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BORON DEFICIENCY PROBLEM OF CELERY PRODUCTION IN HAWAII
I. INTRODUCTION

A. Importance of the boron problem in celery production in Hawaii.

The total volume of celery (Apium graveolens L. var dulce Pers.)

consumed by the state of Hawaii has been increasing steadily during
the last decade. Most of the celery used in the state has been im-
ported from California, but in 1961, the island production of celery
exceeded the importation. In 1960, according to the Crop Livestock
Survey, Hawaii's production of celery was 1,775,000 pounds, ccmpared
to 1,814,000 pounds imported, and in 1961, Hawaii produced 2,035,000
pounds, and imported 1,566,000 pounds (87)., Almost the entire pro-
duction of celery for the state is concentrated in the South Kohala
- district on the island of Hawaii,

Because of the year round mild climate with temperatures aversging
59° F. in January, and 68° F, in Septerber the warmest month, and the
minimm hardly dropping below 0% F., and the maximm very seldom
exceeding 84° F., celery and other vegetable crops are grown throughe-
out the year (38), Most growers plant on the average about two to
three crops per acre per year. Under such intensive cultivation,
boron deficiency problem has become widespread and significantly ime
portant., At the present time, celery cannot be grown satisfactorily
without the addition of boron to the crop or soil. Despite the addie
tion of about 50 pounds of borax per acre per crop of celery, a boron
deficiency problem still exists. Losses from boron deficiency have
averaged sbout 5 per cent, but occasionally losses have been as high as
90 per cent. Since the markets require a steady supply of celery the



year round, famers normally plant from .05 scre to 0,5 scre every
7 to 1 days, Consequently, the annuel loss %o the fwrmers may not
be too great, although losses for some crops may be very highs

II, PURPOSE OF REPCHT

The problen of boron deficiency of celery in Hawali is complexs
mmmormum'ummMuummmw
tions listed below by observing the oultural prectices of the celery
growers, and reviewing the litereture on boron.

1.
2.

L

Se

How Lmportant is boren in orop productiont

The source of boren and the amount of boyon applied by
growers vary marvedly,

What sre the sources of boron end how much borom does cslery
require?

In what different ways aye boron deficiency symptons manie
fosted in celary?

Some celery varietios have been ocbserved to dovelop borem
symptons more yesdily than otherse

Is there & genetic bagis for this difference?

nder cartain conditions oven heavy spplications of this
swloronutrient do not correct the cracked stem condition,
“hat are the factore that influence boren availability?

Do the dif%erent scoils in Yewsii 41i0%r serkedly in boren
content? How do they compare with continental United Statea?



III, IMMPORTARCE OF BORDW IN CROP PRODUCTION

fe The sxbent of beron prodlem.
1. fHistorr.

Boyon hes been used as fertiliser in Zurope for about
LOO ysars (72), bat the sssentiality of this elament for
plents was not established until the 20th canturye. He Agalhon,
is gonerally rogerded as the first person who inwstigsted the
essential nature of boron oo growth of plantse His work was
publighed in 1910 in Paris. Other early workers, include
Haselhof? (1913) who reported that very low concentrebiong of
boron are requived by plante. W X Brenchly (191L) worked on
boron nutrition of peas (Pisum sativam L) in Londen, Pe Hame
{1915) of Fpance showed the boron requirement of corn (Zea nays
La)y and Eatherine Waringten (1923) at Rothansted Experimental
Station in England, showed that boron was an essentisl element
in besns (Phaseclus wulgaris L.) and other plants (72, 78, G8),

The earlisy investigetors found long ago that the range
between toxicity snd delicisncy la very narrow, Sose plants
are injured by the presence of 0,5 pupetie in the soil solution,
while others ney nsed st least O.l pepene for optimas growth,
The eptimum condition for one orop may be toxic to anether
(g 55, 25, 88),

The cracled-sten of celery reported by Ae Co Foster and
Te Ve Yobsy (30) in Mlorida in 192k as a non parasitic disesse
was proved by Parvia and fuprecht in 1937 that it was caused
by & deficiengy of boron, and could be comtrolled by applice-
tion of borax to the soil (T0). £, Brandembarg in Jewmeny in
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1531 showsd that hesxt rot of suger beots was caused by &
deficiency of boren, Nwerous yeports of crops a/fected by
deficisncy or toxicity of boren have boen published throughe
out the world since those discoveriss were made, 7The Chilssn
Nitrate Rdusstion Puresu Inece has published three volunes on
the bibliogrephy of boren (33)

gonditions andey which boron defislenay is found.

Boron deficisncies sve found generelly in lumid reglons
where fairly high reinfsll tend to leach out the berun, snd
where soils sre generslly acid, Intensive orepping of alfelfs
{¥sdicago sativa L.) and other crops have deplsted some solls
of boron, In caloareous soils, beron may be flxed in the
geil and become unavailable to plants, In the United States,
all the states east of the Hississippi River, the Tirss twe
rowe of states west of the Fiselsaippl, end the Pacilic States,
which total L1 states have a boron problem (72).

Diffevent erops affected by boren defisiencys

In meny parts of the United States, the application of
borax is necsssary to obbain satisfactory yield of alfalfa
(89)s Apples (¥alus sylvestris Nill.) must be supplisd with
bovon to avold corky fraits in the Faoific northwest and the
eastem states (25). Uther ocrops whish ave frequently affected
by boren deficiency problems sre suger beots (Bete yulgaris L.),
radish (Hsphenus sativus L.), tamip (3ressica repa L.),
sweet potate (Iponoea batatas (L.) lam.) snd olive (Ulss
suropaes Le) (85)s U, 4 fusssl in the 1957 7SDA Yearbook of
Agvicultare (72) mports that boren deflelency hes been




reported in 50 creps,; but the mumbeyr of cropes and the numbeyp
of states mre expectad w incresse ss eoils becone deplated

of boren. iecently, brown spots on leaves, coviy petioles,
and death of growing pointe of tea plant (Thea sinensis L,) due
to beron deficlensy have been reported from Uganda (1i)s In
India, the black tip disease of mengees {(mnzifera indies L.)
which causes bresk down of the distal end of the fmit hes been
trnced to deficlency of boyon (39)s Small erops of avocados
(Farsea mmericans Fills) dn Florida during cortain yesrs seem to
be cormlated with low boren content of plamts (36)s

Ve BORON REQIIRENENT OF CEIERY AND OTHER CRUPS

Plants differ grestly in the amcunt of borom they comtain, in
their requireswnte and in thedr abilitdes to obbain bopvn fyom the
soils Jamsyally, the gresses with a fow excoptions do not require as
rugh hoyon &g other plantse The following Tsbles I aad X1 teken from
Ee Co Bergor (10) show the beron somtent of tops of plants grown in
humid veglon soils, and the boren requirement of some crep plants.



TABE I

NEUTRTS OF mma FOUED TH TOPS OF PLANTS

SROWN TR O0TL8
B content of 2 ountent of

Kind of plant dey metber (De.peite) Find of plant dyy satter (pepend)
Barlays 2.3 Tobaooe 20
e 341 fminfain 6.2
ml.::t« j’fﬁ Joytesn ”g
som Sel lentil g-k
Spinach 10.4 Kidney besn L340
Blsck night shade 110 Tamip 9.2
Sndive 13.1 Black mastard 53e3
Pea 257 Radigh

White sustard 22.2 et 756
Platain 22,5 Dandelion 8040
Caryot 25,0 Sparese ge:o
resdow gress 3.2 Poppy 7
Ondon Le3 Fotato 1348
¥lax Ted Iroad been ek
Celory 1.9 Tomato 1540
Hallow 13.7 Alfulra 2540

m”;mnuwummmwmmm
E

exData fyon meadow gress to alfalfe obbained from Bertrand and
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Flants with Fimsts with
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{0 peiiette) {Osd t6 Os5 Paitelie) (@d GePaite )
e Hawreg -y

- Tomahe ek

Gpingen slover Yotmh Sarley
el beots Jiive Com
* anmolde Peoan L sng
LSDRPETIS salmt White potate
Smflvey #iberd e srase
Aadigh Ledon Hypoow 7YSSS
Lelary




Senevmlly erope with low boron content have low boron requirement,
sad thoos with hizh bovon content hews high bovon vequlpesent (10).
The e betwsen salficisncy sad dficlengy is wery narrows In
sslewy, plants conteining less S0En 20 Depette Voren in most instances
show boyes deClolenny, while Yhose thet contain mome thon this acowd
mnsrally o not dewelop deflotensy symploms, provided the ocsleiuam
conkent of the plant 43 not sbow ooreal (99). There iz 47 urence
between melery waristios in thely ability to tule wp boren when gyowmn
ander the smee condition with no spparent dlffemnose i root penelree
tiom (79)s Bowsvery Ko Co Bomor reports that red beste (Sete walgwels
Le) reqime more svalleble bopon in the soil then suzar beots (Dot
aloarts le) beomuse of meller et aysten of the red beste (20).

