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IHEE0LUCTION

Altrough Agulbonts (1) experimenis &s early es 1910 demonstrated &
beneficizl response from boren in the mutrition of certein higher plants,
practicel interest in boron &s & fertilizer element did not develop until
efter the recognition, twenty yesrs later, by Brandenburg (5) of e boron
deficlency of tue beet under field conditioms. In fect, in tne United
Gtates during thls twenty-year intervel, sttention was directed ratner
toward toxicity from excess boron. In domestic potash, which was utilized
by toe fertilizer industry due to the curtailment of foreign sources
dnring world wer I, considersble borom wes found &8s sm lmpurity. Janother
instance of toxlicity to planis resulied from the use of irrigation waters
of tne vwest which conieined boron in excessive amcunts. It is unfortunsate
that none of this work om toxicliy uncovered any instance of bvemeficial
response from boron application. fThis was not because boron deficiencles
did not exist, for Atwater (3) recently has pointed out that the aymptoms
ef sbnormslity in many plents wiich we now know are correctible by the
gddition of bhorom, were recognized mnd describved years before the role of
boron in plant nutrition was suspected. 9Black-hesri® of beets, Winternal
corik* of spples, snd “eracked-stem™ of celery are exsmples of such sbnor-
malities.

5ince brendenburg's discovery of the relation of boron to #Wblack-
nesrt® of beets, tnere has been an ever-incressing number of reports of
boron deficiencies wito other plants found under field conditions. At
the present time this list includes represeniastives of perhmps twenty or
more species. In toe light of our present knowledge of the boron

reletionships in the seil and plant, there 1s resson to sesume tusi under



gertain conditions doron msy be found to be & limiting facteor in the growth
of eny of our ecomomic pleante. The comparstively narrow range between
deficient, optimum, and toxic levels of boron in the soll, end the widely
differcut response of species to & certain level of borom nubrltion,
necessitate tie acourate definition of the plent and soil conditions at
given levels,

In the spring of 1933 there waes observed in & vineyard growing on
light sendy soil in South Jaroline, folisr symptoms wuich resewbled symp-
tons of boron deficlency es they uave Leen deseribed for other plents.
Since tuere nad been &% tnat time no report in the litersiture of boron
deficiency iun the grspe under field conditions, snd since it wes early
spparent that toe observed symptoms varied wildely with sezson and with
verieties, 1t was consldered necessary to definitely mseribe tue nature
snd cause tbereof Surough experimental procedure. Such procedure Las
invwolved studies of tue response of the grepe to bLoron both ia tue vine-
yard nd under conirplled greenhouse condltions. The vineysrsd studies
were conducted at the Sandbill Lxperiment Station, Columbis, South Carelins,
and toe greenhouse and laborstory studies at toe Hortiocultursl Department

of tihe Unlversity of Harylsnd.
REVIEW OF LITERATURE

i1t is the intent to revierx in this gection only that litersture which
is concerned with the boron anwiriticn of the grspe. Excellent amnd up-to-
date biblicgrapnies (18) aad (43) snd reviews (11) of tue gemeral field
of boren soil-plant relationships are available. To adeguately cover this
entire field in tie present review would be impractical sad to generslize
would be misleading. However, findings in the work with otner plsnts,

which are pertinment to the resulis of tiese experiments, will be discussed



with the results.

¥aler (21) im 1937 showed that boron is necessary for the normeal
development of grepe seedlings grown in water culiure mutrieat solution.
Cinoue (23; reporting ia the following year on the setiing of iruit ia
toe wuscat of slexandria variety of graope, found thet tue sprlication of
borga in concentration of .0l perceat as the aguecus sclution of sodius
borate to ten year old viaes twenty days belore flowering, resulied in
peiter germination of pollen grains from tbe treated vines snd in wore
tihaa twice tne set of fruit. He also found toat application of & 001
percant solution to the stigmsas at bloseoaing time greatly incressed tne
set of dberriea.

The above sre the only references found in the iitersture dealing
specifically witn tne effect of boron on the grape. Inere secms Lo Leve
been no instance of tue trial of boren as e fertilizing elemeat in vine-
yerd soils, sud, with the exceptiion of Maler's work, the grape Las not
bee«n used in comtrolled mutrienmt culture experiments involving boren

deflciency.

OBJECTIVES OF BXPERIMENTS

Tas objectives of the experiments nerein reported were as follows:
(1) to study tbe effects of boron spplications to & vineyard soil uwpon
toe growih and fruitiag of the vines; (2) to study the development snd
control of boron deficiency ia vines in nutrient culture; amd (3) to
determine tie lewvels of boron in tne curreant seasons growth of the vine
uader various coadiiions ol boron mutrition. These oujectives were
spprosched by: (2) the wse of & vimeyard wuich was found to respond to
borax fertilization; (b} tie growin of vimes in sand culture with amd

without boron in the nutrient substirate; and {c) borom snzlysis of lesves

snd other parts of normel and deficlemt vines.



Pild® 1

EFFECT OF BOMON FuRTIMILATION GF TR GRB
URDER VISEYARD COUDITIONS

MATERIALS AND METEODB

Tne Yineyard. The experimentzl vineyard is loested in the Sendnill

aree nesr Columbis, Souwth Csrolinz, on a deep phese of Worfolk ssnd. This
s0il iz very low im orgsnic zstter and metursl fertility, zivieg crop re-
sponse to epplications ¢f meny of the plant focd elemente. Tre vineyard
had received snuusl epplications st the rate of 600 to 200 pounds per
scre of & mlxed fertiliver, snzlysing § percent mitrogen, 4 percent phos-
phorus, snd § percent potesslum. In sddition, 1500 pounds per acre of
dolomitic limestone was spplled in 1932, snd 1000 pounds per scre of
besic slag in 1938, %ne pH of the surfece soll was sbout 5.8 4n 1939,
fne vineysri consisted of & varietsl block of forty or fifty varicties
and & stock-cion test bloek. qumm were agpnced elght feet mpnrt with tem
feel between rows. At tine tlae of inception of the fleld experiments in
1939 toe vines were from five to nine yenrs of age snd each veriety
included five to %en vines.

In Jun#, 1939, two or three vines of each of the ten varieties,
Delawsre, Lensoir, ierbert, rerdemont, Maranes, Extrs, Portland, Cmtarie,
goncord, znd (atawbe were trested with borax at the rste of ten pounds
per zcre eprlied to the surfzce of the soll in bends on either side of
the vine. In ¥sy, 1940, helf of the vinesz of the remsining verieties in
the verietal dlock and nalf of each stock-cion combination were trested

in like mannsr. In september, 1942, snother applicetion of borex wes given



to 8ll vines previcusly treated. A4All borsx spplications were mede by
mixing thne vowwu with send to inmsure more even distribution smd thne
materisl wes incorporated im the soil by cultivetion. 4ll otrer ferti-
lization and culturszl trestments were the szme for sll vines.

Yield records were obtzined from the individusal vines and obeer-
vations were mrde poricdicslly on the growith snd condition of ¢the trested

end uatreated vines,

Sampling and Anglytical etnods. Isaf semples from borax treated

and untreated vines of fourtesn varieties were anslysed for boroa content.
Ssmples were tazken on iay 1, kay 29, August 9, snd Septemder 10, 1981, end
on June 17 and September 11, wwwm. dormally the fourtn leaf from the
snoot Lip was tsken. (n aclively growing vines tne leaves at this point
were young and sboul three-fourihs mature size; bowever, leasves of
gifferent sesples were not comparable in this respect, due to borem
deficiency, crop load, snd sessonsl conditions. Ten to fifteen leaves
couposed a ssmple. Une tresiec and one untreated vime of each variety
were sempled, sad tne ssme vines were used toroughout the test. Llso
semples of swoot growth were obisined for a study of boronm distribtution
in tue current seasons growta.

#oron determinations were made by the quinsliserin method, following
the procedure of usunsell (24) ewd uwsing & Coleman spectropnotometer in

ovteining colorimetric resdings.
RESULTYS

roron peficlency toms zad Kemedisl Lffeci of Forsx. Foliar

gyuploms were noted in June, 1337, wulch suggested the posslbility of

boron deficiency. These symptoms included & well-developed pattern of



chlorotic sress toward the lesaf mergin and between the leaf veins
(figure 1). These chlorotic areas remained intsct even in severe
cases witnu 1ittle or no development of necrotic areas or burning of the
leaf margins. The surface of affected lesyes was abmormally roughened
with raised aress between the velns, resulting in & cupring of the leaf
toward the under side (figure 2). Fremsture defoliatiom did not occur.

The new lesves produced after treataent w»ith borsx snowed no evi-
dence of sbnormality, although tue older lesves remained chlorotic.
However, the late seszson growth on untrested vines also showed 1little
evidence of sbnormal symptoms.

Shortly after the stert of growtn in early uey of 1940, the shoots
on & nusmber of vines that were not trested wiith borsx the previous yesr
were developing sbnormally with pronounced stunting of growth amd s fre-
nuent tendency toward the production of severzl lateral shoots from a
single ncde, especislly from the nodes moat distant from the trumk of the
vine (figures 3, 4, 5, snd 6). The interncdes were very short snd the
leaves small end often misshapen. Flower clusters were developed but were
twisted, malformed, and falled to set fruit. The wesk, stunted vegetative
growtn in some instances mads tne flower clusters sppesr unusually
prominent (flgure %). Untreated vimes of some varieties showed less
extrene symptome, involving only slignt ehlorosis or cupding of tue
younger leaves, similar to those observed the previous year.

