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A lthough Agulhon » a (1) experim ents a s  e a r ly  a s  1910 dem onstrated a  

‘b e n e f ic ia l  response  from boron in  th e  n u t r i t i o n  o f  c e r ta in  h ig h e r  p la n t s ,  

p r a c t i c a l  i n t e r e s t  in  boron as a  f e r t i l i s e r  elem ent d id  no t develop u n t i l  

a f t e r  the  re c o g n itio n , tw enty y e a rs  l a t e r , .  by Brandenburg (5) o f  a boroa 

d e f ic ie n c y  o f tbe  b e e t under f i e l d  c o n d itio n s . In  f a c t ,  in  t m  U nited 

.S tates during  t h i s  tw en ty -year i n t e r v a l , a t t e n t io n  was d irec ted , r a th e r  

tow ard to x ic i ty  from excess boron, l a  dom estic p o ta sh , which wm  u t i l i s e d  

by te a  f e r t i l i s e r  in d u s try  due to  th e  c u rta ilm e n t o f  fo re ig n  sources 

d a rin g  w orld f a r  1 , co n s id e ra b le  boron was found a s  m  im p u rity , a n o th e r  

in s ta n c e  o f  to x ic i ty  to  p la n ts  r e s u l te d  from the  u se  o f  i r r i g a t i o n  w aters 

o f  th e  f a s t  which co n ta in ed  boron in  ex cessiv e  amounts. I t  i s  u n fo r tu n a te  

t h a t  none o f  th i s  work on to x ic i ty  uncovered any in s ta n c e  o f  b e n e f ic ia l  

response  from boron a p p l ic a t io n , t h i s  was n o t because boron d e f ic ie n c ie s  

d id  n o t e x i s t ,  f o r  A tw ater (3) r e c e n t ly  has p o in te d  o u t th a t  the symptoms 

o f  abnorm ality  i s  many p la n ts  which we sow know a re  c o r r e c t ib le  by the 

a d d it io n  o f b o ro s , were reco g n ised  aad d e sc rib ed  y e a rs  b e fo re  the  ro le  o f  

b o ros in  p la n t  n u t r i t i o n  was su sp ec ted . *»Blhck-h«art* o f  b e e ts ,  “In te rn a l  

cork# o f  a p p le s , aad #cracked-stern# o f  c e le ry  a re  examples o f  such  abnor

m a l i t i e s .

$isc© Brandenburg * s d isco v ery  o f  th e  r e l a t i o n  o f  boroa to  “b la c k -  

h e s r t#  o f  b e e ts ,  th e re  has been m  e v e r - in c re a s in g  number o f  re p o r ts  o f  

boron d e f ic ie n c ie s  w ith  o th e r  p la n ts  found under f i e l d  c o n d itio n s . At 

th e  p re s e n t  tim e t h i s  l i s t  In c lu d es  r e p re s e n ta t iv e s  o f  perhaps tw enty o r  

more sp e c ie s . In  th e  l i g h t  o f  o u r p re s e n t knowledge o f  the  boron 

r e la t io n s h ip s  in  the  s e l l  and p l a n t ,  th e re  i s  reaso n  to  assume th a t  under



2

c e r t s i a  c o a d itio n s  heron ms? ho found to  ho « lim itin g  f a c to r  I n  th e  grow th 

o f  any o f  our oeononlc p la n t s ,  fh e  eoap& ratively  narrow  range between 

d e f i c i e n t ,  optim a*, and to x ic  le v e l s  o f  boron in  th® s o i l ,  and th e  w idely 

d i f f e r e n t  re  i f  ease  o f  sp ec ie s  to  a c e r ta in  le v e l  o f  heron  n u t r i t i o n ,  

n e c e s s i ta te  the  a cc u ra te  d e f in i t io n  o f  th e  p la n t  and m i l  c o n d itio n s  a t  

g iv en  le v e l s .

In  the  sp rin g  o f  1939 th e re  was observed  In  a v in ey ard  growing on 

l i g h t  sandy s o i l  In  so u th  C a ro lin a , f o l i a r  syoptoia* which resem bled symp

toms o f  boron d e fic ie n c y  a s  they have hesn d e sc rib ed  f o r  o th e r  p la n ts .

Since th e re  had been a t  th a t  tia# m  r e p o r t  in  th e  literature o f  boron 

d e f ic ie n c y  in th e  g rape  under f i e l d  c o n d itio n s , and s in ce  i t  was e a r ly  

ap p aren t th a t  te e  observed  symptoms v a r ie d  w idely  w ith  season and w ith  

v a r i e t i e s ,  i t  was co n sid e red  n ecessa ry  to  d e f in i t e ly  a sc r ib e  tm  n a tu re  

and cause th e re o f  th rough  ex p erim en ta l p ro ced u re . Such p rocedure  has 

in v o lv ed  s tu d ie s  o f  %m response o f  the  g rape  to  boron b o th  in  th e  v in e 

y a rd  and under c o n tro l le d  greenhouse c o n d itio n s , th e  v in ey ard  s tu d ie s  

were conducted a t  th e  S a n d h ill Experiiseat s t a t io n ,  Columbia, South C aro lin a , 

and the greenhouse and la b o ra to ry  s tu d ie s  a t  the  H o r t ic u l tu r a l  Department 

o f  the  Q n iv e re lty  o f  M aryland.

» ? i n  o f  u m m m m

i t  l a  tM  in te n t  to  review  i n  t h i s  s e c tio n  o n ly  th a t  l i t e r a t u r e  which

l a  concerned w ith  th e  boron n u t r i t i o n  o f  the  g r ip e .  S x e e lle n t and u p - to -  

d a te  b ib lio g ra p h ie s  (18) end {^35 rev iew s (11) ©f th e  g e n e ra l f i e l d  

o f  boron s o i l - p l a a t  r e la t io n s h ip s  a re  a v a i la b le ,  to  adequate ly  cover th i s  

e n t i r e  f i e l d  in  the  p r e s e t  review  would be im p ra c tic a l aad to  g e n e ra l is e  

would be m is lead in g . 'However, f in d in g s  in  the  work w ith  o th e r  p la n t s ,  

which a re  p e r t in e n t  to  %m r e s u l t s  o f  th e se  experim en ts, w i l l  be d iscu ssed
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w ith  th e  r e s u l t s .

M aler (21) l a  193? showed th a t  boroa i s  n ecessa ry  fo r  th e  aerate! 

development o f  grape see d lin g s  grown la  w ater c u l tu re  n u t r i e n t  s o lu tio n . 

Cinoue (2w> re p o r t in g  i a  th e  fo llo w in g  y e a r on the s e t t in g  o f  f  r u i t  i a  

the Muscat o f  A lexandria  v a r ie ty  o f  g ra p e , found th a t  the  a p p lic a t io n  o f  

boron in  c o n c e n tra tio n  o f  .01  p e rc e n t a s  the  aqueous s o lu t io n  o f  so&iun 

b o ra te  to  te n  y e a r  o ld  v in e s  tw enty days b e fo re  flo w erin g , r e s u l te d  in  

b e t t e r  g e m in a tio n  o f  p o lle n  g ra in s  from the t r e a te d  v in es  and in  a c re  

th an  tw ice  the so t o f  f r u i t .  Ho a lso  found th a t  a p p lic a t io n  o f  a  .001 

p e rc e n t so lu tio n  to  th e  s t ig a a s  a t  felosseating tim e g r e a t ly  in c re a se d  the  

s e t  o f  b e r r ie s .

fb e  above a re  too  only  re fe re n c e s  found in  trie l i t e r a t u r e  do s l in g  

s p e c i f i c a l ly  w ith  toe  e f f e c t  o f  boron on th e  g rap e , i'ae re  seems to have 

been m  in s ta n ce  o f  toe  t r i a l  o f  boron as a  f e r t i l i s i n g  elem ent in  v in e 

yard  s o i l s ,  end, w ith  th e  e x cep tio n  o f H aler*s work, the  g rape  has n o t 

been u sed  in  c o n tro l le d  n u t r i e n t  c u l tu re  experim ent* in v o lv in g  boron 

d e f ic ie n c y .

0BJ1CTXYJS Qjp BlPkliM iSfS

Too o b je c t iv e s  o f  th e  experim ents h e re in  re p o r te d  were as fo llo w s: 

(1) to  study the  e f f e c t s  o f  boron a p p lic a t io n s  to  a v ineyard  s o i l  upon 

toe grow th find f r u i t i n g  o f  th e  v in e s ; (2) to  study  th e  developm ent and 

c o n tro l o f  boron d e fic ie n c y  in  v in e s  in  n u t r i e n t  c u l tu re ;  and (3) to  

determ ine the  le v e l s  o f  boron in  th e  c u rre n t seasons grow th o f  the v ine 

under v a rio u s  c o n d itio n s  o f  boron n u t r i t i o n ,  fo s s e  o b je c t iv e s  were 

approached by; (a )  th e  use o f  a  v in ey ard  which was found to  respond to  

bo rax  f e r t i l i z a t i o n ;  (b) th e  grow th o f v in e s  in  sand c u ltu re  w ith  and 

w ith o u t boron in  the n u t r ie n t  s u b s t r a te ;  and (c )  boron a n a ly s is  o f  le av e s  

and o th e r  p a r t s  o f  normal and d e f ic ie n t  v in e s .
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c h lo ro t ic  a re a s  toward th e  l e a f  margin end betw een the l e a f  v e in s  

( f ig u r e  1) .  These c h lo ro t ic  a rea#  rem ained I n ta c t  even in  sev e re  

cases w ith  l i t t l e  o r  no development o f  n e c ro t ic  a re a s  o r  burn ing  o f  the  

l e a f  m arg ins. The su rfa c e  o f  a f fe c te d  le av e s  was abnorm ally roughened 

w ith  r a i s e d  a re a s  between th e  v e in s , r e s u l t in g  in  a capping o f  the  l e a f  

toward the under s id e  ( f ig u re  2) .  Prem ature d e f o l ia t io n  d id  n o t occu r.

The new le a v e s  produced a f t e r  tre a tm e n t w ith  borax showed no e v i

dence o f  ab n o rm ality , a lthough  th e  o ld e r  le av e s  rem ained c h lo ro t ic .  

However, th e  l a t e  season growth on u n tre a te d  v in e s  a lso  showed l i t t l e  

ev idence o f  abnormal symptoms.

S h o rtly  a f t e r  th e  s t a r t  o f  grow th in  e a r ly  nay o f  19*40, th e  shoo ts  

on a  number o f  v in e s  th a t  were n o t t r e a te d  w ith  borax  the  p rev io u s  y ear 

were developing  abnorm ally w ith  pronounced s tu n tin g  o f growth and s  f r e 

quent tendency tow ard the p ro d u c tio n  o f s e v e rs !  l a t e r a l  sh o o ts  from a 

s in g le  node, e s p e c ia l ly  from th e  nodes * » s t d i s t a n t  from the  tru n k  o f  the  

v in e  ( f ig u re s  3 , H, $ t sad  &). The ia te m o d e s  were very  s h o r t  end the  

le av e s  sm all end o f te n  m isshapen, f lo w er c lu s t e r s  were developed b u t were 

tw is te d , malformed, and f a i l e d  to  s e t  f r u i t .  The weak, s tu n te d  v e g e ta tiv e  

growth in  some in s ta n c e s  made the  flow er c lu s te r s  appear u n u su a lly  

prom inent ( f ig u re  **). U n trea ted  v in e s  o f  some v a r i e t i e s  showed le s s  

extrem e symptoms, in v o lv in g  o n ly  s l i g h t  c h lo ro s is  o r  cupping o f  the 

younger le a v e s , s im ila r  to  those  observed  the  p rev io u s  y e a r .