Eodioage sebiva L) the oritical borom somtent way be
10 pepwsa (30}

Thsre i slev & nmrimes smount of boven whdeh plents omn tolar-
ate, snd should tho nexbse be exeseded toxiolty sympboms will
dovelopy Jo T Vony (£7) who hes worted with crops in Alabwe clays,
clay loms, sandy losm end flne send sofils with il semewslly wesging
betaoen Sed t0 Sub with base ewchangs capsolty of Zeb Lo Dyd nede por
10 gr. eoily hes olaselfed some oyop planta sccopding 40 LUreR M
guivenent a8 follows:

Jeyy pevmitive orops - ot mere than 5 pounds of bHewex Der anve
tpeadeagt = cotton (Jogsypius Mirmte Le), sscwhere (Cugunis sstivag
Le)y poas (Plmm petives Lej, soaphesns (Fhassoles valesrly lely sey=

beans (Fiyeine mex (L.) Herr.), end stuwberrios {Pragsris
fuchesne var, smases “alley ).

maitive srope - 10 powsis horex per acre bresdonst or § pounds




por acye drill - barley (Hordenn walgem L), celesy (iplun greveclens
Le var, duloe Perss), clover (Trifolium sppe), oste (Avens sativa l.),
potatoss (Uolsmwa Lubervsun Le), sqeash (Cuowrbita naxing lene.), and
wioat (Zritioun asstivem Le).

Tolerunt ozops ~ 20 pouwnds of borax psr acre broadesst or 10
pounds per acre in drill - csbbage (Zressios clsrecea var. gspitets
Le)p sorrots (Dmucus carots L. vare setiva IC.), com (Zea neys le)y
lettuoe (Lectuca sative lejy lisa besns (Phassolus limengis raefs)
onfons (Allium cepm L), peppers (Cepsiown fystescens L), redish
(Raphenus setivas Le), rye (iocale ceresle Le), and epinach (Spinscia
0lersoes lels

Very tolerant - not more than 30 pounds of borex per scre broade
cast or 15 pounds per acre drill - soples (Valus sylvestwis Hills),
alfelfs (Modiongo sstive Le), beots (Deta wulgaris le), cadiflower
(Brasuics olermoss L. var botaytis L.), tomatoes (Lycopersison esou-
lentun ¥ille)y and tumips (Iyassice raps L.)e

Ty He Zatom (25) has prepaved similer list of plante wider sengle
tive, sesitolerant, and tolermnt in which nmy fyult Lree arops ame
included, Sinos Saton did the work in Califommis, 1t 18 not unusual
that sors disagreesents are evidente In liawell, some fmrwers have
spplied ap much as 150 pounds of borex per scre without any noticesble
toxielty syuploms. ¥e Yasaguahd (58) report that 50 pounds per scre
applicstion has caumed demage to celery crop in California, J Je
Oeptll and i, Cs Hohl (65) in stadying tolarmce of various plents %0
sxcessive supplies of boron, sugmeet that the tolerent speciss st
scoumlate boron ot o slower mte,




Vs OWHPTONS OF BOWOY DEFICTRNCY

Ae Jeperal sympioms on SXOPG.

Bach orop has its charscteristic boren deficiensy sympboas but all
srops more or less follow these steps in development of symptous.
Oeneraily, the merigtera is affected first, resulting in teminstion of
growth and desth of the growing points of roots and shoots. latersl
branching from the side of the maln shoot starts developing abnowmally,
giving the plant 2 rogette appesrsice, Internodes are shortensd snd
leawes nay thicken, curl, begome chlorotie or develop anthogyanin plge
mentes Fetiolss and leaves become brittle. Flowers and fraits nsy not
fowm (58, 25, fly 09).

Higtologieally boron deficiengy of plants results in incressed
cell division in the casdbium, less cell differentiation, cell walls
rensin thin, and psyenchyns tissse incresse with redection in develope
ment of conductive tissus and desth of phloem (fL).

B Effact of photoperiodisa in sympton development,

e MacViear and B, %, Strackmeyer (Sh) grew soybean plants under
the influence of long daylisht (17-1% hours), normal daylight, and
phort deylight (9 hoars) with ol without boron, The plants grown
ander long daylight dsveloped boren deficieney symptoms much more
soverely than those under short days. Under short day condition, the
soybean (%gg_(h.} Horrs ) plante did not develop nomally, and
reqaired lees Loren since the plants only developed to one-fourth the
size of the long day plants, The boyon sontent of the plants showing
severe horon deficlenty symptoms under lonz photoperied and plante not
showin: evidence of de“iclency under shord photoporiod wes about the

f2ao



Ge Celery beren deficisncy symptoms.

Boyon defleiency on celery is exhibited by brown checking, crachede
sten, strophy of the hesrt snd split hearts. In Hawaii, the most
cosmon synpton is browm checking) hosever, atrephy of the heart and
craciodegten synptous are also Prequently encoumntered.

1o Brown shecking.

2.

The ters brown checking has been used by A, X Spurr (62)
and by He Yeeaguohi and Py A, Yinges (99) to descride the
brown corky developsent on the inner curved portion or
adaxial sarface of the poticle. Usually on the browm leslons
are meny small cracks op checks. Urowm checking is also
referved %o es adaxial crechked-sten,

It sterds of first as & water-scaked cblong spot on the
inner surfage of ssveral newly fored petioles. These spots
tarn gray %o brown and develop tremsverse crack at maturity of
plant. The affected ayes may be Ok t0 0.9 one wide, snd
3¢6 %o 1140 ome long, and involve the upper one-hall te
two-thirds of the petioles (80},

Under more severs condition of defloiency of bopon,
orscledegtons on the shaxial outer surfees of the peticle
developed ap well as on the adaxial surface,

Grecled-sten.

Crecindesten of celery was "irst deserided by Ae Ce
Foster and Gs ¥ Veber in 192, in Morida (30), They dos-
eribed it as "the sppesrance of oracks or bresks in the
eplderais of the stalk, sxtending often along the entive area,



Those bresks or crecks sppear fmmediately over the ribs or
vascular bundles, The epidemis ourls back, sppearing such
1ike the teeth of sew.” These tears or cracks appear on the
apper rechis and secondery petioles, and turn brown in color.

Geneyelly, boron deficlency symptons on cslery develop
when the plants are asaking the most rapid growth, end there
is & big demand for matrients end noisture. M. Yanagoohi,
et, al,, (100) eoncladed thet the vigovously growing celery
plants in California were more susceptible to berom defislency.
Celery plants that hawe been fertilized with nitrogen op
complate fertiliser sud were growing fester than the wnfertie
liged, developed boron deficiengy symptoms meye freguently than
the checks or unfertilised (100).

In Hewnii, celsry growsrs report thet beron deficiency
sraptons becmw evident sbout six weeks after trensplanting,
bt the highest perventazse ocour just sbout the eleventh or
tamlith week when the plants are jJust sbout ready to be
harvested,
3plit heart and styephy.

Roy Derdin ({) has described snother condition ususlly
associated with eracked-sten or browm checking and that is a
split henrd or doubls, Split hesrt or docbls sy erise fron
“an early fallare of the ssin shoot spex® sccording to Bardin,
and lateral or adventitious buds dewelop teking the plsce of
the single aain sbem.

A complete dissppearance of the heart, or heart styophy,
which is reported to be the nost severe symptom of boren
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defisciency on celery, was reported in 1942 in Cennde by Re Us
Lachance, ete 8ls, (52)s They report that stenecrecking,
dwerfing and heart strophy sppesr in this owder of severity.

In Bawaii, strophy of the hoart hes been observed
ususlly on the lar-est, healily looking plants. The center
or the heart of the celsry in completely genes The sarface
wiwre the heart should be is swwoth as if someone had eut 1%
of? with & Inife, There is generslly brown checking on a
fow petioles of colery plamds heving the heartless condition,
but dwerfing hes not besn noticed.

Internal morpholonio chanzes.

The collenclyna tissue i considered the primary site for
the development of cracked-stem. Whem boren is lacking the
collenchy=a cells do not dewelop nomglly, and the walls ree
main thinme 2. R Spure (1) belisves that most of the carbe-
hydrate saterisls which usaally build uwp the collenchysa
tissue are condensed into wall material of the phlosm pae
renchyma and the ground parenchyns. These cells dovelop
thicken walls under bovon deficisnt condition, Apparently,
boren alfecta ths rete and proocess of carbohydrate trengs
forvation into woll msterial, The comers of the collanchyma
cells do not develop the typlcal comer thickening,
Tuorescence,

Ae Re Spurr (80) exanmined the stalks of Utah 10«8 showe
ing both brown checking and creckedesten syptons under Afle
100Y mewoury lamp with coming filter 5860, which provided
posk ultraviolet rediation st the 355 mu lime, The brown
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check petioles exihvibited bright light blae flacrescencs sround
the tissus and extended sboul J mm. beyond the mergin of the
lesionss The wea of the necrvtic calle gave the most intense
bloe color snd diminished in intensity with distance sway froa
them (80).

Thore was & second fluorsscent phentssnon sssocisted with
or gold oolor on the surfaces of sest of thess lesions, These
flusrescances occurred e small scattered spots or flecks in
grester abundence in older leaves than on younger leaves (80).



Vi, BORCH ROVEMENT IN PLANTS

Ae Movemsnt throuzh trensplretion stresn,

In stadying the accwamlation of boren in com leaf, J Ds
Sayre (73) notioed thet the boyon moved into the marging of the leaves
vory rapidly, Three days alter the addition of boren to the gravel
culture, the boron content of thwe marging of the comn leawes increased
15 times, and in 6 days it increased to sbout 20 to 30 times what it
had bess before the addition of borex to the cultures The boren content
of the sargins of the leaves was Tound to be 3 to 1l tines more than
the remainder of the blade,

Harry Co Kohly, Jre and Jo Jy Oertli (50) used flood lights to
couse excossive trenspirstion, snd even foreed water through Caster
md pubpan 1ily leaves (ldliam longiflorsm Thund.) by nesns of comw
pressed alr to gtudy the movement of boron in and out of the leaf
They concluded that the mowvement of boren is a passive process, and
follows the transpirstion stress under adequate to excessive supply of
boren in substrate,

The boren content increased hyperdoliely from the leafl base to
the lea® tipe The lack of moverent of boron fyom leaves nay be due to
lsck of transport by phloem. The injury to leaf by excess boron is
local, and the loss of boron threugh guttation may be & protective
mochanism against boron taxioity (50).

