 20
0

Vizhinjam

=yan

[T PO
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48 thot in a smali rcgion itself thoe cocurance of sho abovo
symptoms was gtray and not continuwouse In scma xogions tho
affiected nlants roturned €O normal%y by producing normal
fronds in rainy ménﬁha and then revorting boglh: €0 abnormality

during the summoer porlod.

3¢2¢ Colloction and proparation of soil and plont complos

3e2els Colicction of 801l samnlen

surfaco soil samples (0=20 cm dopth) wore alcne
collectod from the above region. FLEcy samplco o2eh wero
collected from tho four oodl typoo so that a total number

OFf 200 samples woro collected and pubjected to invostigation.

Be2e2e L aration 0f soil samplos for snalysio

The Sampled wore seéially nunbored aftor giving
necegsary identificatlon marks for cach category, boought
to the laboratory, alr dried powdored with a weoden mollet
and pioved thbugh @ 2 mm nylon mosh and then storod in

plastic jars for further analysio.

3.3, Colloction of plant pamplca

Loaf pompleos of coconutl and baneana plants verce aloo
collectaed from the 200 sites from which solls wore colloctod.

In tho cace Of cowonut palms shouing suspoctod boron doficienoy
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symptoms thoy were marked scparatcly and propor idontification

marks uwera givell.

rhile collecting leoof samplces f£rom coconut, four
middle leaflots cach were takon from tha tuwo oldoa of tho

indey fronde.

In banana the upper half of the lamina including tho
midrib was sampleds The logves worce ccllectal in brovn
popor envelopos and wore sordally numbored wilth the numbor

0f tho correoponding scll pamplc.

" 3edel. Propaegfation of plant gaaples for aonalyoiln

The lcal cemplos wero alr dried for two days and
then dried to conptont wedgnt in ean air ovon at 70 # 5° C,
Theso leaf comples were finely chopped, mived and powdorsd
using a proceloinimortsr and pestlo. Thon thoy wora
‘ collegted An seriélly numbored pelythene covees and kept

in molsture Zroe dosiceators

Jede Mnolyiical proceduros.

Jebela Mothoda uned for soll analvolg

Jedelolo Ilentro chomical proportios

a) soll_roection (pH)

o pil 0f tho coil samplos vore determined in a 132.5
goll=vater suspengion ueidng a Pevkin Dimor pil moter wilth glaso

and calomal cloctrodas (Hesgce. 1971).



b) Elecerical conductivity (BeCe)

g olecerical condustivity of the goils wera deterudned
by introducing a conductivity cell into tho cloar sujornatent
aolution of the same soil suspeonsicn used for pH Moastrenont

waing a direct reading condugtivity Linddoc.

3e8e1e2e Chomical crosertics

a) Totol Wierouen

Tha total nitrogen status of the soils wore determined
by the microeijcldahl digeotion and distillation mothod using

rernas 2nd Wagnor apparatus {Jachson, 1973).

b} Available phosnhorus

The avallable phosphorus content ©f tho g0ll was
daeterained by the chlcorostannous reduced phoagphomolykdic biuo
colour mothod in hydscchloric acdd systen, after extracting

tho goil with mray No.l reasgent (Bray and Muzea, 1945).

¢) Exchangeable sotassiug

Lwchangoable potassiun was determined in the neutral
normal ammonium ecotate extract of the £oil after destroying
the organic matter by treatmont with agua regis, uzing an

EEL £lame photoncter (Jackson, 1973).



b) Electrical conductivity (B.C.)

o eléctrical conductivity of the soils vere doterminad
by Antroducing a conductivity c=ll into tha cloar supexnatent
aclution of the am aoll suspension used for pH MaapuUreEsAnt
uaing a direct reading conductivity Lridge.

[

Jedel,2s Chemicaldl sroporties

a) Total Nitrogen

The total nitrogen ststus of the solls were determined
by the microeijeldahl digestion and distillation method using
Pernas and Wagner, apperatus (Jackscon, 1573).

b) Avallable phosnhorus

The avallsble phogphorus content <f o soil was
determined by the chlcrostennous reduced phosphomolykxiic bluo
colour mathod dn hydroghloric acid systen, after extracting
the ooll with Bray No.d reagent ( Bray and Hurts, 1945).

@) Exchanpeable sotassiun

Pxchangsable potassiun was determined in the neutral
normal ammonium scatate axtract of the soil after destroying
the organic matter by treatment with azva regia, weing an
EEL £lzre photometer (Jackeon, 1973).
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Q) fechangeable caleium arkd magnesoicnm

"rom an aliquet of the agua rogla treatad cumonium
acotate cxtract, calciun and magneslum werpe dotermined in

a Pozlddn Dlmer 3030 Atomic Absorpitlon Spectrophotompter.

@) GCzganic corbon

Oroonic carpon in the soil ganmples weoro detormined
by the meothod of iwot digostion as proposed by lalkely ond
Blucks - ;

£} Eschanaeabla iron

Exchongeablo 4ron 4n the soil samples verc dotormined
in the DeTePefe tmtract using o Porkin Jimer 3030 Atomic

MNosorption Spectrophotomnitor

g) Ayailablc bhoron-

Awailable boron in soils were coxtracted by roflusing
& 1:2 soll vater mizturce for £five minutes and then £iltering
the oxtracts 7The boron wag dotarmined colofimstrically in
a Klett Summorsion Photoelectric Colorimetor, after devoleping
colour by tmeatlng thae extract with surcumin then boking

and disocclving the residuo in alcolwl,

- 3a442. MNothods for plont analysis

CJede2aly Toknl $fdtrogen
Y

)
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Total nitregen in the plant samples wos dotorminod
by sdorokjoldahl digestion distilletion procedure oo
dengribed by Jeckegon, (1973h

Preparation of plant oxtract

priple acid extrost wes uscd for the determination
of P, K, Ca end Mg in the leaf tiscues (Johnson and Uirich,
1959)« For this 500 mg of the powdored icaf samplo wasn
digosted with 10 ml of triple ocid mismturce Tho digosot wvas
made upto 100 mil with distillied watar, f;ltereﬂ and-dseﬁ'

for furthor analysise

q08e2: 20 Phopphorug

From an algqﬂot'dﬁ the triple acid axtract of tho
plant sampla, phopphorus van dctesmined by vandam?lyb&o |
phoophoric yellocholoﬁ;-mathod in nitric acld systam
{Tackson, ae?a);:V |

edeZelds ) yotasaiun

Tho triple acld extract wos diluted and she pobassivn

in ¢ho autroat wag cotimotod using an LEL {lane photomotor,

Jadelode Calciun and Magnesium

Calcdum and Magnesiun in the plant axtract wags Actop-
nined i a Pele model 3030 Atomic Absorption Spectrophotomator,
afLer diluting the aitract.
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34842050 Flant bomn.

One gram of the plant materiel was ashed ofvor tho
addition of calcium chlorids. The rosiduc ves oxtrocted with
hydrocholonie acid. Boron in the cxtract vas dotorminod
eolorimotrically using curcumin, the colour being read in

Klett Ssummersion Photoclectric Colorinutor.

3.5. Choorvations nade on tho suspected boron deficiont plonts

The ocourancs of bozon daficionsy BYRLTOMS WerD atrayo.
Such plants showed webbing togother of tha leafloloe In
some plants all the lcooves showsd such sgymptong. In othopno
only the young leaves slwwed doficicncy symptoms, Incortain
plants the aymptgms vers pronounced during ounncr montho
whereas they ravérted beck to nézmalqy durdng monscon pardodse
Samplep from such avfected plents, wera collccﬁaa=£6x enalyolos
Thaso plant_eamp%es-wﬂre given proper identification marks

enabling cam@ariéon with the epporently healthy piants.

346, gtatiotical analysis

The data on the matritionsl status of tho aoil and
tha plants was subjectod to statistical annlysis. The
available boron of the s0ll was correlotod uith pi, 5C ond
othor nutzicnt content of the coila. Theoo anslyses wora

done soparately for cach group of coills. Tho boron gontent
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-
in leaf camples werc also corrolated with tho othor nuatzionto,
prasent in the piant tioouas The plant mitrient contonts
ware agoin cﬂrra;atcd with GAffaront soil poramotors nveoiie
gateds Thope analyscs were dona soparately for coconut ond
banandae % |
|
The asficiency symptoma wore located in a total

numbor of 18 apu?a in rod, laterite and sandly soils, Thase
samples wero tckén out f£rom the population and were subjocmai

to the aforcoaid,correlaticon £tudies.