The b o ra x - tre a te d  v in e s  o f  th e  te n  v a r i e t i e s  re c e iv in g  th e  ap p lica 

tio n  in  1939 showed m  in d ic a t io n s  o f  the  symptoms i a  the  sp rin g  o f 19*40 

and were developing  norm ally  in  every  re s p e c t .  Borax trea tm en t in  May, 

19*40, o f  abnormal v in e s  r e s u l te d  in  normal development o f  th e  new grow th 

observed  in  J u ly  o f  th a t  season . Again, as  in  1933. i t  was n o tic e d  th a t  

the  l a t e r  grow th on th e  u n tre a te d  v in e s  was n o t as  bad ly  a f fe c te d  as  th e

e a r ly  season grow th.
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I lg tti*  X. C faloretie  p s t U r a  o f  boroa dofioioaogr ©a 
fo lloc*  o* Limeir obo«r»«d ia  th» vi&*y@ra. Iota  
om&Xi c o rlo a  i a  lowor p o r t ia a  o f  p&atactvpfe.
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f t f o r *  I* M m  iy iip M n  »«  tta* w t e t y
€*>»*»• M r  v lB » |ftrd  o o a d lttd s* .

e n t m i i ,  M i i l .  M i  s i l M i l l i i  ©f «** 
jreiuig
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Ftgara 3» t t t e e t  of 'mr&M oa fca* BalMtva
f a r i t l y  M esr alaajavg caaditieas. 
i mpart M *« l frawtfe at tl^p of 'ttLaamiiag ia I9H0 
« 6 f  Varax q p p ile a U a *  i a  1939.
M w y $  l a  k m .  l a t a  a a la a m a ia  h A  *tm&%lng a #
a S S SLg w t i a .
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f ig u re  k ,  I f f e c i  ©f te v e a  omftQ lm c? m  m vto m m t. 
Upysr; Smrare ftjwpto** before bore* tre*t»er*t la

1939* ¥m%ttgr®pm& Key, 19**0. r i m  s t i l l  m% 
entirely a o m l .  lo t#  elow &#veXop»e»i ©a rigbt side 
©f via®,
i£weri $a treated via# she®i«e very ©stress# boroa 
2*F isioacy  eyap tes* . £®te s t m t i s ^  o* *&©$% grew ik 
s&c; proaiaeac© of bi©#$Nm cluster* cm not#
mis© tael upper am* &rs &©r© effected  io ta  lover am*.
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Vigor* 5. Btt*vt at boroa d#fici«ncy ©a a hoot
mmMpm&t of Mxtm &% %im at 
U pp#r; io n a a l g ro tr ia  in  ua?9 at rim  t m « M l
^'fciTtarax U  *ruae, Ia ms?, 1939, iiii* via*
i iw ^ d  ©*lre»© of boron d e f ic ie n c y .
&*w*xi ifcaafcod grosria of uatraatod vis«,



*3

Vigor* 6* Boron d e fic ien c y  l a  Oa%a*i# i a  iise v in ey ard . 
Upper: $ v * ft» d  Tims w&ie& #&©ii#& w m r *  symptom* i a  
W b e f o r e  borax tref?bstemi. frrre iap iiig  norm ally  when
pb»te«r«pb»& i«y* If**}.
lo w rg  flam  on ova ro o t#  toew lac « w r o  aynptaa*, 
in c lu d in g  a tn a t in g  o f  developing  aboota i a i  •gltete** 
drwm* e f f e c t .
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tiM M  1. R e la tiv e  s u s c e p t ib i l i ty  o f  c e r ta in  g rsp e  v a r i e t i e s  
to  Boren d e f ic ie n c y  a s  in d ie s  te d  By f o l i a r  syssptoma 
developing i a  1939, *^0, »*H, aad *i$t on e n tre a te d  v in e* .

S evere ly
a ffe c ted *

M oderately
a ffec ted * *

S l ig h t  o r  no obserr~ 
a b le  symptoms***

A raalaga B a iley Champion
Sam oa B arry C lo e ta
Delaware f re d o n ta
la p iv e  S ta te Oqp t i  v o ter Golden Muscat
G aertae r Gaiawba Baaovsr
Geneva Cheap©gas I s a b e l la
Hartford Concord P o r tla n d
Headlight Diauond 1* f .  Munson
iterbeaoat £utehees
Iv es E lv i r a
Lon ant© Mxtrm
O ntario H erb e rt
Seneca l a s t  l e s s
S heridan L en o ir
friusrph L uoile
fy eu in g L u tie  

Minnie 
11 ag ar a  
P re s id e n t 
Worden

* E a rly  season s tu n tin g  o f  grow th. B x trese  d e f ic ie n c y  sy n p ten s . 
l i t t l e  o r  no f r u i t  p roduction*

•* G ^ o r o t i c  p a t te r n  o f  fo l ia g e  Out m  s tu n t in g  in  e a r ly  season* 
f r u i t  p ro d u c tio n  nor#  o r  l e s s  a f fe c te d .

**« Re f o l i a r  sym pteas, p o s s ib ly  f r u i t  p ro d u c tio n  a f fe c te d .
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d if fe re n c e  i a  tine crop  ©a th e  L eno ir v in e s  i s  shown i a  f ig u re  7 . fo e  

e f f e c t  o f  feoroa on f r u i t i n g  o f  o th e r  v a r i e t i e s  i s  shown l a  f ig u r e s  0 » 9 , 

and 10.

tAMM 2. E f fe c t  e f  borax  trea tm en t l a  1939 ®a  th e  
y ie ld  o f  f r u i t  i a  19*40.

f a r i e t y
;
1
i

H e l d  i a  pounds p e r  v in e  
(8  to  p s in e s  in  each  trea tm en t)

»

*
ee

B o ra x -tre a te d  
v in e s

:
:
I

U n t r e a t e d
-vines

: 3

Catawba * 15.0 se l . l t
Delaware : 2 .8 : O
E x tra s : 5 .2
L enoir 1 %1 .S : 2 .5
Concord *• 5 .0 •0 1 .3
O ntario : 6 .0 •* 3-7

1 i

a n o t h e r  i a c t m a e e  e f  t h e  pronounced e f f e c t  o f  boroa upon f r u i t f u l -  

note was i l l u s t r a t e d  i a  t h e  y ie ld  re c o rd s  o f  th e  re fle x -s ta m en  o r  s e l f -  

u n f r u i t f u l  v a r i e t i e s .  A ll of th e  f iv e  v a r i e t i e s  ©f t h i s  type i a  the  

v in ey ard  showed g r e a t ly  increased y ie ld s  fro® bo rax  trea tm en t ( t a b le  k) . 

f r u i t  c lu s t e r s  o f  b o ra x - tr e e  ted  vine® o f  H e rb ert aad l a s t  lo se  were w e ll-  

f i l l e d  and © fuel i a  appearance to th o se  o f  s e l f - f r u i t f u l  v a r i e t i e s  

( f ig u r e  11) .  t r e a t e d  and u n tre a te d  vine* were a d ja c e n t in  th e  row aad 

should  have been e q u a lly  favo red  fo r c ro s s -p o l l in a t io n ,  tre a tm e n t d id  

not a f f e c t  the  tim e o f  blossom ing, th e  stam ens o f  b o th  t r e a te d  and 

u n tr e a te d  v in e s  were r e  f le x e d  in  th e  norm al manner fo r  v a r i e t i e s  o f  

th i s  type  and a  number o f  c lu s t e r s  bagged l a  19^2 f a i l e d  com plete ly  to  

s e t  f r u i t  e i t h e r  on t r e a te d  o r  u n tre a te d  v in e s .



1?

fABUB 3 . 2 f  f e e t  o f  a p p lic a t io n  o f  borax  l a  19*20 
opoa y ie ld a  ©f g rape  ▼ »i e i i e s  i a  19^ 1 .

2
: t r e a te d  w ith  borax

i
ft• U n trea ted

f a r i e t y fu a b e r  o f s f i e l d  p e r 2 dumber o f 2 f i e l d  p e r
*• ▼In®* t

t
▼ta® ( lb s ) 1

1
▼iaea 2

2
▼in® ( lb s )

ft i fte I
Asiertee 2 i l 1 .0 : 2 ftft 1 .1
&m*l*g* t 5 i ?.** « 5 2 O.fc
B a ile y t 2 •» 22. S ! 3 2 0 .9

♦Barry : 2 5 .6 2 3 ftft 0 .2
♦B righton •« ' 1 * M , ft l : 0 .2

B roctoa •• £ . i o .s 2 1 2 0 .1
&ao© s 1 t 5.% ft

ft 3 2 3 .5
Q&tmm ? t 13-0 r 3 2 3*?
Cetaafa* t f i s 3 .* 2 3 2 0 .6
ChMpagae t« £ *ft 9 -3 2 1 2 10.9
Q hteploa »i 2 : 12 .1 ftft 3 ftft 1 2 .6
C lee t* i 2 s 3 -? 2 3 2 3 .0
Belawere » 5 : 3 .* 2 3 ftft 2 .0
B iaaoad m0 2 a• 3 .S ft 3 2 0 .1
Ida® : 2 2 5 .2 2 3 *ft 9 .S
E x tra * 3 1 1S.2 : 2 2 7 .5
F ern «o 2 1 10.9 1 2 ft g .0
Fredon ie s 2 s M • 2 2 9 .0
BMaaeer ft 2 # 6 .2 2 1 2 o . i

♦H erbert t k : S . f 2 } #ft 0 .1
I s a b e l la ftft 2 : U .5 s 5 2 5 -2

*I*»*t Rose ftft 1 i 1*2.5 s 1 2 0 .0
l e a o l r : 5 a* 22 .5 2 6 2 2 .2

•L o k fa ta : $ : U .5 2 9 2 6 .5
I » c i le * 2 : 3 .? 2 ft 1 .3
Is i t i* 2 •ft 2 . *2 2 ** 2 1 .6
B. W. Maasoa * 2 : S.3 •• 3 2 7*7
Itmgar® i 2 s k.X 2 b S 1 .3
O n ta rio «« 2 : 3 .3 2 2 >• 0 .2
P o r tla n d #• b % 3 -? aft 5 2 2 .7
P re s id e n t 3 1 s 3 .* » 1 * 0 .U
fe rg e a a e s i 2 i «• l 2 M
Warden »«

?
1 ft

1
1 .2 2

ft
1 2ftft

1 .0

Average fo r  a l l  v a r i e t i e s T .i 3 .2

♦ R e flex -s ta a e n  ▼ arte tlee .
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fJMM k .  i f  f e e t  e f  borax upon 19^1 y ie ld  o f  v a r i e t i e s  
e f  g rapes b a rin g  re f le x -s t« » e tts .

V a rie ty

:
:
s
3
•

f r o s te d  w ith  borax
i
i U n tre a ted

Humber o f  
v in e s

t
*
3

f i e l d  p e r  
v in e  ( lb s )

:
t

..................... r
Hunhsr o f  : 

v in e s  :
f i e l d  p e r  
v in e  ( lb s )

t 3 ; :
B arry : 2 ; 5 .6 t 3 s 0 .2
B righ ton 3 1 ee M t l 3 0 .2
H erb ert *e k ! 8.9 «e 3 ftft 0 .1
iu k f a ta a• 9 i 1 1 .3 i 9 fte 6 .5
l a s t  lo se ae 1 •e l k . 5 s 1 ee 0 .0

a-a J 3 a#

E f fe c t  e f  H oo t-stock  on Boron B eftc tea cy . In  19*$0 th e re  was l i t t l e  

o r  no in d ie s t io n  e f  boron d e f ic ie n c y  in  any o f  tfee v a r i e t i e s  g ra f te d  on 

ro o t-e to c k s  in  the  s to c k -e lo a  t e a t  b lo ck , a lthough  aaay o f  th e se  sane 

v a r i e t i e s ,  on tfea ir  own r o o ts ,  in  tfee sane felock snowed extrem e eynptons. 

i f  t e r  bo re x  tre a tm e n t in  Ifb o  to  h a l f  o f  tfee v in e s  in  each  s io c k -e io a  com

b in a t io n ,  I t  was e v id e n t in  19b ! t h a t  th e re  was a  d e fic ien c y  e x i s t e n t  in  

tfee g r a f te d  v in e s , s in e s  tfee t r e a te d  v in e s  snowed a g r e a t ly  in c re a se d  

y ie ld  and l a  t h i s  season f o l i a r  symptoms were ap p aren t on c e r ta in  o f  tfee 

e n tr e a te d  v in e s . A pparen tly  the  d eep e r, store w idely  feed in g  ro o t system s 

e f  tfee s to ck  v in e s  feed delayed  tfee development o f  boron d e f ic ie n c y  in  tfee 

c ion  v a r ie ty  g ra f te d  th e reo n .