Transpimetion rete of boyon deficient plants has been found to be
decroaseds This docresse in trenspiretion mate iz due to (1) less water
uptake in boron deficient plantej (2) higher sagzar and ¢olloid conosne
tration in loaves; and (3) reduced nwiber of functional stomates (6).




Be Distyibution of boron in plest tissues.

The lower leaves of gorn plants contained lese bLoron than the
ziddle leaves, and the middle lasves contained less boron than the
gppey laaves. Sizmilar results were cbiained by K, C. Zerger, ot &8l.,
{11) whether boren was added or not, Whore boron wes not added, the
lower, siddle and upper leaves conteined 0.2 pedettey 72 DepPetiey and
176 pepette boron respectively, and vhere boron was added at the rate of
1S pounds borex per sore, there were 2%9.2 puDeiiay 2042 PePetie and 32,0
PeDatiy boren for the lower, niddls, and upper leaves respectively. 4.
Ge Baker and L, Cook (%) found that the boron contant of the aplesl
portion (top 1 % 2 inches) of borun deficient plants was considerably
lower than that of more matare plant parts, However, the boron content
of the apiecsl portion of nomual plants i» higher than the lower portion.
Thay state since boren is not trenslocated from the nmature portions
of the plant %o the sploal meristen, snalysis of the apical porticn
should give = relisble messure of the uptale of boson by the plant.

Jo Jo Cortll and He Co Kohl (65) in stadying the tolerence of
various plant syecles to excessive supplies of boron iret grew
plants in quarts send supplied with regular Hoagland solution permite
ting noymal grewth of plants before subjiecting them 0 10 pepetis
boron, They discovered thet the distributien of borom in the leaves
snd the pattern of boron Soxicity are related to the venstion of the
leafs, The boron in the plant is moved in the trenspirstion styesa, and
is concentrated in this strean by the transpiretion processe In
parallel winal leaves such as the gresses, lilies and carnstions
(Manthus ceryophyllus L., the toxisity patterns were in the fopa of
tip burns end barning 2t end of veins; on plants with more or less
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eirealar lea?, sach es geranium (Pelarzenium sppe), merginal neerosis
was found almost all arcund;y on leaves with network weing, there wes
s tendengy Soward interveinal necrosis (65).

M eferent speciss varisd in the time required te produce boren
toxialty apptons, Tomsto (lysopersicen eseulsntum Xille) and
perrennial rye-cress (lolium peremmg L.) developed texicity symplons
in & dayey gladiolas (Jladiolus hortaulemns Pailey), stock (istihiols
bigomis (5ibtne & 5Sa) DC.), snd chrysanthesum (Chryssnteram morifoltun
{2amat,) Vemsl.) in 12 days; rose (Josa s:p.), begonis (fegoniscess)
snd carrots (Dgucus carota L. var sehive 1C.) in 20 dayej oammation
(ddanthas carysphylius L) in 57 deys and azales (jhododendron spps)
in 77 dayse. The distribdution of beoron in lsaves is very unsven.
Aunslysis of the mecrotic, chlorotic, mnd green aross were made on the
various lsaves. The necyrotis spots had boron content, which varded
from TTO pePetie 20 U200 pepensy the chlorotie spots veried fyom 370
DePotie L0 J130C peDems boron, sui the greon areas had LO pepents to
1850 depending ou species (€5).

The intrecellulsr fractions of sunflower (Follanthug snnuus Le)
md mang bean (Fhaseolus aureus doxb.) tissue were separeted by
dirferential) contyifugation by Skok snd Mellreth (78), and all frece
tions were found to contain boron, The nitochondria snd microsomes
contained loss boron than the ouclei, plastid or the suernstent
portion.

Ce TUtilimation of borem.

With only & few exoeptlons, plants csnnot survive for wvery long
without & continuing source of boren. John Skok (70) found that sune
flower plants provided with 50 jig. boren per plant in mutrient solue
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sion deweloped deficlency sywptomas at sbout the 18th or 19th day, and
the temminsl regions syadually becsme necrotic, However, the lesves
thet were =mature before aveilsbls boron was deplated, rensined green,
In an experiment with broccoll (Drmssiea clarsces L. ver. botrytis
Le)y He fe Donson, ot. 8l., fosnd thet even Lif boron is withheld from
half srown byoceoll containing 50 pepetie boron 4t will conbioue %o
grows The stem contimmed to incresse in weight and sccumulate boron
for Lk deys duration of the experiment, The lower leaves did not show
any loss of horon, leaves 7 to 22 sbove the older loaves showed doe
cresse in total boron, The younger lsaves scowmilated boyon even
though the externsl supply wes eut off indiosting veuse of boren. (9).



Vi, THE VARIOUS ROLES OF BOMOE IN CHOP PRODUCTION

Hugh s Geuch, and W, He Daggery Jre (33) have nede a review of
the litewataze on the physiologicel sotion of borom in hizher plants
and have emwerated and discussed 15 roles.

1. Flowering end fraiting processes,

Under boren deficlent eondition, plants mey fail %0 pro-
duce flowers or seeds. Seed production in alfalfa was increased
00 per cent sgzainst 3 per cent increase in hay when Loron was
apolied to the crep. _

2. Polisn gewmination, (felated to Tlowering and fraiting,)

Horen is requived for proper semuination and growth of
pollen tubs, Some bursting or malfomation of pollen tude
noted under oondition of boyon deficiency.

3. gell division.

Boron iz required in nitrogen metabolign snd formation
of protein into protoplasc and is prerequisite to coll divie
sion, Without boyon, bean and tomsto stomats cells are
nodified and some nonsfunctional end epidewmsl ocells aye
mal formed,

ke Nitrogen metebelies,

Under boron deficiency, there is decrease in protein,
but incresse in suico selids. Nitrstes may be increased or
decreased, but awmoniws nitrogen is incressed.

S» Carbolydrate metsbolisw,

Boren deficisncy semarally results in sccumlstion of
carbohyydrste in the leawes, Translocstion of carbolydrute
from lssves to other portions of the plant depend upon boron.



Heoresis of phloem under boron deficlency “urther affects
translocation of carbohydrate,
6o Active salt absorptions

It ip stated that active salt absorption is an energye
requiring processe Sinoe boron is involved in trenslocstion
of sugars to roots, it would indirectly Le mecessary for
active salt sbsorption, "Boronedeficient plants were unable
to abgord calcium as readily as boronesuf™eisnt plants®,

7 Hormone movement and action.

Boren is involwed in the production of plant hommones
and their translocation, Boronedeflicient broecoll placed
horisontally to geotropio stimmlus falled to respond, Orowth
and differentiation are growtheregulatorecontrolled responses.
Sprays with boron prevent prenmature formstion of sbscission
layer in apples and tomatoes. Ougrestion is made that sugar
novement affect hommone movemsnt, Under boronedeficisncy,
vagenlar diffeyentistion mey be lscking or abnormal, Soronw~
deficient pess produced abnormal, stunted sprouts which could
e corrected by boron application,

8. Constituent of membranes.

Expsrimental evidence lacking,

9« Peotin substances (metabolism),

The organimmg Aspervillus and Penicillius which do not
need boron, do not synthesise true pectic compoundas, *The
evidence on the relationship between boron and the pectin
lavel of plants 1s currently in a contradictory state",

10, Haintenance of conducting tissues.
The condasting tissues, perticularly the phloem, break
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down and become necrotic and non-funotionsls The rate of the
dewelopment of the boron defioiengy symptom generelly follow
tha respiratory rate involving Cirst the emsbia, then the
phloen and finally the xylem.

Withoat boron the pollen greins take up water rapidly
without regulstion and buret. “ruits of praes (Prusus
domestica Le) and big cherries (Prams svium L.) have been
prevented from crasking during rainy weather by boron spreyss
The transpirstion rete of a plant supplied with adeguate
boron, Lo higher than & plant with deficiency of berem, but
under high molsture stress, the boren deficlent plant transe
pired at hisher rete than the doron sufficient plant, Also,
boren defMoient plants are more brittle and orscking of potato
tubers in high lime soil can be prevented by boronm spplicetion,
Pat metsbolism,

Lagk of boron interferes with the produstion of fab,
and fat conmtent of soybean onn bo increased by boren spplice-
tion,

Butfor sction,

The borete and phosphate ions may functlon as essential
Juiee buflfers,
ixeeipitetion of exoess cationss

Fo evidenve presented to show that excess cetions might
resct with boyen to fomm ingoluble salts,
imgalatoyy sffest on otlwr elesents.

"fhe total boron level in plants is decresssd az the




axtemel concentration of caleism iz lncreased™. However,
varistion of horon in the sdbatzate does not affect the pere
esntame of ealeiun in plant tissuss. Boyon effeots the lewd
of polable ealeism in the plunt, As ithe boren is inoressed,
the aotive soldils coloion alse inoressess Jenerelly,
inoressing potassian lawel of sabstyete acoentiate boroa-
deficloncy problen 8t low extereal levels of boron, low
supply of bowen may resalt in scgunulation of megnosios,
16, Jele of boren en tyenslosetion of sigers.