The borax-trested vines of the ten varieties receiving the applics-
tion in 1939 showed no indications of the symptoms in tne spring of 1940
and were developing normally in every respect. Borax trestment in sy,
1940, of sbnormezl vines resulted in normel development of the mew growth
observed in July of thet eeszson. igein, as in 1939, it wes noticed that

the later growth on the untrested vines was not ss dadly affected &s the

early sesson growih.
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In the following seasson of 1941, the occurrence of the symptoms was
comparable to that observed previcusly with the exception that possidly
certain varieties were affected less severely. Of the 100 or more vines
of the geversl varieties sbowing definite aymptome of boron deficiency
before receiving borax treatmemt in sy, 1940, only two individual treated
vines failed to show complete recovery amnd mormsl growth in 19h1,

In 1942 snd 1943 doron deficienmcy symptoms agsin sppesred on un-
treated vines, but in not ss extreme form a&s on the twe previous sessons.
In genersl, differences in growth snd fruitfulness betweem treazted snd
untrested vines were less thsn &gﬂw«. Severzl factors mey account for
this: (1) the effect of the borax trestments im 1939 and 1940 may neve
been largely dissipated, although treated vines in no instance showed
boror deficlency symptoms; (2) over-cropping of boron-trssted vines in
192 (figure 12) accompanied Yy very dry weatner in the late summer smd
sutumn weskened these vines; and (3) ecrop fasilure on the untrested vines
for the seversl years previously msy have resulted im a more fevorsble

plant-s0il boron relsationship.

Vaerietal Differences under Boron Deficiency Conditions. Grest dif-

ferences in varietal response to tne deficlieacy existed. Table 1 gives a
rating of the varieties in tnis respect. Ontario, Cermen, Armalegs,
Senecs, and Geneva are representative of varieties which were severely
affected, showing extreme folisr symptoma, stunting of growth in the spring
ard practically complete crop failure., (atawdba, Bailey, Lenoir, Concord,
Extrs, Herdert, emd Klagsra were smong tnose moderctely sffected, sbowing
some foliar symptoms, especlally at the time of blossoming, snd sore or
less affect of yield. Champlion, Portland, Fredonia, R. %. Munson, and

Isabella showed little or no evidence of foliar symptoms slthough fruit
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TABLE 1.

15

Relative susceptidility of certzin graspe varieties

to boren deficiency as indicated by folisr symptoms
developing in 1939, 40, 'hl, and 'h2 on unireated vines.

Severely uoderately Slight or no observ-
affecteds affected:» able symptoms***

irmalage Beiley Cheapion
Carman harry Cloeta
belaware Gaco Fredonis
Bupire State Captivator zolden Huscat
Gasrtaer Catewba HBanovey
Geneva { hampagne Isabells
fartford Concord Portland
Aeadlight Dimmond E. ¥. ¥unson
Herbemont Iutchess
Ives Elvira
lomanto Extre
onterio Herbart
Seneca Last Rose
Sheridsn lenolr
Triwoph luelle
Fyoming Lutie

ifienie

Kisgare

Presidsut

Forden

* Zarly sesson stunting of growth. Extreme deficiency symptoms,
Litile or no fruit production.

»* Chlorotic patiern of follage but no stunting in early sesscn.
Fruit production more or less sffected.

*»s Fo foliar symptoms, possibly fruit production =ffected.



difference in the crop on the lLenoir vines ls sbown in figure 7. The

effect of boron on fruiting of other warieties is stown in figures &, 9,

and 10.
TABLE 2. Effect of borax treatment ia 1939 on the
yield of fruit im 1940.
yariety : Yield irn pounds per vine
: (2 to 5 vines in esch trestment)
: 3
: Borax-treated t Untrested
s vines s vines
: 3
Catawba : 15.0 t 1.k
Delswsre H 2.8 : o
ixtra : 3.4 : 5.2
ienoir : 4.8 : 2.5
goncord : 5.0 : 1.3
onterie : 6.0 t 3.7
: 3

Another instance of the proncunced effect of boron wpen fruitful-
ness was Lllustreted in the yield records of the reflex-stsmen or self-
wvafruitful varieties., All of the five varietles of thiz type in the
vineyard suowed greatly incressed yields from borax tYreatment (table U),
Fruit clusters of borsx-trested vines of Herbert snd Last Rose were well~
filled ané equsl in apresrance to those of self-fruitful varieties
{(figure 11). ‘Treated snd uuntrested vines were adjacent in the row snd
should neve been equally favored for cross-pollination. Preetmeant d4id
not sffoct Loe tlwe of bdlossoming., Tohe stamens of both trested amd
untreated vines were reflexed in the normal manner for verieties of
thls type and & number of clusters bagged im 1942 failed completely to

set fruit either on trested or untrested vines.
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Effect of smpplication of borsx im 1340
of grepe verieties in 19ul.

uwpon yields

TABLE 3.
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%. Kunson

APuelops
Yergennes
Worden

Beiley

*Barry

Cnasplon
floete
Issbhells
»last Rose
Lenoir
rresident

Fredonis

Bencyer
Portland

Dslaware

Dismond
Bdne

sHerbert

Kizgers

intie
gntario

Extra
*Lukfata
lucile

R.

Shsmpegne
Fern

Aneriece
#3righton
RBrocton

Gaco
Cebaswbe

Carmen

Aversge for all m&ét&u

3.2

7.6

= Zefler-stomen varieties.
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TABLE 4. Effect of borsx upon 1941 yield of varieties
of grapes having reflex-atsamens.

: H
: Treated with borax Untrested
Yariety H S T 3
¢ Humber of : Yield per : Humber of : Ylield per
: wvines : vine (ibs) : vines : vime (1lde)
t H 4 :
Barry : 2 3 5.6 : 3 t 0.2
Brighton : i : 4.7 H 1 : 0.2
Herbvert : 4 : 8.9 : 3 : c.1
Iukfata : 9 i 1.3 3 1 6.5
Last Kose : 1 : 1h.5 1 1 : 0.0

Effect of Root-stock on Boron Deficienmcy. In 1940 there wes little

or no indicetion of boron deficiency in sny of the varleties grafted on
root-stocks in the stock-clon test block, salthough msny of these same
varieties, on their own roots, in the same dlock srowed extrese symptoms.
After borex trestment in 1940 to helf of the vines in esch stock-cion com-
bination, it wes evident in 1941 thet there wss & deficiency existant in
the gzrafted vines, since the treated vines snowed 8 greatly increased
yield and in this sesson foliar symptoms were spparent on certsin of the
untreated vines. Apparently tie deeper, more widely feeding rcot systems
of the stock vines had delsyed the dewvelopment ¢f boron deficleacy in the
cion variety grafted tnereon.

Boron Content of Vines. The analyses of the series of leaf samples

obtained periodicslly from vines of fourteem varieties in 19L0D smd 1ghl
sre given in detsil and in eummery in table 5. The boron content of the
leaves rsnged from & low of 7.4 p.p.m. in the untrested Concord ssmple
of September, 1941, to 106.8 p.p.m. in the borsx-treated Portland ssmple
of September, 1942, vVarisnce snalysis of tre dste (table €) showed

significaent differences for sll three of the main effects; trestments,
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Table 5. Boron onntent of leat samyles from borax-treated and untreated vines

In n.o.m. of dry material

SEPT, SEPT. VARITTY

VARIETY  TREATUFNT® MAY 1, YAY 29, AUG, 9, 10 JUNE 37, 11  WTANS 3y TVARIFTY
1941 1941 1941 1941 1942 1947 TREATMENTS MF¥ANS
Arealaga Treated 19.9 28,9 379 2.0 25,0 82.8 40.6 31.2
Untreated 12.0 33.8 20.4 26.4 18.1 13.8 ”.7
Batley Treated 19.9 411 38.0  41.1 1.8 38,5  32.8  32.7
Untreated 7.8 48,4 °E.0 24.3 19.4 73.8 32.8
Carran Treated 22.0 28,7 34.8 41.8 27.8 €8.8 38.9 3€.1
Untreated 14.8 24,0 39.1 38.0 34.0 Rl.9 33.3
Sntawba Treated 14.2 47.7 33.7 34.4 13.7 93.8 39.8 36.4
Untreated 14.0 £7.8 42.0 34.6 17.8 33.2 33.2
3ancord Treated 12,3 32.7 38,8 19.7  11.8 30,9 24,5 1.3
ntrested 12.4 18.8 38.85 7.4 8.4 22.0 18.1
Celaware Treated °5.0 24,3 25,5 3.0 13,6 77.0 80.2 42,8
Untreated 12.¢ 85.1 40.8 19.4 13.8% 25.9 32.9
“dna Treated 17.8 22,2 48,7 8.8 20.5 14.3 .7 28.5
Untrcated 22.8 24,7 40.4 4.0 18,8 33.0 7.3
fllen Scott Treated 23.3 74.3 £3.9 40.8 38,2 8.4 48.7 4.¢
Tntreated 2.8 58.4 38,8 5.7 30.4 38,4 34.5
ixtra Treated 38.5 £5.5 37,8 8.2 17.3 41.1 38,7 3e.e
Untreated 24,7 59.1 22,0 38.2 1#.8 38.3 38.4
‘ern Treated 39.0 22.8 37.3 2’.n 22.9 34.5 30.8 27.5
Untreated 22,2 12.0 31.¢ 20.0 19.1 38.5 24.4
5ennir Treated - 2R,2 4.4 48,7 29.3 17.1 6n.8 37,8 3N, 4
’ Untrested °1.2 38.1 30.4 23.0 12,2 KRR 27.2
ucile Treated 3.5 4n.3 45.3 £8,1 28,0 R, R/ 42,1 37.8
Untrented 30.8 41.Fr 3¢.8 35.4 12.2 44.1 33.5
ortland Treanted 22,2 4.5 52.4 61.8 00,3 108.8 =P8 40. 4
°r Untreated 17.0 33.9 2e.8 3.0 20.6 IR0 oe 4
.. ¥. Munson Treated 38.1 51.¢ 37.3 44.7 4.0 £4,8 4= .4 44,7
asen Untreated 34.0 47.0 35.7 44.7 49.7 &9.4 22,3
2.1 87.0
leans of sam- Treated 25.8 45,9 4.4 3e.9 2 5
1ing dates Mmtreated 19.9 42,7 33. 22,92 .9 7.7
iy treatments .
eans of Bamoling dntes... 22.7 44.3 37.2 22,8 22.0 47.%
ean of a1l treated 8amDleB.....cccceceercronrcrcsenaritiiarttiaiiiL, vereaeyons 38,1
ean of all untreated BamPleB.......cecverrercnnunirieinnnntiin, P 3n.=s
ifference between means necessary for significance (5 ver cent level)
B) Between VATIOLIOB. . .uueeeeresaesetnnnnirettirte ittt .., 8.7
b Between BAMDLINE GALEB. ..ottt sttt ertaanin ettt it iiaiiii.,,, =,.a
¢ Between tre8tmentB. . ...coe ittt iatat ittt iit it aaa §'°
d Setween variety-treatments..........cociieiiiiiiiiiiiiiiinia, e sse e 12.4
e Between sampling date-treatmentsd........cioviiiiiiiiiiiiiiiiiiiiiiiii.., .0