RESULTS



.Tho raesults of physicochamical and stotistlcal analyses
of 200 soll samples and 200 eoch of coconut and banane leaf
semples, collected £rom the sites of soil colloction ara
praesented in this chaoptors The results of enalyscs were treated
atatiotically o find out intorerelationships 1f£ any botuoon
the Physicochemical Proporxtics of thosa solls and tholr boron
content, physicochemical properties of the goils ond bdson
content of plante growving ocn them, ond olso thae corralation
betweon tha avalleble boron of the soils and boron conteont of
corresponding plant samples. Doron contont of the four mojor
Boll types studied vime red, laterite, sandy ond forcot coils

wvera also compareds

The webbing together ©f lcaflots in ccconut is considored
to he a sign of boron deficicncys This agpoct was given duc
conaidisration in the pregsent investlgation, by grouping togoether
those samplos taken f£rom guch palms and working cut tholr
correlation vith scamples token from apparently hcathy oaRmlese
Tha difforont aspocts ¢f analyses, and the corresponding tablea

aro glven at tho approprlato sections.

dole B0i1l onalvelg

Table 4-1(b) presents tho averages of varicus physicoe

chienmlcal proportics obtoined f€rom the coill analyses.
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e inc€luenco of the various soil fzotors on the available
boren content (hot water extractable boron) of the four major
godl types found in Trivandrun district were studicd aepsrately
through regreseion analysis. $ho boron content of the £our
differont acil types were also conpered by means Of analysis

Of variance,

4.1.1. Avallable boron gentent (hot waker soluble) of different

goil tyzes

The hot water scluble boron is taken as an index of
available Loson in the goils. The vaerlation in'boron content
ancng different 3;3113 was atatistically malysdd by analyeis |
of variznce technique snd the ragult is given fn Tablo 4=i(a).
It wan omﬁw@ that there was significant difforeonce in
boren content emong the four godl typss. T average boron
content along with the other soil fecotors are presented in
Toble 4=~1(b)s From this it is clear thot the available korom
content wae higher in the forast soll (0.86 ppm)e In all other

a0lls it was significantly low comparad to the forast £504l.

4.1.2¢ Intezepelacion of soil boron with other nutrients

The correlation coefficiunt of horoa wilth cotler goil

facters wore determined and the relationship s preaonted
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Tebie 4=1(a). Analysis of varlance.

Source ' Der.  MeSe P
Hatyesn 5oils 3 0.3411 7,330 W
Uithin -soils 196 0.0465
Total . 199

- A et £ ol

% Significant at 1 per cent lovel
CeDe = 00845 -

Table 4w=l{b). ilutricnt status of varicus Soil Lyposs

{ vailable nutricnis

o . =2 P208 KA0 ca iiq Qs Coe D
Soil type pH I Kg/Mea K%/ha Sg/ha Kyg/ha w5 fa)n o}

- == oy AL Y i g v

ggffﬂt 5430 06155 61.731 2070605 555,012 265,190 1.530  0.856

Red 801] D.01 0,111 53,837 17G.040 300,150 256.542 0,653 0,664
1

LOLORIte 5,87 0,132 624706 136,706 213,270 187.527 0,657 0,704
Sandy 5487 0a105 63,231 96,962 1564476 73.443 0,393 ¢ 0,670

A B e -l 20 i s [ W ——— e
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in table 4=2, From this tablo it 45 evidont that in Zorwst
s0ils a significant corrciation cxliat bestiven avalliablae boron
and soll pd (r=0434), vhile all othor Soctors woro found o
have no influence. In rod goil ond latarite coil nono of theso
" factors showeod any relationship vwith che avellable boron. Dut
in sundy soilao a significant and positive corrolation (=0.30)
wan obsérvea vith orgenic cazrbon contont ©f the soll and so;l

bérogpbut all the othor factors behaved inﬂépcnﬂsntl*.

In taking all the solle tcgatheq,ms a goneral trandl,

He P, K and Ca content of tha soll did not ohow any rolationohip

with the available boron gtatus of thoso 5011c.

dels Plant onaliyals

The chiomical analysis of tho lonf somplos of coconuts
and banona were conducted. Tho mean values of tha various

mrosantod in tablo 4e3. (4e3en {or coconus

L

nutriant contont aro

and 4=3-b for banana)

4e2el. Boron statug in leaves of honcna and coconuf

“nhe magnitude of boxon in leaves of banana axd coconut
grown in difforent goll types was investigntade Thie analysio
of variance of the data on 400 locf samplos 49 preosonted

in Tablo 4=4{a),
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- L han e ap -_— - ‘e

¥ Significant at 5 por ccnt lovol
#¥  Slgnificant et 1 per cent levol

Table 4=2, Corrolation of soll boron with poil foctorg.

N Forest _ ' ;gtarite s .
nqctors Boi1 rRed 801l sod 1 Sondy 8oil
ol " DeBSATRH 0.0364 00461 «0,1628
N 01177 0: 1508 =01672 01124
P 06 2080 0.0548 0.0623 -0.1271
K 001600 00770 ~0e2024 00166
ca 0.0783 «~(141133 =0 0824 (), 1766
Mg 0.3370% «0,1150 ~042113 0.0723
OLJeCe ~De0162 00579 0.3G35%



Table 4«3 (a) Nutrient content in Coconut loavas,
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Soil type N P K ca g B8
S % % % % - - ppm
Forast.soil 1456 Gol3 152 (.65 042 42438
Red S50il 1.42 Q.40 1.35 086 047 37.38
Laterite asolil 1.51 0«20 1,43 0 .66 0.53 33428
Sa“dy goil le2l Oedd 1.34 D77 Ded3 35,22 -
Table 4«3 (b} Nutrient content in banana leaves
Soil type I ? K Ca g B
% % % % %  ppm
Porast soll 2.05 028 4.00 De74 0657 95.34
Rad Ecild 1.77 G20 359 1.30 067 41.14
Latarite Loll 2405 G920 3:74 082 D62 90.72
Sandy soil 1,36 020 3239 DeB5 0659 53.00




Table 4=4{a). ~nalysis of verianca,

Gource - e HeSe Ee
Betwsen scile (S)‘i 3 ; 20733.39: 109415% =
Detwean cxopa (C)- i 9GB004 2% 500.63%%
8 % C 3 " 16244483 054 52%%

. srror 3oz 189,96
Total T 399

Table 4=4(b), Boron content in coconut and bunana';cavea.

5 O - Al s - e - e

Boron content (pom)

S50l tyee v - tican
Coconut Dapana P
Forest soil ‘ 42,38 ) 95,34 GBeB6
Red soil ' . 37438 41314 . 39,26
Laterita zoll ’ 38.28 G072 64450
Sandy soll 35,22 53.00 44411
Hdcan 3R, 32 T005
CeDe for comparison of crops = 2,76
Cele ZOr comparison of coils a 3,90

CoDe for comparison of crops
within ocolls o© 5,51,



38

Significant difference in boron content was obscrvad
between coconut and banana leaves. The average boron content

was 70,05 ppm in banana lcaves while it was only 38,32 in
coconut leaves, the difference belng about 83 per cent higher
in banana compared to coconut (Mean valucs are prosented in '

Table 4=4(b)). -

The differcnce betweon the l=aaf boron contents in
differont soll types was also signiflcsant. Boron content was
high in forcat soils (68.86 ppm) followed by laterilte goils
(64,50 ppm) and it was significantly low in red and sandy

golls (39,26 and 44.11 ppm respectively).

A significant interactlon was obscrved batwean plants
and soil types. In forest solls, boron content was about 125
per ccnt moré in banena leaves compared to coconut leaves,
in laterxite soil 1t was 137 per cent more. This differcnce
was 50 per cent in sandy soils whilo it was only 10 per cant
in red soils, However it was secn that boron contont was high

in loaves of banana grown in different soll typoes.

4242, Relationship of soll factors with plant boron.

The correlation coefficlients of varicous soll factors

with boron content in plants are presented in table 45,
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(Teble 4-5(a) for coconut and teble 4=-5(b) for hanana).

, For +he leaf boron content in ccoomut only soil
\ |

phosphorus in forest soil showed a significont correlation with

plant boron content, All other factors lile pl, H, ¥, Ca, He

and organic matter contont of %he e0il hehaved indepondently.
In red latorite and sandy colilse none of the factors oL
found inﬁluaﬁce tho horon ¢ontont of the coconut leoaves. In
tha case. of banana leaf Doron contont wag found €0 bahave
independently of all the £octors namely pH, N, P, ¥, Cap Mg
and organic mattor contant of the soll in all the four ﬂcil

LYDnDe

fe243s Influance of aveilablo goil boron on plant boron contont

The availablo boron status of tho four differont soils
wOres caéparcd with the boron content in cocomut and bonono
loeavese ALl tyesa corralationshipswere positivoe suggesting
that the avellable soil boron {hot water extractabls boron)
has got & direct influcnce on the boron content in plonta.