In 1993, He Oy Omsod and ¥, Fa Daggewy Jre projoced
anctier “anction of bowem and that 48 trensloestion of gugsr
(32, 33je I% is Dased on Whw hypotlwmals thet boren cenbines
with suger Lo fom & sugspeboyste coplox. Thoy sagpest et
the Llomizsble suger-borste een be more easlily trenslocsted
Tvidently, Siis Ldea wes conceived when J» Ee Flym and Le 7
741 sepwrwied sazare by lop exehenge prooess weing borea
(32}« Another dgpothmels sagmested is that "boron i 8
conatituant of sembreoss, tnd thet soger forne 8 tesgorery
witon with bopste ot thees loei”. They faver this view swe
the Cirot hypotheais. Fe Ce Termr (30) cltes the work of i,
Lo Smith of Asstonlia who states thet io sgessh lesf 50 per
cont of the boren is Lwwbilized in the oell wnll or intree

To show thet the sovesent of swrose in pleants is fspilitsted bWy
agplisstion of boren, Dengh snd Dupmer (32 took excised lina been
sl pea oot Wpe and wmeasured e resiretory stilisstion of saorose
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with and without the addition of 0.5 pepen. boven, Incresses of 50 vo
85 per cent in respivation were observed after 10 hours in the boron
trestsent,. Thus indirect evidence is presented that the increased
"respiretion is effocted by an incmease in the rate of entyy and wove-
ment of the substrate (sucrose) to the respiring cells in the root
tipo.”

There are evidences that leawes of boron deficient plamts are
zenerally sbnommally high in sugar and other corbohydrates sompared to
othey parbs of the plamt (Lé).

Ve Jo Mollreth and 8. 7, Polser (56) found only slight isprovempst
by epreying 10 per cent sucrose to tomato, tumip, snd cotbon plantay
which 4id not receive any boren in the sand cultures The leaws of
boron deficient snsprayed tumip and eotton plants had lower percentage
of total sugars and higher percentage of sterch than the nonedsficlent
mspreyed plants, Applicstion of sugsr to boyon deficient plmnts
resaited in inoresse of total earbohydyete in lsaves of tomsto snd
cotton, a8 compared to unepreysd plants, dbut 4id not incresss in
tumip, The voots of boren defMolent tomato and turnip plants had
lower percentage of carbohydrate then adoguate boron plamts priserily
due te phloanm nserosis which prevented itrenslocation of carbohydrste
from leaves to the rootas In cotton where there was no phlses necrosis,
the roots of boron deficient plants contaimed about the sase percenteme
of earbohydrate as the non-deficient plamt roots (56).

in anothor experisent, Gauch and Dugger Lowersed singls lsaf of an
intact plant into a solution of lsheled sucrose, and msssured the abe
sorptisn snd movement of the labeled sugrose within the plant, here
10 pepene boron wes spplisd with the sugsr, the movemant of radiow
setive suorose was very repid and widely distridbuted thyoughout the
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plant, The stem tip of plus boron had 550 per ceont more redicactivity
than the plent not receiving eny boron, Without the horon, sucrose
entered in smel) amcunte snd was more or less confined to stem cortion
near the point of entry, Yor this experiment, tie plant was conditiomed
by LB houwr peried of dariness to deplete cerbolydrete and was bapt at low
lswel of matrition (32).

#ot all of the ressarchers who have worked with boron agree cone
plately with the hypothesis that boren is essential for twenslocstion
of sugsr and thed sugar rescts with boron to form sugar-borate complexes,
nor do they sgres that boron 1s s constituent of cell mesbranss end
facilitates papsage of sugars by forming & temporsyy wnionm with sugar.
Those who disagree think that there ls sw relationship between boron
and sagar tyenslosstion, bub that it is not & direct onss They foel
thet the relationship is "indirect and yelated to cellular sctivity
and growth rather than directly %o the fommation of a horon-gugsr
complox.” (78).

Joim Ukok (78) eoncludes that sugars and other msterdsls wove
from leawes to srowing tipe becanse of a gradient. The metebolisally
setive reglions use carbdbolydrate Taster becsuss of high growth rete and
high respirstion rete. Comwreely the metabolic rete of boron doe
ficient plant is low and trensleestion of sugars to the meristemstic
rezion is reduced, By sdding boren to deficient plants, the metabolie
rato is raised and theve will be insweaged novement of suger into the
aves, Ukok (78) eites the reduced rate of translocation of G sager
into top portions of borem saffigient plants where the teminal beds
wore removed 2, hours before the sugar spplication. “here the teminal
buds were intact, the tramslocstion rate was sbout 50 percent greater,



Howevar, the reduction in translocation was even grester for e
partially bovon deficient plamte,

Te Te Healos of sustrelia (62) grew exelsed roots of flax
(Linan usitebissimum Ls) in nutrisnt culture. He conoluded that
"growth imhibitory sffect of deflicliency of boron was unrelated to
sugar trenslocation in flax roots", Both boron deficient and sufficlent
Mcmhmwc“mtmmmwmua
siziler mmmers e belioves in the view that boren iz essentisl for
eell divislon and that "any spparent effecta of borom in sugar trange
location mre unrelated to its Cunetion in growth" (62),.

Hean leaves kept im derk to reduce carbohydpate before infiltye-
tion with L per cent zlucose was found to synthesisze more starch then
comparsble leaws infiltreted with L per cont glucose and various
levels of boren (22), W. M. Dugger, Jrey ete al., proposed that boren
dacresses the ensymatic eonversion of slucose lephosphate to starch.
They eonslade that sinee wore glucose lephosphate is evailsble under
boren treatment for synthesis of sucrose or other hemose phosphate and
an increase in these soluble carbohydrete in sity say therefore result
in sn inoresse ‘n tremslocation fyom the site of synthosis to soew
other plant part. J, Je Uyer and K. L. Yedd (2) porssed the proe
posal made by Skok that the rols of boron in trenslocstion of sagar is
indirect; and related %o cellslar sctivity end growth rether than
directly to the formation of borate-sager complsxe They felt that in
boron deficlent plants prior to the breakdoewn of phloesm, the capscity
%o tmaglocate sugar sust be present although st reduced rete, If
boron is not directly essential for transloostion of sager, then iranse
Mmmgummwtmm:ummmuwumsa
boron daficient plants by the application of auxin.



They applied 5 pepens naphthalone scetic acid solution directly
on bads of bean plants growing in mineral nutrisnts, snd also O.0L
DaPelis Helahe t0 the roots &% the time plants were showing inciplent
boron deficlency symptons. !H.A.A. wes applied to both boron safficient
mmammpxmnmcmu,mmmumm. The
et of 03 apoearing in tersinal segion of boron deflelent plants
was signiffcently lese than in boron safficlent plants. Howewer, in
boron defioient plants tyested with N.A.%., the smount of ethanol
solable C translocated to the buds was not eignifiesntly different
from: the boron suflfiolest plants, Nvidently, the meristems of bopon
sufficient plants contaln sn optimum concentration of suxing and the
addition of W,AJA. %0 it inhibited trenslocstion of oM when compared
to the control boyon sufficient plants because of excess suxine The
auxin concentration is helow optimm in boyon deficient plants, snd
ayplication of ¥,A.A. incressed trenalocstion of clb, sSimilar results
ware obtained for the roots treasted with H.A,A. with the exception thst
no ishibition of trenslocaticn in boron suffigiont plants treated
with suwin was detested. H.i.A. applicstions ineressed trmaslocation
of X 4o the root system in both boron suffielent and boren deficient
plants. It 43 reported that continued appliscation of N.A.A. to elther
the buds or the roots resulted in fmproved shoot zrowth of the boren
doficlent ;lants (2h).

They conclade that the function of boron in tyenslocation of
sager is indirect and that boron ia essential %o swdn metabolism,
poseibly synthesis,



Ae Additionsl roles or usss for bores,

1e

¥When alsike olover (Iyifolin hybridus L) flowers fsiled

%o attreot bees for pollimmtion, P, U. Holmes (31) becane

concermed over this problsm, e applied complete wdnor
elemonts snd 2 om, of borax sepayetely ower two-l00 square
foot syess, and a fow days sller trestasnt, the bees started
to vigit the Clowers sgeine It 18 belioved that boron proe
zoted nectar seeretion,

Sinmdlayr diffioulty was experienced with raspberries
(Rubua sppe) but 1% took two boren spplications before bees
regponded to the boren trestmsnt (Ll).

Effect of boron on rooting of euttings and root elongubian,
Althoagh boyon hes been used to inorease sved production
in alfelfs, clower, and com and in aiding inesct pellinstion of

alolle clover, its use in premoting rooting of cubtings has
enly recently been reported. C. Jo Wolser (91) has been sble %o
ingrease the rooting percentage of clements (Clementis sppe)
cubtings by a 12 hour soaking of the bases of cuttings in &
combinution of 50 pepente indols butyric seld and 50 pepenie boren
bafore placing them in propagsting benches ander imtermittant
nist, At the end of & 56 day rooting period, he cbiained 53.3
sor cent pooting from water, Thel per cent from I.3.i., 533
por cent from horon, mad 65,6 per cent from I.B.A. plas boyon
trentments. He felt that the boren did not increase op
initiste rooting, bot promoted root growth or elongstion (91)e



The results obtalned by C. J. Veldser and Ly 7. Blaney (92)
on nglish holly (flex aquifolium Le) using similar trestoente
wore more spectacular. There was no rooting of cuttings with
oither weter trestment or the boren trestment after L2 days.
The SO peDeme I.8,A. trestawnt geve L6+6 per cent rocting of
euttings with S.,1 sverase muber of roots per catting and 260
tm, aversge total root lengthe The ceombination of I.B.A. =od
boren gave 100 per cent yooting of cuttings with an sverese of
177 roots per cutting and 119.,9 ma, sverags total root length
per cutbings Thme with bodh I.0.4. and boron the rooting pere
centege was doubled, tie everape nusber of rooty tripled, sod
the length of roots quardrapled over the I.8.,4, trestmest alope,
When boron was not sonbined with I.B.4. but wee delayed 2 week,
the percentare of woubing dropped to 80 per cemty but did nob
nerbndly affeet the matber or lenvth of roots, However, when
boron application was made 2 woeks afer the 1.8.4, trestuent,
the peroentame of rocted cuttings was decreassd to 3 per comt,
ad the mumsber and lensth of roots wbayed the smw as the I.8.4,
trestnent alons.

