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EDWIN VILIS PARUPS ABSTRACT

T he in fluence of anion supply on grow th and th e  chem ical com position  

of le av es  and fib ro u s  ro o ts  of M ontm orency c h e r ry  t r e e s  was s tud ied  by 

m ean s of n u trien t cu ltu re  m ethods. The am ounts of cations (po tassium , 

ca lc iu m  and m agnesium ) and m inor e lem en ts  w ere  kept constant. Anions 

(su lphate, ch lo ride , phosphorus, n itrogen , and carbonate) w ere  v aried . 

E igh teen  d ifferen t n u trien t so lu tions w ere  obtained. Seventy-tw o o n e -y ea r-  

old M ontm orency  c h e r ry  t r e e s  w ere  selected , p ru n ed  uniform ly, weighed, 

and  p lan ted  in  c lay  p o ts  in  the  g reenhouse. C o arse  sand was u sed  as  g row ­

ing  m edia. T re e s  w ere  a r ra n g e d  in four re p lic a te s  and random ized. T re e s  

w ere  h a rv e s te d  and th e  l in e a r  grow th was m ea su red  and d ry  weight of leav es , 

shoots, ro o ts , and tru n k  was obtained. L eaves and fib rous ro o ts  w ere  a n ­

a ly zed  fo r tw elve e le m en ts --n itro g en , phosphorus, ch lorine , su lfur, po tassium  

calcium , m agnesium , iron , m anganese, copper, boron, and zinc.

In c re a se d  supply of anions had a significant effect upon grow th When 

the supply of th e se  anions w as in c re a se d  to a high level apparen t tox ic ity  

ap p eared  a s  in d ica ted  by reduction  of grow th and the  ap p earan ce  of ch lo rid e  

to x ic ity  sym ptom s. T h ese  sym ptom s w ere: m arg in a l and tip burn ing  of 

leav es . O m ission  of su lfa te  under c e r ta in  conditions re su lte d  in v is ib le  su l­

fur defic iency sym ptom s. T he leav es  with th ese  sym ptom s exhibited  the 

typ ica l yellow ing of m id rib  and veins.



In g en era l, the ab so rp tio n  of v a rio u s  anions w as p ro p o rtio n a l to 

th e ir  supply; how ever, som e in te ra c tio n s  w ere  p re se n t. C hlorine content 

w as red u ced  by n itro g en  and phosphorus, Sulfur and ch lo rine  did not a f ­

fect the  ab so rp tio n  of each  o th er. T he p re se n c e  of high concen tra tio n s  of 

su lfa te  and ch lo rid e  in c re a se d  the  abso rp tion  of n itrogen  from  solu tions 

con ta in ing  la rg e  am ounts of n itrogen . N itrogen  abso rp tion  w as favo red  by 

the  p re se n c e  of la rg e  quan tities of ch lo rid e  and phosphorus in  com bination .

T he  p re se n c e  of la rg e  quan tities  of ch lo rid e  and n itrogen  in  com bination 

ap p e a red  to  in c re a se  phosphorus absorp tion .

P o tass iu m  lev e ls  in leav es  and ro o ts  w ere  g en era lly  h igher when 

su lfa te  w as p re se n t. L a rg e  quan tities of ch lo ride  red u ced  p o tass iu m  ab ­

so rp tion . P o tassium  ab so rp tio n  was favored  by carbonate , but was d e p re sse d  

by high nitrogen* C alcium  and m agnesium  abso rp tion  was d ep re ssed  by 

su lfa te . In c rea s in g  supplies of n itrogen  and phosphorus red u ced  the su lfa te  

effect upon calc ium  absorp tion . High n itrogen  in p re se n c e  of ch lo ride  d e ­

p re s s e d  calc ium  uptake. The supply of anions appeared  to reduce the influence 

of p o tass iu m  and calc ium  upon the absorp tion  of m agnesium . Iron  content in 

leav es  w as d e p re sse d  by phosphorus, but carbonate  and su lfate  in c re a se d  its  

content in ro o ts , L a rg e r  supplies of su lfate , ch loride , and n itrogen  ap p eared  

to in c re a se  the copper content of the roo ts . Z inc abso rp tion  by leav es  was 

d e c re a se d  by la rg e r  supplies of sulfate, while ch lo ride  d e p re ssed  zinc content



in the  ro o ts . M anganese ab so rp tio n  was in c re a se d  with high lev e ls  of 

ch lo rid e  and w as fu r th e r  a ided  by n itrogen  additions. H igher lev e ls  of 

p h osphorus d e p re sse d  m anganese content of the ro o ts , but in c re a se d  it 

in  the  leav es .

Root grow th w as re la tiv e ly  p rom oted , o r shoot grow th re ta rd ed , 

by high su lfa te  o r  ch lo ride , high phosphorus, o r  by com binations of su lfate  

and ch lo rid e  in  ap p rox im ate ly  equal concentrations*

Some suggestions w ere  advanced in re g a rd  to  the p rev en tio n  of 

ch lo rid e  to x ic ity  of p lan ts . T he balance and supply of anions and th e ir  im ­

p o rtan ce  in plant n u tritio n  w ere em phasized*
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1

INTRODUCTION

Anions, such as  n itrogen , phosphorus, su lfur, and ch lo rine  

a r e  im p o rtan t e lem en ts  in p lan t nu trition . T hey a re  a lso  im portan t as 

c a r r i e r s  of ca tions; i e.,, po tassium , calcium , m agnesium , m anganese, 

and  iron .

N um erous s tud ies  have shown tha t th ese  and o th er e lem en ts  

in te ra c t in  com plex  w ays w ith each  o th e r in  influencing the  grow th of 

p lan ts

O ptim al grow th of p lan ts  m ay o ccu r only w here the  n u trien ts  

a re  taken  up in  c e r ta in  re la tiv e  p ro p o rtio n s. The ex cess  o r inadequacy 

of one elem ent m ay lead  to  an insuffic iency  o r over-abundance of ano ther 

e lem en t w ith consequent d e trim en ta l effec ts  to the p lan ts  Cation r e la ­

tio n sh ip s  and an tagon ism s have been stud ied  extensively , how ever li ttle  is  

known about the  anion influence upon the absorp tion  of anions and cations 

a s  re la te d  to  growth.