The correletion coeffeclants beotween soil boron with boron
content in cocconut laaves ond banana leaves in the fcur‘soil
types ara presonted 4n table 4-6. In coconut plants signdficant
and pusitive corrolation was cbtoinai in Red, Laterito ana\Sanﬁy
so0ils, vhereas in forest soil though tho correlation wao

positivg}it was npot significent at five por cent lavel,



Table 4«5

(a)e

Corralatcion of differcont solli factors

content of coconut leaves

with horon

- i sy e, b,

Laterite

Sandy

304l Fogouot Red

factors coil goll 8041 soll
pH -0:0133  =0,1135 «0.1730 =04 24G2
jud 0,1122 0.,0890 =().13838 02025
B =0 43300 =0, 1950 {3 20006 =0,4557
K =0, &627 (1573 (e 2254 =} s LOOG
ca =0,0082 ~0a2559 0,0931 =060665
574 w0 1673 =)« 2465 00087 =J+0306
Crdel -(,1831 =, 1445 w(l o 1811 .0008

* gignificant at 5 per cent level
Tabla 4=5(b). Correlation of soll feotors wilth boron contonf
of banana leavos

8bil Forest Red Laterito dandy

fagtors sodl 5041 sodl 5011
31 =(,01519 0414620 0.1127 «041013
N 0.0343 00717 *0.0274 0.0GH4
P w0 1497 #2103 0.0464 0.0213
A 0«0871 001010 0elis7 «34,1906
Ca 0,31126 =0 028D 0,0372 «=(, 1006
Mg 02066 . 009350 =() 40665 0.0880
Orgeta =075 001432 =0,16803 «3,07323




Table 4w, Corrclation of soil Doron with plant boron,

- = -t W w2n ek ah b - 3 o aadvim

dndatantid - = ‘ e
Soil typo ‘Ceconut Banana
Forest scil 0,2490 - 06 3901%*

Red sodl 0.4031%*  0.2864%
Latorite sodl 0u619%H 043953%% .
Sandy s0fl . DlGoaT 0.2406

* ' sifniflcant et 5 per.ceont lovel
»%  Significent at 1 por cent lovel

Tabla 4T, Correlation of bhoron content in coconnt and
benana levels 4n difforent soll types.

e 0 o . . . v

Boil type Correlation coafficlionts

rorest soll - 0.2517 _
Hed ooil ’ C 0.2064*
Laterité scil ; 063584+
Sandy sodl 0a4159%%

* pignificant at 5 per cent lovel
*¥  fignificant at 1 par cont loevel
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The highost corrpolation was cobtalpod for latorito coil cnd
sandy soila (r=0.69 and p=0.66 respectively) Lollouwcd by Red

coll and foront soil (P=0.40 204 =025 rcopootivoly).

in banonn olgo  thoero was positlive cOorrelotion batuczﬂ
the boron content in leoves nd availablo boron 1n Boilsa 6
But the coxrelation uas significent in forest, latoritoe and.
rad solls, but not in oendy ooils, In this plont, tho varlation
among correlation coefficionts was much logs ao comporaed o
goconut. Tha highest valus cbtainod was for latozite (3=0440)
folloved Dy forest, red and sandy soilse ErLO.BOE 0923 and (.24

ruspoctively) «

4.2 éa inter rolationship betwoon Doron gontent in coconut

and baonana loaaves
|

ho pzaauafed in tablo 4e7 the leéﬂ boron contont in
the two difforont cxops namely coconut and bonana shoved a
posiﬁiﬁé cgrralationdin all the four soll types. Tho
corrolationchips vero olgnificont in all the soils omcont .
for ﬁose§ﬁ 80118, Thé highest c¢orrsletion was obémzvcﬁ in
sendy sodl (r=0,42) followed by iaterita ooil (r=0,36), rod
804l (r=0.29) and foroot eoil (r=0.25), o tho last bhoing

not oignificent et the five por cont lovel.

de2ede Relationship hotween plant boron and othor plant

"nutricntg



a) Coconut

The relationship botween boren and K, P, X, Ca or Mg
in Cooonut leaves wvas exemingd uging rogrooslon tochmnicuoesd.
Tho correlation coefficionts for the Ifour difforent soll
vypes ara yprosented in table 4-8. Fxom the rosults 44 wag
ochasarved that in all the four goll typog thore wvas a strong
negative correlation botwesn tho caleium content and tho boron
content of the leaves in coconuts. Ao the calcium concontration
of the leaves incroased the boron cancantréticn ohowod o

decreasing trend.

The highest correlation vas cbhserved in rod solls
(o= =0,79) followed by forast soil (r= =0,76) latorite soll
(= =0,72) and pandy cSoll (ro wé.54). Thcso corrolations
wore highly significant that tho relationship of Ca to tho
omon contont in leaves can bhe estimoted using regrossion
oguation. vhilé processing the analytical data the regzessicn
oguations ware iound o Zellcou a linear pattorns whiﬁh Qra

progsented in table 4=9,

Im The sendy soil alone the K content of the plants showaod
3 significant and positive corrolatlon with poron. (= 0436).
That is an increase in the K content 0f the ccconut leaves
was aésociated with an incroasa in\thc boron contont. In all

other threoe solld types this roloticnchip was not-significant,
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Table 4«8s: Correlastionshilp betweon plant boron ond othar matrlontg
in coconutse '
Soil type : - H R ) od Ca g
Forest soil ~0.0088 =0,1439 0.0818  =0,7585%% =(,0849
Red goil «0,0819  =041247 =0,0768 =0,7893%% w0,0702
Latorite soll 0.1231 0.0532 0a1695 =0,7210%% 43633
Sandy soil =0,2092  «0,2435 043563% «0o53G6%% 040734

¥ Signifidcant at 5 per cent level
¢ Signdfiecont at 1 por ceit level

of :
Table =% Regression,poron on calceium in cocomut lcavos.

o i el Lo

e I S0 A ca i T D T 0 Nt R DR P WO

HoLl type Regrasoion eguation

¥orect coil ¥ e 504,710 4+ (=2.704 )
Red soll Y o= 850852 + (w=14585 %)
Latorite coil ¥ o 53,052 + (=24177 3)
Sandy soil ¥ 2 436520 + (=14123 =)

¥ = boron content of loaves in ppm

X = 0a comemtrati?gggﬁ icaves in oo
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1) Banane

In banana leavog aleo a sdgnificant and hogatlve Ccorcc-
lation of Ca with boron was oboorved, tho corpelotion co-
sfficionts hoing &= =009 r= =087, 2= =0:74, o= -do75 LCSw
peetively for forest, red, sandy and leterite poilse. The
corrolation coefficicnts are prescnted in teble 4-10. lore
algo the relationship uss ﬁounélto be linear ord could be

represented by lincar eguaticns which are supplicd in table 4-11.

In forcot soll and‘sanﬂy'soil tho plant Nitrogon
content was positively correlated with tho boron contont, tho
correlation cooffficionta ware = 0.36 and p= 0.268 ruspoctively.
in latcziteian& sandy soils boron was alge found to be influenced
by magneslium, that ig an incroace in magnesium resulting in o
decrease in bor?n gontents. 7The corrolation coofficlionte of g
with boron for these goil age = 0,31 and ©= 0,50 for laterite

and gandy s0ils regpoctlvaely.

4.3 Boron atatun of gollsg in areas whero dofloicnov Ao

swapected

Al togeéhar 20 samples werae collected from the four
differaent arenp whore boron doficlency was suspectod, that
is in areas where tho coconut palms showed wobbing togathor
of loavess In those regions only some of the planta showed
the symptoms, The data from soll and plant anslycis from ﬁhésc

(A
aseaéigrouped and analyoed separatalys
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Pable 4=10. Correlation of boron content in benana leoaves to

other mitrient concentrations.

-

5081 typs 1 P K Lo Mg
Forest soil 0e3578>> 021423 =0,1512 =08877*%  (4,09062
Rod soll 040207 0.0747 00,2103 =) 4B8716%% (,2004
Latarlto soil 0.0678 0.1699 De14206 =)o 7270%% «(), 3001 ¥
Sandy coll Qe2812% »(34 0376 0,0954 =0:7378%% =0,5013#%«

Toablo dwll.

* Bignificent at 5 per cont lovel
®% gimnificant at 1 por cent loval

Regression of boron on calcium in bansha loaveS.

SoAl type Rcgression cquatlions

Forost ooil ¥ = 166,000 + {(=0.8270 %)
Red soil ¥ m 46,271 ¥ (=0,5078 :2)
Laterite soil . Y & 120855 + {=3.9960 )
Sandy @oil Y u 53,260 + (=0.0744 %)

¥ = The boron content ¢f loavea in ppm

% = Caleium concontration of loayes in pom

1000
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GeBuls Soil analveis .