s Borax anplied to *reated vines at rate of 10 ovounds oer acre in May, 194n,
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sampling dates, and varieties. Borax-treated vines bad 2 higher boroem
content of the leaves thsm untrested vines. The boron content of tne
leaves wes lowest in the early part of the growing seasson. 7The varieties
Delawsye, R. ¥. kunson, Ellen Scott, end E%rtléud bad the highest boron
concentration with sverages avove 40 p.p.m.; while Ferm, Edne, and Concord
had concentrations below 30 p.p.m. It was evident that leaf boron conteat
of the varieties wee not necesserily ia sccord with varietal susceptidbility
to boron defleiency. Significant interactions between trestments and
saapling dates and verieties showed thet the effect of the treatment wpon
boron content of the leaves was not the same throughout the sesson amd
thet varietel differsnces slso varied »ith time of ssmpling.

TABLE 6, Varisnce smalysis of dstz on the boron comtent
of lesves from borax-treated snd untrested vines.

Degrees Sums of Varisnce ¥
of sguares

freedon
Treatments 1 2408 2407.7 22,65
Yarieties 13 6201 477.0 L. hge
Sampling dates g 15840 3168.0 29, 80+
Intersction:
Trest. x var. 1 2104 161.9 1.52
Prest. x dates 5 1347 2692 2.53
Varieties x dates 12374 130. 1.79
Treet. x ver. x dates 65 6911 106.
Total 167 22736

ssignificant at the 5% level.

Alithough by virtue of sufficlent sempling dstes, siguificent
differences sre found in the smalyticsl dats, it is quite apparent thet
individual veriety anzlyses during the secson gave seemingly inconsistent
results. A basis for thls inconslstency may be found if both seampling
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technique and growth and yleld perfomence of tne individual vines sre
considered. The inedbility to secure leaf samples of comparable sges
from the various vines hes been ststed. Borax-trested vines producing
hesvy fruit crops guite often ceased terminsl growth in midsummer while
untrested vines without & crop continued im grewth. The difference in
freiting which wes guite pronounced in most verieties wery conceivably
hes affected the boron level in the tersinal lesves.

Thne varisble boron comtent of vertious parts of the shoot given in
the following discussion shows clesrly the necessity for more sdequzte
ssmpling snd consideretion of the fruiting stztus of the vine if incon-
sistencles are to be avoided or interpreted.

Distribution of Boron in tre Current Season's Growth. Representative

shoots of the curreant season's growth of treated and untrested vines were
sampled in an effort to determine the distribution of boron in the seversl
parts of the shoot. Vines of the Extrs veriety were sammpled August 9, 19h1;
Carmsn vines, June 17, 1942; sand Lenoir vimes, Mey 5, 1943, The snslyses
of these semples are givea in table 7.

Pne trested EIxtrs vines nhed a slightly higher boron concentration
toen unitreated vines with the grestest difference found in the msture
leaves sbout midway the shoot. The old leaves of the shoots adjscent to
the fruit clusters had the lowest borom conteat. The vines of both ireat-
ments were in sctive growth when smmpled, but the irested vines had s such
heavier crop of fruis.

The Cormen vines, sampled im June when the frult was developing,
showed tne lowest boron level in tune leaves adjacent to the frult clusters.
e leaves on the bassl half of the shoots from the borsx-trested vines
were higher in boron then the comparable leaves from the untreated vines,

bud the reverse was trae of the lseves on toe terminsl helf of the shoots.



TABLE 7. The distribution of boron in tne current
season's shoots of the greps.

! Boron (p.p.m. dry wt.)

varietly end time Portion of shoot :

snslyzed iBorex~trestediUntrested
vines ! vines

of sempling

Bxtre - asapled 01é¢ leaves adjacent

ae @2 we as o5 ws o0 ] g0 wx we we #e

; :
sug. 9, 1941, Light to fruit clusters. 26.0 i 24,8
crep on unireated ¥ature lesves mid- : :
vines. Heavy crop way on cane. t 43,8 t 29.6
on treazted vines. Young leaves in H :
active growth. : 33.7 i 30.0
H M )
4 : ]
Carman - sampled : Basal leaves delow : :
June 17, 1342. Bo : eclusters, : 55.6 s 38,1
erop and boron de- : Leaves adjscent to : :
ficiency symptoms om : clusters. : 32.% t 21.2
untreated vines in { Leasves zbove clusters.: 4.7 : h6.8
Kay. Hormel growth : Young temminzl leaves.: 33.9 t W7.7
at sampling. Hesvy ¢ : H
crop on treated vines.: : H
H : H
H : :
Lenoir -~ ssmpled at : lLeaves below cluster. : 53.0 : k0.3
full bloom, Kay 5, i lesves sdjacent to : :
1943, No deficiency : cluster. : W73 ¢ 36.0
symptoms on untrested ; Leaves sbove cluster. : 39.0 : 30.0
vines. : Blessom cluster. : 38.6 : W6
¢ S%tem below cluster. : 31.9 T 25.2
¢ Stem sdjmcent to 3 1
! cluster. : 27.6 1 17.5
s Stem sbove cluster, : 33.5 t 32,0
: : :
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A% the time of sampling, the untrested vines were in sctive growmth with
sormel terminal lemves, but ine leaves in the centrsl portions of the
cane showed boron deficiency syaptoms. Again, the trested vines were
csrrying & much heevier grop.

A more complete sampling was made of the treated snd untreated lLenoir
vines in May, 1943, at the time of full bloom. On these vines the shoote
were divided into three sections; the part below the blossom clusters, the
part subtending the blossom clusters, and the part sbove the blossom cluse
ters; with the stem and leaves and flower clusters anslyzed separately.
Thare was & progressive decrease in boron content of the leaves toward
the tip of the shoot;, inhe boronm content of the three portions in the
trested and untrested vines was 53.0, 47.3, 39.0, end 40.3, 36.0, 30.0
P.p.m. respectively. Ko symptoms of boron deficiency were observedble st
the time of sampling. The stem analyses aleo showed 2z higher boron con-
tent for the treated vines but positional differences were in Gifferent
order than for the lesves with the hignest boron level in the tersinal
portion end the lowest in the portion subtending the flower clusters.

The content of borom in p.p.m. for the three stem portions of trested and
untrested vines was 31.9, 27.6, 33.5, smd 25.2, 17.5, 32.0 respectively.
The beron content of the flower clusters of tne treasted vines was 38.6 p.p.nm.

and thet of tnose of the untreated vines 34.6 p.p.m.
DISCUSSION

It was apparent throughout the experiment th:-% the boron deficlency
symptoms developed early in the growing seasom but failed to sppesr in
the later growth of the shoot. ¥With severely affected vines the deficiency
resulted in a marked stunting of tbe new shoots shortly sfter growth com-

ménced 12 the spring. #%ith less severely affecied verieties growtn



continued normally until after blossoming or set of frult and then
symptoms suddenly sppeared on the young lesves at the growing shoot

tips. After fellure to set fruit, the shoot resumed nommal growth. As

& result, snocots exsmined in the latter part of tne growing sesson often
showed normal leaves st the base, then four or five lezves with deficlency
symptoms, then s continued growtnh of morssl leaves.

It is possible thet during this later period of growth the relation-
ship between the demand for boron by the sctively growing tissues and the
ability of the soil snd root system to supply boron is more favorable then
that existing in the early part of the semson when growth is extremely
rapid over all parts of the vine. The lower boron content of both treated
snd untrested vines in the early seazson 1s perhaps significmat, indicating
& nigner rate of boron utilization &snd suggesting that the vines are at e
boron level more near the critical deficiency point in the esrly part of
the season. If we consider boron &s especislly essentisl in meristemstic
tissues, then the tendency toward exhibition of symptoms in the perioed of
rapid growth expsanslion is quite loglicel. However, thea it must =lsc be
agsumed that the vine is unsble to store sufficient boron in the trunk
and (or) transfer it to the growing points st an sdequately rapid rste
for the esrly sesson growth.