Boron C ontent o f  V ines, ffee an a ly ses  o f  tfee s e r ie s  o f  l e a f  samples 

o b ta in e d  p e r io d ic a l ly  f r e e  v in e s  o f  fo u r te e n  v a r i e t i e s  i n  19*30 and I f b l  

a re  g iv e n  in  d e t a i l  sad  in  summary in  ta b le  5* ffes boron c o n ten t o f  tfee 

le av e s  ranged from a low o f  7*^ p*p*n* in  tfee u n tre a te d  Concord sample 

o f  Septem ber, lf**l, to  1&6.$ p .p .m . i n  tfee b o ra x - tr e a te d  P o r tla n d  sample 

o f  September, 19*1-2. V ariance a n a ly s is  o f  to e  d a te  ( ta b le  6) showed 

s ig n  i f  l e a n t  d if f e re n c e s  fo r  a l l  th re e  o f  tfee main e f f e c t s ;  tre a tm e n ts .
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Table 5. Boren content of leaf samples from borax-treated and untreated vines

In p.p.m. of drv material

VARIETY TREATMENT* may 1 
1941 *

MAY 29, 
1941

AUG. 9, 
1941

SEPT.
10

1941
JUNE 17, 

1942

SEPT.
11

1942

variety

MEANS BY 
TREATMENTS

VARIETY
MEANS

Armalaga Treated 19.9 c8.9 37.9 29.0 25.0 62.8 40.6 31.2
Untreated IB. 0 39.6 20.4 26.4 18.1 13.8 71.7

Bailey Treated 19.9 41.1 38.0 41.1 16.8 38.5 32.6 32.7
Untreated 7.8 46.4 75. 0 24.3 19.4 73.6 32.8

barman Treated 22.0 28.7 34.5 41.8 27.6 68.8 38.9 36.1
Untreated 14.8 74.0 39.1 36.0 34.0 51.9 33.3

Or tawba Treated 14.2 47.7 33.7 34.4 13.7 93.6 39.6 36.4
Untreated. 14.0 57.6 42.0 34.6 17.8 33.2 33.2

I t . card Treated 1?. 3 32.7 38.6 19.7 11.8 30.9 74.5 71.3
Untreated 13.4 18.8 38.5 7.4 8.4 22.0 18.1

’elaware Treated 25.0 64.3 75.5 36.0 13.6 77.0 60.2 46.6
Untreated 10. p 85.1 40.8 19.4 13.5 25.9 37.9

Edna Treated 17.8 7’ .? 4C. 7 78.8 70.5 14.3 75.7 26.5
Untreated 23.6 24. 7 40.4 74.0 18.8 33.0 77.3

Ellen Scott Treated 70.3 74.3 53.0 40.8 35.2 68.4 48.7 41.6
Urst reat ed '50 . 9 58.4 35.5 75.7 30.4 36.4 34.5

Extra Treated 38.5 55.9 38.8 78. 7 17.3 41.1 36.7 36.6
Untreated 34. ? 59.1 3 7.0 38.7 16.8 38.3 36.4

’em Tr-eated 39.0 77.8 37.9 ?e. 0 72.9 34.5 30.5 27.5
Untreated 7?.? 18.0 31.« 20.0 19.1 35.5 24.4

..•no ir Treated 36.7 4C. 4 45.7 29.3 17.1 50.8 37.6 37.4
Untreated 71.2 38.1 30.4 79.0 17.2 37.c 77. 2

juc i l e Treated 30.5 40.3 45.3 55.1 9P , 0 55.6 47.1 37.8
Untreated 30.8 41.6 36.8 35.4 17. 7 44.1 33.5

'ortland Treated 27, ? 40.5 57.4 61. b oO. 3 106.8 5?.c 40. 4
Untreated 17.0 39.9 7C. 6 79.0 77.6 35.0 PC _ 4

K W. Munson Treated 38.1 51.4 37.3 44.7 4" .0 54.5 45.4 44. 7
• Untreated 34.0 47.0 35.7 44. 7 49.7 57.4 43.9

leans of san Treated 75.5 45.9 40.4 3«.9 °2. 1 57.0
il ing dates Untreated 19.9 47.7 33.9 22. 7 70.9 77. 7
iy treatments

eans of sampling d o te s .. . 22. 7 44.3 37.2 "9,5 22.0 47.3

P̂ 1
................

lfference between means necessary for significance (5 per cent lev 91)

V ft / D6 X
dates

____IC/ DCkworu nos*
(d) 3etween variety 13.4
's )  Between sampling date- treatments 8.0

• Borax applied to treated vines at rate of 10 pounds per acre i n May, 1940.
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• s a p l in g  d a te s ,  and v a r i e t i e s .  B o ra x -tre a te d  rim es land a h ig h e r Boron 

co n te n t o f the  le av es  then  e n tre a te d  v is e s ,  th e  Boron c o n ten t o f  the 

le a v e s  wee lo v e s t  i n  the  e a r l /  p a r t  o f  th e  growing season , fh e  v a r i e t i e s  

D elaw are, 1 . f .  Munson, l l l e n  S c o t t ,  and P o r tla n d  had the  h i p e s t  Boron 

c o n c e n tra tio n  w ith  averages aBove Bo p.p . a . ; w hile  F ern , Bdne, and Concord 

had c o n c e n tra tio n s  Below 30 p .p .a .  I t  wee e v id en t th a t  l e a f  Boron co n ten t 

o f  th e  v a r i e t i e s  wee no t n e c e s s a r i ly  in  accord  w ith  v a r i e t a l  s u s c e p t iB i l i ty  

to  Boron d e fic ie n c y , s ig n i f ic a n t  in te r a c t io n s  Between tre a tm e n ts  and 

sam pling d a te s  and v a r i e t i e s  showed th a t  th e  e f f e c t  o f  the tre a tm e n t upon 

Boron c o n ten t o f  the  le av e s  was mot the same th roughout the season and 

th a t  v a r i e t a l  d if f e r e n c e s  a lso  v a r ie d  w ith  t in s  o f  sam pling.

fABLl 6 . V ariance a n a ly s is  o f  d a te  on the Boron co n ten t 
o f  le a v e s  fro® B o ra x -tre a ted  and u n tre a te d  v in e s .

Degrees
o f

freedom

Sues o f  
squares

V arlanc . I

tre a tm e n ts 1 2H08 2*07.7 22.65*
V a r ie t ie s 13 6201 *77.0

3I 6S.0
H.*9*

Sampling d a te s  
In te ra c t io n :

5 1 5 m 29. so*

t r e a t ,  x  v a r . 13 2 1 0 k 161.9 1 .52
t r e a t ,  x  d a te s 5 13*7 269-3 2.53*
V a r ie t ie s  x d a te s  
t r e a t ,  x v a r . x  d a te s

t o t a l

P65

167

1237*
69U

22736

190.*
106.3

1.79*

*S ig n if ic a n t  a t  th e  %  le v e l .

A lthough By v i r tu e  o f  s u f f ic ie n t  s ta p l in g  d a te s , s ig n i f ic a n t  

d if f e r e n c e s  a re  found in  the  m a ly t i c e l  d a te , i t  i s  q u ite  ap p aren t th a t  

In d iv id u a l v a r ie ty  an a ly ses  during  the season gave seem ingly in c o n s is te n t  

r e s u l t s .  A B asis fo r  th i s  in c o n s is te n c y  may Be found i f  Both sam pling
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techn ique  and grow th and y ie ld  perform ance o f  %m in d iv id u a l v in e s  are 

co n sid e red , f m  i n a b i l i t y  to  secu re  l e a f  samples o f  com parable ages 

from the  v a rio u s  v in e s  has been s ta te d .  B o re x - tre s te d  v in e s  producing 

heavy f r u i t  c rops q u i te  o f te n  ceased  te ro tm e l grow th in  midsummer w hile  

u n tre a te d  v in e s  w ithou t a  crop co n tinued  l a  grow th. The d if fe re n c e  in  

f r u i t i n g  which was q u ite  pronounced. in  w est v a r i e t i e s  very  conceivab ly  

has a f fe c te d  th e  boron le v e l  in  the  te rm in a l le a v e s .

The v a r ia b le  boron c o n te s t  o f  v a rio u s  p a r t#  o f  the shoot g iven  in  

th e  fo llo w in g  d is c u s s io n  shows c le a r ly  the n e c e s s ity  fo r  nor#  adequate 

sam pling and c o n s id e ra tio n  o f  the  f r u i t i n g  s ta tu s  o f  the  v in e  i f  incon 

s i s te n c ie s  a re  to  be avoided o r  in te rp re te d *

D is tr ib u tio n  o f  Boron in  th e  C u rren t Season »s grow th. R ep resen ta tiv e  

sh e e ts  o f  the c u r re n t  seaso n 1 s grow th o f  t r e a te d  and u n tre a te d  v in e s  were 

sampled in  m  e f f o r t  to  determ ine th e  d i s t r ib u t io n  o f  boron in  th e  se v e ra l 

p a r t s  o f  the  sh o o t, f in e s  o f  th e  E x tra  v a r ie ty  were sampled August 9 , 19^1; 

Carman v in e s , June I f ,  19*12; and l e n o i r  v in e s , i s y  5 , 19^3* The an a ly ses  

o f  th e se  samples a re  g iven  in  ta b le  7*

th e  t r e a te d  i x t r a  v in es  had a  s l ig h t ly  h ig h e r boron c o n c e n tra tio n  

than u n tre a te d  v in e s  w ith  the g r e a te s t  d if fe re n c e  found In  the  m ature 

le av e s  about midway the sh o o t. The o ld  le av e s  o f  the  shoo ts  a d jac e n t to  

th e  f r u i t  c lu s t e r s  had the low est boron c o n te n t. The v in e s  o f  b o th  t r e a t 

m ents were in  a c tiv e  grow th when sam pled, bu t the  t r e a te d  v in e s  had a  much 

h e a v ie r  crop o f f r u i t .

The Carman v in e s , sampled l a  June when the  f r u i t  was d evelop ing , 

showed the  low est boron  le v e l  in  th e  leav es  a d jac e n t to  the f r u i t  c lu s t e r s .  

The le av e s  on the b a s a l  h a l f  o f  the shoo ts fro® th e  b o ra x - tre a te d  v in es  

were h ig h e r in  boron th an  the  comparable le a v e s  from the u n tre a te d  v in e s , 

b u t the  re v e rse  was tru e  o f  the  le av e s  on t m  te rm in a l h a l f  o f  the  sh o o ts .
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SAJLS J .  fh e  d isfcribub i on o f  boron l a  tne c u rre n t 
seaso n *9 sh o o ts  o f  the g rap e .

* : Berea ( p .p .a ,  d ry  w t.)
f s r i e t y  sad tim e j P o r tio n  o f  shoo t j______

o f  sam pling j an aly sed  ; B o ra x - tre a te d ; U n trea ted
: : v in e s  : v in es
:

Ex t m  -  s e a l e d •• Old le a v e s  a d ja c e n t : :
Aug. 9 , 19*U. L ig h t ; to  f r u i t  e lm sto rs . : 26 .0 s 2^ .g
crop on u n tre a te d e• Mature le a v e s  mid- :

H3 .S
s

29.€v in e s . Heavy crop # way on cane. t :
on t r e a te d  v in e s . i Young le a v e s  in  : %

«

a c tiv e  grow th. * 33-7 X
t

30.0

Carman -  sampled
:
♦ B asal le a v e s  Below :

5 5 .6

1
:

June 1 ? . 19^2. lo : c lu s t e r s .  : *
* 3 f . l

crop and boron de ♦ Leaves &dj s c e n t to  s
32 .*

:
f ic ie n c y  symptoms on • c lu s t e r s .  : •e 21 .2
u n tre a te d  v in e s  in i le a v e s  there  c l u s t e r s . : 3 M : **6 .S
May. Moused grow th : Young te rm in a l le a v e s .: 39-9 : H7.7
a t  sam pling. Heavy *1 :
crop on t r e a te d  v in e s . 1

j
* i

i
*

L en o ir -  sampled a t : le a v e s  below c lu s t e r .  : 53 .0 « *10.3
f u l l  bloom, May 5 , •. leave#  &dj sce n t to  1

*7.3
{

3^.019*43. fo  d e f ic ie n c y j c lu s t e r .  i J*d£*1ci0»J

1 le a v e s  above c lu s t e r .  : 39 .0 *ft 30.©
v in e s . Blossom c lu s t e r .  s 38 .6 : 3*U*• Stem below c lu s t e r . 31.9 • 25 .2

» Stem a d ja c e n t to
27 .6

1
: c lu s t e r .  ; t ! ? .§
5
:

Stem above c lu s t e r .  :
:

33.5 s
s

3 ? .0
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At th e  tim e o f  sam pling , the u n tre a te d  v in es  wore in  motive grow th w ith  

normal te rm in a l leaves*  b u t the  le a v e s  i a  the c e n tre !  p o r tio n s  o f  th e  

cane snowed boron d e fic ie n c y  symptoms. Again, th e  t r e a te d  v in e s  were 

c a r ry in g  a  much h e a v ie r  crop .