The s0il vas anelysed for various factors and the
infilvonce @f these factors on Eﬁe available hogon status wore
studied. In those aoi; sa&ylea the solil boron was -Tound to bo
infloanced by ocil W, ond soil Cae Thoe cogrelotionshipa of
these foctors 0 bhoron was Oboerved to Le r= Os§6 and Da§7
rogpectlvely for soll Jicrmogen and calciun contont. The
correlation with other factoro like pH, P, K, Mg o organic
carbon woLs notufaunﬂ o ha aignificanﬁ. Tha porrelation

coaffliclants ape shown in table 4=124

¢e3e2e Inflvonce of soil foctors on i content of banonn

The cor&elation cocfficicnts of dififorent soil fogbkors
on leaf boron céntmnt of benana ore prosented in tablo 4eil.
Prom thio it is observad that golil fZactors 1lke pil PaOg, Ca
and Mg content ©f 501 had significant corrolation vAth horon
platug of leaf in banana, pHy PO, contont aﬁd organic carbon
contant of thoe Soil shwwed a positive correlation wiith Doron
content Of banana leaves {r= 0,53, o= 0.63 and 2= 0,4% rcopeotively)
while Ca ond Kg contont of the soll showvod n nogative ro;a%ioaahip
with ghﬁ laaf bxyron acntént. Thin suggoests ahaé-an incresso in
those factors decreases tha leaf Lboron centen® of banana

{p= «0,41 and = «0,45 respeatively for Ce and Mg)e
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Wrable 4~12. Correlation of soll horon, coconut leof Doron and banana

ieaf boron with goil factors in boron doficiont Groube

ca

pil 1 P Cg K,0 ca tey gLt

iy o e S e

e S S et T e T W e " R DI -

Soil 00334  ~0,3608%*% D,0705 01173 ~0.3788%% 0,2007 00,0317

Danana 0.5311% =0,1513  0.0270%% 00,1843 «0.4120%% <0,4451%% (,40642%»
Coconut 0a2581 =D.1085  0,4541%" (,0102 =0,3004%* «0,3007%*-0,1309

-k ) e U T O e TS . MY L]

w%  gignificant at 1 por cont iovol

Table - 4«13, Correlation of'aoil boron to cocomat and banana
leaf borone

Banona Cogonuk
001201 =(, 0856

Table 4=-314. Corzolation of plant boron o othor plagnt nubrionts
o defleliont rogicne

Coconut Panana
¥} 192232 De1243
P . =042813% {1140
14 Qe 30B0Y 0. 1944
Ca =14 3205% =3 o 37007 Y
Hg —(e 2355 002089
* Significont et 5 por cont lovel

#* Significont at 1 por cont lovel
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4.3,3¢ Znflucnes of
goconut paima

T boron content of coconut leaves ghowed aig@ﬁigmt
cerrelacion with P, Ca end Mg content 95 tie soll. Tie gold
P ohowed a oigndficent and positive correlation, while the othor
wwo showed significant and negative correlation. The corros
lation doofficicnts wore rmd.45, Km =0,37 cnd re =0,31 roge
pectivaly for P, Ca ond Mg, Tho othor factors of &0il like
pH, ¥, K and organiic natter content behaved independsntly
with respect £o the leaf boron content in cooonut,

%s3s4e Relationship kotween goil boron end plant koron

The relationshipe botween sodl boron and the bogon
content in cocconut end banana legvos were studied. T corre=
datian coefficients aro prosented in Table 4«13, The ragreossion
analysis showsd that there ésas ne aignificent rolationship
botweon s0il boron to the leaf boron in banana or cocenut,
values for corrolation ccefficients wore very low and were
negligibly soail.

4+3.5. Relationship botween coconut snd banana bozon content

The leaf boran content of coconut and banana wers

conpared using regreéselon analysis and it gave a correlation
coefficiont, rad.42. Thic suggests that in this group also the
boron absorption by coconut and Lenana were identical to that
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ef planta in hoalthy reglonsp that iz bonana lesaves contained
higher boron than cogonut leaves.

debe plont enslysis

The plent samples collocted from theso locslitios
{sroes of suspected deficiency) were mnalysed for N, v, K, Ca,
Mg and B  The rolacionship of theze different nutricents to

the boron content in ¢ho leaves wore ptudied.

44,1, polationshio of nlant boron to other nutrionts in
definient plents

The banang loaf sanples of ‘t:h:a moron daﬁmient; xééima __
cnly: the plent celeiun contant showed aigﬁiﬁ.cant ralaticnehip
-with the lesf boson content (rs-D,38}. 7Tha corgelation co= &
efficients are presented in Takle 4=14. ALl the other soild
factcrs hed 5o influence on the leaf boron content of banona

lecaves,

Bit 4n =ho case of coconut palme the leaf boron content
showed signrificent correlationghip with that of &y K and calcium
contente The foctors P and Ca showed significant negative
corgelasion with leaf D contont {(Xe «0,29 and rs »0,32 reggoctie
vely), while X contont of she leaves showed a significant
and positive correlacion (xo «0,36)., The correlaticn coeffis
cdents are procented in tablo 4=14, The other two £actors
nerely ¥ and Mg content of leaves kohaved dndependently.
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4.4+3¢ Compardson of leaf boron content of cmmut and Mmmg

The leaf boron contont of ecconut and banana plants from
the buépuﬁctécﬁ Ieron daficiont oreas of the threo soll typos
namely laterite, red and sandy soils wese compareds. The ang=
iysis of tho Gaka are given in ¢table 4=15(a).

Coconut

Result of the analysis of veriance indicates that in
Qooonut palme; no gignificant Aifference in horen contant was
obeerved awong the zones whore the plants showed koron
doficioney (Table 4=~15{a))

Banana

aa in the cese of ccéunut the loaf boron contene of tho
banana loaves dn the three éﬁﬁicient pones were aconparads
From the ANOVA glven in table d=iS5{a), it is clear thot there
ia & significent difference botwgen the leaf horon contsnte
of the three different soil typts where boron deficiency 45
olorved. The banana ieaf i'saxcm contont wes significantly
lowver in red soll when conpared to laserito ond sandy coils
vhich wore on par., The rmoan values are presonted 4in PYobla

d=15(2)
4.4.3, Compardson of Catd patlo dn olants of defioient gones

in the threg soll Lyi0s
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Takle 4-15(a)s Absitmact of AMOVA (Boron content)s

Mean 5qQuare

Sourca DeFa - —
Banonag a::oa;cmui: -
Detwoon oodls - 2 - 115,560 24430
wAthin cotls - 16 ~ 9386 - 7035
Total 38 . ‘ '

p—y ey

Ak gaonificant at 1 por cent leval.

Table 4el5(h). abstract of ANOVA (Co/B ratio).

-~

Mean Louara

Sourca DeiPa
HBanana Cocomit
RBetueen 53013.55 . 2 ’ 36027 3,067% 193066- 00
within soils 16 54490,.,01 883142,61

Total 18

wé Significent at 4 por cont loval.

Tablo §=15(Cc)+ werage leaf boron contont ond Ca/B ration of
deficient plantao,

So0il PBoron contont Ca/ﬁ\ratio of Doron content Cz/D ratio of

type ©f coconuts ppm coconut oL banans ppm kbangna
Laterite 22475 726,00 32475 53775
Red 10243 95443 25,00 1069427

Sandy 232475 637430 . 3187 200450

Colde 4451 203,10
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coscnut

Tho Cq;ﬁ ratio of the coconut loavos in tho throo
goil typos namcly red, latordte ond sandy wora comporcds
From the ANOVA given in 4-15(b) it i opbvicus that in cocenut
paim there is no signiiicant ¢ifference in tho Cayb ratics

among the thrae soll types vhere boron deficlency is Suopogtod,.

In the cage of banan: leaves, thowa obgorved a plg-
. ficant difforonce ameong the three dificrent soil typoa.
Tha ANGVS is presonted in Teble 4=-15(h). Based on this rasult
tho mean valucs 0f Cu/D ratioswers camparcd. ThC values arc
pzesanted in table 4-15{c). From that it is observed thot the
Co/B ratio of the laterite soil uas aigniﬁicantlﬁ lowgr thon
the Ca/B retlo of rod and sandy coils. But the Co/B ratio in

red and sandy soils $ore On pare

deleds Comparlcon 0f lonf boron contents of deficient plantg

with that of healthy niants

Tha leaf bozon content of the cocomut ond bonana piants
of tho difiorent zones wera compared with that of tho hoalthy
groups in the threo differont soil types roopootively. Thip

comparlson was mads wing the studcat®s *0' tosie )

Coconut

In coconut plants the deficlent plants eluays shoved a
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plgnificantly lover levels of leaf borom content as campaxed
to the healthy plants in all the three eoil t:y;:eé nangly
laterite, red and sandy soils, The highest diffcrenco wes
notad far laterite soil, followed by rod and sandy soils.
The moan values of deficient and hoalthy grouss along with
the student 't' valuee arve prosented in takle 4=16.