The I.B.A« plus boron on Anglish holly have incressed the
pevcentaze of pooting of cuttings, incressed the nuwder and
length of voots and hastensd yootinz (92).

The efferts of minus boron and plus boron in the develope
ment of flold bean redicles for the firet 96 hours were studied
by We Jo Vhittington (%h)s In the minas boven culture, no
grewth of the radicle took plsce after 30 heurs, but the fresh
and dyy wolohts per radicls of the two treatsments remained the




snme up to 96 hoars, but in later harvest the minus beren
plante had lower total root weight, The lateral roots of
plas boron plants developed st a distance grester than 1 em.
from the apex, but in winus boren plants sbortive latersl
initials dewloped within 7«10 mme from apex and some within
the apex (Fh)s Le 5S¢ Albert and C. M, Wilson (1) obtained
similar results with tomato roots, In minus bovon pluts, the
lateral roots appeamd within 1 %o 7 =ma. fyom the root tip,
wvhere under nommal condition, they would be found 5 %o 7 om.
behind the tip., Some laterals developed sublatersls to give
them a bashy sppearance. In tomatoss withholding boron from the
roots inhidited yeot elongetion within 24 hours. Although 0,01
FelsMe boyon was adequate %o sustein maximm rete of elongee
tion for 24 hours, it was not sufficlent to sustain anximm
rete of elongation for 72 hourse The lstersl roots in tomatoes
that wvere energing clese %o the injured tip wore arising from
the brown ayres where some cwlls were etill alive, Moot tips
that are brown do not elingate when sapplisd with boren, bat
new lsterals will slongate 17 given beron before they tum
brown (1),

The bean roots of mimis borem plamts ss compared to plus
boron plante, hed fewer nusber of eells per mm, seotion sbout
J mme from the 2pex because of swelling of the oells both
longitadinally and redially, However, sections farther sway
fron the apex conteined wove cells than the nomal roote due
to fopastion of sbortive lstorel roots with many suall cells,
The frequency of cell division was 5 %o 7 per cent for plas
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boyon and only OO per cant “or ninus boron af™er UL hours (hj.
Consideyeble differentistion cccwrred in nimus boron roots, and
xrien elevents were “ound ‘n 2 m. oot gpex, which normally
contain only nirestenatic oolls (l)e This indicetes that
balance in growth regulators within the pland hes been disrapted.
Effest of boren o nitrogen Piuabion by Apotebaster,

The free living nitroren fMxing Asobobagter chroogocoua
does not seen to reqguire boren s several croypinee ocmm be obe
ummmmmmnmsmmm
vield (L)e Ifhommu@w,tzuwﬂmmvwbéw
froz the change rpurities in the sediua by the fipst erepping,
but each succeeding cropping seave sinilar rields. Newortiwloss,
by edding 1,5 peDetie and 10 Depetie boyon to the medium, nityosen
Pimed per gren of ethanol by Amotobacter was increased from 29,5
ue €0 3u? mge and 103 nge rempectivelye More total nitrogen
was "Mamd by the addition of 10 pepeme bovon than by LS pepeite
boveng the edditional buron %o the mediunm also stimlsted pige
sontetion by ssotcbacter.
Others. Dubstitatien of complexing subutences for borens

istenpts were made Yo use strontiun, gemmanimm, and alow
nigas in place of borons Sr Cly 8% Us5 pepefte a0 1e5 DePaiie
and Le§ pepeite Sry J0 Uy 8% 5 x 10°5 It which 4o tho s es
S epeie bopon and AL C1, 8t § x 1075 were useds These gave
aboat one week of tesporary alleviation of hopon deficiency
enptonge John Skolt pu-gwete that since boron is not 1o
utilised, the comploxing resction must be releted to the fore
netion of & gtructual unit or "bullding block!(77)e




¥iIX, VAKIETRL SUSCRPTIBILITY AND Q2NSYIC PACTOR
18 BN JEVICIENCY FROBLER

Ao Varietal saseeptidility of elexy,
Ten varieties of ealeyy wore grown in thyee widely separeted
celeyy-growing areas of California by M. Tmsaguchl and P, A4 Ninges
(99) to test for susosptidility to Lrown checking. From Li§ te 260
Plants per variety were exsnined, Utah 10«3 was the =most susceptible,
with 56,9 por cont of the plants showing brown cheeking. Utsh 1éeS5,
Utah Speeisl, and TopeTen had betwsen 20 to 3O per cent brown checkiang,
Utah had 1L.6 per cont brown checking, Utah 16 (comercial strein), Uteh
16 PC and Utah 16«8 oach had L3 per cont brown checking, Utah 52«70
had 1.2 per cent browm checking (planta thet showed brown checking were
offetype plante), end jummer Pascal no brown chweking. Hoth Suwmer
Fagoal and Utah 52«70 are peported 4o hawe the same degree of resistance.
Howaiian celary growers have found Swwer Psscal variety very
resistant with no appamnt corscledestes or brown checking observed %o
date. D5 end Compact 2 ave also resistant snd no brown checking have
been obsorwed on them, but testing of theee twe varistiss have been
linited, Uteh Junbo snd Utsh 5270 ere considered resistant too, bat
& “ew growers report sbout 2 per cent browm checking, and one grower
reportad 30 per cent brown checking in Utah 5270, Up to 25 to LO per
cent brown checking have been seen on Spartan end Slow Deltimg Ho. 12,
The other vericties, including Uteh Special, Utsh 15, Special tall Uteh
and Jyeen Light have developed over 50 per cent creclkedegtems on soms
slantinTse



Be Inheritence of Busoeptibility to boren deflofency in oelerye

T™he inheritance stodiss on suscepdibility te low lsvels of boyen
in celery were dons by De 7. Pope and He Me Yunger (62). Tie breeding
line Shfetlel which was derived “rom & cross between Cormell 17 and
Toi'ale 120875 was ussed as the suscepiible line, Sumer Pascal, Zasy
Blanehing, Commwll 617, Enerson Paseal snd Uteh 108, which did not show
boron deficiency symptons when osrown in nutrlent selution containing
el Depetie borOn, wore uaed as the resigteant lines., The ?1 prosenies
from BLiletlwl x Utah 10«2 were all nomale The ¥, penerabtion from
crosses between GlifeShel and the normel perente sezweczsted in the ratio
3 nomal to 1 gusceptibles The F, 'backerossed to Sifeilel resilted in
WW?&?W%MMMW?lmdwmm
&1l peve nomsl plants, These vesults indiceted thet susceptidility %o
boron deflciency is detemined Ly a eingle vecessive gere (49).

Cs Inheritanse studies on tomato.

In tometoes, brittls stem, wihich is a syrpton of boren deficlency,
develops when the boren level of the substrete fells below Ue0% Depents
under long photoperied (86). J. We Wall and Ce Pe Andus (86) ves
port that brittle stem sympton doss not dovelop during the porded of
Ogtober through April, even on tomato line 73236, which has been found
%o be homogypous Tor brittle stesm suseoptibility, They used the 73238
1ine, dorived fyrom a cross Dotweon 20128 and STEPF &8 and the variety
Matzers, ass the pormel variety Tor their inderitence studies. “hen
T2326 was crossed with Rutgers end tested under 0.2 pePeie Doron in sube
Mm?]_mnnmm. myzmmwm
retio 3 nomal o 1 brittle sten and the Fy backorose to T3230 resulted
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in approximetely 1 to 1 retio for norsal and brittle sten. Thus, suse
coptibility to bovon deficlency in tomatoes i alse conditioned by &
ginsle recossive qene. Under low boron condition, bLrittle sten ig
secentasted by any ovirommental condition favoring growth end srowbhe
deficiency relstion is favored by this study on borons

IX. EDAPHIC, CHAMICAL, AND DIVIRMMENTAL PACTORS
INFLORICING BOROY AVATLABYLITY OR PIXATION

Ae 3ol Texture.

The relationship between soil textare and svallsble boren in soils
wes shosm by Je Je lehr in 1910, according to K. Cs Derger (10)s In
Dateh soils, lehr eetimoted the total amount of boyes in different solls
as Tollows: "iarine clays sbout 100 pepeme borony river clays 20 Depetie
boron; sandy solle sversged 5 to 25 pepeite Doron in toursaline and 1 %0
2 Doty in orvgenic mattor.