T he p u rp o se  of th is  study was to a sc e r ta in  the ro le  and in te r ­

action  of n itrogen , phosphorus, su lfur, and ch lorine upon each o th er and 

o th e r n u trie n t-e le m e n ts  It was hoped to e s ta b lish  the anion-anion and 

an io n -ca tio n  re la tio n sh ip s  and th e ir  influence by reco rd in g  the growth 

m e a su re m e n ts , leaf, and roo t an a ly sis  of o n e -y ea r-o ld  sour c h e rry  

(Frunus c e ra su s  L ) t r e e s  grown in sand cu ltu re s . The M ontm orency 

v a r ie ty  was chosen  because  of its  econom ic im portance  to th is  region.
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LITERATURE REVIEW

T he e s se n tia lity  of anions, such a s  n itrogen , phosphorus, and 

su lfu r a s  p lan t n u trien ts  is  g en era lly  known and accepted. C hlorine, on the 

o th e r hand, has been co n sid e red  to be n o n -essen tia l. With som e sp ec ies, 

app lica tions of ch lo rid es  have re su lte d  in re ta rd a tio n  of plant growth, while 

w ith o th e r sp ec ies  a defin ite beneficial effect w as noticed. Lipm an (32) 

found that ch lo ride , if  not ac tually  e ssen tia l, defin itely  benefited  the  growth 

of buckwheat and p eas . Only recen tly  B royer et aL. (5) showed that ch lo rid e  

is  an e sse n tia l elem ent for h igher p lan ts . They contended :hat the  ch lo rin e  

req u irem en t w as not sm all in com parison  to o th er m ic ro n u tr ie n ts  and may 

be h igher than  iron , boron, m anganese, zinc, copper, and molybdenum 

They a lso  s ta ted  that b rom ine ap p eared  to com plim ent ch lo rine  when su p ­

p lied  at about ten  tim e s  the re q u ire d  ch lo rin e  lev e ls . T h is  sta tem ent con ­

veyed the idea that th e re  m ay be a substitu tion  of ions w hereby one ion 

m ay rep lac e  ano ther physio log ically  re la te d  ion; i . e . ,  ch lo rine  was rep laced  

by brom ine.

B ea r’s w ork (2) with cation constancy in alfa lfa  e s ta b lish ed  the 

p rin c ip a l of cation o r anion constancy. A ccording to  h is rep o rt, if  one ion 

is being ab so rb ed  to a le s s e r  extent, som e o ther ion o r ions m ust be ab so rb ed  

to a g re a te r  extent to keep the sum of ions constant.
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O v e rs tre e t and Dean (44) su m m arized  th e ir  findings as 

follows: "'The ion abso rp tion  p ro c e s s  is  an exchange p ro c e ss . P red o m in ­

an tly  ca tio n s a re  ab so rb ed  in exchange fo r H -ions of the plant and a re  

r e le a s e d  to the cu ltu re  m edium . Anions a re  ab so rb ed  in exchange for 

OH- o r  HCO3" which a re  re le a se d  to the cu ltu re  m edium . The evidence 

in d ica tes  that no ion p a s se s  in o r out of a healthy plant except by exchange 

for ano ther ion. Ion accum ulation  is  to a la rg e  extent se lective . Due to 

the  exchange c h a ra c te r  of the p ro c e ss , anions can en te r the  plant in d e ­

pendently  of cations, and v ice  v e rsa . A lso, ions a re  not ab so rb ed  at the 

sam e ra te s . In  genera l, the cations K+, NH^+, R bt, and Cs+ a re  rap id ly  

accum ulated , while Ca++, Mg++, and Ba++ a re  much m o re  slowly taken 

up. T he anions NOg-, B r-, and Cl- a re  usually  rap id ly  absorbed . The 

anions SO4 - -  and H2 PO4 - a re  moving ra th e r  slowly; the anion HCOg- is  

ap p aren tly  not ab so rb ed  at all. "

O v e rs tre e t and Dean a lso  s ta ted  that the d ifferent e lem en ts  

showed ra th e r  w idely d ifferen t longitudinal absorp tion  p a tte rn s  in the root 

tip s. Regions in the tis su e  which ab so rb  P^PO^- v e ry  rap id ly  do not n e c e s ­

s a r ily  ab so rb  I- rap id ly .

T h is  idea was fu rth e r  elucidated  by E pste in  (16). He s ta ted  

that the  abso rp tion  of ions, cations as  well as  anions, en ta ils  the com bina­

tion of the  ion with m etabo lica lly  g en era ted  binding com pounds or c a r r ie r s .
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T h e se  c a r r ie r - io n  com plexes a re  lab ile  and b re a k  down again, r e ­

le a s in g  th e  ion to th e  in te r io r  of the ce ll. T he c a r r i e r s  p o s s e s s  se v ­

e ra l  d is tin c t binding s ite s  which d iffer in  th e ir  a ffin ities  fo r v ario u s  

ions, acco rd in g  to  th e  chem ical c h a ra c te r is t ic s  of th e  ions. He 

found th a t ch lo rin e  in te r fe re d  w ith b rom ine uptake. Brom ine uptake 

w as again  h in d ered  by iodine. H alides w ere  com petitive w ith re sp e c t 

to  one a n o th e r-- th e y  w ere  bound by the  sam e binding s ite s . In co n tra s t, 

it w as found that n itra te  did not in te r fe re  w ith b ro m in e --n it ra te  does 

not com pete fo r the  halide  binding s ite s .