The most important practical value of a series of plsat snalyses of
2 particuler mineral nutrient is the establishment of optimum smd criticsal
levels of that matrient in relation «w deficiency symptoms snd plant growth.
In tne present work, although borsx epplication to the soll resulted in
consistent sad positive correction of sboormal frulting end growth con-
ditions snd, in so doing, generally increased the borom content of terminal
leavee on the shoots, the dets obtsined do not afford accurste definitien

of deficiency levels of boron for the grape. 3Severzl facliors musi de



considered. Ia the first place, the snalyses obtained, corroborated
later by the results of ssad culture experiments, make it questionsble
woether the teraminsl leaves of the shoot glve the best indicetion of the
boron stztus of the vine as & whole. Secondly end wnfortunately, with the
exception of the samples of kay 1, 1941, no series of pamples were teken
et s tioe when the vines were actually developlagz symptoms of boron
deficiency in the terminal leaves. The critical pericd for development
of symptous wss found to be shortly after growth inception ia the spring
| end et the tlue of fruit setting; thereafter, sll vimes, both treated snd
untreated, generally falled to show deficlency symptoms in the later
growth, 5ince it seems that the sywptoms of boron deficiemcy csn only
becone sppsrent 1f the deficlency occurs when the leaves are in active
merietenatic coadition, 1t ias possidle that such mature lsaves may exhibit
a very low boron level but no outward symptoms of deficlency, or likewise
the converse msy be true.

The effect of boroa upom reproduction has been noted by 2 number of
investigators but until receatly eaphssls hes been placed rather upon the
effect of the deficlency of the @lement upon vegetastive psrts of the plant.
fhnie is an obvious result of the sconmomlic lmportance of the deficlency in
vegetative orgsns as, for instance, in ¥black-nesrt® of beets. It is
vossible tnnt tue effects of boron nuirition upoen the reproductive processes
of tne plant, slthough more obscure, msy bde equslly important.

The relstionship found in the experimental vineysrd betwsea time of
fruit set end the eppesrance of the deficlemcy symptosms in the meristematic
sreass, accompenisd with the fallure of boron deficlent vines to set fruit,
strongly suggests a very close sssoclation betweem boroa nmutrition amd
fruit setting of the grepe. loreover the effact upon the get of fruit

was exhibited in instances where foliar effects were minor, if present
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at all; indieating & possidle specificity of the function of boron in
fruit setting.

wnether the boron effect is direct as an essentisl quentitative plant
nutrient required in definite amounts or if the action 1s thnt of &
catzlyst upon orgsnic metabolism i2 not known. Likewlise, it would be of
interest o know if the sbscisslon of the flower is a direct result of
the effect of boron deficiency on tne cells in the pedicel or whether
sbscission results from fallure of a satisfsctory gametic union cauased by
lack of boron. Armslaga, Catawbe, snd certaln other varieties set par-
trenocerpic fruite on the boron-deficient vines. This phenomens is guite
often cbgerved w»ith many verieties under conditions unfevorsble for fruit
setting, esvecially with vinifera verieties where it is termed millersndage.
Ususlly, norever, only & few seedless berries to a cluster are developed.
Boron-deficlent vines of smalazge exhibited complete millerasndege, devel-
oving full clusters of very small, seedless berries (figure 13). In this
connection, sttention must be called to the work of Olnoue (28) who ob-
talned greszitly increzsed fruit set on the varlety, Musecst of Alexandris,
by spreying with a boron solution. This variety is quite sudbject to
millersndage according to ¥inkler (hl), who obtsined sn incressed percen-
tage of normal berries by reducing the crop in relatiom to leaf sres.
vuscat of Alexandris vimes were st one time in the tezt block used in the
present experimvents, but were removed before 1933 rwhen the follar symptoms
of boron deflciency were first recogniged. These vines bore ragged clus-
ters of fruit with & zrest many emsll, seedless berries., It is unfortunste
that there was not opportunity to test the effect of borax fertilizetion
on this veriety.

¥3illerandsge hes been regerded for s long time as vossibly »

mutritionel trouble =e suggested by Rilgerd (15) in galiforniz in 1887.
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However, effective control by fertilisers hass not been obtained. Sayder
and Hermon (36) recently have reported & remsrkeble improvement in fruit
setting of ¥uacst of Alexandrias by epplication of commercisl zinc sulfate
to the pruning cuts of vines not sbowing folier symptoms of ®little-leafw
zgine deficlency. In this consection it is interesting to note thet
Scruster, et al (32) found commercisl gzinc sulfate to contain 15 p.r.m.
of boron and suggest that this boron msy be & benelicliel fretor in sine
sulfate trestment for "little-leaf®,

I1s it possible that millerandsge of grapes and the related pnysio-
logical trouble, coulure, siould be included in Atwster's () “Ancient
History® of boron symploms?

?he performance of the reflex-stsmen or self-unfruitful varisties
likewise shows a close relaticnship between boron nutrition end setting
of fruit in the grape. Siace both trested end untreated vines of the
reflex-stamen varieties falled to set fruit on clusters which were bsgged
to prevent cross-pollination, it would seem thet the beneficisl effects
of boron on these varieties wss exerted in some manner on the function
of the female organs of the flower rather than on the visbility or
potency of the pollem. Olinows (28}, however, found that borom spplicetion
incressed the germinstion of pollen of the uuscat of Alexandris grspe.

Physiclogliecal or mutritional fscltors hsve been recognized as probv-
ably partly responsible for self-unfruitfulness in many horticultursl
specles. Pruiting of the self-unfruitful (reflex-stemen) vsrieties of
grspes is quite varisble even under aspparent comparable conditions for
gress-poliination, differing widely with sessons, locations, and soils.
Certain vineyards have been known te produce good crops of Brignton end
Hervert regulsrly. The experiments reported suggest that the boron

nutrition of the vine may be & strongly determinstive factor in the



fruiting of tnese variedies,

It would seem well worth wnile to investigate the possidility of &
relzilonsnip existing between the boren mutrition znd fruit set of otner
norticultursl species exnibiting peculisar sterility problems. Zvidence
pointing to such 2 relstionsnlp Is found im boron studies with other
plante, althougn the work nes not beem specifically directed towerd thst
end. Powers (30) found thet "yellow-top® of alfalfe in Cregon wzs cured
snd nay ylelds grestly incressed by boron fertiligzstion. sShortly after-
ward Piland and Irelsnd (29), Hutcheson end Cocke (17), sné Grizzerd and
Ketthews (1) sbowed that boron not only controlled #yellow-top® of
alfslfa, but else grestly stimulsted seed production in the soutneastern
states. Heretofore, failure of alfzlfa to set seed pods in the Southeast
had been vaguely attributed to climetlc factors or length of day. Reports
of the effect of boren on set of frult with seversl other plsnts hsve been
mede. Ark and Thomss (2) stete tust morning glory plents growing ia an
spprle oreherd suffering from *die-back® (& condition csused by boron
deficiency) were found to hsve unéue numbers of sbscissed blossoms.
Jemnston (19) found fewer frults set on borom deficlient tometo plants.
gcurtrey (25) found thet flower buds of tobscco were shed snd no seed
pods set in absence of boron. wester mnd isgruder (U42) obtsined sn in-
cressed yield of lime besne on borax-fertiliged field plots slthowgh there
wes no other evidenmce of boron deficiency. Purvis snd Hemne (31) illus-
trated & decided response in the frulting of lims besns grown iz pot
culture on e Xeyport fine sendy loam. Holley and Dulin (16) found thet
cotton plante growing ir boron deficieant nutrient sclution sbscissed =1l
blossoms. In view of the fact that cotton often sheds blosscme sad young
fruits under fleld conditions, it would seem interesting tc investigate
tne effect of borex fertilizstion ia the field.
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The effect of blossoming, fruit set, and fruit development upon the
boron level inm tie vine snd its relation to the occurrence of deficiency
symptoms is not clesr. The flower clusters of Lenolr had = boron coatent
gomparable to thet of the accompanying leaves. On the other hend, lesves
subtending the frult clusters on both trected and untresated vines of
cermen end Zxtre showed less boron content thsn leaves on otier portiors
of the cane. Does this indicste mobilization and a utilizstion by the
fruit cluster of tne boren in the adjecent 1ea§ts? As possible further
evidence of the demsnd of fruit development on the boroam supply is the
lower level of borom found in the temminel portions of the heavily fruiting
plus-boron Carmzn shoots, than found in comperable portions of low-ylelding
untrested stoots.

& Geteiled, guantitstive study of the boron level inm ell psrts of
the vine witnh reference to frulting ies grestly needed to further clerify
the problem of the effect of borom nutrition upon the repreductive

rrocesses of the grspe.



PART I1

EFFECT OF BORON OK VIKkE GECWN IR
HUTRILET SAND CULIURE

METEODS

The verieties sslected for the greenhouse experiments included two
seif-fruitful and two self-unfrultful (reflex-stomen) werieties, in the
hope thet the flowering end fruiting of these twe types could be observed
unéer controlled conditions of boron mutrition, since the reflex-siemen
verieties in tone vimeyerd testes nad responded zo morkedly te har%x forti-
ligation. In an attempt to obizin blossom cluster development, tso-year
vines were used snd the csnes were cul back %o four buds instesd of the
ususl one or two buds. However, the vines falled to blossom, neving only
two blossom clusters on the entire group of 48 vines.

gulturel netnods. 7The vines were grown in ssnd culture, using

twenty-mesh, white quartz sand in glared 2.5 gallon crocks provided with
& bole in the bottom for drainsge. Twoeyear old vines of the vsristies
Catawba, Herbert, Goldea iuscat, and Lindley were obtained from z comuer-
clal nursery. Twelve vines of eemch veriety were planted, one to = crock.
sefore planting the vines were pruned back to two csnes of approximately
four buds, znd the roots trimmed to a length of six to eight inches. The
vines of eacn varietsl group were exceptionally uniform in sppesrance, snd
Catawba, Herbvert, and Lindley were apparently of sbout equel vigor. The
Golden kuscet vines were much smaller. The vines were planted March 23,
19%3. Four buds were permitied io grow on esch vine, other buds were

broken off as they started to grow.
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The nutrient eaznd culture seemed well adapted for grrpes since the
plus-boron vines exhbibited well-developed, normal folisge and each vine
mades & total shoot growth of ten to fifteen feet in the three-month period.
This is comparsble to good field growith in the first seascn after planting.