In the case of banana, a significont difference batween
agaplos collectad from healthy looalitics and from areas of
suspected deficiency was nosiced for leaf boron contont in
J._aterit:e and red goil, while the "¢’ value was tot significant
in the case of sandy soils suggesting thet in this sodil there
is no éignificant differenco avang the leaf boren status of
the deficient and healthy plant groups. The mesn values
and the atudent ‘4! values are prosanted in table 4-17,

4.445, Comparison of the Ca/B ratics of the deficient plants
with the heaslthy nlante

The Ca/B ratlos 0f boren deficlent coceput and benanag
plants wexe compared with the heaglthy plants of three soil
tyrea as done for the leaf boron content.

coconut
In coconut plants chere was a significont differonce

between the Ca/B ratio of the deficient plants and haalthy plants
in all the thres soll tyses where deficiency was observed.
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Tablc 4=16. Comparlson of leaf boron gtatus ia healthy and

daficliont coconut palms.

Boron contant of Poron content of £ walue

Soil type healthy plants doficliont plants
_ pm . npEa :
Latorlite 39,83 : 22475 3.206*
Red 41,60 19,43 2452%
Sandy 37.45 22475 2.60%*

% Bigndfilcant at 5 por c¢ont lovel.

Table 4=17., Comparicon of leaf borxon status in healthy plants
and plants in deficient locations.
{Ranona)

Goron content of Boron contcnt of

0il £¥PC  pealthy plants  plante dn diZfi. © velue
' pom cient locotiono
' Py
Laotorite 94463 37.75 3.06%%
Red 44474 25.00 ' e84
Sandy 56433 31.87 1.93

b ey e G S g T W LS XD e it

¥  Olgnificent 5 per cent lovol
*#  Significant 1 per cent level
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The mest valuas and the coeresponding student 'Y values

are presented in Table 4-18. e highest difforence wa3s
ohaorved for coconut plants of the sandy soil region followed
by red and laterito solle.

In the csse Of banena aleo a significant diffcronce
was noticed ancng the mesn values of Cs/B ratios of tho in=
fegted and healthy plant grouso in all the three 201l typeo .
Here also the highest difference was observed in the casc of
sandy sodls, followed by red and latorite scils. The cean
valuea along with the student 't' velwss ara given in. Table
419, ‘
4.5« Rosults of elleviation gtudies conductsd on_the affogted

plsnts '.

;

Among the nincnteen plants wiich chiowed the webbing

togather of leaves, sixtsen plaonts were gelected from oach of
the four looalitias as shown belorn
Agricultural collage Campué (Red loam) 4
Ambalathara (Sandy loaa) 4
rarassala {Laterite} 4
4

Rashakkcottam (Sandy)

Those plants were given boron in the €form of korax ag
soil application during May 1984, Thon a €oliar apray of

Cha per ¢ont boron was given during June.



comparisen of leaf Co/B zatloo Of heclihy and

aéﬁiqi¢nt cooomut palmde

\ Ga/B xﬁﬁia of Ca/B rati;_oﬁ o '
SOil €¥P®  paalehy pelme  deficient polms t valuo
Latorite 173423 726400 4.61#:
Red 170,83 “ 954443 do7h42%
Sendy 155,52 ” 637,50 | B.aBwR

Toblo G=ife

Al

¥ Sdgnificant at 1 par cent lovel.

Cﬁmpasison of leaf CofB ratlos of hoalthy plonto

and planta in deficiont looations,
" {Banana)

Co/B patios of Ca/B rotlos of

S0 YRS posithy plants  plants in asfis- t vaiue
cient locations

Latagito 95,02 53775 3070%%

Rexd, 261,89 1065,27 e L

Sandy 172452 . 900,80 GaB1ws

*® - dignilicant at 1 por ceut lovel.
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Thege plants were closely watched and tho £ollowing observations
were mades ALl the treated palns in Agricultural Cellege
Cssnpus, Parassale and three out of thw four plants in
Kazhakkoottan storted producdng normal legves afetor Julye.

It the plants in Asbalathara region did not preduce any

marked changa. The planta which started producing healthy
normal leaves, reverted bac}% producing webbed leaves when
chéerved in early January 1083, This ghowed that the

sSynptons disappem."_ during nonacon perioé and reap;ear

during dry agolls. ‘
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DISCUSSION

In this chapter the rasults-of the investigations carricd
out presently are discussed in order to high light the rola of
boron in qrop nutrition uvith respect to cocomat and banans in
the four major soll types of Trivendoum district, nanely,
foraot, é@d, laterite and sandy soile vhich aro sgattercd at
various locations of Trivendrun district. The Deoulis obtained
£rom the onclyses of le&vas O£ suspected boyon deficient coconut -
gaims are also discussed with a view to finding‘out wvhether
thers ip any relationship botueen apparent deficicncy symptong,
boron contont of plants and also tho horon content of tho coll

in vhich tho palns suspected of boron deficiency are locatoda

5e¢1s S04l boron

Sele.ls Boron content 4n four different soil typos

The avellable soil boron status (hot water astroctablo)
of the forest £0il was higher than thot of tha other oolls
namaly, latorito, red and sandy soilse Thio rosult 4o found
tu be in confirmify with tho réparts of Bowen (1977), that
moat of the available boron in soils ds durivod fram sedimonts
of plant materials which is always higher in forest soilo, .
Martons (1968) wes algo of the view that coll organic metior
i9 o predeminant gource of water solublo horon. Park and
Park (196b), Rerczteng {1968) ond Zmabaszymcki and “migrodska

-(1868) were also o0f the view that tho orgonic mattor of 4he
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sodl hag ¢ot a great role in tho solubilization of boren in
tho soils. The reopults of works conducted by WMourdcao (1977)
ziso had concinded that the ‘hot water goluble borzon has o
direct correlation with the orgonic motter content. 7%his
ropost also supports the prasent £inding thot ¢he solls of
~forest reglon i0 having a nighor content of avoilablo bozone
Bt studies on avalleble boren ctatus of coils conducted Dy
Gupta (1978) coﬁcludcﬁ'thag the significant coprcloetion of
available boron to soil erganic mattor content s only becausc
hot woter axtroots mera boron £pom organié mattor than foom
othor fractiong. Guota (19ﬂ?) mentioned that scrmocimes tha
highor boron contont of organ.c goila actermincﬂ colorimetoie
cally may boe due_to tho colour of the axtract itﬁ@la. in the
prosent stwliy the extract was having no cclour and henee tha
hidghor regding obtaingd for forest solls cmnnot be attrcibuted
0 colourad sxtracts. Okasaki and Chao (1968} baged on theoir
exporiments concluded that organic mattor is one of tho main
nsourco of boron in ocid soils, 50 soilo having high orgonic
mattor should naturally contain bigh boron. ©he presont
investigaetion coniivms tho result obteined by tho obove worlicrs,
and it can be sald thot the higher boron axtracteﬂ £rom Lorest
solls, is due to the higbax contont of organic maktor.
Rargor and PFrath (1953) had suggested that high microbial action
on organic mattor wich so0lls, can result in higher hot wator

—_—

extractable boron. 7Thisc may also be true in the casa of



forest soils lrivostigatod in the present study,

Selods Intoraction of soil boron with othor soil factors

arxd plant nutriengw

In tho ¢ase of forog® coll & significent pooitive
gorrelation vas observed wilth goil 9l and magnoslium content Of
tho soils S04l pHd io one of tho moot importont factors affcoting
the avail&biliéy of boron in gcils. Rogults obtained by
Hourica and Teooms (18065), DBuchol and Bcrgmann;k1967). TROR
(1968) end Khan‘(i970) auégestaﬂ thot soll pit heo ot a
positive correlation to horon availlability in acid soils,