Lundeghrdh (33) s ta ted  tha t although the  uptake of anions 

ta k e s  p lace  on the  b a s is  of a  p a r t ic u la r  m echanism  (anion re sp ira tio n ), 

th e re  is  a g en era l ion ic equ ilib rium  betw een anions and cations. A un i­

la te ra l  uptake of anions can  p ro ceed  fo r a sh o rt period , but eventually  

an ac id ifica tio n  of th e  p ro to p lasm  w ill take  p lace , and th is, in  tu rn , on 

the  b a s is  of in c re a se d  e lec tro n eg a tiv e  charge, will b rin g  about an in ­

c re a s e d  a ttra c tio n  of ca tions. In addition to the action  of th e  genera l 

anion + cation  balance, th e  anions a lso  influence the m ovem ent of ca tions 

b ecau se  of grow th p ro m o tin g  effect. T hey m ay also  d e te rm in e  to  a 

c e r ta in  extent the  co llo idal s ta te  and th e  m em brane p e rm ea b ility  of the  

p ro to p lasm . T hus, the  uptake of anions c re a te s  the abso rp tion  po ten tial
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fo r ca tion  uptake. T h is  exp la ins, in  p a r t ,  the  im p o rtan ce  of c o r re c t  

b a lan ce  of anions and cations.

T h e re  h as  not been m uch w ork  conducted to  d e term in e  

th e  in fluence of one anion upon ano ther. At the sam e tim e  a  c e r ta in  

am ount of d isa g re e m en ts  a re  evident. S everal au th o rs  have a r r iv e d  

at d ifferen t conclusions, p e rh ap s  becau se  of u sing  d ifferen t spec ies  o r 

ex p erim en ta l techn iques.

H am ner (25) po in ted  out tha t th e  re la tio n sh ip  betw een 

phosphorus and n itro g en  in  soybean is  im portan t in  overcom ing  the 

to x ic ity  of phosphorus. He s ta ted  th a t one p a r t  of n itra te  w ill overcom e 

th e  to x ic  e ffec ts  of two p a r ts  of phosphorus. In o ld er p lan ts  th is  ra tio  

m ay  be d ifferen t. He concluded th a t phosphorus is  tox ic  in  v e ry  sm all 

am ounts if  n itro g en  is  lacking, but it is  not tox ic  even in fa ir ly  high 

co n cen tra tio n s  if  la r g e r  am ounts of n itrogen  is  p re se n t.

A lso, M ullisonrs (39) ex p erim en ts  w ith b a rley  seed lings 

showed th e  apparen t tox ic ity  of phosphorus in  absence of n itra te , o r  

when a high phosphate-low  n itra te  ra tio  existed .

B reazea le  (4) found that phosphate abso rp tion  of wheat 

seed lings w as s ligh tly  in c re a se d  by n itra te . Eaton (13) grew  sunflow er 

p lan ts  in p lu s and m inus phosphorus m edia. He found that to ta l n itrogen
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w as h igher in  the  p lus phosphorus p lan ts. T he sam e conditions w ere  

found with b lack  m u s ta rd  (15)

M cC alla (36) on th e  o th er hand, w orking with wheat, found 

th a t when n itro g en  was lim iting , the effect w as ch iefly  felt in in c re a se d  

phosphorus absorp tion . In one c a se  the in c re a se d  phosphorus abso rp tion  

re su ltin g  from  lim itin g  n itrogen  supply was fully equivalent to the d e ­

c re a s e d  n itro g en  uptake

N itra te  accum ulation  under phosphorus deficiency was 

found a lso  by R ich ard s and T em olem an  (47), and Eaton (14) . Colby (8 ) 

in an experim en t w ith F ren ch  p rune  t re e s ,  a lso  investiga ted  n itrogen  

and phosphorus re la tio n sh ip s . He found that n itrogen  s ta rv a tio n  re su lte d  

in low ash  content, except in the  wood, and v e ry  low n itrogen  throughout. 

T he young wood w as norm al in phosphorus. M ain ro o ts  w ere  ex trem ely  

low in n itrogen  and low in phosphorus. Phosphorus s ta rv a tio n  re su lte d  in 

le a f  t is s u e  high in a sh  and n itrogen, and low in phosphorus. All the  o ther 

p a r ts  w ere  low in n itrogen .

T h is  p ic tu re  of n itrogen-phosphorus re la tio n sh ip s  is  fu rth e r 

com plica ted  by M u ld er’s (39) c ita tion  of A lberda’s work. A lberda found, 

w orking with Z ea M ays that the uptake of phosphorus was running p a ra lle l 

to  the grow th of the  whole plant A bsorption of phosphorus w as found to
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be independent of the co n cen tra tion  of o ther anions (n itra te , sulfate, 

ch loride) in th e  solution.

A ccord ing  to L eonard  and o th e rs  (31), who w orked on 

sw eet po ta to es, the  su lfa te  ions seem  to d ep re ss  the absorp tion  of 

n itra te  ions to  a g re a te r  extent than  the  phosphate ions.

E rg le  (18) w orking with cotton, N ightingale and o th e rs  (42) 

w ith tom ato , and Eaton (11, 12) w ith soybeans and sunflow er, found n i­

t r a te  o r n itro g en  accum ulation  in su lfu r deficient p lan ts. Sulfur d efi­

c iency  in cotton caused  an accum ulation  of n itra te  and soluble o rgan ic  

n itro g en  in the  leav es . In co n tra s t, n itrogen  deficiency  reduced  the a c ­

cum ulation  of su lfate  and o rgan ic  su lfu r in  the leaves.

Also Gauch and W adleigh (19) rep o rted , from  th e ir  w ork 

w ith  beans, the tendency  fo r n itrogen  to d ec re a se  in plant t is s u e s  with 

in c re a s in g  am ounts of calcium  ch loride , sodium  ch loride , and sodium  

su lfate  in th e  m edia. The sodium  ch lo ride  s e r ie s  gave co n sis ten tly  

h igher n itro g en  values. T h e  concen tra tion  of su lfate in the ro o ts  w as 

v e ry  c lo se ly  p a ra lle le d  by a s im ila r  in c re a se  of su lfate  in the leaves. 

A lso, in ano ther re p o rt they (20) found that the in c re a s in g  am ounts of 

ch lo rid e  re su lte d  in d e c re a se d  absorp tion  of phosphate and nitrogen .

Colby (8 ) ind icated  that su lfu r deficiency of F ren ch  prune 

t r e e s  re su lte d  in lea f t is su e  low in n itrogen and ash, and also  low in 

su lfu r content.