Ssapling end Analyticael nethods: Estimation of boron wss by the

quinalizarin method (24). Four classes of msterisl were ssmpled for
snalysis: (@) lower leaves, consisting of mature leavesz toward the base

of the csne ususlly including tue second to fourth leaves; (b) upper lesves,
consisting of the four or five young, smsller leaves at the end of the
shoot: (c) lower stem, the portion ¢f the ashoot subtending the lower
lesvea; snd (d) upper stem, that portion subtending the upper lesves.

The upper leaves of class (b) were in actively growing conditiom in all
normsl plus-boron vines bul were much older emd apperently hsd ceased
growth in the boron deficient vines. All lesf samples included the petiole.
The stem ssmples included tendrils. iaterisl from the three vines con-
stituting & treatment were generally composited to form a sample., 4 few
Golden xuscet vines were sampled individuslly. All ssuples were tsken =t
the conclusion of the experiment with the exception of s series teken from
the Cntewba and Herbert vines st the time of institution of the minus-plus
and plus-minus horon treatu@nta.

Calcium was determined by a modification of the rapld method proposed
by Csrolus (8). The calcium oxmlate precipitate wss suspended inm & glycerol.
water mixture and the degree of turbidity, estimated by the use of & Coleman
spectrophotometer, used as 2 messure of the celcium present by compering

with the turbidity of known standards.
RESULTS

Leficlency Symptoms. The Catawba and Golden iuscat vines started into
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growth within s week after planting. Herbert and Lindley were sbout tem
days later. Growth inception within esch verletal group was remarksbly
uniform. Tne first observeble symptoms of boron deficiemcy eppesred on
Castawba and Golden Muscat April 27, or sbout one month after growth com-
menced. Lindley snd Herbert showsed the first symptoms on Msy 9 or in a
comparsble period with the other varieties from the time of growth incep-
tion. At the time of the first observsble boron deficiemcy, the plus-boron
Catewba vines had made sbout 120 ¢m. of shoot growth, the Golden ¥uscat
vines 7O cm., the Herbert vinmes 110 cm., and the Lindley vines 155 ecm.

The boron deficiency symptoms in the early stages were exhibited ss
(1) & diffuse yellowing or chlorosis of the youmger leaves, (2) brownish,
watersosked areas developing in the terminsl tendrils, snd (3) cupping of
the third or fourth leaf from the shoot $ip. The exsct order of the
appesrance of these symptoms wes difficult to determine snd seemed to vary
with the variety. On the Golden iLuscat vines chlorosis seemed to be the
first evidence of deficiency widle with Catewbe and Herbert the water-
sosked zreas on the young tendrils were first im appearsnce. The cupping
of the young leaves was geperally downward or toward the ventiral side, but
not elwsys so. A further esrly indication of the deficiency which will be
discussed later was shown in the growth rate of the vines.

Later stages of the deficliemcy consisted largely of a progressive
worsening of the earlier symptoms shown on leaves and tendrils. 'Fhe
leaves becsme more cupped and rugose, the chlorosis developed between the
veins esnd in extreme cases, entire aress of the leaf became necrotic. The
tendrils developed transverse cracks and later died back from the tips.
Bormal and boron deficient leaves of Herbert znd Iindley are shown in
figures 1l snd 15. The appearance of the deficiency im a mature leaf of

Golden Huscat is shown in figure 16.









figure lb. Appearance of boron deficiency syaptoaa on &nature
leaf of Golden Muscat. Sote the rugose condition and the
interveinal and marginal chlorosis.



L0UPID T 00 NBIIXG POACHS SQULA PQANGE] DU JUOSUN UAPTOS Ui CISUTA
woxoq suyd-smnw pus sauyn-snyd se LTeayidadses 0y PUSIejex By T4 uOXOQ

~-snyd 0) BOXOQ-ETMIE ROJXJ PAFENUD IBOUY PUY GIMITND NOIOG-EUMIE O0F UOXOY

~-sn1d woz; peduwuD PUUTA PSOUY “HOTYRTOT JUATIABE B 3O 30833a
‘IdueT UY SISQONT4UND 493 9 Atuc sus FuRITIEN ulsoad joouE duy ug
'PRIVTRGTIC GXBA BOUND POJOEIIV 3O STIXW Jeey ouy UY SpRQ [RSeya
“ADUSTOTIED AUy JO uwOTRJRDUY Sug JO SHEY WY 99 DYIEIYITIGN
SXex GRABDY TUENQ GOEUY TeAS (WL OTATES0U ©F 9% W0 Of Jo usiwet
 DIUIRGLT PYU BOUND ou3 SJ0Jaq L30TL9a SIU3 U0 peawedde Louwsyotzen euy
ODUTE ‘JGABADH *(GT eaNITY) SHAROT TWEES MY FU OWOS UOC NINONIOTUO Posous
NOTUS BIUTA JUOSVA USPTGD #Uy WY DOIINBOO ayuy 0f :OT3de0¥s orqesod
¥ ADUSIOTJEP SUY JO SOUGLIMOOO JO SWYY SUY 3¥ WOTITPUGD DYIUWOSS{Iam
SATIO% Uy W39 UOTHA ejsed owoug uy L(uo pedotsasp saw swoydule aug ‘Srsue
~seddy -uexey esa udsaFoyoud ewy SI0F8q WINOW ¥ pedoreasp Peu dyy eus 3w
sz dule eueayxe ey udnouy weadr smnqgdwls LOUSTDYIIEP IO SDUSDTAS ON Pasous
S5A20T 10407 F03YY ORI  ‘OUTA ZeTPUTT woIo-somym ¥ £q pednpoxd wymoad
SITIUG Bg BAOus TOTUA [T oDyl UY POYRAYSATLY 7 IIML  LTU0 SIXOIOTUD
| utdaes 93 peutiucy L1rvven ages smogdufe ‘eseuy wo pww ‘Joustoyyen
VOLOQ ACUS 6F FuST 18e0T0 ew) ewa dYy euy WOXJ JEY UIXYE J0 uIF; wug
‘odead ouy Jo sgoous Iuyaoxd Lrprdes ud  pe30ez e L(eNeX3Ie oJXed wyaed
ETRIey oUy UINONY UAAS ‘OUTA 9U3 JU SSAUST Jeaor suj GO dOTIANY 30U PIP
smoydnde LOUusIDTIed  CPARIOJTEE DPUR UNSUSEIR VIO sxea LOUSIOYIEP w3 JO
OUH0 ay3 1eyge Futaveddy seaney SunoX *wSeReTI3TIq puR L IPIALY wwrouqw
Postatuxe sgawd DeADeRYE euq JO TIV  CHSUTA TYMION Oy JO SHOUS UNUL J94I0US
UODR 9204 SUTA JUSTOTIEP SUL JO DAPOUIMAWT TUUTHISY oul ‘peselosqu
PUU PATP PG TIUTEIS) owy LTTIUTS ‘IsA9M0]  pecusape TYes exes swmojdmds
TIIPUSs PUS JUPY sug TTAUR JIn0o0 qouw YR ‘syuetd Jusm ui3gs Lousioyyewy
ROI0g Jo mogduds pasyuBooex~1(es 9 ‘PRO TEUTHINY 3 36 Wyeel

fr



figure 17* A Liacley vine grown under minus-boron
nutrition in send culture. Hots that the lower leaves
snow no evidence of deficiency even though growth had

ceased and terminal symptoms were severe a month before
the photograph was takes.



figure IS. Basal portions of Golden unseat vines grown in sand
culture experiment, left - ainus-boroa. Eight - plus-boroa.
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symptoms at the time of change. Ten dsys after boron spplication the
minus-plus boron vines showed evidence of recovery snd in fifteen tc twenty
days those vines were growing &t a normsl rate. Since the terminal bud hed
abscissed on the canes of these varieties, severzl latersl buds were forced,
giving a bushy sppearance to the canes when growih was resumed (figure 19).
The Herbert vines showed only the first stages of deficiency at the time of
changing from minus to plus boroa. The terminal buds of these vines resumed
growth, In &ll instances leaves on the mimus-plus vines which showed
deficiency symptoms at time of chenging to the plus-borom autrient solution
retained =11 of those symptoms c¢ven though the new leaves were normzl in
growth and sppearence. The occurrence of deficlency symptoms on the older
leaves of a vine therefore does not necesserily indicate = boron deficiency
existent in the vine at the time of observation.

The plus-minus boron vines were much slower in developing evidence of
deficiency thsn the minus-plus vimes were in recovering from the deficlency.
The plus-minus Golden Muscat vines showed teandril necrosis twenty-five days
after chenge of treatment. A week later the symptome had progressed to an
sdvanced stege of deficiemcy. The Catawbe and Herbert plus-minus vines
were even slower in exnibiting the deficlency, the first symptoms appearing
in thirty dsgys.