Gupta and Mac @eca {1979) cbtains’ oimilar resulto in cages
vhore golls we;é acidic, Studios by Peterson and Yevman (1976)
ond Gupta and Mac Lecd (1977) have feound a nogative corrolation
Dotvoon scil o1 and avallable boron vhen soil pil is greater than
Ga3e In tho fZorest soils prosontly investigated tho pil valueo
pcldom axceeded 6,0 and tharoforo é'ﬂ?gative rolaticonchipy with

the available boren and soil pi{ camnot bo expectad,

In the forcst scils 8ubjectoé o inventigation prasently
thae megneslum content of tho £oll had a pesitivo eorrolation
with the boron content of tho coil. This result 4o contradictory
to tho roports of Gupta and HanLeod {(1977) and wolf (1940) which

states that thoe boron availebility 45 always nogativoly



correlated with magnosium 2 in the case 0f coleiums Tho
poosible explanationthey gave to this phenomenon is thot tho
increasse in concentrntion of those elements will increasc tho
g0l pil prohobly bayond 6.3, vhich will in turn roduce tho
boron availability. In the present invaestigation reoulits
contradictory to thisaia obtained., This :;_may ba prohably
due{to the fact that the boron avallabllity in thesce golls
ig popitively correlated with soll pi, sitnce Che pH of =oils

investigated haed valuss less then G.0.

in red soll and latorite soll none Of the soil factons
nomely, pH, nitzogen, phosphorus, potassium, calcivm, mognosium
or vrganic qarbén coptents vers Found to influonce evalleblo
born statuse It cannot be ocipscted otharwisy, since those
paremeters in these two soil typeg are not favoursble for tho
highorn availébiiity Of boron aé evidenced by data prooented in
tables p-1{b)Xlow pil, O.ﬁog Ca, My etcels Sims and Bingham (1967)
has mentloned that the hydroky forma of Fe and Al contributo
greatly o the retonsion 62 boron by soils vhore ouch oxldeo
arc abundant. In laterito a2nd red soils such oxides aro |
naturelly gbhundant and 2o boron hos €0 be dofinitcoly retained
o & great extent by these hydroxy forms and ite aveilabllity
will ba independent 0f s0il factors 1ike C.l., DM and Hg contonts

The findingo of Gupta and MocLeood {(1977) had rovooled that boron
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uptake is not corrclated to pi, Co and/or g se long as tho
anionic components were the same. This mey bo another
possible explanaticon for not obtaining significont corrolation
batween boron conteht in sanﬁg,latarite and ped collo with pH,_

Ca and tig contont of tho o0lle

In sandy soil the organic ﬁattar content of tho coil
gave positive corpclation with tho availeble oron contont .of
tho soil. 5imilar resulds wore roperted by Ohlaoukl and Cheo
(1968) and Cupta {1969). This may be dus to the fect thet tho
available koron frocticn in suel cases aro gontrolliced by
organic mattor oo propesed by Berger and ﬁratt {19G3). They
also roported that boyon in organlc mattor is largely roloascd
in availeble form through tne acticon of miarobag,thc poyulauign
of vhigh is malnly governed by orgenic matter contont of so0ile
rark and rhite (1952) hed suggested that a complex Zozmation
of dihydroxy compounds in poll orgenic motter io on dmportant
mechandem of boron rotension. Reisemauer gt ale (1973)
gould get littlo infommation from thoir oxporinonto conductad
to study the exact zole ¢f soll organic motter and of ﬁh@l
influence of microblal activity on the availablllty of @oil
boron. Such an sttcmpt was not onvisaged in the present

investigation.
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%e2ele Comarison of boron contont in plaonty growing 4n

diffoznont sollg

In forest soil the borom contont of banana and coconulb
was hichor than that of other solls. This 1o mogt probably
‘due to the higher availabls boron statuo in forcot colls
" arising from highor U.Me contont. Tho forest eoll contained
more hot vater esttractable boron due to 1ts highoy organic
matior content as reporeed by Mortens (19638} ond Pagit end Pari
(1966)» A highor amcunt of hot wator extractable boron alwoye
results in a groater amount of plant uptake 29 obaekved Jy
tuchol and Qergﬂann (1968) . Thoy oot sush yasults when the
pit valuga were not so highe Smilde {1970) suggested thob thare
igla alcse rolationship botwesn hot water scluble boron in tho
£04L and boron coneeat in plont lezves. Tho resuits of the
praepent inveosiigoation fully support tho zesulés obtaincd by

theae authors.

Tho banapnn plant alvays showed a highor contaont of boron
when compared 0 'coconut planto in ail tha soll typon. This.
¢clearly ehows o highor demand for koron by banaono as compared

o coronuts

542020 ﬁal&tioﬁahig.of gcll foactors with plant boron

o significent correclations wore observed hotuaen tho
soil Eoctows liko o, N, F, K, Ca, g or orgsnic maticr contant

of the 30il with leaf B oniente
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5.?.3. Rolationship botwesn plent boron end othar nlont matrlents

The caleium content of coconut and banana leaf tlscues
was found to be negatively correlated with loaf boron contant
as eovidenced by the prosent inventigation. The loei tissuc Ca/d
ratios have beon considored as an indication of the boron status
of crops. GCupta (1972 b) and Gupta and Cutcleffo (1572) has
roported that higher calcium content in plants is asaoociated
with lower l@vels‘of borons Bok and Campbell (1962) found that
liming decreascs boronAuptake vhen soil boron roserven wors 10
The reason attributed to thic was the antaogonistic oficcto of
caelcium in boron uptakte. Deachamp and Hussain (1974) in their
studdes on rutabaga found that inorecased calcium concentration
in the leaves vas always zsccompanied by a lower laevol of borone
50 the resulis of the current investigation.conﬁirm the repores
of above workers that the boren contont of e plant will always
ho Inversaly ralaﬁad to the colcium status of the plant, In tho
present study laterlite and gandy soils showod a nedetive Corfee
lation Letween the leaf boron in bananc and ito magnosium contont.
Here also the fack may be due o the antagonistic offcct of Mg

ap in the casa oﬂ‘Cao

Resul¢s obtained in tho procsent invesiigation revealed a
positive correlation botweon potassium and borom in coconut

palm leaves. Resve and Shive {(1944) has reported that potassium
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concentration of the substrate has a definitc infuonce on tha
aceurwlation of hpron'ih plant tissues, Nausbum (1947) oboervad
éhat without cdded boron 10w rates of poéaasium and phogphorus
resulted in the eﬁhihitzon elight boron ésﬁiciency sy&ptomﬂ in
crope Far and Mothiramani {(1976) invostiéating on vorious soil
types from Hadhya Pradosh noted 8 oignificent positive corrc-
lation betwesn cxrohangecble potassium and boron contentb in
plénts. The ﬁaaults of the prosent investigetion is justifica
by the findings of the above authorge roove and Shive (1944)
agedn obasrved some Hoxic cficcts due o boron whien potaséium
in the groving medium was opplied ot concentratlions iq Gslaste
of the reguirements This obgervation canuet be maée épplicebla
to the prcsené £inding sinca p§tasaium lovels of tho sandy solls

under study pever reached the even the precincts of gufflicienoy.

i
Sede BOron status of coils mopectod of deflcioncy ag evidencod

'by_wvebbed leaves in coconut

The rosults inﬁicagc that in goneral tho goll boron content
is nagotivoly correlated with soil nitrogen and colcium contonk,
Thae importance of nitrogen in enhancing tho boron uptoke by
plants have Eeenidis;usseﬁ by many scientisto, Chapmann and
Vanselow (i955) were among the pioncers in cotablishing that
libaral nlirogen opplicacions are somptimes bonoeficiel in

contyolling excoss boron in citrus plants, Thorefore it is safo
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to asgume thot if the boron content of a soil 1o low, high
nitrogan rates in the so0il reduces tho availebility of boron
to the cropss In a work by Gupta et als (1976} incpoasing
rates of nitrogen applied wae chserved vith a slight dacrcase
in avatlable boron, to initially nitrogen doficiont scilao.

In the present investigation it was alsc cbssrved thot the
caleiun contaont of soll is having a nogative correlation with
avalloble boron conteont of the sodls. Similar gesults wore
obtained by Gupta and Meclecd (1970)« They noticed that tho
caleium contant of the so0il is inverszely relatad to the
available boron. Othop factors like pi, Pe K, Mg or organic
sarbon wore not found €0 be significantly coreelatod with
avallable boron 4in tha present investigaticn.