In the  re ce n t w ork with avocados by H aas and B rusca (24) 

an o b se rv a tio n  w as m ade that ch lo rid e  content of p lan ts  was c o n s id e r­

ably  low er w here  n itro g en  and su lfate  o r  phosphate w ere  applied

T he im p o rtan ce  of anion influence upon cations m ay be v e ry  

w ell i l lu s tra te d  by K enw orthy 's (29) recen t work. He found that g rap es  

and p each es  ab so rb ed  m o re  p o tassium  from  so ils  supplied with po tassium  

su lfa te  than  fro m  so ils  supplied  with po tass iu m  ch lo ride .

V in e t's  (51) opinion was that th e  su lfate  ion, when applied  

w ith  the  p o tass iu m  ion, p roved  to  be b e tte r  than the ch lo ride  ion. In 

h is  opinion, th e  ch lo ride  ion h indered  the action  of th e  p o tassiu m , while 

the  su lfa te  ion favo red  th is  action by in c rea s in g  p o tass iu m  uptake by grape 

G ilbert and o th e rs  (21) a r r iv e d  at a d ifferen t conclusion: 

L eav es of tung  t r e e s  accum ulated  m o re  po tassium  when the p lan ts  w ere  

supplied  w ith m onovalent anions than  when th e  po tassium  was supplied 

from  polyvalent s a lts . T he anions in question w ere ch loride , n itra te , 

su lfate , t a r t r a te  and p ec ta te

C aro lu s  (6 ) o b se rv ed  that n itra te , phosphate, ch loride , 

and su lfa te  had no d e trim en ta l influence on calcium  intake and u tiliza tio n  

by the bean  plant. The n itra te  and phosphate anions had a slight d e t r i ­

m ental effect on po tass iu m  absorption , and probab ly  a slight d e trim en ta l 

effect on m agnesium  u tiliza tion .
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Colby’s (8 ) in v estiga tions, m entioned  e a r l ie r  in  re sp e c t 

to  su lphur and  n itro g en  re la tio n sh ip s , rev e a led  a lso  th a t F ren ch  p rune  

t r e e s  had  v e ry  high ca lc ium  and m agnesium  and no rm al p o tass iu m  in  

th e  wood c o r re la te d  w ith n itro g en  deficiency. A lso, young ro o ts  w ere  

low in  ca lc ium  and m agnesium  and high in  p o tass iu m . M ain ro o ts  

w e re  ex tre m e ly  low in  n itrogen , low  in  m agnesium  and high in  calc ium . 

P hosphorus deficiency  re su lte d  in  le a f  t is s u e  high in  m agnesium  and 

iro n , but low in  ca lc ium . T he ro o ts  w ere  low in  m agnesium . Sulfur 

defic iency  d e c re a se d  p o tass iu m  and in c re a se d  m agnesium  and calcium  

abso rp tion .

Sulfur deficiency  in  cotton, acco rd ing  to  E rg le  and Eaton (17) 

r e su lte d  in  accum ulation  of calcium  and m agnesium ; iro n  and p o tass iu m  

w ere  changed lit t le .

A lso, Naguib and O v e rs tre e t (41) ind icated  th a t the ch lo ride  

ion m ay  d e p re ss  grow th. D ifferent sodium  sa lts  d e p re sse d  the  elongation 

of th e  ra d ish  seed lings in  th e  follow ing o rd e r: NaHCOg, NaCl, Na2 S0 4 , 

Nat^PO^. and NaNOg. S tim ulation  was o b serv ed  in  th e  low er concen tra tion  

ran g e  of NaNOg. T hey po in ted  out tha t the  ex trem ely  tox ic  effect of NaHC0 3  

is  in  ag reem en t w ith p rev io u s  w ork. T he sam e effect w as noted a lso  w ith 

CaC l2  and Ca(N0 g)2 - CaCl2  r e su lte d  in  m axim um  d ep ress io n  of the 

elongation.
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H ayw ard and Long (26) found tha t high concen tra tion  

(2836 ppm  Cl, 7684 ppm  SO4 ) of e ith e r  ch lo ride  o r su lfa te  s a lts  r e ­

su lted  in  a m a rk ed  reduction  in the d iam e te r of peach  s tem s. T he r e ­

duction of lin e a r  grow th w as a lso  the  sam e with e ith e r  high ch lo rid e  

o r  su lfa te  lev e ls . T h e re  w as som ew hat le s s  d ep ress io n  at the in te r ­

m ed ia te  ch lo rid e  level. T he leav es  of high ch lo ride  tre a tm e n t w ere  

show ing m ark e d  c h lo ro s is , tip , and m arg in a l burning, and th e re  was 

co n s id e rab le  ab sc iss io n ,

M agistad  and o th e rs  (34) found tha t ch lo ride  and su lfate 

s a lts , when co m p ared  on the  b a s is  of equal osm otic  concentration , d e­

p re s s e d  grow th to an equal extent w ith a  num ber of crops. With o ther 

c ro p s , ch lo rid e  ions w ere  s ligh tly  m ore  toxic than  su lfate  ions at equal 

o sm o tic  concen tra tion . T o ta l sa lt concen tra tion  was a g re a te r  fac to r 

in d e te rm in in g  the am ount of grow th reduction  than  effects  caused  by 

sp ecific  ions.

Corn and tom ato  p lan ts, acco rd ing  to Eaton (9) developed 

m o re  ro o ts  in d ilu te than  in co n cen tra ted  solutions when grown with th e ir  

ro o ts  divided betw een two o r  m o re  solutions of unequal concen tra tions. 