A aiore com plete sam pling was made o f the t r e a te d  and u n tre a te d  L eno ir 

v in e s  in  May, I 9U3 , a t  the tim e o f  f u l l  bloom. On th ese  v in e s  th e  shoo ts  

were d iv id e d  in to  th re e  s e c t io n s ;  th e  p a r t  below the blossom c lu s t e r s ,  the  

p a r t  sub tend ing  th e  blossom  c l u s t e r s , and th e  p a r t  above the blossom c lu t 

t e r s ;  w ith  th e  stem and Leaves and flow er c lu s t e r s  analysed  s e p a ra te ly , 

f  here was a p ro g re s s iv e  d ecrease  i n  boron co n ten t o f  th e  le a v e s  toward 

the  t i p  o f  th e  sh o o t; th e  boron co n ten t o f  the  th re e  p o r tio n s  i a  the 

t r e a te d  and u n tre a te d  v in e s  was 53*0 , ^7 *3 * 39*°» ®nd H0 . 3 , 36. 0 , 30 .0  

p .p .® . r e s p e c t iv e ly ,  io  symptoms o f  boron d e f ic ie n c y  were ob serv ab le  a t  

th e  tim e o f  sam pling, th e  stem a n a ly se s  a lso  showed a  h ig h e r boron con

te n t  f o r  the  t r e a te d  v in e s  b u t p o s i t io n a l  d if f e r e n c e s  were in  d i f f e r e n t  

o rd e r  than  fo r  the  le av e s  w ith  the  h ig h e s t boron le v e l  in  th e  te rm in a l 

p o r t io n  sad the  low est in  th e  p o r t io n  sub tend ing  th e  flow er c lu s t e r s ,  

fh® c o n ten t o f boron in  p .p .m . fo r  the  th re e  stem p o r tio n s  o f  t r e a te d  and 

u n tre a te d  v in e s  was 3I . 9 , 2? . 6 , 33*5 * 25*2 , 17*5 , 32 .0  re s p e c t iv e ly .

The boron co n ten t o f  th e  flow er c lu s t e r s  o f  th e  t r e a te d  v in e s  was 3 8 .6  p .p .® . 

end th a t  o f  th o se  o f  th e  u n tre a te d  v in e s  3H.6  p .p .m .

MUmUUQM

I t  was ap p aren t th roughout th e  experim ent th a t  th e  boron d e f ic ie n c y  

symptoms developed e a r ly  in  the  grow ing season b u t f a i l e d  to  appear in  

the  l a t e r  grow th o f  th e  sh o o t. W ith s e v e re ly  a f fe c te d  v in e s  th e  d e f ic ie n c y  

r e s u l te d  in  a  m ailed  s tu n tin g  o f  the  new sh o o ts  s h o r t ly  a f t e r  growth com

menced in  th e  sp r in g , w ith  l e s s  s e v e re ly  a f fe c te d  v a r i e t i e s  grow th
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co n sid e red . l a  the  f i r s t  p la c e , th e  an a ly ses  o b ta in e d , co rro b o ra ted  

l a t e r  by tb s  r e s u l t s  o f  s a id  c u l tu re  ex perim en ts, make i t  q u e s tio n ab le  

w hether th e  te rm in a l le av e s  o f  the  sh ee t g ive  t h e  b e s t iad ic& tio *  o f  th e  

boron s ta tu s  o f the  v in e  as a  whole. Secondly and u n fo r tu n a te ly , w ith  th e  

ex cep tio n  o f  th e  sam ples o f  a ay 1 , I 9U1 , no s e r ie s  o f  samples were taken 

a t  •  t i m e  when the v in e s  m m  a c tu a l ly  developing  symptoms o f  boron 

d e f ic ie n c y  in  the te rm in a l le a v e s , th e  c r i t i c a l  p e rio d  fo r  development 

o f  symptoms w a s  found to  be s h o r t ly  a f t e r  grow th in c e p tio n  i a  the sp rin g  

sad  a t  th e  tim e o f f r u i t  s e t t in g ;  th e r e a f t e r ,  e l l  v in e s , b o th  t r e a te d  sad 

u n tr e a te d ,  g e n e ra l ly  f a i l e d  to  show d e fic ie n c y  symptoms in  th e  l a t e r  

grow th, s in ce  i t  seems th a t  the  symptoms o f  boron d e f ic ie n c y  can only  

become apparen t i f  th e  d e f ic ie n c y  o ccu rs  when th e  le av e s  a re  in  a c tiv e  

m erie tem n tlc  c o n d itio n , i t  i s  p o s s ib le  th a t  such mature le av es  may e x h ib i t  

a  ve ry  low boron l e v e l  b u t no outw ard symptoms o f  d e f ic ie n c y , o r  lik ew ise  

th e  converse may be t r u e .

The e f f e c t  o f  boron upon re p ro d u c tio n  has been a c te d  by a number o f  

in v e s t ig a to r s  b u t u n t i l  re c e n t ly  em phasis has been p laced  r a th e r  upon the 

e f f e c t  o f  th e  d e f ic ie n c y  o f  the  elem ent upon v e g e ta tiv e  p a r t*  o f  the  p la n t ,  

t h i s  i#  m  obvious r e s u l t  o f  the economic im portance o f  t h e  d e fic ie n c y  in  

v e g e ta t iv e  organs a s ,  f o r  in s ta n c e , i a  * b la ck -a s  a r t#  o f  b e e ts .  I t  i s  

p o s s ib le  t e a t  th e  e f f e c t s  o f  boron n u t r i t io n  upon the rep ro d u c tiv e  p ro c e sse s  

o f  th e  p la n t ,  a lth o u g h  more ob scu re , may be e q u a lly  im p o rtan t.

Tits r e la t io n s h ip  found l a  the  experim en ta l v in ey ard  between tim e o f 

f r u i t  s e t  sad the appearance o f  th e  d e f ic ie n c y  symptoms in  th e  m e r is te a a t ic  

a re a s ,  accompanied w ith  the  f a i l u r e  o f boron d e f ic ie n t  v in e s  to  s e t  f r u i t ,  

s tro n g ly  su g g ests  a  very  c lo se  a s s o c ia t io n  between boron n u t r i t i o n  and 

f r u i t  s e t t in g  o f  th e  g rape . Moreover the e f f e c t  upon the  s e t  o f  f r u i t  

was e x h ib ite d  i s  in s ta n c e s  where f o l i a r  e f f e c t s  were m inor, i f  p re se n t



J l

a t  a l l ,  in d ic a t in g  a p o s s ib le  s p e c i f i c i t y  o f  tb s  fu n c tio n  o f  boron i a  

f r u i t  s e t t in g .

Whether tit® boron e f f e c t  i s  d i r e c t  as m  e s s e n t ia l  q u a n t i ta t iv e  p la n t  

n u t r i e n t  re q u ire d  in  d e f in i te  amounts o r  i f  th e  a c tio n  i s  th a t  o f  a 

c a ta ly s t  upon o rg an ic  m etabolism  i s  no t known, lik e w is e , i t  would be o f 

i n t e r e s t  to  know i f  th e  a b sc is s io n  o f  the flow er i s  a d i r e c t  r e s u l t  o f  

th e  e f f e c t  o f  boron d e fic ien c y  on th e  c e l l s  in  the  p e d ic e l o r  w hether 

a b sc is s io n  r e s u l t s  from f a i lu r e  o f  a s a t i s f a c to r y  g e n e tic  un ion  caused by 

la c k  o f  boron. Armalaga, Catawba, and c e r ta in  o th e r  v a r i e t i e s  s e t  p a r -  

th e a o c a rp ic  f r u i t *  on the b o ro n -d e f ic ie n t v in e s , t h i s  phenomena i s  q u ite  

o f te n  observed  w ith  many v a r i e t i e s  under c o n d itio n s  u n favo rab le  fo r  f r u i t  

s e t t i n g ,  e s p e c ia l ly  w ith  v ia l f e r a  v a r i e t i e s  where i t  i t  term ed m ille ran d ag e . 

U su a lly , however, on ly  & few s e e d le s s  b e r r ie s  to a  c lu s t e r  a re  developed. 

B o ro n -d e fic ie n t v in e s  o f jjm a lag *  e x h ib ite d  com plete m ille ra a d e g e , devel

oping f u l l  c lu s t e r s  o f  very  sm all, s e e d le ss  b e r r ie s  ( f ig u re  13 ), I a  th i s  

co n n ec tio n , a t te n t io n  must be c a l le d  to  th e  work o f  Oiaeu* (g$) who ob

ta in e d  g r e a t ly  In c reased  f r u i t  s e t  on the v a r ie ty ,  u n sea t o f  A lexandria , 

by sp ray ing  w ith  a boron s o lu tio n , t h i s  v a r ie ty  i s  q u ite  s u b je c t to  

m ille ran d ag e  acco rd ing  to  f l a k i e r  (*& ), who o b ta in ed  an in c re a se d  p ercen 

tage o f  n o raa l b e r r ie s  by reducing  the- crop in  r e l a t i o n  to  l e a f  t r e e .

Muscat o f  A lexandria  v in e s  were a t  one tim e l a  the  t e s t  b lock  used i a  th e  

p re se n t experim en ts, b u t were removed b e fo re  I f 39 when the  f o l i a r  symptoms 

o f  boron d e fic ien c y  were f i r s t  reco g n ised , th e se  v is e s  bore  ragged c lu s 

t e r s  o f  f r u i t  w ith  a  g re e t  many sm a ll, s e e d le ss  b e r r i e s .  I t  i s  u n fo r tu n a te  

th a t  th e re  was n o t o p p o rtu n ity  to  t e s t  th e  e f f e c t  o f  borax f e r t i l i s a t i o n  

on th i s  v a r ie ty .

K llleraadage M s been reg arded  fo r  •  long tim e as p o s s ib ly  a 

n u t r i t i o n a l  t ro u b le  as suggested  by H llgerd (15) in  C a l ifo rn ia  i a  1SSJ.



Figaro 12. 19*11 oa via* recMvln#
^©r«x I© I f  feu iriae ia  svorbo&ri&ir &ad wosk v a ^ ta t iv o l j r*

F tg o r *  I } .  Farthfeaoecurplc o r  aeedloss. fe« rrio§  ©a 
o lu o to ro  o f  A m a le ^ o  H a t  a o t  r o o o iv la g  toer&x.
S l© « t# rs  oad fe tn r io s  o r#  fcfeoui * a * » fe a r t&  a o ra o l a ls o .
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f r u i t i n g  o f  tr*es© v a r i e t i e s .