Sede Plant analys ig

5.4.1. influcnaa of soll factors on boron content 1nr§gg plont

n arens ad by bo afict one

In Banaona, soil pH, 9105 content and opganic carbon content
of the z0i} ahqwaﬁ a8 positiva correlastion with the plant horon
content, About ﬁhe':elationahip‘of goll pH 0 plant boren
avallability savoral vorkers haves observed nogative corrolation
between boron uptoke by plants and soll pH (Benstt and Mathiag,
1973; pRartbalt and Picavelli, 1973; Gupta, 1972 b and wolf, 1940),
But the rosults obtained in the present investigation 48 contraw
ddctory to the £indings of the ahove authors,
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Gupta (1972 a, 1977) has reported that thors may be verlationg
dependiryg upon crop gpecios, Studies by petorson and ﬂouﬁaﬁ
(1876) and Guota and Haclcod (1977) have ghown that a nedetive
relationship betwecen scil QH and plant boron cccursn vhon soll

pll lovals ere groator than Ge3. The availability of boron o
plants decreages sharply at higher pi levels, but tho rolation-
ship between goll pll and plant boron at low pH lovels did not
sﬁow any definite pettern in tha present study, Tho contant

of poil P is seen positively correlated with the loaf boron
content of coconut and banana., This may be possibly due to a
substltuticn of boron by phosphorus in the soll cxchenge oltos
and the resultent increased availability of boron. Tancke (1967)
obsorved that the boron uptake by radich plants incrcaged with
increasing phoophosus oupplys The reason he suggeated is that
tho lnereoce in phoophomug uptako decreases the calclium ebaorption
whiich in turn dnerecses the boqgn agboorption. But the £indings

of Stoyanov (1971) is contradictory to thig.

The organic caribon content of tha goil has chowed

{3

posicive correlation with leaf bozon contont ©f banona loovos.
hAs already discusczsed orgonic matitor, bedag a good rosérvc of
hot water soluble Bozon will naturally cnhance tho boron
avallabllity o plants and this may be tho reason for tho

incrocee in plant boron contont with incrcasing organic mattes



content in the solils investigated prosontlye. Thé calclum and
magnesium content of the soil shoved a nagative relationshidp
with leaf boréﬁ'contmnt of coconut and banana. Similar
rosults werc cbtoined from the works of Tanaka (19G7), VolE
and liugsaln (1974) and Gupta and Heclkeod (1977) on varlous

crop thay studied,

The fioctora like pH, nitrogen, potasgium and orgenic
mattor content of goll did not show any significont corralation
with tho boreon contont of coconut and banana loovoss Critical
analysis of the data gavo no relationship botwoon the loal
boron contont of those plants and ti:e aoil boron status in
araas where goconut palms showed guspeogiod deficicencys Dut 4n
the case of normal plaht35 thorae axleted a significant positivoe
correlation botwean avallable boron in goills and plant boron
contentgs Tho dliference botwecn normal solls and gsoup of
goils from arca of apparently defiicient in boron,guggest that
soma machaniom in the plent is dlsrupted hindering boron uptake

rom the goll.

Dedede Julaticnshiv of plank boron to other nutricnts

In the banana and ccconut leaf gamplas from the oron
daficient regiocn, the leaf calciun content showed significant
negative correlation with the leaf boron content, Thio rcsult

is in conformity with the results obtained by Gupta (1972 b) and
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Gupta and Cutcliffe (1972), In tho case of cocorut lazves
the phosghorus content 0f the leaves was algo negativoly
corrolataed with boron content 0l the leaves, vhorezs tho
potassium content of leaves showved a pogitive correlation,
hig fact may poséible ba due to increasod avalloblility of
potassiun and boron o plants An the form O0f roadily avallable
potagsiun tatraborato. Thio suggest that increasea K contoent
in so0ils is always benafﬂcibl for increased boron upta}e by

coconut palnsa

S5e¢43a Comparison of leaf borpon content of cnparently cffociced

plants with that of healthy plants

In coconut plants, leaf boron comtent of the d-ficient
plante wore significontly lowar than that of hoalthy plants
in all the threo soll types vhere deficiency is obsorveds This
guggust that the lack of proper borcn nutr;tion in these planto
may bo ona of the factors contributing to the davelopmant of
wabbéa'lcéveaq in tha cace oL bansna plcnts such a significant
differsnce hotwoan the two groups was evident in tho case of
latorite and red soils only. In gandy soils the dlfLOrGDCG was

not gilgnificant.

S5e4e4s Comparigon of Ca/B ratics of plants £rom suspected boron

deficient areas w*th that £rom nenn2l orsas

Highly significant diffcronco in the Ca/b ratios in the
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leaves ware observad both in coconut end banane, hotwcen sompleo
collected from normal soils and soils whore boron defilclency

wap suspected as evidonced by the pregence of wabbed loaves ib
coconut palms. This was true in all the three godl typos namoly
Red, laterite and sandy ocoilo {Teble 4 ¢o 18 and 4 to 19}, |
Gupta and Cuxcliffe (2972) and cupta (1972 b) suggested tho
importance 0fF su#h raticg in aseessing the dzficlency cof bhoron
in goma tcmperqté vegetable crops. Beachamp ond Hussain (1974)
stiressed the importance of Ca/B retics in ascessing plant
dnficiancy. Thﬁ? pointoed out that the ﬁae of the Ca/3 ratio

in assessing borﬁn status of plant should be viewed in rolation
to the efficiency of othor nutrients in the medlums The rolativo
concantration of thess two elemonts (caleium and boron) in tho
plant have to be considered while considering Cs/B ratio =23 an
1nﬂeé of boron deficlancy (Gupta and Cutelifife, 1972). But in
the case of the present study since all thé 50ils ware of low pH
(average 5.6) and thercfora calcium deficlent tho cbova azgumant
catinot hold -good in the present studye Sherefore the rosulto
prosently obtalnod (Table 4«18 and 4-19) dofinitely indicatos
that Co/B ratio ean be tokon es a very good indox for assossing

boren supplying pover (availeble boron status) of soilge

~

5«5« Influcnece of plont genotype on koron daficicngy

Thera is clear ovidence that the gonotyne of a plant con

effcat the upteke of Ca, Fe and Znuin many plant opccies.
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The data on the effect of genotyps on tho boron uptile io nmgér@.
in some plaﬁta pusccptibility to boron deficioncy is controlled
by a oingle recascive gone {Hall and andrus, 1962). Tha roporto
of other ascilentiots (Broun ot ale, 1972 and Covetino ot ale, 1965)
are in gupport of this thodry, If this is truoc in tho caco of |
cogonut which is a highly hoterogygous and cross pollinated

crcp there is every lik@lilgma of the gporadic distribution of
such recessive gene in thie palm by ﬁat:ural crosaing. Bo At may
happen that the wo recessive genes may get combined in a pingle
plant thercby xesiﬁl,_tﬁ.ng in a plant having poor capeticy for boron
uptake, Such plénts may rendily exhibit doficioncy aymptons in
s0ils having low lavels of boron, thercby acting os indicator
plonts. Thie 'mi.éht bo ong of tho reagon why coconut palms with
webhed loaves are found scatterod in uncontliguous Qrecst. | But

it is aleo true thet ouch plants may recover if wo continuously
sup{ply cxtra amﬁnta of boron oither as follar s;tar:ay or au soil
applications Thls may be the reason for the uncertain results
obtained in the nominal alleviation attempts conducted during

the prasent lnvestigation.
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SUMARY ARD CONCLUSION

Boron 1s one among the essential micre putrionts in
plant matrition. However little work has been doae regarding
its presence in the goil medium or its posoible role in tho
nuerition of crops of importance to Keralae Tho proscnt
invostigation was envisaged mainly o elucidate thae rolo of
boron .in coconat and banona in relation o itg content in four
major uplond soll types of Trivandrum district namoly forcat,

laterite, red and gandy solle.

With this objectiva in view, a large numbers of soild
samplas and leaf gamples of banana and coconut wore colloctad
£rom different locaticns and analysed, Tho rosults were
statiatlically int%rprateﬂ. The salient results obtolned and
the major conclusions drawn are highlighted bolows

i. T™he analysis of soill samples revcaled that tho four
e0il typos differed significantly with rospost €0
the avallable boron content which ves highast in

foraot s0ils (0.86 ppm).

2e Theo organic mattor otatus of tho forest soll vwao
significently highor comparcd to othorse Thie
indicates that the boron availablo €0 tho plant is alvays
agscclated with the organic mattorxs thile, in natursl
ecosystcmé of forest this recycling of micsonutricnén

goes on undmpeded ,in. agricultural ccosyostems thera
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i3 a necd %o gtrengthen the recycling by spplication

of organic'matter.

Tho results obtalned from the analysis of plant samnplos
leod to the conclusion that the icaf boron contont of
bonena is always higher than that of the cocomuat,
vhich is a polnter to the fact that the regulrcemont

of boron by banana may be hichore The porimial notura
of the coconut palm in contzagt to the annuelity of
baonana and henco tho exdistance of large rasorves of
boron for mobilization according €0 necds in coconmut

may be another physiclogical atitribute.