T he foregoing  w as found ir re s p e c tiv e  of w hether the  d ifferences in con­

c en tra tio n  w ere  affected  by the  addition of chloride, su lfate, o r  additional
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nu trien t s a lts  to the  base  nu trien t. L ittle  d ifference in w ater uptake 

o r  in roo t grow th re su lte d  in so lu tions of s im ila r  osm otic  p re s s u re  

when one p a r t  of root was high in  ch lo ride , and the o ther in com plete 

n u trien t m ed ia , ind icating  that o sm otic  p r e s s u re s  ra th e r  than specific  

ion effec ts  w ere  p r im a r i ly  involved

Naguib and O v e rs tre e t (41) d isag reed  with the above con­

c lusions. T hey  contended that the d ep ress in g  effect of sa lt on the  e lo n ­

gation of the  ra d ish  seed ling  w as due to the inh ib ito ry  effect of the 

d ifferen t e lem en ts  and not to the in c re a se d  osm otic  p re s s u re  of the 

c u ltu re  m edium  and the re su ltin g  re s tr ic t io n  in availab ility  of w ater 

to the p lan t. They found that th e re  is a m uch g re a te r  d ivergence in the 

inhibition effect with cations than with anions, and ag ree  with M ullison (39) 

in th is  r e s p e c t .

C hlorine has been re p o rte d  to have a favorab le  influence 

upon the w ater balance of the plant, accord ing  to H aas (24). At the sam e 

tim e, la rg e  am ounts of ch lo rid es  have been found to d e c re a se  the to ta l 

sum of c a rb o h y d ra te s  in potato  leaves, accord ing  to B aslavskaja (1) 

and thus m ay have been a sso c ia ted  with a low ered  content of chlorophyll 

p e r  unit le a f  a re a  and w eakened photosynthetic activity .
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MATERIALS AND METHODS

To obtain  com binations of n u trien t so lu tions w ith d ifferen t 

am ounts of anions, the  s tan d a rd  solution of H oagland (27) w as taken  a s  

a b a s is . T he  am ounts of ca tions (po tassium , calcium , and m agnesium ) 

and  m in o r e lem en ts  w ere  kept constan t. Anions w ere  v a r ie d  without 

a l te r in g  th e  cation  content by using  d ifferen t am ounts of v a rio u s  ch em i­

c a ls  contain ing  th e  anions involved (Appendix T ab le  1). E ighteen d if­

fe re n t so lu tions (Table 1 ) w ere  obtained by d isso lv ing  the ch em ica ls  in  

d is tille d  w a te r, u sing  only C. P 0 g rade ch em icals . S o lu-bridge (conduc­

tiv ity ) read in g s  w ere  taken  on each  so lution with S olu-bridge (model 

D R -15). pH w as m e a su re d  w ith Beckman pH m e te r, m odel G,

Seventy-tw o o n e -y e a r-o ld  sour c h e r ry  t r e e s  (Prunus 

c e ra su s  L. v a r. M ontm orency) budded on Prunus M ahaleb ro o ts to ck s  w ere  

chosen. T he t r e e s  w ere  p ru n ed  un iform ly  and divided in four s ize  groups 

acco rd in g  to the  weight a f te r  p runing . T re e s  w ith app rox im ate ly  the sam e 

weight w ere  put in  th e  sam e rep lic a te , thus m aking four re p lic a te s  for 

each  tre a tm e n t. T he av erag e  green  and dry  w eights of four re p re se n ta tiv e  

t r e e s  w ere  obtained, and the p e r  cent of d ry  m a tte r  ca lcu la ted  was used  

la te r  to ca lcu la te  d ry  weight at p lan ting  tim e.
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T he t r e e s  w ere  p lan ted  in 1 2 -inch  pots in the  greenhouse 

on January  13, 14 and 15. T he po ts w ere p rev io u sly  pa in ted  in side  with 

an asp h alt pain t in  o rd e r  to avoid any p o ssib le  roo t contact with the 

su rfa c e  of the  c lay  p o ts. C o arse  sand was u sed  as  the grow ing m edia.

T he p o ts  and t r e e s  w ere  num bered  and a rran g e d  in r a n ­

dom ized  b locks on two greenhouse  benches. Each plant rece iv ed  one 

quart of solu tion  ev e ry  second day. L a te r, when grow th was v igorous, 

and the  day te m p e ra tu re  was higher, each plant was given one quart 

of solu tion  daily

The t r e e s  w ere  h a rv ested  on May 21, 23 and 24. L in ea r 

grow th, d ry  weight of leaves, shoots, ro o ts , and tru n k  was obtained, 

and the to ta l in c re a se  in d ry  weight was calcu la ted . F ib ro u s  ro o ts  

w ere  se p a ra te d  from  the  root system  and p re p a re d  for ana ly sis .

L eaves and fib rous ro o ts  from  each tre e  w ere  analyzed 

ch em ica lly  in the la b o ra to rie s  of A g ricu ltu ra l C hem istry  D epartm ent. 

N itrogen was d e te rm in ed  by the K jeldahl method, po tassium  by flam e 

pho tom eter, and ch lo rine  acco rd ing  to a m odified m ethod by Sam son (47). 

Phosphorus, ca lc ium , m agnesium , m anganese, iron , zinc, and boron 

w ere  d e te rm in ed  sp ec tro g rap h ica lly  Sulfur was determ ined  g rav i- 

m e tr ic a lly  fo r t r e e s  in c e r ta in  tre a tm e n ts  accord ing  to A. O A. C (42) 

m ethods.
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RESULTS 

G enera l R esponses

L in ea r  growth, w eight of leav es , weight of shoots, weight 

of fib ro u s  ro o ts , and in c re a se  in  d ry  weight a s  influenced  by the  v a rio u s  

tre a tm e n ts  a re  p re se n te d  in  T ab le  2. S ta tis tic a l an a ly s is  showed that 

th e re  w ere  sign ifican t d iffe ren ces  betw een tre a tm e n ts  fo r a ll m e a s u re ­

m en ts  of growth.

In c re a se  in  d ry  weight v a r ie d  fro m  17, 76 g ram s to 125. 30 

g ra m s  p e r  t r e e .  T he length  of shoot grow th v a r ie d  from  57. 3 cm. to 319* 8  

cm . p e r  tre e .  S im ila r v a ria tio n s  w ere  found fo r d ry  weight of leav es , 

shoots, and fib rous ro o ts .

R esu lts  of th e  chem ical an a ly sis  of leav es  a re  p re se n te d  in  

T ab le  3. All e lem en ts, except boron  and copper, showed s ta tis tic a lly  

sign ifican t d iffe ren ces , depending on the  anion tre a tm e n ts .