I t  would see® w e ll w orth w hile  to  in v e s t ig a te  the p o s s i b i l i t y  o f  a 

r e la t io n s h ip  e x is t in g  between th e  boron n u t r i t io n  and f r u i t  s e t  o f  o th e r  

h o r t i c u l tu r a l  sp e c ie s  e x h ib it in g  p e c u l ia r  s t e r i l i t y  problem s. Evidence 

p o in tin g  to  such & r e la t io n s h ip  I s  found in  boron s tu d ie s  w ith  o th e r  

p le a ts *  a lthough  th e  work has no t been s p e c i f ic a l ly  d ire c te d  toward th a t  

end. Powers (30) found th a t  "yellow -top#  o f  a l f a l f a  i a  Oregon was cured  

and nay y ie ld s  g r e a t ly  in c re a se d  by boron f e r t i l i s a t i o n ,  s h o r t ly  a f t e r 

ward P i la s d  sad  I r e la n d  (2 9 ) , Hutcheson and cock* (1 7 ) , and G ris sa rd  and 

Matthews ( lb )  showed th a t  boron no t on ly  c o n tro l le d  "yellow -top*  o f  

a l f a l f a ,  bu t a lso  g r e a t ly  s tim u la te d  seed p ro d u c tio n  l a  the so u th ea s te rn  

s t a t e s .  H e re to fo re , f a i lu r e  o f  a l f a l f a  to  s e t  seed pods in  the S ou theast 

had been vaguely  a t t r ib u te d  to  c l im a tic  f a c to r s  o r  le n g th  o f  A*y. R eports 

o f  the  e f f e c t  ©f boron on s e t  o f  f r u i t  w ith  s e v e ra l  o th e r  p la n ts  have been 

made. Ark a n d 't fceaas ( 2) s t a t e  th a t  morning g lo ry  p la n ts  growing in  an 

apple  o rch ard  s u f fe r in g  from "die-back* (a  c o n d itio n  caused by boron 

d e fic ie n c y )  were found to  have undue numbers o f  a b sc ls se d  blossom s. 

Jo h n sto n  (19) found few er f r u i t s  s e t  on boron d e f ic ie n t  tomato p la n ts .  

MeMurtrey (25) found th a t  flow er buds o f  tobacco were shed and no seed 

pods s e t  in  absence o f  boron, w este r and Msgruder (k2)  o b ta in ed  an In 

c re a sed  y ie ld  o f  lim a  beans on b o r a x - f e r t i l i s e d  f i e ld  p lo t s  a lthough  th e re  

was no o th e r  ev idence o f  boron d e fic ie n c y . P u rv is  and Henna (31) i l l u s 

t r a t e d  a  decided  response in  the f r u i t i n g  o f  l i s a  beans grown in  p o t 

c u l tu re  on a le y p o r t  f in e  sandy loam. Holley and B u lla  ( l 6) found th a t  

c o tto n  p la n ts  growing in  boron d e f ic ie n t  n u t r i e n t  s o lu t io n  a b sc is se d  a l l  

blossom s. In  view o f  the fa c t  th a t  c o tto n  o f te n  sheds blossom s and young 

f r u i t s  under f i e l d  c o n d it io n s , i t  would seen in te r e s t in g  to  in v e s t ig a te  

th e  e f f e c t  o f borax f e r t i l i z a t i o n  in  the f i e l d .



th e  e f f e c t  o f  b lossom ing, f r u i t  s e t ,  a n t  f r u i t  development upon the 

boron le v e l  in  the  v ine  and i t s  r e l a t io n  to  th e  occurrence o f  d e fic ie n c y  

symptoms i s  not c le a r ,  th e  flow er c lu s t e r s  o f l e a o l r  had a boron co n ten t 

com parable to  th a t  o f  the  accompanying le e v e s . On the o th e r  hand, leav es  

su b ten d in g  th e  f r u i t  c lu s te r s  on b o th  t r e a te d  and u n tre a te d  v in e s  o f  

Gorman and S x tra  showed le s s  boron co n ten t th an  le a v e s  on o th e r  p o r tio n s  

o f  the  cane. Does t h i s  in d ic a te  m o b ilis a tio n  and a u t i l i s a t i o n  by the 

f r u i t  c lu s t e r  o f  th e  boron in  the a d jac e n t le a v e s !  As p o s s ib le  f u r th e r  

ev idence  o f  the- demand o f  f r u i t  development on th e  boron supply i s  th e  

low er le v e l  o f  boron found in  th e  te rm in a l p o r t io n s  o f  the  h e a v ily  f r u i t in g  

p lu s-b o ro n  German s h o o ts , th an  found in  eoaperab le  p o r tio n s  o f  lo*~ yfo ld ing  

u n tre a te d  sh o o ts .

A d e ta i le d ,  q u a n t i ta t iv e  study o f the  boron le v e l  in  a l l  p a r t s  o f 

th e  v in e  w ith  re fe re n c e  to  f r u i t i n g  i s  g r e a t ly  needed to  f u r th e r  c l a r i f y  

th e  problem o f  the  e f f e c t  o f  boron n u t r i t i o n  upon th e  rep ro d u c tiv e  

p ro c e sse s  o f  th e  g rap e .
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f h t  v a r i e t i e s  s e le c te d  fo r  i im greenhouse experim ents in c lu d ed  two 

s e l f * f r u i t f u l  and two s e l f - u n f r u i t f u l  ( r e f le x - s ts e e n )  v a r i e t i e s ,  in  the 

hope th a t  %m flo w erin g  end f r u i t  l a c  of th ese  two types could  he observed 

under c o n tro lle d  c o n d itio n s  o f boron n u t r i t io n ,  s in ce  th e  r e  flex -s tam en  

v a r i e t i e s  in  toe  v in ey ard  t e s t s  had responded so m arkedly to  borax  f e r t i 

l i z a t i o n .  In  an a ttem p t to  o b ta in  blossom c lu s t e r  developm ent, tw o-year 

v ine#  were used  and th e  e rnes were c u t back to  fo u r  buds In s te a d  o f  the 

u su a l one o r  two buds. However* the  v in es  f a i l e d  to blossom , having only  

two bleasem  c lu s t e r s  on the  e n t i r e  group o f  Ss v in e s .

C u ltu ra l Methods* th e  v in e s  were grown i a  sand c u l tu r e ,  u sing  

tw ea ty -aesh , w hite  q u a rtz  sand i a  g la se d  2 .5  g a llo n  crocks p ro v id ed  w ith  

a  ho le  in  the bottom f o r  d ra in a g e , tw o-year o ld  v in e s  o f  th e  v a r i e t i e s  

Catawba, H e rb e rt, Coidea Muscat, and H a d le y  were o b ta in ed  fro® a  commer

c i a l  n u rse ry , tw elve  v in e s  o f  each  v a r ie ty  were p la n te d , one to  m crock , 

b e fo re  p la n tin g , th e  v ise*  were p runed  back to  two canes o f  approxim ately  

fo u r  buds, and the ro o ts  trimmed to  a le n g th  o f  s ix  to  e ig h t  In ch es. The 

v in e s  o f  each v a r i e t a l  group were e x c e p tio n a lly  uniform  in  appearance, and 

Oat&wba, H e rb e rt, and H a d le y  were a p p a ren tly  o f  about eq u al v ig o r .  The 

Golden Muscat v is e s  were much sm a lle r . The v in e s  were p la n te d  March 23 , 

I 9H3 . fo u r  buds wore p e rm itte d  to  grow on each  v in e , o th e r  buds were 

broken o f f  as they s t a r t e d  to  glow.
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The n u t r i e n t  sand c u ltu re  seeded  w ell adap ted  f o r  g r ip e s  s in ce  the  

p lu e -b o ro n  via®® e x h ib ite d  w ell-d ev e lo p ed , nonsal fo lia g e  sad each v ine  

made a  t o t a l  shoot grow th o f  te a  to  f i f t e e n  f e e t  i a  the  three-m onth  p e rio d . 

?hi® i s  comparable to  good f i e l d  grow th in  the f i r s t  season a f t e r  p la n tin g .

Sampling and A n a ly tic a l Methods: E stim a tio n  o f  heron was by the

f u in a l l s a r in  method ($ * ) . fo u r  c la s s e s  o f  m a te r ia l  were sampled fo r  

a n a ly s is : (a ) low er le a v e s , c o n s is tin g  o f m ature le av es  toward the base

o f  the  can® u s u a lly  in c lu d in g  the  second to  fo u r th  le av e s ; (b ) upper le a v e s , 

c o n s is t in g  o f  the fo u r o r  f iv e  young, sm a lle r le av e s  a t  the  end o f  the  

sh o o t; (c )  low er stem , the  p o r t io n  o f  th e  shoot sub tend ing  the  low er 

le a v e s ; and (d) upper stem , th a t  p o r t io n  sub tending  the  upper le a v e s .

The upper leaves of class (b) were in actively growing condition in a l l  

normal plus-boron vines but were such older and apparently had ceased 

growth in  the boron deficient vines. All leaf samples Included the petiole. 

The stem samples included tendrils. Material from the three vines con

s titu tin g  a treatment were generally composited to fora a sample. A few 

Golden Muscat vines were sampled Individually. All samples were taken a t 

the conclusion of the experiment with the exception of a series taken from 

the Catawba and Herbert vines ©t the time of in stitu tion  of the minus-plus 

and plus-minus boron treatments.

Calcium was determined by a modification of the rapid method proposed 

by Carolus (6). The calcium oxalate precipitate was suspended in a glyeerol- 

water mixture and the degree of turbidity , estimated by the use of a Coleman 

spectrophotometer, used as a measure of the calcium present by comparing 

with the turbidity of known standards.

s i m t s

deficiency Symptoms, the Catawba and Golden Muscat vines started into
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grow th w ith in  a week a f t e r  p la n t in g .  H erbert and L indley  were about te a  

days l a t e r .  Growth in c e p tio n  w ith in  each v a r i e t a l  group was rem arkably 

un iform , fh e  f i r s t  observab le  symptoms o f boron d e fic ien c y  appeared on 

Catawba and Golden Muscat A p ril  27. o r  about one month a f t e r  growth com

menced. L ind ley  end H erbert showed the f i r s t  symptoms on May 9 o r in  a  

comparable p e r io d  w ith  the  o th e r  v a r i e t i e s  from the  tim e o f grow th incep

t io n .  At the tim e of th e  f i r s t  o b servab le  boron d e fic ie n c y , the  p lu s-b o ro n  

Catawba v in es  had made about 120 m .  o f  shoot g row th , the Golden Muscat 

v in e s  70 cm ., th e  H erbert v in e s  110 cm ., and th e  L indley v in e s  155 m .

The boron d e fic ie n c y  symptoms in  th e  e a r ly  s ta g e s  were e x h ib ite d  as  

(1) a  d if fu s e  y e llow ing  o r  c h lo ro s is  o f the younger le a v e s , (2) brow nish, 

w ater soaked a re a s  develop ing  In  th e  te rm in a l t e n d r i l s ,  and {3} c o p in g  o f  

th e  t h i r d  o r fo u r th  l e a f  from the  shoot t i p .  The ex ac t o rd e r  o f  the 

appearance of th e se  symptoms was d i f f i c u l t  to  determ ine and seemed to  vary  

w ith  th e  v a rie ty *  On the  Golden Muscat v in e s  c h lo ro s is  seemed to  be the  

f i r s t  ev idence o f  d e fic ie n c y  w hile w ith  Catawba end H erbert the  w a ter- 

soaked a re a s  on th e  young te n d r i l s  were f i r s t  in  appearance. The cupping 

o f  th e  young leav es  was g e n e ra lly  downward o r  tow ard the  v e n tra l  s id e ,  b u t 

no t always so* A f u r th e r  e a r ly  in d ic a t io n  o f  th e  d e f ic ie n c y  which w i l l  be 

d isc u sse d  l a t e r  was shown in  the grow th r a te  o f th e  v in e s .

l a t e r  s ta g e s  o f  th e  d e f ic ie n c y  c o n s is te d  la rg e ly  o f  a  p ro g re s s iv e  

w orsening o f  the  e a r l i e r  symptoms shown on le av e s  and t e n d r i l s .  The 

le a v e s  became more cupped and ru g o se , th e  c h lo ro s is  developed between the 

v e in s  and in  extrem e c a se s , e n t i r e  a re a s  o f  the  l e a f  became n e c r o t ic .  The 

t e n d r i l s  developed tra n s v e rse  c rack s  and l a t e r  d ie d  back from th e  t i p s ,  

norm al and boron d e f ic ie n t  le av es  o f  H erbert and l in d le y  are  shown in  

f ig u re s  lb  and 15. The appearance o f  th e  d e f ic ie n c y  in  a m ature l e a f  o f  

Golden Muscat i s  shown in  f ig u re  16.







f ig u re  lb . Appearance o f boron defic iency  syaptoaa on & n a tu re  
le a f  o f Golden Muscat. Sote the rugose cond ition  and the 

in te rv e in a l and m arginal ch lo ro s is .
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f ig u re  17* A L iac ley  v ine  grown under m inus-boron 
n u t r i t i o n  in  send c u l tu r e .  Hots th a t  th e  low er le av e s  
snow no evidence o f  d e f ic ie n c y  even though grow th had 
ceased  and te rm in a l symptoms were severe  a month b e fo re  
the  pho tograph  was ta k e s .
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f ig u re  IS . B asa l p o r t io n s  o f  Golden u n sea t v in e s  grown in  sand 
c u l tu re  experim ent, l e f t  -  a in u s-b o ro a . E igh t -  p lu s -b o ro a .
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symptom* a t the time of change, fen days after boron application the 

minus-plus boron Tinea shoved evidence of recovery and in fifteen  to twenty 

days those vines were growing at & normal rate. Since the terminal bad had 

abscissed on the canes of these varie ties , several la te ra l buds were forced, 

giving a bushy appearance to the canes when growth was resumed (figure 15). 

fhe Herbert vines showed only the f i r s t  stages of deficiency at the time of 

changing from minus to plus boron, fhe terminal buds of these vines resumed 

growth. In a ll instances leaves on the minus-plus vises which showed 

deficiency symptoms at time of changing to the plus-boron nutrient solution 

retained a ll of those systems eves though the new leaves were normal in 

growth and appearance, fhe occurrence of deficiency symptoms on the older 

leaves of a vine therefore does not necessarily indicate a boron deficiency 

existent in the vine a t the time of observation.

fhe plus-minus boron vines were much slower in developing evidence of 

deficiency than the minus-plus vines were in recovering from the deficiency, 

fhe plus-minus Golden Muscat vines showed tendril necrosis twenty-five days 

afte r change of treatment. A week la te r  the symptoms had progressed to an 

advanced stage of deficiency, fhe Catawba and Herbert plus-minus vines 

were even slower in exhibiting the deficiency, the f i r s t  symptoms appearing 

in th ir ty  days.