Growth of Vines. The periodic measurement of the cames of each vine

throughout the course of the experiment gave an opportunity to correlate
linear growih with development of the boron deficlency symptoms in the

gseversl trestments snd werieties. Since z deficiency of boron affects
primarily the epical meristematic areas, it is quite evident that the deficient
vines should show & distinct curtzilment of linear growith. The totsl growtih
produced by the vines during the course of the experiment is given in

table 8. Thne average linear growth made in each weekly perlod By the
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plus-boron and minus-boron vines of the four varieties is shown

grepnically in figures 20, 21, 22, snd 23.

TABLE 8, Linear growth of shoots produced by two-year old
grspe vines during three months of sand culture
in the greemhouse experiment.

Totsl linesr growth of siucots {in om)

*
: Herbert : Catawbe : Golden : Lindley :
t t : Wuseat :
Continuous plus boron : : : t :
Karch 23 - June 23 ! 38% : 371+ 32k o W24
Continuous minue boron t : H H :
uarch 23 - June 23 P21 ¢ 171 ¢ 12% 0 ko
Plus boron until uay 21, : H H :
minus boron thereafter : 366 : 325 : 2k :
#inus boreon until wey 21, ¢ : H : H
plus boron thereafter ¢ 393 : 246 : 218 :
$ : : 3 !

Since it is of importsnce to recognize the earliest exhibition of &
nutrient deficiency rather than the extreme symptoms, it is of interest
to know Lf the growih rste of the canes of the vines was affected prior
to tne sppeasrance of definite observsble symptoms. with the Golden iwus-
cat vines there was leas growth in the minus-boron vines during the week
of ipril 18-25, slthough the first deficlency symptoms in the lenf were
not observed until April 27. The spoesrance of the symptoms snd reduction
in growth in the Cstswba end Herbert vines occurred about the ssme time.
with iindley & very distinct curteilment in growtn rete was svident two
weéeks or wore before folier symptoms of the deficlency were sprarent,

The growth rete of the vines which were changed from plus to minus
and from minus to plus boron nutrition is shown in figures 24 amd 25.
The minus-plus boron Ferbert vines which were just starting to show
deficiency at the time of changing the treatments, quickly recoversd

snd during the lest two weeks were growing much faster thsn the plus-minus
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¥igure 20. Growth of tne lerbert vines in the ssnd
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FTigure 21. Growin of trne (ztewba vines in the s:nd
culiure experiment.
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Figure 25. Growth of the plus-minus 2and minus-plus
boron vines of ine derbert varlety sfter tne cnenge
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boren vines. Tne minus-plus Csatawba vines were extremely deficient st
the time of chsnge of treatment and required s somewhat longer period
for recovery. The growtnh recovery of the vines whici were chenged from
mims~-boron to plus-boroan mutrition in the greennouse exveriment was
strikingly similsr to the recovery from boron daficlency of vines in ths
vineysrd, observed just after blossoming.

The dats indicate thet = slowling up In the lineer growth of tne
grape may be the first evidence of boron autrient deficiency, but the
nusber of observations were too limited to afford stremg proof. This
vogsibility mey be of great isportance in interpreting field response to
boron aphlicetion, where it is concelveble that the plant mey be on the
borderline of boron deficliency for an extended period during which growth
is seriounsly affected but definite symptoms sre not sppsrent.

¥elght of Vines. Green and dry welights of sll new csme growth

preduced during the course of the experiment sre given in isble 9. 3ince
composite szmples of vines representing esch of the treatments were tsken
for snalysls, the dry welght percenteges were calculated on & trestment
sample rather thezn from individusl vines. The effect of the boron treat-
nent upcn percentage dry metier is not consistent. @ith Herbert snd
Catewbs there seeme to be s definite increasse in percentage dry matter,
while with Golden nuscat snd Lindley the converse is true. The %totsl
fresh snd dry welghts of the csnes in all instences is greazter in the
pluc-boron trestments, with the differences most sccentuated in Golden
sascst znd Lindley and least noticeable 4in Herbert. It nzd been noted
tnat the growin rate of (olden iuscat end Lindley was affected earlier
by the deficiency than the other wvarieties.

The vines which were chamged from minus to plus boron mutrition in

all instances showed increased weight over the contimucus mimae-boron vinee.



TaBLE 5, welght of =2o00b agrowth méde by twoeyesr old grons vines

during three wmonthe! sand culiwre in greenncuse sxveriament.
{£10 welpguds in zreams.)

: : ' :
: Herbert : Setewba : gelden Yuscssd : Lindley
iGreen : LYy iFercent: Green : [Ty irercent: creéen 3 ury :resecent: Greeam : Iry :Percent
dowhk, s owb, dry whbo: owh, 1 wh, jdey whk.s wb. o ab, tdry whoi wt, 3 wt, :dry wt.
s : : H H : : H : H H :
sontinuwous nplus-boron : H H o H : : : : : 3 :
pareh 23 - Juns 23 D 126,00 31,013 BH.e 3 157.9 5 37.9: 28,0 @ 128.9 5 33.2: 25,8 5 135.4% ¢ 35.%: 26,1
: : : H H : : : H t s :
Continuocus minus-boroen ! : : H : H ¢ : H H ] 3 :
varen 2?3 - June 23 Po85.1r 24,0t 28T 73,5 ¢ 2203t 30.3 ¢ 68.8 ¢ 1k.3: 20.8 @ B6.B ¢ 11,0: 23.5
H H H : : : : : H : : :
Plus-boron to uwey 2L,% : : H ) H : : 3 : ¢ : :
minus-boron theresfier : 109.0: 28.45: 23,k 3 116.1 ¢ 28,53 28,8 & 113,k : 28.%5: 25.1 : H
H : : s : : H H : H H H
vinus~-boreon to key 21,% ¢ L : : : : : : 3 : $
plus-boron theresfler : 120.8: 26.0: 2L.5 ¢ 108,95 ¢ 2.k 22,5 5 107.h ¢ 19,5 18.4 : H
H : : : : : : 3 : : : :
*Golden yuscrt vines were chsnged in traste.ut oo #ay 13,
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TABLE 10. The boron content of grape vines after
three montha' growth in greenhouse sand culture.

56

: tna v
Futrient : Portion of :Enrm\ in p.p.m. on oven-dry “', beasls
Treatment tvine snalyzed : Catawbas : Herbert : Goléen : Lindley
: $ ¢ ¢ Muscat :
$ : : 3 :
Continuous plus- : Lower lesves : J7.h : 119.6 123.3 i 81.8
boron Warch 23 - t Upper lesves 1 93.3 : 1460 : 56.8 : 109.2
June 23 : Lower atem : 29.3 : 29.0 :
: Upper stem : H1.1 : kl.h :
1 : : : t
Continuous minus- : Lower lesves : 27.0 : 2u.h : 12.7: 21.6
boron Merch 23 - : Upper leaves : 234 : 23,6 : 15.8: 10.8
June 23 : Jower stem : 22.6 : 20.4 :
: Upper stem : 21,6 : 23.9 :
Plus-boron uatil : Lower leaves : 35.8 : 35.8 : 42,2
¥ay 21, minus- : Upper leaves : 26.3 : 31.7 : 16.9:
boron thereafter+ : lower stem ag.o . 25.0 $
: Upper stem : 1 25.2 1 3
: : : : :
Minus-boron until : Lower leaves : 152.4 : 90.9 : k6.3 :
Ksy 21, plus- : Upper lesves : 60.6 : 105.3 : N5.3 :
boron theresfters : Lower stem : Rl.1 : 28.3 : :
: Upper stem : 65.8 : W7.3 :
: : : : :

*iolden Huscet vines changed in trestment May 13.
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plants was more or less equalized in all parts at & level of 20 %0 25 p.p.m.
in Catawba end Herbert and somevnst lower in Lindley and Golden Kuscst.

The boron conient of the plus-boron vines wes much higher snd more varisdble
both within 2nd betwesn verieiies. The leaves of the plus-boron vines
tuilt wp a much higher boronm content than the stems. Thus, while the

stems of plus-boron vines coantsined from one snd a half to two times the
smount of boreonr in the minns~boron vines, compersble lesves containsd four
to six times as muech.

Boron Content of Plus-mimus and iinus-plus Boron Vines. Phe decided

effect on the growth of the vine csused by =lternstion of the treatments
on the Golden iuscat, Herbert, end Catawba vines has been stated. The
severely deficient minus-boron vines showed complete recovery in the new
growth while the nommal plus-boren vines developed deficiency symptoms.
A study of the boron contesnt of these vines in comparison with the con-
tinoous plus-boron and minus-boron vimes should be of value (table 10),
The withdrawal of boron from the mutrient selution resulted in decressed
boren content of both upper snd lower leaves. In fHerbert the upper stea
slsc showed s marked lower boron content, dut in Catawba both lower sand
upper stems of the plus-minus series were actuslly higher in doroa than
those of the contimuous plus-boron vines. Here agein, there is spparently
& tendency toward equalizstien of bLoron comtent in the various plant parts
under conditions of & low boron zmutrition level. The upper lesves of the
plus-ainus vines sre relatively lowsr in Yoron when compared to the con-
timuous plus-boron vines than the lower lesves, but it must be kept in
mind thst these upper lesves of tne plus-minus vines were formed after
the chenge to » sinus-doron mutrient solution.

Considering the minus-plus beron vines or those changed from o mimue-~

boren to plus-boros nmutrition, it bhas been steted thnet Lhe recovery from



deficiency syaptoms and renewkl of growth occurred shortly after the
eddition of boron or well before the end of the experiment when semples
were tsken for smalysis. The boron content of tnese vines wes found %o
closely spprosch or even exceed that of the continugsus plus-boron vines.
The upper leaves snd stem of samples from the minus-plus bBoron vines were
composed entirely of new growih made sfter the chasnge of treatment. Ia
the lower leazves snd upper and lower stems of minus-plus vines of Catawba,
the boroa comtent was higher tham that of the contimuous plus-borom plents.
#ith Herbert the leaf content was lower smd the stem content about the same.
#ith Golden Muscat the leaf content was considersbly lower then that of the
continuous plus-boron vines, especislly in the lower leaves.