L eaf an a ly s is  fo r n itrogen  and p o tass iu m  re su lte d  in  va lues 

co n sid e rab ly  above th o se  found under fie ld  conditions. Although th e re  

w ere  no v a ria tio n s  in  th e  concen tra tion  of po tassium , calcium , m agnesium , 

and o th e r ca tions, le a f  an a ly ses  for th e se  e lem en ts  showed la rg e  v a r ia ­

tio n s  betw een tre a tm e n ts . T he g re a te s t v a ria tio n  in  lea f com position  w as 

found fo r ch lo rine .
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d d d d d o d d d d d d d d d d d d d

ho o m f in co F m i-H CN o o CO i-H co vo OO vo o o CNVO VO r- r- r- ov o OV F OO VO n F in r- r- f co co "F
d d d d d d i-H d d d d d d d d d d d d d

CN oo r- in co On O n CN r- o f 00 i-H F oo vO i-H in in
CTj o F CN av f VO O n F r- o i-H Ov CN Ov oo m CN i-H F i
O CN H CN i-H i-H CN CN CO d CO t-H d i-H ■—l CN CN i-H i-H d i

o co OO Ov O CN oo CO i-H o oo o o vO OO in o F CO
W F i—i Is- co co o r-H o in in CO r- i-H F o o oo F Ov

F CO c6 <N CN CN CN CN co f co CN F F CN CN CO in i-H i-1
CN in vO Ov i-H o OO vO co CNCN r— O in CO CN CN F CN !—1

CO CN i-H F CN r- i-H CO F F OO i-H
O d d d d d d d d d d
m r- r- oo co o*-H VO r— in o F r- vo o o co F o o CN co i-H ■—io CO co o f in -f* co co o O o o o F in o o in "Fr—1u o F t— i-H CN i-H vo CN i-H o rH F o o O vO o o in r̂-
o d d i-H ■—I i-H -H i-H i-H d d d o d i—i d d d d d

in f oo F OO O CO i-H in i-H r- vo o in co Ov F vo oo
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T he chem ical com position  of fib rous ro o ts  is  shown in 

T ab le  4. Sulfur va lues w ere  not determ ined . All e lem en ts  showed 

s ta tis t ic a lly  significant d iffe ren ces .

Root com position  was affected  le s s  than  lea f co m posi­

tio n  by the v a ria tio n  in  the  supply of anions. The nitrogen, p o ta s ­

sium , m anganese, zinc, and copper content of the ro o ts  w ere  

co m p arab le  to  le a f  contents. However, phosphorus, ch lorine , and 

iro n  w ere  co n sid e rab ly  h igher in ro o ts  than in leaves, but le s s  

v a r ia b le  in  the  ro o ts .
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Influence of Sulfate C oncentration

G row th

A c e r ta in  am ount of su lfa te  ap p eared  to be n e c e ssa ry  fo r 

m axim um  in c re a se  in  d ry  weight (Table 5)* When no su lfate  was used  

a ll m e a su re m e n ts  of grow th was s ign ifican tly  low er than that obtained 

fro m  a so lu tion  contain ing  190 ppm  of su lfate, A foliage sym ptom  d e­

veloped  and leav es  a b sc is se d  when no su lfate  was used  (F igu re  1), In ­

c re a s in g  the  level of su lfa te  up to 480 ppm d ec re a se d  growth; however, 

th e  d e c re a se  w as not significant. A pronounced reduction  of grow th 

o c c u rre d  when the su lfa te  concen tra tion  of the nu trien t solution was in ­

c re a s e d  to 672 ppm  (F ig u re  2)

L eaf C om position

T ab le  6  shows the influence of in c reas in g  the sulfate content 

of n u trien t so lu tions upon the chem ical com position of the leaves. N itrogen 

and phosphorus lev e ls  did not change appreciab ly , although th e re  was a 

tendency to have h igher lev e ls  of th ese  e lem ents w ith in c re a s in g  am ounts 

of su lfate . Since no ch lo ride  w as applied, only t r a c e s  of th is  elem ent 

w ere  p re se n t, except for tre a tm e n t 9- The leaves from  th is  tre a tm e n t 

w ere  found to contain an unusual amount of ch lo rine  ( 1 . 13 p e r  cent)
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F ig u re  1 , Sulfur defic iency  on M ontm orency  c h e r ry  t r e e s .  
(Sulfur content of le a v e s  0. 13 p e r  cent)





F ig u re  2. G row th in  re la tio n  to su lfa te  content of the nu trien t 
so lu tions. (On left, 190 ppm  su lfa te ; on righ t, 672 ppm  
su lfate).
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Since th e  phenom enon could not be explained, th e  data w ere  om itted .

T he  su lfu r content of the  leav es  w as p ro p o rtio n a l to the su lfate  level 

of th e  n u trien t solution. Sulfate lev e ls  of 480 and 672 ppm  re su lte d  

in  a s ign ifican t in c re a se  in  th e  su lfu r content of the  leav es . P o tassium  

lev e ls  ten d ed  to  d e c re a se  w ith in c re a s in g  lev e ls  of su lfate . Calcium  

content of the  leav es  declined  s ign ifican tly  with in c re a s in g  su lfate in  

the  n u trie n t so lu tions. A lso, the  m agnesium  content of the leav es  was 

red u ced  sign ifican tly  w ith the  h igher lev e ls  of sulfate. Iron  and m an ­

g anese  va lu es  showed no re la tio n sh ip  to su lfate  ion concentration  and 

no sign ifican t d iffe ren ces  w ere  found. The zinc analyses w ere  s ig n i­

fican tly  low er fo r so lu tions contain ing la rg e r  am ounts of sulfate.