Growth of fines, fhe periodic measurement of the canes of each vine 

throughout the course of the experiment gave an opportunity to correlate 

linear growth with development of the boron deficiency symptoms in the 

several treatments and varie ties. Since a deficiency of boron affects 

primarily the apical meristemetic areas, i t  is  %uite evident that the deficient 

vines should show a d istinct curtailment of linear growth. The to ta l growth 

produced by the vines during the course of the experiment is  given in 

table S. fhe average linear growth made in each weekly period by the
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p lu s-b o ro n  and a in u s-b o ro n  v in e s  o f  the  fo u r  v a r i e t i e s  i s  shown 

g ra p h ic a l ly  in  f ig u re s  20 , 2 1 , 2 2 , and 23,

YAS&& S. l i n e a r  grow th of shoo ts produced by tw o-year old  
grape v in e s  du rin g  th re e  months o f sand cu ltu re  

in  the  greenhouse experim en t.

r   ...........   — ..111........... ................
j f e t a l  l i n e a r  grow th o f  sh o o ts  (in  m )
* H erbert •s Catawba *» Holden' •* lindley
: : : Muscat *
*

Continuous plus boron *
4«
•

*
5

a
i

March 23 -  June 2} 1 383 : 37* ? 32^ :
Continuous minus boron : s i
March 23 -  June 23 : 201 i 171 : 125 *• lUO

Plus boron u n til lay 21, 1
366

♦« t s
minus boron thereafter • e« 325 *• 2kl i

Minus boron u n til May 21, 1 • *e :
plus boron thereafter : 393 1 2U6 •* S id

i : e I

Since i t  I s  o f  im portance to  reco g n ise  th e  e a r l i e s t  e x h ib it io n  o f  a 

n u t r i e n t  d e f ic ie n c y  r a th e r  th an  the  extrem e symptoms, i t  i s  o f  i n t e r e s t  

to  .know i f  the  grow th r a te  o f  th e  cenes o f  the  v in e s  was a f fe c te d  p r io r  

to  th e  appearance o f  d e f in i te  o b serv ab le  symptoms. With th e  SoIdea Mus

c a t  v in e s  th e re  was l e s s  grow th in  the  m inus-boron v in e s  during  th e  week 

o f  A p ril  1S-25* a lth o u g h  th e  f i r s t  d e f ic ie n c y  symptoms l a  th e  l e a f  were 

n o t observed  u n t i l  A p ril 27* fh e  appearance o f  th e  symptoms and re d u c tio n  

in  grow th in  th e  Catawba and H erbert v in e s  o ccu rred  about th e  ssue tim e, 

w ith  Lia&ley a v e ry  d i s t i n c t  c u rta ilm e n t i a  grow th r a te  was e v id en t two 

weeks o r  more b e fo re  f o l i a r  symptoms o f  the  d e f ic ie n c y  were ap p aren t.

fh e  grow th r a te  o f  the v in e s  which were changed from p lu s  to  minus 

and from minus to  p lu s  boron n u t r i t i o n  i s  shown in  f ig u re s  2b and 25. 

fh e  m inus-p lus boron H erbert v in e s  which were j u s t  s ta r t in g  to  show 

d e f ic ie n c y  ®t the tim e o f  changing the  tre a tm e n ts , q u ick ly  recovered  

and during  the l a s t  two weeks were growing much f a s t e r  than  th e  p lus-m inus
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2  4 0

P E R I O D  O F  G R O W T H

f i g u r e  2 0 . Grow th o f  to e  H e rb e r t  v in e s  In  th e  egad  
c u l t u r e  e x o e r ia te n t .

4 / i e 5 / 24 / 2 5 5 / 9 5 / 2 35 /16 6 / 65 / J O 6/13 6 /2 0

F ig u re  21. Growtn o f  tne Catawba v in e s  i n  tne sznd  
c u l t u r e  e x p e r ia a a t .
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G R O W T H  O F  G /  L 0  E N \ 1 H r

H B f  P L U S  B ) R 0 N  

| ~  ~l M I N U S  dTK- .  N

/

■ -

— \--- :-

4 / 1 8 -  4 / 2 b -
4/2$ S/2

5 / 2 -
5 / 9

5 ; 9 -
5 / i 6

P E R I O D  O F  G R O W T H

F ig u re  22 . Growth of th e  Golden Muscat T in e s  in  the 
aand  c u l t u r e  e x p e r im e n t.

z

£otf
o

P E R I O D  O F  G R O W T H

J lg u r e  2 3 . Growth o f  th e  L ind legr T in e s  i n  the san d  
c u ltu re  exparltaent.



4 0

Ml Nl l S -  P L U S  B O R O N  V I N E S

x  20

5/ 16- 
5 /2 3

5/ 2 3 - 
5/3  0

5 /30  -  
6 / 7

6 / 7 -
6/13

PERIOD OF GROWTH

FtgUP® 2*--. iya;:< ; s i iu ^ c lU 8
boron v ii ■. „. . - wa- *he cnangt o f
n u t r i e n t  tre.sW<mfc<.

PLUS- MINUS BORON VINES70

MINUS - PL US BORON VINES

5 /2 3 -
5 /3 0

5 /3 0 -6/6
P E R I O D  O F  G R O W T H

6/6-
6/13

6 / 13-
6/20

F ig u re  25* Growth o f  th e  p lu s -m iim e  and  m in u s -p lu s  
boron T in e s  o f  t m  H e rb e r t  T & rie ty  a f t e r  tn e  change 
o f  n u t r i e n t  t r e a tm e n t .
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'boron Tines. Tm minus-plus Catawba Time® were extremely deficient at 

tm  time of change of treatment end required & somewhat longer period 

for recovery. fhe growth recovery of tbs Tim® which were ©hanged from 

ainus-boron to plue-boroa nutrition  in the greenhouse experiment was 

strikingly similar to the recovery from boron deficiency of Tines in the 

Tine yard * observed Just after blossoming.

The date indicate that a slowing up in the linear growth ©f the 

grqp# may he the f i r s t  evidence of boron nutrient deficiency, hut the 

number of observations were too limited to afford strong proof. This 

possib ility  may be of greet importance in interpreting fie ld  response to 

boron application, where i t  is  conceivable that the plant may be on the 

borderline of boron deficiency for an extended period during which growth 

Is seriously affected but definite symptoms are not apparent.

jeigfat of Vines. Green and dry weights of a l l  new cane growth 

produced during the course ©f the experiment ere given in table 9.  since 

composite smples o f  vine® representing each of the treatments were taken 

for analysis, the dry weight percentages were calculated on a treatment 

sample rather than from individual vines. The effect of the boron trea t

ment upon percentage dry matter i s  not consistent. With Herbert m i  

Catawba there seems to be a definite Increase in percentage dry matter, 

while with Golden Muscat and Lia&ley the converse is  true. The to ta l 

fresh and dry weights of the cane® in a l l  instances is  greater in the 

plue-boron treatments, with the differences most accentuated in  Golden 

Unseat and Lia&ley and least noticeable in Herbert. I t  had been noted 

that the growth rate of Golden Muscat and Lia&ley was affected ea rlie r 

by the deficiency than the other varie ties.

The vines which were changed from minus to plus boron nutrition in 

a l l  Instances showed increased weight over the continuous saimie-boron vines.



t&SUS 9 . w e ig h t o f  nc&Ql grow th, made by tw o -y e e r  o ld  g ra p e  T in e *  
d u r in g  t h r e e  m e» ths * ©end c u l t u r e  i n  g ree n h o u se  e x p e r im e n t .

( iv ll w eight* in  gram*.}

Golden MuscatHerbert Catawba
Green : Dry 5P e rcen t: u reen

w t. :d ry  wt* d ry  wt

Continuous plus-boron 
March ?3 ~ June 23 126.6 31a* 2k. b i 157.9

Continuous miaus-boroa 
War oh ?3 -  June 23 S5 . 1 : 2U.0

Plus-boron to May 21, * 
minus-boron th e re a f te r 25. 3s 23. I  : 116.1 113.6 : 2 1 .5  

s
109.0

; in a 8-boron  to  Mfty 21,*
p lu s - b o r o n  t h e r e a f t e r 120. S 2 1 .5  : 1 0 S .5 107 .6  1 1 9 .

H a d le y
e re e a t:  Greea 5 bry : P e rcen t: Green : Dry sP e rcen t

zzz~  1 **• jd r y  w t . : w t. ? wt. :

12 8 .9  s 33 -2s 35.8 : 135.6 : 35.3* ?6.1
: i s s :

11 .0 s  ? 3 .5
i

b S .g  : 1 6 .3 : 2 0 .g : 6 6 .g  
: s :

25 .1  1

U . k  s

♦G olden M uscat T in e a  w ere ch an g ed  i n  t r e a t s  o u t  on  stay 1 3 .
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TABLE 10. ftm boron content of grape vine* afte r 
three isoatha * growth la  greenhouse am i culture.

Butrient
Treatment

i Portion of 
ivine analysed

;Boron la  p .p .a . oa even-dry wt. basis
t
* — r r ^ —^ — r r r -T rT^ r ——  --------- r _r T ^-_-...^■ ri^ 1T̂ - J..|..[r..|r|. . r  |TrrT|lf11-||| |.|.| | j..L-iijiiiiM-i jihiullhu.

i Catawba : Herbert $ Golden : Lindley 
i t t Muscat :

Continuous plus- 
boron March 23 -  
June 23

Continuous minus- 
boron March 23 -  
June 23

plus-boron u n til 
May 21, alnua- 
boron thereafter*

Minua-boron u n til 
May 21, plue- 
boron thereafter*

Lower
Upper
Lower
Upper

Lower
Upper
Lower
Upper

Lower
Upper
Lower
Upper

Lower
Upper
Lower
Upper

leaves
le av es
stem
staat

leave*
leaves
etett
stesi

leaves
leave*
ate*
stew

leaves
leaves
i tMW VwM

steu

77-*
93-3
29-3
>H .l

27 .0
23.H
22.6
2 1 .6

35.8
2 6 .3

8:5
152.*

60 .6
* 1.1
63*8

119 .6
1*6 .0

29 .0
k l . k

2* .*  
2 3 .6  
20 . * 
23.9

3 5 .8  
3*-? 
25‘0
25 .2

90 .9
105-3

28 .3
*7-3

r n . 5  *
5 6 .8  ;

12 .7  s
15 .8  ?