Tias far, comperative levels of the seversl treataments at the end of
the experimsnt have been studied. Since, with Catawba snd Herbert, csnes
were reacved for sampling st the time of change of trestment from plus to
mizus boron mutrition améd vice versa, there is opportunity to compare the
boron content of these plants at the time of change and s month later when
offects of the change of trestment were apperent. These dats sre given in
table 11 snd shown graphically im figures 26 and 27. In gemersl, the
previous dsia sre substentiated. The chenge from & plus-boren to 2 minus-
boron nutrient cnlture resulted in 2 much lower bhoron content of ;eoth lower
and upper leaves, &lthough tne stems showed a gain in deron. The addition
of boros to the mutrieal sclution caused a grest incresse in the boroen
level of vines grown previously in 2 mimus-boron culture, with the highest
content sttained in the lesves.

For sowe resson ihe minus-boron vines ssmpled at the time of changing
putrient trestments May 21 showed & lower boron level than the comtinuous
minus-boron vines when s:mpled a month later. Furthermore, the Herbert

vines on Wey 21 had just developed definite evidence of boron deficlency,
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whereas tne continuous minus-plus vines were in advanced stsges of the
deficiency when ssmpled 2 month later.
TABLE 11. The borean content of Herbert and Catawba graspe vines

bafore snd after cheanging from plus to minus saud minus to plus
boron mutrient culture.

; Boren (in p.p.m. on dry wi. bzsis)
:

Futrient rortion of

:
: *
Preatment : vine snalysed: Herbort : Gstrwta
: : Before : After : Before : After
: t Changlng : Chenging : Changling : Cheangliag
1 H . b H
Plus-boron ! Lower leaves : 69.8 1 35.8 22.8 : 35.8
ehanged to : Upper leaves : 60.6 : 31.7 ¢ B8 1 26.3%
minus-boron : Lower stem : 13.8 : 250 : 26.1 3.0
t Upper stem : 26,6 : 2%.2 : 329 1
: : : : :
Mimms-boron : lower lesves : 16,6 : 90.9 : 13.8 : 152.4
chenged t¢ : Upper lesves : 21.1 : 105.3 : 21.6 : 60.6
plus-boron : Lower stem : 14k ;28,3 : 12,5 : Nl
: Upper stem : 12.2 : WB7.3 : 1.5 : 65.8
: 3 : : :

Boron and ¢alcium Content of tie Vines. The boron and caleium

contents of the vines of the seversl treatments are given in tsble 12.
On the whole, no definite relationship between the borom &nd czlcium
levels in the tissues can de deduced from these dats., Tne calcium con~
tent of the lower lesves of all trestments was much grester than thst of
the upper lsaves znd stems. There was no consistent difference between
upper snd lower stems. GSome verietsl differences were sppereat, with Col-
den Huscal snd Cstawba sbowlng greater calcium secumulstion in the lower
leaves than Lindley snd Herbert. The only possible boron-caleium relstion-
sbip that oan be found is in the Catewba end Herbert vines, in which the
upper leaves of the minus-boroa vines have & higher galcium content than
the plus boron vines. This holds true for both varieties and with both

continuous snd alternzte borom mutrition series. However, this was not
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TaABLE 17. Toe boren snd eelelum contents of grape vines in
gréesnnouse sand culture exporiment,

Hutrient : ivar%io? ef& : caterba ; ierbert . tolden Musesot : Lindley
T e g H BNE & H - . —~ - 3
frestment e YR hepeine ) 108 (8g/&7) 18 (popen.) 102 (mg/gr)tE (p.p.m.) 108 (mg/er)iB (v.0.m.) 108 (ng/er)
: : R ‘ : R : , : ‘ 3 3
continuous plus~ 1 Lower leaves 77.4 ¢ i,z @ 113,60 100 s i;k.ﬁ H %ﬁ'g : 87.8 : 10
boren #eroh 23 = 3 lcar Jesves | 93.3 ¢ 5.0 ¢ Ao 0 WT ' 897 ¢ 1.2 P 109.2 ¢ 7.2
June 23 : : : : : i 538 g,g : :
: Lower stem 3 22,3 @ Y3 8 2200 ¢ 4.1 ¢ : : :
s doper stem ¢ Ml.1 @ o7 ¢ HiL o by 2 : : :
: : : : : : : : :
contimuous miuus- ; iLover lesves : 27.0 : 11,8 :  2hh ¢ 1l 127 8.1 : 21,6 1 10.1
boron iercu 23 - i Upper lesves : 230 7.5 ¢+ 23,6 .9 : 15,8 7.0 : 10.8 7.6
June 23 : Lower stem 1 22,6 Bhoor 2ok b3 o : : :
: Upper stem @ 2l.6 @ . 1 239 L5 H : :
s : : ; : oo gy ¢ 10 9 3 :
rlus boroam until : Lower lesves : 35.8 1 1%1 ¢ 35.8 9.8 ,:9 : 17‘9 : :
¥ry 21,* minus~ 1 7 L : . 1. : o : ' H °: H :
horen treresfter Upper lesves H Qé’} H 9.1 : 317 : 7 : 15~6 ' 6-5 : :
* - * ; 13.2 L3 5.3 * .
; Lower stem . 39.0 3.8 290 %9 . : :
: Upver stem 3 Lu,1 3 6.6 1 5.2 kg t ! :
winus boron until : Lower lesves : 152.% 1 1b.8 ¢ 90,9 ¢ 105 ¢ ?ﬁ.é 1 10.0 :
May ?1,* tlus : Uprer leeves 1 60,6 5.9 1 10%.3 @ 5.5 1+ 4.0 6.8 :
boron tieresfter : Lower stem ¢ M1l 1 b7 + 283 .7 3 : : :
: Upper stem 1 65,8 1 3.6 3 W3 k2o : : :
oy : : : t 3 : 3 :
» Golden vuscst vings chenged in trestmenl on vay 13,
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found in Lindley where the calcium contents of comparsble leaves of plus-
boron and mimas-boron vines were almost identicsl, nor im Golden Husecat
where the only difference was a relatively lower calcium content of the

lower lesves of the continuous minus-boron treztment.
DISCUSSION

fhe dats secured from the growih measurements gnd snalysis of the
vines growa in the sand culture experiments efford informstion on certain
problems of boroa nutrition conceraing which there is found controversial
er inconclusive ststements in the literature. These problems involve,
(1) the relationship between the borom comtent of the plant and deficieacy
symptoms, (2) consideration of the mobility or retranslocation of borom
within the plant, and (3) the relationship between calcium and boron in
plent nutrition.

Boron Content and Deficiemcy Symptoms. Batjer (4) has found that the

difference in boron content between nmormael snd borom deficient spple fruits
may be very little. It has also been found that plsnts exnibit luxury
consumption of boron in the presence of an adequate supply, duilding wp

a content fsr sbove the sppsrent critical level (33). These factors and
perheps others to be considered leter present difficulties in an attempt
to establish & definite reletionship between boron content of the plant
end epperent deficiency symptoms. It is clear that in 2 boren deficient
vine the basal leaves, which are normel %o all outward appearances, may

be just as low or lower in boron than the upper leaves which may exhibdis
extreme symptoms. Tims the lower Catawba leaves on minus-boron vines on
May 21 were normal in appearance btut showed a boronm content of 13.8 p.p.m.,
whereas the upper leaves which were in sadvanced stages of deficiency con-

tsined 21.6 p.p.m. of boron. Likewlse, leaves with extreme boron symptoms
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Eaton and Bleir (13) suggest thet boron is probably teken wp by the plant
as sn inorgsalc radicsl im the transpiration strezm snd becomes ifmmobile
upon incorporation with & complex orgsnic molecule.

In summarizing the findings and conclusions ¢f the vsrious workers
on the problem of aauwu mobility snd tranesfer in ths plant, it would seem
nore accurste to interpret their resulis on & guasntitative basis. It is
undoubtedly true that e plsat cannot store sufficleat borom to maintain
normsl growth for em indefimite period, But this is equslly true of other
plent nutrients. The fact that boron deficlemcy may occur more rapidly
vpon removal of the element from the substrate than do deficienclies of
aether elements may indicate merely the inability of the plant to store
reserve boron im as relatively adequsate smounts as other elements, rather
than absolute immodility of the boron present.