Root Com position

T ab le  7 shows that in c re a s in g  the amount of su lfate  in the  

so lu tions did not affect the n itrogen  content of ro o ts , T he phosphorus 

content of ro o ts  from  t r e e s  rece iv in g  the high level of su lfate  contained 

sig n ifican tly  le s s  phosphorus than w here no su lfa tes w ere  used. C hlorine 

w as p re se n t in uniform  am ounts, although h igher than found in the leav es  

L eaf p o tass iu m  w as h ighest w ith 190 ppm  of sulfate, and was significantly  

h igher than  for th e  o th er concen tra tions of su lfate. C alcium  and m ag n es­

ium  content of the ro o ts  declined  significantly  with in c re a s in g  concen-
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t ra tio n s  of su lfa te . The tre a tm e n t using  480 ppm  of su lfate  re su lte d  

in s ign ifican tly  h igher m anganese values than found for the o ther s u l­

fa te  co n cen tra tio n s. T he m anganese content of th e  ro o ts  w as s ig n ifi­

can tly  red u ced  with the use of 672 ppm  of su lfa te  in the solution. The 

boron  content of the ro o ts  was in c re a se d  with m edium  concen tra tions 

of su lfate , but h igher co n cen tra tio n s  of su lfate re su lte d  in a level of 

boron  co m p arab le  to  that found when the sulution contained no su lfa tes  

High su lfa te  (672 ppm) caused  a significant d ec rease  in the zinc 

content of the  ro o ts . T he copper content of the ro o ts  was s ig n ifi­

can tly  in c re a se d  with h igher concen tra tions of sulfate. Also, the 

copper content w as h igher for the solution containing 480 ppm of s u l­

fa te  than  for th e  so lu tions contain ing 672 ppm of sulfate.
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In fluence of C hloride C oncentration

G row th

A m o d era te ly  high level of ch lo rid e  (247 ppm) did not have 

any in fluence upon grow th (T able 8 )- In c rea s in g  th e  ch lo ride  content of 

the  n u trien t so lu tion  to  a  concen tra tion  of 671 ppm  sign ifican tly  red u ced  

a ll m e a su re m e n ts  of grow th (F ig u re  3) w ith som e ch lo ride  in ju ry  o c c u r­

r in g  when th e  so lu tion  con tained  671 ppm  of ch lo ride .

L eaf C om position

L ea f n itrogen , phosphorus, and ch lo rin e  le v e ls  in c re a se d  

s ig n ifican tly  w ith in c re a s in g  am ount of ch lo rid e  in  n u trien t solutions, a s  

shown in  T a b le  9. T h e re  w as a non-sign ifican t in c re a se  in  the  su lfur 

content o f th e  le av es  w ith in c re a se d  ch lo rin e  contents. P o tassium  lev e ls  

d e c re a se d  as th e  ch lo rin e  concen tra tion  in c reased , and the d ifference 

betw een the  two e x tre m e s  (671 and 0. 0 ppm  of ch loride) w as highly s ig ­

n ificant C alcium  level sh a rp ly  d ec re a se d  when the ch lo rid e  level w as 

in c re a se d  fro m  0. 0 to  247 ppm, but in c re a se d  again  w ith h igher concen­

tra tio n s  of ch lo rid e . T h ese  changes w ere  significant. M agnesium , a l ­

though not s ign ifican tly  influenced, follow ed the sam e tre n d  as  shown 

fo r ca lc ium . Iro n  and z inc  content of the  leav es  showed no significant
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F ig u re  3, C h lo ride  in ju ry  to M ontm onency c h e r ry  t re e s .  
Left, grow th re su ltin g  from  671 ppm  ch loride;
Right, v is ib le  sym ptom s of ch lo rid e  in jury . C hloride 
content of le av es  1 236 p e r  cent.
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d iffe ren ce s  re su ltin g  fro m  th e  v a rio u s  co n cen tra tions of ch loride .

H igher co n cen tra tio n s  of ch lo rid e  sign ifican tly  in c re a se  m anganese 

in  th e  le av e s .

Root C om position

N itrogen  in  th e  ro o ts  (Table 1 0 ) had the  h ighest values 

w ith  the  h ig h er ch lo rid e  tre a tm e n ts . T h e re  was a significant in ­

c re a s e  in  th e  n itro g en  p e rcen tag e  when the ch lo rid e  w as in c rea se d  

fro m  247 to  671 ppm . Phosphorus w as h ighest w here th e re  w as no 

ch lo rid e . W ith a m o d era te ly  high ch lo rid e  level (247 ppm ), the p h o s­

p h o ru s  content d e c re a se d  s ign ifican tly . F u r th e r  in c re a se s  of ch lo ride  

p ro d u ced  slight, non -sign ifican t in c re a se s  in  phosphorus quantities, 

but th e  phosphorus content w as low er than tha t found when the  solution 

con ta ined  no chlorides.. P o tassium  and m agnesium  in  the ro o ts  ap p eared  

to be red u ced  w ith th e  h ighest lev e l of ch lo ride  in the  solution. I n c re a s ­

ing  am ounts of ch lo rid e  in  the solu tion  sign ifican tly  reduced  the calcium  

content of the  ro o ts . M anganese content d ec rease d  sign ifican tly  with 

the h ig h er (672 ppm) ch lo rid e  leve l in the solution. Copper content of 

th e  ro o ts  in c re a se d , and z inc content of the ro o ts  d e c rea se d  with in ­

c re a s in g  am ounts of ch lo rid e  in the  solutions. Boron level w as not 

affected .
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Influence of Sulfate-Chloride Combinations

Growth

T ab le  1 1  shows th a t ch lo rid e  and su lfate  content of nu trien t 

so lu tions m ay  be v a r ie d  to  a co n s id e rab le  extent without too m uch in flu ­

ence upon grow th. As shown in  T ab le  5, an in c re a se  in  su lfa te  concen­

t ra tio n  fro m  190 to  480 ppm  d e c re a se d  growth. T he addition of 177 ppm  

of ch lo rid e  to  a so lu tion  con tain ing  432 ppm  of su lfate  (as com pared  to 

480) re s u l te d  in  s ign ifican tly  le s s  in c re a se  in  d ry  weight, but co m p ar­

ab le  te rm in a l g ro w th . When su lfa te  w as kept a t 432 ppm, but 

ch lo rid e  in c re a s e d  fro m  177 to 350 ppm , th e re  w as again  a significant 

red u c tio n  of grow th. F u r th e r  m o d era te  v a ria tio n s  of ch lo rid e  and su l­

fa te  in  tre a tm e n ts  4, 5, 6  and 7 re su lte d  in grow th com parab le  to tha t 

ob ta ined  fro m  350 ppm  of ch loride .