* 2 .2
16.9

*6 .3
*5-3

87 .8
109.2

2 1 .6
10 .8

♦Golden Muscat vines changed in treatment May 13.
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d e f ic ie n c y  symptoms and renew al o f  grow th o ccu rred  s h o r t ly  a f t e r  the  

a d d it io n  o f  boron o r  w e ll before  th e  sad  o f  th e  experim ent when •  tu p le s  

were taken  f o r  a n a ly s is .  fhe  boron co n ten t o f  th e se  T ines was found to  

c lo s e ly  approach o r  even exceed th a t  o f  the con tinuous p lu s -b o ra a  T in es , 

fh e  upper le av e s  and s te a  o f  semples from the  m inus-p lus boron T ines wore

composed e n t i r e ly  o f  mm  grow th made a f t e r  the  change o f  tre a tm e n t. l a

th e  low er lo av es  and upper sad low er s te a s  o f  s in u s -p lu s  T ines o f  Catawba,

th e  boron co n ten t was h ig h e r than  th a t  o f  th e  continuous p lu s -b o ro a  p l e a t s ,

w ith  H erbert th e  l e a f  co n ten t was low er end th e  stem c o n ten t about th e  same, 

w ith  Qolden Muscat th e  l e a f  c o n ten t was co n sid e rab ly  low er th an  th a t  o f  the  

con tinuous p lu s-b o ro n  T in es , e s p e c ia l ly  in  the  low er le a v e s .

fh a s  f a r ,  ees^arn tlT S  le v e l s  o f  th e  se v e ra l trea tm en ts  a t  the  end o f  

the  experim ent hare  been s tu d ie d . S ince , w ith  Catawba and H erb ert, e rn es  

were removed f o r  sam pling a t  th e  t in e  o f  change o f  trea tm en t from p lu s  to  

alums boron n u t r i t i o n  and T ice T e rse , th e re  i s  o p p o rtu n ity  to  compare th e  

boron c o n ten t o f th e se  p la n ts  a t  the  t i e s  o f  change and a month l a t e r  when 

e f f e c t s  o f  th e  change o f  tre a tm en t were ap p aren t, fheee  d a ta  a re  g iven  l a  

ta b le  11 end shown g ra p h ic a l ly  in  f ig u re s  26 and 2? . l a  g e n e ra l ,  the  

p re v io u s  d a ta  a re  s u b s ta n tia te d , fh e  change from a p lu s -b o ro n  to  s  mimis- 

boron n u t r i e n t  c u l tu re  r e s u l te d  in  a  much low er heron  c o n ten t o f  b o th  low er 

end u p p er le a v e s , a lth o u g h  the  s te a s  showed & g a in  in  heron , fhe  a d d itio n  

o f  boron to  th e  n u t r ie n t  s o lu t io n  caused a  g re a t  in c re a se  in  the  boron 

le v e l  o f  T ines grown p re v io u s ly  l a  a m inus-boron c u l tu r e ,  w ith  th e  h ig h e s t 

c o n ten t a t ta in e d  in  the  le a v e s .

f o r  some reaso n  th e  m iaus-boron v in e s  sampled a t  th e  tim e o f  changing 

n u t r i e n t  tre a tm e n ts  May 21 showed a low er boron le v e l  th an  th e  con tinuous 

m iaus-boron  v in e s  when sampled a  month l a t e r ,  fu r th e rm o re , th e  H erbert 

v in e s  on May 21 bed l u s t  developed d e f in i t e  ev idence o f  boron d e f ic ie n c y ,
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whereas the continuous aiaus-pius vines were in advanced stages of the 

deficiency when sampled a month la te r .

fAHI 11. fhe boron content of Herbert ®a& Catawba grape vines 
before and after changing fro a plus to a im s and minus to plus

boron nutrient culture.

" —    I----------------------- 1----------------------  "---- ------------1-------------
j . Boron ( i n  p .p .* .  on dry w t. b a s is )
! P ortion  o f  i ; cottw to

t : B efore i A fte r t B efo re s A fte r
• : i Changing t• Changing ft Changing

p lu s-b o ro n
i ■
t low er leav es

"f
*

$*•?

l
s 35.S

i« £11111 «
•s 56. $

*
*« 35. g

changed to t Upper leav es ** 6o .6 : 31 .7 s 6s .  s i 26 .3
m inus-boron t low er stem 5 : 25*0 ; 26 .1 I 39*0

t Upper stem
a

*♦
♦

2©. 6 i
» 25*2 I

• 32 .9 I
ft

W . l

M inus-boron
i
i low er leav es

a

i l b . 6
*
I 90 .9

•
•ft 13.S

ft
t 152.^

changed to : Upper le av e s t 2 1 .1 ** 105*3 : 21 .6 « 6 0 .6
p lu s-b o ro n : Lower stem : XK% i 2S.3 : 12 .5 i **1 .1

: Upper stem * 12 .2 s **7*3 S'• 11 .5 ft 65 .S
t t «• t •ft

Boron and calcium content of tae Vines, fhe boron and calcium 

contents ©f the vines of the several treatments are given in table 12.

On the whole, no definite relationship between the boron and calcium 

levels in  the tissues can be deduced from these date. Tm calcium con

tent of the lower leaves of n il treatments was much greater than that of 

the upper leaves and stems, there was no consistent difference between 

upper and lower stems, some varie tal differences were apparent, with aol- 

den Muscat and Catawba showing greater calcium accumulation in the lower 

leaves than Hindi ey and H erb ert, the only possible boron-calcium relation

ship that can be found is  in the Catawba and Herbert vines, in which the 

upper leaves of the minus-boron vines have a higher calcium content than 

the plus boron vines, th is  holds true for both varie ties and with both 

continuous and alternate boron nutrition  series. However, th is  was not
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7 5

2
CL
a: 0  -  U P P E R  S T E W 

■ -  L O W E R  S T E M

5 0

2 5

D A T E  O F  S A M P L I N G

y ig a r*  26 . I f  f e e t  o f  eh&nglag fr©» p lu o - to re a  to  
sijm s-feoroa n u t r i t io n  1ipoo th e  feoron c o n ten t o f  the  
sh ee t* . $re& tse& ta changed May 20.

O - UPPER LEAVES • - LOWER LEAVES □ - UPPER STEM

O  J O

DATE OF SAMPLING

f ig u r e  27. I f  f e e t  o f  changing t r m  a in e o -b e re a  to  
j>lu*-horoa a a t r t t i o a  v&m  the  boroa c o n te n t o f  the  
shoo t* . Treatm ent* eheaged May 20.



l u t r l e a t
Treatment

Gontlsuou* p lu s -  
boto n  L a ro n  23 -  
June 23

Continuous; minue- 
b©ran Lerc* 23 -  
June 23

?Xus b o ro a  u n t i l  
?3l /  Minus- 

boron  t h e r e a f t e r

Minus boron u n t i l  
May ? l t * p lu s  
boron th e re a f te r

t*M& 12. ffas boron sad cfciciusi ©entente o f grspe Times in  
greennou.se sand c u ltu re  essperiment#

o r t io n  o f
Tins analysed

Cetevbe ie rb o rt
B { t) .p.iiu

•

leaves : 7? .^ I k .  2 * 119.6 10.0 ; 132.2
* llb .l i

16.3
1U.9

le av es  ‘ 93-3 5 .0 * lUf..o k . y : 59.7 7.2
♦• ! 53.« 3.S

s low er stem 
; U pper stem
**

j lower leave© i 
: Upper leavee 
: lower stem 
5 Upper stem 
s

Lower leaves 

Upper leaves

lower steal 
U pper s i m

low er leaves 
s Upner le e v e s  s
i lower *%m 
» upper

29.3 
k l . l

27.0
p3.i1 

21.6

35.5
26.3

39-0 
UU.l

152.U
6 0 .6  
U l.l

»b
J. ab**. a*W

Ce. (ag /g r) iB  Cp.p.sa.)
floiaea Hue oat ! Hadley

B ( p .p .a . ) s O o  (m g/g r)?B  (p .p .m .) iO it Ip )

29.0
b l .b

25‘0
25.2

12.7 S . l
15.6 7 .0

} p k 10.9
m . s 2J -9
1 5 .6 6 .5
i s .  2 g .3

b9.6 1 0 .0
U7.0 6 .S

S?.$
109.2

21.6 
1 0 .s

10.1

7.2

10.1
7 .6

* G olden to ia c a t v in e s  ©hraged l a  t re a tm e n t  on day  13*
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found i s  Lin&ley where the  calcium  co n ten ts  o f  comparable le av e s  o f p lu s -  

boron and m inus-boron r ln e s  were alm ost i d e n t i c a l ,  nor in  Golden u n sea t 

where th e  only  d if fe re n c e  was a r e l a t iv e ly  low er ealclum  c o n te n t o f  the  

low er le av es  o f  th e  continuous m inus-boron tre a tm e n t.

D IS C U S S IO H

The d a ta  secu red  from th e  grow th measurements and a n a ly s is  o f  the 

v in e s  grown in  the sand c u ltu re  experim ents a f fo rd  in fo rm atio n  on c e r ta in  

problem s o f  boron n u t r i t i o n  concern ing  which th e re  i s  found c o n tro v e rs ia l  

o r  in c o n c lu s iv e  s ta tem en ts  in  th e  l i t e r a t u r e .  These problem s in v o lv e ,

( 1) th e  r e la t io n s h ip  between th e  boron co n ten t o f  the p la n t  and d e fic ie n c y  

symptoms, ( 2) c o n s id e ra tio n  o f  th e  m o b ility  o r  r e t r a n s lo c a t io n  o f  boron 

w ith in  th e  p la n t ,  and ( 3) the  r e la t io n s h ip  between calcium  and boron in  

p la n t  n u t r i t io n .

Boron c o n ten t and D efic iency  symptoms, l a t j e r  (H) has found th a t  th e  

d if fe re n c e  in  boron co n ten t between normal and boron d e f ic ie n t  c^p le  f r u i t s  

may be very  l i t t l e .  I t  has a lso  been found th a t  p la n ts  e x h ib i t  lu x u ry  

consum ption o f  boron in  th e  p resen ce  o f m  adequate supply , b u ild in g  up 

a  co n ten t f a r  above th e  apparen t c r i t i c a l  le v e l  ( 33)•  th e se  f a c to r s  and 

perhaps o th e rs  to  be co n sidered  l a t e r  p re s e n t d i f f i c u l t i e s  in  an a ttem pt 

to  e s t a b l i s h  a d e f in i te  r e la t io n s h ip  between boron co n ten t o f  th e  p la n t  

and apparen t d e fic ie n c y  symptoms. I t  i s  c le a r  th a t  in  a  boron d e f ic ie n t  

v in e  th e  b a sa l le a v e s , which are  normal to  a l l  outw ard appearances, may 

be j u s t  as low o r  low er in  boron th an  the  upper le av es  which may e x h ib i t  

extrem e symptoms. Thus th e  low er Catawba le av e s  on m inus-boron v in e s  on 

May 21 were norm al in  appearance b u t showed a boron co n ten t o f  I 3 .S  p .p .m ., 

w hereas the  upper le av e s  which were in  advanced s ta g e s  o f  d e f ic ie n c y  con

ta in e d  21 .6  p .p .m . o f  boron, l ik e w is e , le av e s  w ith  extrem e boron symptoms
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that tomato plants upon, removal to a minus-boron nutrient water culture , 

continued la growth ( atom elongation) to r  a period of about three weeks. 

Boring the f i r s t  two weeks of th is period toe rates of growth in  minus- 

boron and plus-boron cultures were not greatly different. I t  would seen 

that again we oust as suae that th is  growth necessitated the u tilisa tio n  

of boron present in tissues la id  down before the change in  nutrient con

dition was effected. I t  Is interesting to note that the authors use the 

concluding stetenant that, *Bor©n is  . . . . . .  apparently fired  in plant

tissues and cannot be used over ant ewer again. * fMs follows faring- 

ton 's {^0) ea rlie r  conclusions that . . . . . .  the supply of boron srast be

continual In order to be effective . . . . .  and that i t  is  in sons way

fired  by the plant and not in a sta te  of c ircu lation .»

fhe rela tively  delayed appearance of deficiency symptoms afte r 

changing from a plus-boron to a minus-boron nutrition  in the present 

experiment also suggests that there was u tilisa tio n  of reserve boron.

I t  is  interesting and perhaps su res t!v e  that the period from the time 

of withholding boron from the nutrient solution u n til the appearance of 

deficiency symptoms, closely approximated the period from growth inception 

a fte r planting u n til the in i t ia l  symptoms of deficiency, furthermore, 

the actual amount of cane growth made by the vines during these two 

periods was not greatly  different.