Prom the corrolction studies 1t becomes cvident that
in rod and latecite soils the avellobllity of boron
ig independent of the soll foctors vwhile in foraest
soil pli end magnesium contont showoed a posltive
corrclation, In the capo of pandy écils tho orgonic
mattar content of the soll correlated positively to
horon avallability.

thile studying the influence of goll factoro on plant
horon content it was obacrved that nong of thoe soll
factors are influocncing tho leaf boron contont of tho

indicator plants except the phogphorus content of forast
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soils vhich scems €0 influence tho boron content in coconut
leaves. Influcnce of an important major anilonic nutciont ouch
az phosphate on another anionic micronutrieont guch ag borate

nceds furthor otudy.

Tho available boron of soil (hot water axtrectablo boron)
wag significantly correlated with leaf boron coﬁtcnt of
plants. 7This suggests the sultability of adopting tho
hot water oxtractable boron ao an index of boron

availability in soiloe

The leaf boron contont of plant? wera alwvays negatively
correlated with caloium contents From this Lt cowld boe
concluded that colcium and boron bchavo antagonistically

in plant systome.

thile studylng tho boron status of coconut palms showing
symptoma of apprent boron doficicency, it was obsoerved that
for these plants tho soil boron status was in no way
correlates to tha lecaf boron status. 3imilar rosulis

were also observed for banana plants c¢ollected from tho

deficlency suapecte:d arcags

9« Thae antagonisotic relationship betucen calciun and boron was

more marked in boron deficicnt plants, Thus the Cg/B ratios



of tha healthy plants wore significantly different

£rom that of deficicnt planta,

10, Attempts at allaeviating the cymptoms by soil and
foliar application of boron Ald not give any

conclusive results.

On the basies of tho present investigation it can be
concluded that the boron gvailability in solls is mostly
governad by the organic matter content of the seila, The
leaf calcium content ¢f plants always show antagonlstic
affectn with the leaf boron contcnts S0 in areas where
liming is a common practica, the risk of horon deficicncy
cannot bs obviated, The deficlency suspectsd palms showed
clear cut differences in thelr boron status and Ca/B ratios
wien comparcd with healthy planta, But ths allieviaticn
attamnpts carried cut on thegse palms AAd not give conclusive
results, probobly due to the need for prolonged application.
This points to sustainod research on alleviating the symptoms
by continuous boron application and studying the paottern of

uptake and leaf congentration of boron.

78
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Basic data-goil and plant boron content (ppm)

Laterite soll

samples Forest goil Rad soil Sandy soll
S c B S C B 5 o B s c B

1. 1.56 28 128 0.24 18 23 0.96 48 58 0.88 32 &0
2, 1,08 32 82 0.86 46 44 0.98 52 85 0.42 18 28
3. 0.98 41 146 0.42 20 26 0.97 44 91 0.89 34 52
4. 0,99 38 118 0.76 41 38 0.24 i8 28 0.68 31 55
5. 1.06 34 120 0,79 45 42 0.36 34 106 0.87 38 64
6e 1,26 40 122 0.82 47 32 0.84 43 74 0.31 21 34
7. 0.88 39 84 0.32 21 22 0,36 - 36 70 0.88 44 66
8. 0.72 42 148 0.38 41 86 0.38 B 102 0.51 26 32
9, 0.64 48 50 0.46 45 52 0.47 40 73 0.98 40 62
10, 0,88 52 112 - 0.88 47 40 0.28 26 34 1.09 38 44
11, 1.05 46 74 0.78 44 52 0.46 42 118 0.98 42 84
12. 0.89 36 120 0.88 47 36 0.52 32 96 1006 40 75
13, 0,72 48 108 0.64 46 51 0.42 31 83 0.98 38 38
14. 0.88 49 72 1.08 40 54 0.28 24 34 0.78 30 80
15. 0.96 52 120 1,58 42 36 0.46 36 86 0.58 37 40
l6. 0,88 48 124 0.92 16 32 0,81 41 78 0.69 39 42
17. 0.94 56 86 Q.32 42 54 0.52 46 16 0.59 36 41
18, i0.87 55 110 0.41 42 50 0.46 38 35 0.78 38 48
19. 0.48 39 71 0.56 46 3B 0.58 43 68 0.87 41 56
20. 0.65 44 74 0.68 43 36 0.64 39 72 0.76 32 54
2l. 0.73 42 68 0.64 48 44 0.86 46 88 0.44 24 28
22 Q.93 36 8% 0.72 40 52 1.08 44 114 0.88 38 44
43. 0.84 32 26 0.63 22 22 0.76G 35 102 1.08 40 64
14, 0.32 26 66 0.21 32 44 0.88 338 121 0.48 39 86
S, 0.42 32 58 0.48 45 41 0.78 36 138 0.58 36 56




- gy M " -

Samples Foresat soil Rad soil Laterite soidl Sandy _Soil

uhy

8 G B 8 c B 3 o 8 5 C B
26. 061 41 64 0.56 46 56 0,86 42 142  0.47 32 58
27, 0.81 38 108 0,80 41 46 0,84 40 96  0.56 34 40
28, 0,32 42 81 0.64 32 45 0,78 42 93 0.41 21 30
29, 0,72 44 96 0,62 18 47 0.1 36 61 '0.28 32 6l

| 30,'0.64 35 85 0,32 33 22 0.82 23 35 0,58 38 €8
'31,°0,82 42 104 0.62 S8 55 0.85 42 86 '0.86 36 65
132,°0.52 37 105 1,06 46 46 1,001 54 116 '0.98 41 68
33, 6,68 46 82 . 0,96 36 49 0,86 48 81 '0.41 34 54
34, 0,72 48 103 - 0.88 35 46 0.94 44 103 0,41 26 36
35 686 42 99 . 0472 32 SO 0.96 46 107 1.05 42 48
36. 0,98 51 66 - 0,86 34 45 0,84 40 45 0.88 48 64
37, 1,04 48 92 . 0,22 32 30 0,43 22 91 0,96 52 44
38, 0,88 42 98 . 6,58 36 56 0,72 38 126  0.54 24 38
39, 1.08 56 48 - 0,66 46 41 0,76 39 88 ' 0.33 26 63
40. 1,02 564 104 - 0.86 64 44  O.65 36 102 ~ 0.86 53 58

41. 0,72 36 73 - 0.48 S8 39 0.66 34 65  0.68 43 45
42, 0,84 32 95 - . 0,31 31 34 0.5 35 106  0.86 38 43

43, 0.9 41 93 - 0.88 356 28 0,66 38 103 ° 0,30 30 58
44. 0,88 38 81 - 0,44 22 43 0.82 41 178 ' 0.8 36 46
45, 105 48 96 0.86 42 38 0,71 34 116 0.42 22 28
469 0,72 52 98 - 0.72 3¢ 41 0,64 32 107 ° 0,64 38 44
47. 0,82 35 108 0.64 36 43 0,66 36 091 0.44 28 . 63
48, 0.86 42 96 - 0,54 25 40 0.81 41 103  0.38 30 68
49. 0,86 36 102 078 31 39 0.88 44 78 0.31 36 79
50, 0,98 48 114 081 42 27 0,81 46 94 . 0,28 32 49

§ = Soil

‘C = Coconut

B « Banana
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ARSTRACT

An investigation was carried out to elusidate tho
rols of bhoron in crop matrition, especially in ercps of
reicvange to Kerala in rolation to ito content in major
upland soll types. The work ingluded in tha prosont study
is on four moin soil typos Of Trivandrum district nomaly
foreat,'réd. loterite ond sandy soil in relation to two

major crops namely coconut and hanana grown on them.

A critical evaluation of soil in relation to plant
boron stcatus of the foﬁz scil €ypes revealed that forest
solls ere having the highest content'of availablo bogon
a3 corpared to othor soll Lypose T@a indicator plonts
in the study also showed a cloge porallel relationship £0
s0il boron status, Bobtweon the indlcator plent spegias

chosen in all Zor 20il types the boron content Of Donang

leaves were invariebly higher then that of coconut leaves.

The soil factors like N, P, K and Ca contont of «he
goll did not show any co;relaticn with the available boron
of the soils 7The organic matior contant of tho ooil showed
a significant positive corrolationship with the avallable
boron statvs in sandy scilo. This suggests the neod for
using organie mamures in such scils whore beron deflclency
occurgs The hot wator cxtroctable boron showa! @ positive
and significant correlation wi&h tho Lleaf boron status of

both cocont and banande



Colceiwn content in plants found to influonce the
ooron status unfavpurabiy. In tho beron deficioncy
suspoctod creas tho available boron of solls could
not bo correlated vitn the plent boron content, In
plants growr: in ouch regions aignificently lowor lovals
of boron was notliceds in lcaves of apparently doficicnt
plants thon in those of hoalthy ones. The Co/B ratics
of these plents wore vory high compored to tho normal
plantide XFrxom attempts ab alleviaeting dolicloncy by g
application, both soil ond follar, no conclusivo rocults

could bo obtained during the pordlod of study.