Re V. Glson and Ke Ce Berger soporated the Spencer snd Carringten
#ils losn seils into send, silt, and clay frections and found thet the
boron content eleo varied with soll texture. In Spencer silt loan soil,
the sand fraction wbich comprised “Li.h per cent of the soll, held only
1347 per cont of the sveilabls boron; the silt fpaction meking wp 36,0
por cont of the soil had 50,2 per cont of the available boronj the clays
mwmly%ﬁmromtefmw&lm%woomm
boren in totel soll (66)s Ju 14 Wear (89) determined the boron content
of 253 sumples of Alabemsa soils by soll textures and reported the
following weter sclubls boron in these soll types, "clays +171 Delettey
olay loans o152 pedeiiey 811t lomus 130 pepeite, Mine sandy loan
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UL Pepeiiey SEndy loans o060 Depetiey losmy sond o062 pepeme tnd sonds
+032 peDetis®s He also found that the coarse textured soll, such as
the smds, did not sscasulste ruch boron after the irst your oven with
inoreasing boron spplication, while in the clays and clay loam soils,
mmwwmﬁwmnamnm de ¥y Bipgar end
Fe Miresan also found that the setention of boron was incressed with
fineness of soll texture,

Je Eubota, ote ale, (51) in stadying the nowment of boyon in two
Wisconsin soils, found the avellsble boron eontemt of sand very low and
silt lomm high, mmm'ezm;mmuuwuum
surface of Plainfleld sand, the boren moved beyend the 30 to 36 inch
dopts within six months, whils the boren in the heavier swporicr silt
loan sindlorly trected bad moved to obout & 6 inch depth in the sase
period, With Miemi silt loms, the bulk of the boren was concentreted
m&:ﬁ@ﬂmm.bm:»mmmmmnwm
inch depth (S1)s U4 Me Wilson, ets als, (97) used 10, 20, and 4O pound
retos of borex on clay and sandy loam soll, and obtained incressingly
highey availabls boron with increasingly higher rate, and the bulk of
the boron found in the firet U inches in the clay soils after 13 nonthe,
Tn the sandy lows soil, most of the boyon had soncemtrwted in the 16
to 2, ineh depthe Tore again the aveilsble boron wes highest with the
hizhest trestment, but it was just obout ene~half of the boren content
“ound in the clay soil,

% Soll nolgtures
Une of the most sewere cass of crachedesten of celery cecaryed
during the drought period In the foll of 1961 in Famuels, Hewail,
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Bvidently, the capacity of the sprinkler gystesm was inguficlent to

take ocare of the molsture requirement of the celery plants at the time
of most repld developments Dy installing larger pipes for sprinklsr
system and providing plants adequate molsture, the boren problen wes
partially corrected,

There aro sany reports thet dry weather sccelerstes the appesrance
of boyon deficiency syuptoms on crops growing in soils low in availe
able borons F. M. Zaton and Le Ve Wiloox found that part of the boren
added to the soll becomes fwed upon drying (27)s Le Be Lotimer (53)
found that drought in June and July in New Hempshire was the chiaf
predisposing factor causing boron defMelency in apples.

Ae B Burrell (1) ctates that 17 two trecs show “he same wide
season leal boron content, but if ome suffers drought condition and
the othor does noty the one that wes subjected to low moisture condition
will have lower boyon concentymtion in the frults 0. He Canmell, et.
al, studied the effects of irrigetion on mtrlent uptake of celery,
and “ound thet the absorption of boron mnd molybdenm decressed with
decreased soll molsture (15).

By using the split root technique on tomatoes, Je A. Hobbg and
Be s Tortrenson proved adequately that even though the surfece soil
nay have a high boron content, plants will not be sble to tale wp
sufficient boron for their needs if the soil is hept dey, Half of the
root oystem of ome plant wes kept in dry surface soil, while the other
hal? was kept in moiet subsoil containing very low borons (in most gube
soils, the boyon content is very low.) The plant did not develop
normally as & mesult of inability to obbain suffMelent boron fyon the
soil (37).




n mmid wess the solable boren salts ame leacted oubt easily,
congeqaantly, most solls in high mainfoll sress are low in svellsble
boron (10}

Us Sotl omsnic natiere
fervell A, Mmeeel (72) cltss the work of sevaral Ttallan worlers,

who Tomd thet opmande boyon is the moot polable fom of bovony but no
farthar detall io pivens He Ve Ulson and e O Sorger (G0) investigated
mgmawmmmesammmm%mmm
ahls bovon precant in the gofl and fte ability to fix borons In the
dirferent pilt lomss and sands ased in the emperimant, the avellsble
boron ‘a the goils wee increased by destroying the orgenie natter
indlosting thot some of the boven held and fimed Yy the orgendc mabter
was relouseds They Turthor fomd that the pervestape of boron fised
alter adding 20 pepeite bopon wou crestor when the orgenic metter ves
posente han the organic metter was Jdegtivyed, the pewentane bopon
Mzod wan penorelly dooroagsed, In other words, the abllity of soild

to iz bovon was meduged by the destwuetion of organic mattews Ko Ce
ferger (10) meporte thet in scld soils, thero 48 o correlation Loe
twoon svadlaoble boron and orgesic metter of the goll, with higher
swunts of avallable boren found with higher orpanis matter content of
the soils In elkeline ooils, the pil and the sveiladle celeium hove
nore ‘nlosnoe on svellability then ormnic netters

U Z2i1 mpactlone
Whan e s Oloon and B, Ce Sergor (66) added 30 ntiliequivalont
Ca a8 onlolun chlopide per L0 grems of ooll, the pil of Ww goll wes




changed from 5.6 to L8, but fixetion was unchanged., When 20 willi.
equivalent Ca was added in the Topm of caleium hydroxide, it chenged
the pit of the soll suspension to 9.2, and resulted in increesed fixae
tion Trom 6e3 to 33,7 per cent, This experiment showed that the pil 4s
an importent factor in fixation of boron, In seld goils,; they found
noe corpelstion betwoen boronm Pxstion and pli. The cations of the
bases had little influsnce on boron fixation, but the incresse in pi
prodused resulted in fixation, When calelun hydroxide wes compared
with sodiam hydroxide st sinmilar pi! ranges, the per cent of avsilsbis
boron fimed was the sase in oo type of seil, but the fixation wes
slightly higher for caleiun hydroxide in enothor soil, The boron that
is fimed with the addition of calelum hydroxide cen be relessed azain
by lowering the pi of the soll with hydroshloric scld (66)s By asplye
ing sulfar Yo the soil, A, %, C, laas was gble ‘o increase the availe
sble boron of the soll firom 1499 Pedetie 10 La26 peperte (Mi)e ¥e R
Page found that by increesing the pll end phosphate of the soil, the
uptake o boron by sunflower wae decreased (67). .

%o Lising and boren fixstien.

In fields where heart 1ot of suger beets was 8 problef, G Le
Cook and E, 2, Hiller (17) noted that the caleium content of the soils
was invarisbly higher than nommal., They sugzested thaet boren was imed
in the Yown of insoluble borates of caleiua and magnesium, J. 1. HYear
(%).WMmsdummmmam#m
Yo he Horland and R W. Starostka report thst boron application %o
acid soll inereased the yisld of alfalfe, but vield was not increased
when borax was & plied to celearecus soil (63). Verying emounts of
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ling fyom O, 2, L, 6, 8, 10, 20, 30, LO, %0, &0, 70, 00, 90, and 100
per cent were used by A, R, Hidley end D, %, Demklee (£0) to fix berie
solde The highest fixation « 5L per cent - was obtalned by 20 per
cent lime and farther incresse in percentage of lime docressed Tixation,
Celoiun carbonets, Ce0, ws,mwoaua Mmﬂyt!‘m&iwh
Piming borie acid, a.q.s’mmm?.shuwﬁ}:mmm
acid forwed an insoluble precipitate with caleiun satureted bentonite,
and also with calelium aluninow-gilicate,

The investigations by Olson and Derger (66) on the effect of
Ca (0H), snd 0aCl, in fixing boron wes reported earlier under pils
They concluded that the change in soil resction by the addition of
Ca(0ijy end Halll 1s the important fector, and thet the cetions of the
bages had 1ittde influence on boron fixation. When the boren cantent
of the substrete was kept constant, but the caleiun content was pro=
zressively incressed, the solable boyen content within the tomsto
plant tlgesus decressed with increase in oaleiam in the substrete. @,
Reove and Je We Shive (71) also found that the boron accuwmalstion in
the plant is conslderebly modifisd by the celcium concentretions in
the substrete, and is independent of boron, ¥He Y. Jones and C. D
Soapseth (47) report that plants will male nomal growth, ealy when &
cortaln balacce in the inteke of ealcium snd boron exists, When this
balases is upset by having high inteke of caleium with low borom, the
plant will suffer from ingufficlent boren. In strengly scid soils
econtaining low avallable caloium, & small sddition of borex nay csuse
boron injury to plants, They found the ideal belsnce bstween Ca/B for
tobaceo (Eigotiana tebsous L.) to be about 120011, for soybeans 500:1
and for sugsy boets about 100:l. ibout the same ratio for Turkish
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tobageo plant was reporded by M. Drele, ete ale, (21)e He Lo Yox and
We Ae Albrecht (31) stadied the caleium boyon interection on lemnz minor
Ls on clay suspension. Noron content of lemns increesed with ine
creasing caloiun in subgtrate and the high caleius countermcted the
toxie effect of boron, The Ca/S retio was very low.

Jo Je Cortli (6) doing water culbure experiment with sunflowsy
(Vellianthus spp.) and tometoes congluded thst the concentrutions of
caloiun and or potassius had precticelly mo effect on boron uptake by
plante. 'o aleo reports that healthy lsaves showed noye than &
hundred fold varistions in the Ca/¥ wetio, sugpesting thet this retie
is not of mreat importanve,

Ps Fotsssiun-boren reletionship.