More definite evidence of boron transfer within the vine is  afforded 

by the analyses of the different parts of the vines of the several treat

ments. In a ll  Instances there wee a definite reduction In boron content 

of the lower leaves on the canes of vines which were changed from plus- 

boron to ainua-boroa nutrition, since these leaves were mature and 

inactive in growth a t the time of change of treatment, the ir greatly 

lowered boron level can only be explained by assuming a transfer of boron
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p e rcen tag e  o f  the  boron p re s e n t in  so lu b le  o r m obile form. Or i s  i t  

p o s s ib le  th a t  th e  anatom ical s t ru c tu re  o f  c e r ta in  p la n ts  re n d e rs  more 

d i f f i c u l t  adequate t r a n s f e r  o f  m a te r ia ls  from one p a r t  to  ano ther?  fh e  

work o f  w alker, e t  a i .  ( 38) su g g e s ts , as has been s ta te d ,  th a t  w ith  the 

b e e t th e re  does e x i s t  some t r a n s f e r  o f  boron from ro o t to  le a v e s , b u t 

g iv e s  so  evidence o f  t r a n s f e r  from o ld e r  to  younger le av e s .

prom the  d a ta  p re se n te d  h e re in  on the an a ly se s  o f  th e  p la n t  p a r t s  

and on th e  grow th o f  th e  v in e s  in  th e  s e v e ra l  tre a tm e n ts , i t  seems lo g ic a l  

to  conclude th a t  th e re  was a  d e f in i t e  t r a n s f e r  o f  boron from th e  low er 

m ature le av e s  on the earns o f  the  grape upward to  th e  texmimal a c t iv e ly  

grow ing p a r t s ,  and th a t  th e  amount thus t r a n s f e r r e d  was s u f f i c i e n t  to  

m a in ta in  normal grow th o f  th e  cane f o r  a  l im ite d  p e r io d , o r u n t i l  th e  

low er le av e s  were d e p le te d  o f  boron to  a c e r ta in  l e v e l ,  fh e rs  i s  a lso  

in d i r e c t  evidence th a t  the ro o ts  and stem o f  th e  dormant v in e  may supply  

boron to  th e  develop ing  sh o o ts , fhrns w hile  t h a t  p a r t  o f  th e  co n clusion  

o f  Jo h n sto n  and F is h e r  (19) to  th e  e f f e c t  th a t  th e  boron in  th e  p la n t  

t i s s u e  cannot be u sed  over and ov er ag a in , and, th e re fo re , must no t be 

co n sid e red  in  the n a tu re  o f  a c a t a l y t i c  agent in  p la n t  g row th , must be 

accep ted , t h e i r  co n c lu sio n  and th a t  o f  many o th e rs  th a t  boron i s  f ix e d  in  

an Immobile s t a t e  in  the  p la n t  must c e r ta in ly  be m odified .

Boron said Calcium C ontents o f th e  V ines. B renchley  and w aring ton  (7) 

su g g ested  th a t  th e re  i s  a d e f in i te  a s s o c ia t io n  between boron and th e  ab

so rp tio n  o r u t i l i z a t i o n  o f  calcium  by th e  b read  been, f h i s  o b se rv a tio n  

was confirm ed by Swenback (37) working w ith  tobacco se e d lin g s . However, 

Marsh (22) found th a t  th e  calcium  ab so rp tio n  r a te  in  the tobacco , faba  

bean , co m , and o a ts  was n o t s ig n i f ic a n t ly  in flu en c ed  by boron co n ten t 

o f  th e  s u b s tra te  w ith in  c e r ta in  l im i t s .  Cook and M ilia r  (9 ) found w ith  

b e e ts  th a t  th e re  was no apparen t e f f e c t  o f  boron in  th e  n u tr ie n t  media on
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the  amount o f  calcium  in  th e  p la n t  t i s s u e ,  and - a l la c e  n d  Jones (39) 

s t a t s  th a t  toe  s ta tu s  o f  calcium  in  the le av es  end f r u i t  o f  ap p les  was 

n o t e f fe c te d  fey b o r ic  a c id  in je c t io n s  a lthough  the  bereft c o n ten t was 

th e reb y  In c reased , sitm artk end Shlve ( 26) working- w ith  soybean p la n ts  

found th a t  b o th  d e f ic ie n t  and to x ie  amounts o f  boron in  th e  s u b s tr a te  

r e s u l te d  in  subnormal amounts o f  calcium  in  th e  p la n t  t i s s u e .  C onversely , 

Munr (2 J )  found th a t  calcium  was u s u a l ly  h ig h e r in  boreal d e f i c i e n t  p la n ts ,  

d e c e n tly , Marsh and Shivs (2 } ) ,  M arsh (2 2 ) , and sh iv s  (55) working w ith  

corn  found a v e ry  c lo se  c o r r e la t io n  between tb s  boron in  th e  p la n t  t i s s u e  

and th e  a e t iv s  o r so lu b le  calcium  p re s e n t  ( t h a t  found l a  exp ressed  p la n t  

s a p ) , b u t found no c o r r e la t io n  e x is t in g  between the  boron c o n te n t and 

t o t a l  calcium  c o n te n t . Shive ( 35) concludes t h a t ,  » the p ro p o r t io n a l  p a r t  

o f  th e  t o t a l  calcium  in  the  p la n t  which was m ain ta in ed  in  the s o lu b le t 

a c t iv e  s t a t e  In  which i t  cou ld  fee t ra n s lo c a te d  from p o in ts  o f  supply to  

c e n te rs  o f  m etab o lic  a c t i v i t y ,  was determ ined  n o t fey the  t o t a l  calcium  

co n ten t o f  th e  p la n t  b u t by th e  supply  o f  a v a ila b le  boron in  th e  c o rre s 

ponding t i s s u e s ,  which in  tu rn  was determ ined  by the  bo ros c o n c e n tra tio n  

o f  th e  n u t r ie n t  s u b s t r a te ."

B rake, e t  s i .  (1 J )  sug g est th a t  th e  r a t i o  o f  calcium  to  boron in  

th e  p la n t  may determ ine w hether o r  n o t th e  p la n t  e x h ib i ts  boron  d e fic ie n c y  

symptoms. With ealeinm -feeren r a t i o s  l a  excess  o f  l ^ lO t l ,  boron  d e fic ie n c y  

appeared  in  tobacco  p la n ts ,  w ith  low er r a t i o s  th e  p la n ts  rem ained normal 

a lth o u g h  the  boron c o n te n t o f  th e  p le a t s  was the  same a t  a l l  r a t i o s .

th e  d a ta  from tb s  calcium  and boron  an a ly se s  o f  the  v in e s  in  the  

sand c u l tu re  experim ents a re  in  agreem ent w ith  Shivs*s f in d in g s  th a t  

th e re  was no d e f in i te  r e l a t io n  between t o t a l  boron and t o t a l  calcium  in  

th e  p la n t .  S ince no a ttem p t was made to  determ ine the  so lu b le  calcium  

f r a c t io n ,  th e re  i s  no evidence on t m  p o s s ib le  r e la t io n s h ip  between the



n
so lu b le  f r a c t io n s  o f  calcium  and boron l a  the  g rape  T ine, fh e  calcium - 

boron r a t i o s  ( t a b le  13) a re  h ig h e r l a  th e  boron d e f ic ie n t  v in e s , b a t  t h i s  

I s  q u i te  ap p a ren tly  a  fu n c tio n  o f  th e  boroa 1©t©1 , r a th e r  then  a cause 

c o n tr ib u tin g  to  development o f  th e  symptoms. In  th e  calciuas-boroa r a t i o s  

o f  th e  upper and lo s e r  le av es  o f  th e  Catawba and H erbert v in e s  o f  th e  con

tin u o u s  ainm a-boron and th e  p lu s-stim is  boroa s e r ie s ,  i t  is  found th a t  the  

low er le av e s  have the  h ig h e r r a t i o s ,  b u t, in  c o n tr a s t  to  the f in d in g s  o f  

B rake, e t  e l .  (1 2 ) , th e se  h ig h e r r a t i o s  a re  a s so c ia te d  w ith  l e s s  r a th e r  

than  more ^ p a r e n t  d e f ic ie n c y  symptoms. I t  must be remembered th a t  the  

outw ard symptoms o f  d e f ic ie n c y  on th e se  v in e s  d id  n o t n e c e s s a r i ly  re v e a l 

th e  a c tu a l  s t a t e  o f  d e f ic ie n c y , th e  r a t i o s  fo r  th e  d i f f e r e n t  p a r t s  o f  

th e  same v in e  show th e  n e c e s s i ty  fo r  d e ta i le d  sam pling I f  ealcium -berom  

r e la t io n s h ip s  a re  to  be s tu d ie d , le a v e s  end stem p o r tio n s  had w idely  

d i f f e r e n t  r a t i o s ,  and the r a t io s  v a r ie d  w ith  re s p e c t to  age o f  the  l e a f  

o r  stem .

I t  i s  c le a r  th a t  from the  d a te  o b ta in ed  no co n c lu sio n s  can be drawn 

concern ing  p o s s ib le  berem-cmXeium a s so c ia tio n *  in  th e  g rape  v in e .

SWB&Y

1. A p p lica tio n  o f  borax  to  th e  s o i l  e t  th e  r a t e  o f  te n  pounds p e r  

a c re  r e s u l te d  in  p o s i t iv e  c o r re c t io n  o f  abnormal grow th and f r u i t i n g  o f  

a  namber o f  grape v a r i e t i e s  in  a  v in ey ard  on N orfolk  sandy s e l l  n e a r 

Columbia, South C aro lin a .

2 . f o l i a r  symptom* o f  th e  boroa d e fic ie n c y  were m an ife s ted  by 

s tu n t in g  o f  sh e e t grow th in  th e  e a r ly  sp r in g , by i a te r v e ln a l  c h lo ro s is  

o f  the  develop ing  te rm in a l le a v e s , and by c u r l in g  and m alform ation  o f  

the  young le a v e s .

3 . th e  d e f ic ie n c y  o f  boron  was most apparen t in  the  e a r ly  p a r t  o f
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W m  13. G s le ie a -b e rea  r a t io #  l a  le av e s  sad  s tea «  o f  v in e s  
f r o m  l a  p lu s  aad  a i m s  t e r n  n u t r i e n t  s sa d  ea ltm re .

f u t r i e a t  T reatm ent F o r t ie s  o f  v in e  ^ 
enalyxe& i*

Calcium /boron r a t i o
Catawba t
.Jdlagf   ,g

Herbert
v in o s

Lower Xearo#Continuous p lu s -  1 
boron March 23 -  :
June 2 3  *

C ontinuous a l m a -  1 
boron March 23 -  :
June 23 :

*0
1

p lu s-b o ro n  u n t i l  t
21. M im a- 

heron  th e r e a f t e r  *
s
:

Miums-berem u n t i l  t
Mar 21, Pirns- t 
bo roa  th e r e a f te r  1

e

1

Upper leaves 1 
lover s tea t 
Upper 8tea :

i
Io v e r  le a v e s  : 
Upper leave#  : 
low er stem  ; 
Upper stem s 

:
lower leaves *
Upper le a v e s  s 
low er s t m  1 
Upper stem :

lower le a v e s  s 
Upper le a v e s  : 
low er stem t 
Upper stem 1

im  t H i
5* ! 32

181 : 1*1
11* : 106

*»37 1 **5X
3X6 1 292
195 1 ? u
339 ! 188

:
39*1 ? 2?*i
3H6 : 221
97 « l f €

m  I m
e

110 i 115
97 1 52

11* ! 131
55 t m
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f f w f o *  o o o a s  m%lmt d o f l a i t o l y  o o t o f e l l o f c o d .

I f .  T lM i efeastged tm m  mimao-toroa to  j»lu»-fco*oa a t t r i t io n  oitovod 

•a  lacreao* l a  teoroa eoatoa* o f  II*  ofttaro lowor loovoo.

3 D .  f t e o i o  *a» a© d o f ia it#  corr« l* tlo n  fcotwoea th* ca lc la a  « a d  

boron contents o f  th« le e r e s  or  i l« a « ,
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