Certain of the resulis in the present experiment can de used ag
evidence concerning the mobility and transfer of borem in the curreat
season's growih of the graps vine. The growth nabit of the vine askes
the grape pecullarly adeptable for such studies. In so far ss the initial
growtn of the vines in the minus-boron treatments is concerned, it is im-
possible o definitely ascertsin whether thies growth utilized reserve
boron in the roots snd stem of the two-year old vine or whetner boron
wis svelilable in the sand culture media. However, it seems unlikely tnat
the sand sfter being thorowghly whehed and leached et tne beginning of
the experiment would provide svalleble boron for the heavy initisl grewth.
At sny rate, growth occurred for about 30 deys before symptome of defi-
¢iency were chbserved. Other workers have apparently moted similar results.
weinberger snd Cullinan (Y1) working with ome.year old pesch trees cut back
to s single bud obtained normal growth for & perioed of about six weeks in

s minus~-boron sand oulture. Similarly, Johmston snd Fisher (19) found
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that tomato plants upon removal t0 & minus-boron mutrieat water culture,
continued in growth {etem elongetion) for & peried of about three weeks.
During the first two weeks of thls peried the rates of growth im winus-
boron and plus-boron cultures were not greatly different. It would seem
thet egain we must assume that this growih necessitated the utilization
of boron present in tissues leid down before the chsnge ia nutrient con-
dition wss effected. 1t is interesting to note that the suthors uvse the
| concluding statement that, #Boron is ...... &pperently fixed im plent
tissues snd csnnot be used over and over sgsin.® This follows Waring-
ton's (40) esrlier conclusions that *..... the supply of boron must de
continual im order to be effective ..... and thet it is in some wsy
fixed by the plant and not in a state of circulation.®

The relatively delayed sppearzsnce of deficiency symptoms sfter
changing fros & plus-boron to & minus-berom muirition in the preseat
experiment also suggests that there was utilization of reserve boren.
1t is interesting snd pernhsps sugzestive tnat the period from the time
of witaholding boron from the nutrieant solution until the appesrance of
deficlency symptoms, clesely approximated the period from growth inception
after planting until tne initial symptoms of deficiency. Furtnermere,
the goturl amount of cane growth mads by the vines during tnese two
periods was not grestily differemt.

swore definite evidence of borom transfer wituin tne vine is afforded
by the snalyses of the different parts of the vines of the severzl trest-
ments. In all instances there wes a definite reduction in boron content
of tne lower leaves on the cenes of vines which were chsnged from plus-
boron to minus-boroa mutrition. Since these leaves were mature and
insctive in growin at the time of change of trestment, thelr greatly

lowered horom level cen only be expleined by seeuming = transfer of boron
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to the upper and active meristemstic reglons. If the lower leaves were
enlarging during this period, tine lower Voron percentage could conceivably
result as & dilution of the borom present in the leaf. This possidility,
however, definitely must be ruled oul because of the mature conditioen of
tnese lower lesves. Sinoe the stems of the plus-minus vines were as high
in boroen as the siems of the continuous boron vines, it follows {hat the
leaves serve largely for storsge of uananL- boron. This would be assumed
from the fact that the lemves of tane vines built wp & much bigner coanteat
of boron under plus-doron nutrient conditions than the stems. Tue sppar-
ent equalization of the borem level in various parts of boron-deficieat
plants may also be accounted for om the bdasis of transfer, since it was
shown that s differentisl existed ia these plants before the deficiency
developed.

Guantitative estination of the total extent of the retrsnslocation
of boron witnln tue vine is impessible to determinme from the present date,
since welguts of plent perts involved were unobdtsinsble znd since no com-
giderstion was given to the boron present in the root systea. However,
in the Herbert vines there was found a reduction of appreximately 35 p.p.m.
of boron in the lower mature leaves. This amount, if tramsferred snd made
availsble to the actively growing parts couwld reasonsbly accoumt for the
growth made by these vines after the withnelding of boron from the
autrisnt solution.

Although there is clear evidence that tramsfer of boren does occur,
#nd that therefore it cannot be held that the boreom ir the vime is in en
immoblle state, it §s likewise clear that transfer from the lower lezves
cen take place only sbove a certain level of boroan contesmt in timse leaves.
Pmas lesves produced after chsnging to the misus-boronm mutrieat never

exceeded the older lesves in boron content. In Herbert where the samples
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percentage of the boron preseat in soluble or mobile form. Or is it
possible that the amatomical structure of certain plants renders more
difficult adequate trensfer of materlels from one part to another? The
work of walker, et al. (38) suggests, as has been stated, that with the
beet there does exist some transfer of borom from root to lezves, but
gives no evidence of transfer from older to younger leaves.

From the dats presented hereim on the anslyses of the plant psrts
and on the growth of the vines im the seversl treastments, it seems logical
to conclude that there was & definite transfer of borom from the lower
mature leaves on the cane of the grepe upward to the terminal actively
growing parts, and thnst the smount thus transferred was sufficieat to
maintsin normal growth of the cane for a limited period, or uantil the
lower leaves were depleted of borom to a certsin level. There is zlso
indirect evidence thet the roots aznd stem of the dormant vine may supply
boron to the developing shoots. Tims while that part of the coaclusioa
of Johnston snd Fisher (19) to the effect that the boroa in the plamt
tissue cannot be used over snd over agein, snd, therefore, mmst not Dbe
considered in the nature of & catalytic ageat in pleat growth, must be
sccepted, their conclusion and that of many others that boron is fixed in
an immobile state in the plent must certzinly be modified.

Boron and Calcium Contents of the Vines. Breachley snd ¥aringtom (7)

suggested tnst there is a definite association between boron sad the sb-
sorption or utiliszation of calcium by the broad bean. This observation
was confirmed by Swenback (37) working with tobacco seedlings. However,
Marsh (22) found that the calcium sbsorptiom rate in the todacco, faba
bean, corn, and oats was mot significently influenced by boron content
of the substrate within certain limits. Cook and Millar (9) found with

beets thzt there was no appareat effect of boroa in the mutrieat medis on



the smount of calcium in the pleat tissue, and ¥allace and Jones (393)
state that the status of calcium in the leaves end frult of apples wes
not affected by boriec scid injections slthough the boron content was
thereby incressed. jiinarik end Shive (26) working with soybesn plants
found that both deficient and toxic smounts of borom in the substrate
resulted in subnormal smounts of cslcium in the plant tissue. Conversely,
dMuhr (27) found thzt calcium wes usuelly higher im borom deficient plants.
Recently, Marsh snd Shive (23), Harsh (22), sand Shive (35) working with
corn found s very close correlation between the torom im the plant tisews
snéd the active or soluble calclum present (that found im expressed plant
sap), but found no correlation existing between the bdorom content and
total calcium content. Shive (35) concludes that, "the proportionsl pert
of the total calcium 1in the plent which was maintsined in the soluble,
sctive state in which it could be translocated from poiants of supply to
centers of metabolic mctivity, was determined mot by the total calcium
content of the plant but by the supply of availsble boron in the corres-
ponding tissues, which in turn was determined by the boron conceniratioa
of the nutrieat subslirste.®

Prake, et al. (13) suggest that the ratic of calcium te boron in
toe plant msy determine whether or mot the plant exhibits boronm deficiency
symptoms. With csleium-boron ratios in excess of 1340:1, boron deficiency
sppesred in tobacco plants., #ith lower retics the plants remsined nommal
slthough the boron content of the plants was the ssme at 2ll rstios.

foe dats from the calciuwe and horon anslyses of the vines in the
send culture experiments ere in sgreesent witiz Shive's findings that
there was no definite relstion between total boron and totel celecium in
the plant. 3Since no attempt wes made to determine the scluble csleium

fraction, tnere is mo evidence on tne poselble relztionship detween the
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soluble frections of caleium 2ad boron in the grape vine. The calclium-
boron ratios (table 13) are higner in the boron deficient vines, but this
is quite sppareatly a function of the boron level, rather then o couse
contributing to development of the syaptoms. In the grlcium~boroa ratios
of the upper and lower lsaves of the Catswba and Herbert vines of the con-
tinuous minua-boron and the plus-minus boron series, itis found that the
lower lesves have the higher ratios, but, in contrast to the findings of
Dreke, ot al. (12), these higher reties are associsted with less rather
than more apparent deficieacy symptoms. It must be remembered that the
cutwsrd symptoms of deficlency on these vines d1d not necessarily revesl
the sctual state of deficiemcy. 'The ratiocs for the different parts of
the ssme vine show the necessity for detailed sampling if calcium-borem
relationships are to be studied. Lesves snd stem portions had widely
different ratios, and the ratios varied with respect to age of the leef
or stem.

It i clear that from the data obizined no coaclusions cer be drewn

concerning possible boron-caleium associations in the grspe vine.

1. ipplicstion of borax to the soll at the rate of tem pounds per
scre resulted in positive correction of abnormal growth end fruiting of
& mumber of grspe varleties in a vineyard on Worfolk ssady soil mesr
Columbiza, Soutn Crrolins.

2. TFolier symptoms of the boron deficiency were manifested by
stunting of shoot growth in the early spring, by interveinzl chlorosis
of the developing terminal leaves, amd Yy curling snd malformetion of
the young leaves.

3. The deficliency of horen was most spparent in the esrly pert of



TARLE 13. (Calciuve-boren ratiocs in lesves and stems of vines
grown in plus and mimus doron sulrient sand calture.

Futrient Treatuend

Portion of vine

Calcivm/veren ratie

: :
: :
t anslyzed ! Catawba 1 Herbert
; : yines H yines
t t :
Continuous plus- ! Lower lesves : 184 s gh
boren Merch 23 - :  Upper lesves Bl : 32
June 23 !t lower stea H 181 t 11
:  Upper stem : 11k : 106
: : :
Gontimuous minue- : Lower leaves 437 ! 451
boron March 23 - ¢ Uprer leaves 316 : 292
June 2% t Lower stem $ 195 $ 213
i Upper siem : 259 s 188
H 3 :
Flus-boron until : lowsr lesves ! 394 t 2
Mey 21. Mious- :  Upper leaves 316 : 221
voron thereafter 1 Lowar stem 3 97 : 136
:  Upper atem : 150 : 175
H : H
ginus-boron until : Lower lesves : 110 H 115
sy 21. Plus~ ¢t Upper lsaves @ 97 ' 52
boren theresfter : lover stem t 114 : 131
1  Upper stem H 55 : 89
: : 3
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grepe, sesms rather definitely establiaped.

19. vVines changed from minus-boroa to plus-boron mutrition showed
sn iscresse in boron comtent of the mature lower leaves,

20. There was no definite correlation between the calcius snd

boren contents of the leaves eor stems.
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