Be Poove and Je We Shive (71) eonducted water culture experivents
with tomato plants %o study the velationship betwsen potassiua and
borone They found $hat both boron toxielity et high boron levels and
daficiency 2% low boron levels are progmessively eccentusted with
increasing concentration of potassium in the substrate, The acewnls-
tion of potesslun in the tismes of tomsto plants 1s influenced by the
potassium concentration of the substrate. They Tound thed calolum and
potassiun had simllar capacity to accentuate boron deficiensy syplous
with increasing concentrations of thess two eations in the substrate,
floveveryab hicsh levels of boron, incressing the ealeliun concentration
of the substrete decrvase boron toxicity, while incresse potaseiun in
the substrate tended to sceentuste borun toxicity. K. Co Herser (10)
guzsests that the relationship between potaseium end boron is of mueh
less importance than that of caloium and boyon, and he indicstes that
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it is an indivect relationship, where adding potesgium decresses uptaks
of caleiumn, thas upsetting the calolum « boron ratio,

He Sinha (76) studied the offects of potassiza « boron interections
upon the growth of soybeen plants in sofl low in borons Vhen sbove
nomual amounts of potescium wes supplied without the addition of boron,
the growth of soybean wes adversely affected, However, when about 2
pounds per acre of boron was applied, nommal growth took place even &t
the hizhest lewel of potassium, which was 20 per cent of the total e
shanve capecity of the soils The boron contents of plants grown ab
high potassium level were considerebly lower than those grown et nommal
lavel of potassiume He found tha" lare emounts of potassium decresase
the uptale of calelum eand magmesiunm by the soyhean plants, especially
when the boron lsvel of the soil is low.

ds B, Fendrick, ote aly, (L) and ¥, Yamaguchi, ete ale, (98)
have found that high nitrogen and potassium increase incidence of browm
checking in celery, Working with nutrient calture solutions, Yasapuchi
ot, aly, (98) found that recamrdlsse of the boron lavel in the nutyient
solation, the boron content of the peticles decreased with increasing
potassiun in the mutrient solution with nowmal level of nitrogen,
Plants grown in 550 pepens nitvogen end 23 pepets potassium were
lower in boron content than were those grown in 210 pepents nitrosen at
both 0,10 and 0s25 pepetie borons They state that “the occurrence of
browm checking in the fleld can be & result of low boron in the
rapidly elongating portion of the petiols oscasionsd by high potassium
sccwmlations In some cuses the boron content of the plant may be
stretched thin due Yo fast growth following nitrogen applicstion®,

He Tamaguohi and Pe A Hinges (79) detemined the potassium and boron
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contents of nomal and brown checled celery plants in the ald, They
found that the plants showing brown checking eye ususlly higher in
potaseium and lower in boron with higher E/B retio, A 3000l K/B
retio is sursested ns the borderiine betweon norsal and brown checking
plantes

R« By Burrell (1h) compaved (1) once & yesr spreying with sodiam
peutsborate (solubar) at 1 pound per 100 gallons, (2) 2 spreys with
the sume materisl at 7«10 days snd 2027 days afer potel fall, and
with (3) “ertiliser bovate in narrow ring on soil at L %o © oz, per
trees lie found that there was slisht carry over of boron on spreyed
plasts bub wore carry over in the fertilizer borate trestownt, Howe
ever, one spraying each year geve highest boron especislly in whe
fmita.

The comblnebion of 100 %0 150 pepette boron, 30 £0 10 pepete

iphithoxyacetio sold and 0,25 solar dextirose with iidler nutyle
Mwmmwmmmmﬁ.mmw
regponse per unit of elsnent used on tomatoss. Thay were applied on
the ysllow open blooms every week to 10 deye (29),

onaliip between aamestun and boron on the rrowdh of

tung trees (Alenrites fordil “ensl.) was investigated by C. 3. Shear,

et, aly, (T5)e The applicetion of boron et Ol pePems developed

varving demress of toxisity symptoms on tuns lesves. They found that
the severity of the gymptons was inmversely correlated with the level
of magnesion in the substretes There was no eorrelation betwesn the
megnesion omntent of the isaf and soverity of boyen toxicity, and no




L2

correlation between boron content of the leef and severity of symptons,
flowever, there wes a close correlstion between the severity of tie
taxioity symptom with the Ng/P retio. With increase in Mg/ retio,
there ig decrense in boron toxieity,

He Ferbiliser - boron relstionship on celery.

Camell, ote 8le, (15) aplied 1, 2, and & tons of A0wl0el0
fertilizor on celery and obtained correspondingly lower boron content
of the leaws and petioles with increase in fertilimer retes. M.
rachi, ete alsy (70) found that high nityogen and potessium tend
to reduce boron absorption and incresse incidenve of boron deficiengy.
fven Sumer Pascal which is mupose t0 Yo resistent to boren deficlency,
showsd slicht brown checking end crechedestenm in high potassion and
low boren medium,

Yanar

Celowy fortildizser prectices in Hewaid. Prom 13 to 3 tons of
10wllnty Sullnll, Umllmll, 151515, 11ehifel, or TobubeT=12,5 arve
applisd thiee %o five times to a orops On the bases of total plant nue
mm,mmmtmmw&nmms.mwmmn
and 100 to OLO pounds K “requently, & 1llsht preeplanting application
um,mmmmmwmmzwhmmm
inge The seeond epplication is made 2% to 3 weoks later, and thipd
application L to 5 wocks before harvesting, end lsst application 2 to
3 weels before harvesting, MNeny owit the pre-slenting spolicebion snd
aoply most of the ‘ertiliser botween the Gth and 10th weoks, Dorex ig
senerally brosdeasted over the Mold at the mete of 50 pounds per
scre before planting, bubt some srowers apply borex st the same rate




sbout & month after transplanting, and a few use Sul-poding at 50 to
100 pounds per acre rate before plmﬁng. Heny incorporate boric acld
in their regular weekly spray progran for blight and insect control.

Because of the Sglerotinia sclerotiorum (Lib.) d By. problem on
both lettuce end celery, many growers apply between GO0 te 1000 pounds
of caleimm cyansmide for its control. The esloium eyanamide not only
controlsthe fungus, but eddsnitrogen end caleium to the soiles Accowrding
to M. Alexander (2), caleium cyanamide is rapidly hydrolyzed in the
soil to ecyanamide snd caloium hydroxide and e subsequent conversion of
cyanenide to urea. The last nicrebial hydrolysis of urea to armonia
i ensymatic.

The use of calcium cyananide may havwe fMxed gome boyon in the
soll and agzrvevated the boron deficiency problem,

A few celery growers who mixed borax with complete commercial
fertiliser suffered considerable dmmage from brown checking, despite
heavy application of the boraxe-fertilizer mixture, Some of the low
analysis complete fertilisers have lime as fillers, and this nay hove
been the cese with a few who have precticed nixing boren with other
fertilizer ingredients on the fam,




IXe SOURCES OF BOROH

Ae Sources of boren in soils.

Huch of the boron in soils ocour as highly insoluble Youraaline
and boresilicates (27, 72, 10, 68)s Acooniing %o Vs He Cnton end
Le Ve ¥ilson, traces of boron have been veported by Je Ve lellor in
feldspar, pegmotibte, Italian lisegtons, trevertine basalt, sandstove,
Chilean nitrete deposits, Comwreiel slimlies, iron ores, alumdinoe
silicete minerals, etes Free boric scid is found in crwters of extinet
volemoss (27)s The total boron content in the plow depth of en scre
of most soll varies between 20 and 200 pounds (72)s Nost of the boron
is insoluble and only lese than S per cont of the tetal is eveilshle
for plantoe

Sone of the noturally occarpring borete sinerals and cospounds of
boron are discussed by Saton and Wilson (27) da U.8.0.4. Techs Bale
o, 96, Sove streans dreining into the San Jooguin Valley frem the
coast ranges of Ualifornia carry as much 8s 15 Depene boyon, Injury
to cityue in Yenturs County wes treced to high boven content in
irrigation weter (27)« The boren content of the oen water averages
Le50 papette (1)s

The boron thet is uged in arriculture comes fron ninerel deposita
in Desth Valley, end the Hojawe Desert, and from byim of Soerles
Lake in Californian (72). Yemaguohi and Minves (99) veport thet the
boren content of soils in the celery problem aves varied from 0,12 to
2 high of 2,1 pePetts aud the irrigetion weter varied fyom 0,07 %o 0,21
Peleiie bOYOR, OUther crops in the avea do not show boren deficlongy.
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Celery plants chowlng deMelency ayptons hawe high potapsion end low
boron in the lesves and petiolan,

B Doron content of [imesiimn

Le A¢ Demn end Te Tanada (20) soalymed 20 representative surfeco
soils in Hawe'l, end found boron content pening fyom 10 Depetie 40
G0 pepetie  The svellable or hot woter solation bopon veried from 0wl
FePetie 40 200 Pepemte They slso veported that only 3 seils fell in the
deficienoy ronges The surface solls in ell Anstances contalined ot
Isast twice as wach boroen ag sorregponding gubesollse

Co Conviom boyon smendwents md uges.
1. foric seid (Iy0s) contalne 17,49 per eant bopon (35)
and Sef pounds provide ons pomd of bHOrone
2o Torm: (Hagh O.=10g0) sontaing 1l.3 per cent B {09) and
- Gll pounds provide one pound of bhorone
3 Tertiliser bovete (Ve Cn-1010) coeroisl crade has
10,5 per oot B (89).
Le Fortilissr borete, high greds or tyonabar (layh OpSilg0)
hoe L3u6 per cont B (£9),
Polybor = 2 and = 3 (707 NaghpO) gelilpG and 208 Negh Ope
Siig0) hes 2045 per oot B (09)s  Some as soluber ().
Ga Golovanite (Co,8.01y«010) containg 101 por cont borons
This material 18 loss eoluble than borex and lesoh oub
wlouly (69)e
7s Houlight - borosililoste (89),

e Tlemite w HalaByOueiily0 (35)

g‘\
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P« Boro-ipray - sodium pentsborste cortains 18,1 per cent B
or %45 pounds provide one pound of borom.

As G Buker and Re Le Cook (5) applied LO pounds of borex per scre
to alfrlis in 22 locsdione in Michigan, and obtained increase in
yield of over 10 per cent in the second erops bubt not the firet crop.
The epplication of borsx did not alweys resslt in increased ylelds ewen
though the beron content may bLe high, In otleyr tests where 30 pounds
of boyax and 600 pounds per ccre of Oe20-20 fortiliser were spplied,
there was no significanss incresse in yield in ¥ out of the 10 plote
selected. = boron content of the tops of the trested plants was
mach hizher in ewry case. J. I. Yoar yeport 1% %o 3 pounds of borax
spplied to soils hawe incressed yield, stand, and quality of alfelfa,
end 10 to 15 pound per acre suplicstion on crimson clover incressed
ssed produgtion sbout § times (89).

less soluble borosilicate rlass wae ocopared with solabls borex
on Rmnger alfalfe in sandy loan soil by G. Re Solden and Ay J, Ingel
(L0)e Thelr remults showsd thet incresses in yislds wore obtained
fron 5 to 00 pounds borex, snd Tvom 12 to 360 pounds per acye of
borosilicate gleswz,

Tampty or black stalks of corn were cervested, snd yield of com
improved by application of 15 pounds per acre of fertiliper bhorate
(Nay),0,~10H,0) sidedrossed in bends when corn was & foot high (1),



XI. 30IL T WHICH BORON DEFICIENCY I3 FOUED IR HAWATI

The soil in which boren deficiency is a problem is claselfisd as
neddish Freirie (79)s It is described as darkegolored soil of sendie
arid and subbunid grasslands, There is no accusulstion of carbomates
as is foond in the Aeddish Frown soil lovcated Just below this aves
et lower slovations, The JaddisheOrown Pa soil has mn scowsmlation
of galolum csrbonste at about 30 imgh depths It is belisved that
higher reinfall in this mone losched out the carbonstes from the soils
The & howdmc: which 4s vewy daxk is cbout § to 12 inclos, and greadually
tum ghter coloyed in the trangitionsl 3 horison that rests on
parent materisl,s The soll is moderstely high in bases similar % the
imddish Prairle seils of the southcentwil United States, but differ
fyon then by having a frishle charecter of lLatasols. Precipitation
rengas from 20 %o 70 inches per years

The chenical composition of the colleid fraction freom typicsl
faddigh Prairie soils of Dawsil reported by D. Shersam (77) i
shoam 1n Tabls III.



TaBLE IIX

Chendeoal composition of colloid frection from typical ‘Zeddish
Prairie goll of fmwail,

bopth (lashes) Oolietd 940y  YegOy  AMlghy  Ti0p

(b 569 15,2 232 29.0 3ol
62 B3.9 170 2L L0 ke
1224 L2.2 17,2 294 3246 LiaB
230 2.0 17,7 208 30.8 Lel

Cation-exchange capacitios ere very high « L0 %o 70 anillle
equivalonts per 100 grass, No explanation for silica « sesquie
oxide ratlio and high cstion-exchange ospseity is given,



£IT, HECEANISM OF BOROE FIXATION IN S0108

Re Qe Parks snd Be Te Shaw (68) report that boron can de prow
eipitated in combination with silicon and alusimus, 7he pressnce of
caloiws ions, high pi, and drying all tend %o incvesse yrecipitetion
of boron, It may slso sobstitute for sludmm in the eslofum alumince
silicate. Thay fsel that begnuse of the grester ioniec redil of alue
sdnumy 0,50 % vee 0,20 ¥ for boron, the aluminoesilicate would be more
atable than the boroesilicate.

I% 4s reported that boron fixation occurs in lateritie soils of
the South, which have relstively high comtent of fyee alumine snd iren,
Ten per cont elay, similar %o benbonite in the soil when overlimed,
eould fix in sn insoludble ‘orm the boron contained in sbout 75 pounds
of boyax {66).

Je We Biggar and M, Plyeman (13) state that Migetion of boren axy
take place by moleeulsr sdsorption, snion swchenge, or chendcal precie
pitation. Boron probebly forms compounds with soluble alumimsn, silie
cony; and ivone "he borete iong mey be also exchanged with the (OH)
fiome of the soll surfase yesulting in fixation of boron to other alue
wirnm, silicon, and iron.

Jince the percentage of soil colloids, fron, aluminuws, and cationw
exchange espacitiss of the Hamwailaen soll sy very high, it is very
possible that boron ean bo readily precipitated chesicelly or be ade
sorbed by the colledd Lightly so that plants can not got the borons
Falrly hesvy spplicstion of boyex in excess 50 pounds per scve has not
caussd toxicity, but in some cases hawe been insulTigient for colary.



TITe hHARY

tanbe Im 1981 for the firet tive, locel production of celewy amesded
the Zspoptation fron the ssialsads

Contimasus inteusive cultivetion of wegrtable orops hae deqressed
the bovon comtent of the soil to the polat where appliestisn of boven
to soll ta vecspuayy for sucoess in srop produstions, lemplite mwends
ment of boron to the sodl, losmes fyen bowen deficlency &% Lines hew
boon as high as 50 pur cents

Bepon deliolensy probleom is foand seeerelly fn edd and heavy
reinfell syens, vhere soldile beron tend to be lescheds b also vocur
snder sondition of heswy ervy venwel and in ealasyecus soils, op
wiwre overlinine has fleed the boven in tw suil,

The bopon mequirsmest of Zlante 447 and the Mace tetipen dow
Mletency and Soxiolty 15 very moevows oo crope reguime Ol Pedette
of available bovon, wiile $his sme ewant would injure sensitiw
CTOEe

Soren la taben up by e trenspdiretion styeen snd penernlly hes
e highest concentrution in the leswss T“he et gyspton of beren
injury sopeor se burming of the lea? tip and mergine, soren in plew
tdssmses 1n not %00 wodile aod mavd e provided contimatusly.
sve affpcted Tlret wden boven 4o lackings Tisswe of the meplotemetic



morigtenatic reglons Orowth is stunted and in wost plants, there is
mscrogis of the phloems The leawves and stens become brittle, Awy

sondition that favors growth such as long days, high nitrogen, or

increase in texperature hastens symptom development.

On selary,; the major syuptomg sre brown checking or small orecks
on the adaxial or immer portion of the petioles, crackedesten, and
atyophy of the heart, Under ultra violet light, luorescence can be
obsarved from the cracked-sten and checks.

There aye sixteen mles of boron which have been reviewed Ly
Jeuch and Dugper, including one which they proposeds Their proposed
rols of boron on trsnslocation of sugars has not been entirely sccepted
by some inwstigstors. They hypothesised the formstion of sagar borete
coplex and movement through cellalar membremes or the assolostion
of the borate ion with cellulsr nombrane, which react chemdcally with
the sugar soloculs to facllitete passsge. Thooe who disagmee, feel
that the role of boron im trenslocation of sugars is indirect and is
associsted with growths Other roles include nectar production,
rooting of euttings, and promotion of incrcased nitrogen fMxastion by
podl orzanisms,

Celeyy veristies vary in thelr ability to take up boron from the
soil and suscoptibility to boron deficlency hes been found to be dew
tornined by a single recessive gene., Suscaptibility to boron dow
ficienuy in tomatoss has also been attributed to a single recessiw
mence

fenerally, sandy soils do not comtain as mach boron as cluys or
silt losns, md the sandy soils lose boron faster than the finer
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textured gollse The orgsuic matter in e solls alec affects »wione
tion emd Mluation of borun,

ol reaction has & grvest inflaenos on svallebility of boyeng as
e i ef the soll is increcsed showe mateelity tiw rele of bomm fizee
tion f2 slso Inmespsd, Trring o the sefil tend to inluenos Mxetion
of boron and the ooourrense of borven deficleney has been prester
followlng drought parlods,

The s0il eollofds, iron, slmisum, snd estion exchenge cwpacitiss
of iawellsn soils ame high, which ney scoount in pert for e Migh
boren fizwtien vete and the existence of boron deficliency problem.

The applieation of high mates of lime, nitregen sl potsssian
tend b0 sscentunte boren deficloner swton expression, but hish retes
of lime end mazmegian heaws been shown %o deoresse hoven vudodsy.
Geme Tertilisers used by celerr syowess contsin lime ss flllevs, end
anless the ealelun sontent of the solil ip low, Walr uwse is discozseed,

Soven defiviensy @rphone o celery develop most Drequertly et
the tiwe plapts aye maiing the fustest growth snd 1t 1s fsportssd theb
sdoguate lewoly of boven be maintained sll the time., Calery plats
given large smounts of fertilisers, esrecially these Nigh in xityosen
mnd potaseism, huve been shown to reduoe boron sbeorption, The retes
o? nitromn snd potassion uesed by nmy celery srowers s Hlghe e
search shoudd be conducted to Mnd ut the opbiaam levels of sitpegen
and potessiue nesossery Yo nelntain Migh yleld of celery, and the
lowel of mityogen sod potassium whileh will nfleonce wptale of boron,
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