L eaf C om position

L eaf com position, in  re la tio n  to v ario u s  com binations of 

su lfa te s  w ith ch lo rid e s , is  p re se n te d  in  T ab le  12. When su lfa te s  w ere  

m ain ta in ed  a t a  low level, and ch lo rid es  in c reased , th e re  w as an in c re a se  

in  n itrogen , phosphorus, ch lo rine , calcium , m agnesium , iro n  and m an ­

ganese, but a d e c re a se  in p o tass iu m . An in c re a se  in  ch lorine , calcium ,
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magnesium and manganese, but a decrease in potassium and iron oc­

curred when sulfates were at a moderate level, and chlorides were in­

creased. Maintaining a moderate level of chlorides, and increasing 

the concentrations of sulfates in the solution resulted in only minor 

changes in leaf composition, except for an increase in manganese.

Root Composition

The effects of various combinations of sulfates with chlor­

ides in the solutions upon root composition (Table 13) were in some 

respects similar to the effects of anions when varied separately. An 

increase in the concentration of chlorides with a low level of sulfates 

resulted in an increase in nitrogen, chlorine and copper, while potassium, 

calcium, magnesium, manganese and zinc decreased. With a moderate 

level of sulfates, an increase in chloride concentration resulted in a de­

crease in potassium, an increase in copper, and no significant changes 

for the other elements. When the concentration of chlorides was main­

tained at a moderate level, and sulfates increased, there was a decrease 

in potassium and manganese, but no significant effect upon the other 

elements.
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Influence of Sulfate-Nitrogen and Chloride-Nitrogen Combinations 

Growth

High nitrogen (630 ppm) content in nutrient solutions did 

not relieve the detrimental effect of high chloride (671 ppm), or high 

sulfate (672 ppm) concentrations. Table 14 shows that when nitrogen 

was increased from 210 to 630 ppm the growth was not changed signi­

ficantly. High sulfate and high nitrogen decreased the growth more 

than high chloride and high nitrogen, When nitrogen was increased in 

the presence of high chlorides there was a slight increase in length of 

shoots, weight of leaves, and weight of shoots, but a decrease in 

weight of fibrous roots and total increase in dry weight. Increasing 

the nitrogen level in the presence of high sulfates resulted in a 

slight increase in length of shoots, and a decrease in all other growth 

measurements with fibrous roots being reduced significantly, Figs. 4 and 5.

Leaf Composition

High nitrogen content in solution, together with high sul­

fate, given in Table 15, significantly increased the nitrogen and calcium 

levels in leaves, The same trend was apparent with phosphorus, mag­

nesium, iron, manganese, and zinc. However, the potassium level was 

decreased slightly.
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Figure 4. Terminal growth in relation to increasing nitrogen 
content of nutrient solutions in the presence of high 
chloride supply (671 ppm), Left, 210 ppm nitrogen; 
Right, 630 ppm nitrogen.





Figure 5» Terminal growth in relation to increasing nitrogen 
content of nutrient solutions in the presence of high sul­
fate supply (672 ppm). Left, 210 ppm nitrogen;
Right, 630 ppm nitrogen.
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When the  sam e concen tra tion  of n itrogen  was com bined 

w ith high ch lo ride , n itro g en  showed a significant in c re a se , while 

ch lo rin e  and ca lc ium  d e c re a se d  significantly . Phosphorus, m anganese, 

and  zinc w ere  in c re a se d  slightly , but po tass iu m  and m agnesium  values 

re m a in e d  a lm ost constant.

Root C om position

When th e  n itrogen  concen tra tion  was in c re a se d  in the 

p re se n c e  of high co n cen tra tio n s of e ith e r ch lo rid es  o r su lfa tes  (Table 

1 6 ) th e re  w as a significant in c re a se  in root n itrogen  and iron , and a 

d e c re a se  in  roo t p o tass iu m . T he com bination of high n itrogen  with 

high ch lo rid e s  sign ifican tly  d ec reased  the ch lo rine  content of the roo ts. 

T he in c re a se  in n itrogen  content with e ith e r high ch lo rid es  o r high 

su lfa te s  re su lte d  in a slight in c re a se  in phosphorus, calcium  and copper 

content of th e  ro o ts . M agnesium  lev e ls  was not influenced by th ese  

tre a tm e n ts , but a lso  w ere  low er than in tre a tm en t 1. M anganese level 

was s ign ifican tly  h igher in tre a tm e n ts  which had little  o r no sulfate or 

ch lo ride . It w as difficult to detect any p a tte rn  in the  uptake of boron 

and zinc.
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Influence of Sulfate-Phosphorus and Chloride-Phosphorus Combinations 

Growth

With 480 ppm of sulfate in solution (Table 17) growth 

(as measured by weight) was noticeably decreased by increases of 

phosphorus content from 31 to 150 ppm. However, the increase in 

phosphorus significantly increased linear growth. This was evident 

also with combinations of chloride and phosphorus. A decrease of chlor­

ide from 247 to 140 ppm coupled with an increase in the phosphorus con­

centration from 31 to 338 ppm significantly decreased all measurements 

of growth. Further increases in the concentration of chloride and phos­

phorus resulted in a noticeable, but non-significant additional decrease.

Leaf Composition

Calcium, phosphorus, and manganese contents of leaves 

(Table 18) increased significantly when the phosphorus level was raised 

from 31 to 150 ppm, while the sulfate concentration was kept at 480 ppm. 

The other elements increased slightly when the phosphorus concentration

was increased.

There was a significant increase in nitrogen, and a signifi­

cant decrease in calcium content of the leaves with increasing amounts
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of p h o sp h o ru s  in  th e  so lu tions con tain ing  ch lo rid es. U nder th e  sam e 

conditions, p o ta ss iu m , m agnesium  and iro n  declined  slightly , but m an­

g an ese  and  z in c  le v e ls  rem a in ed  a lm ost constan t. C hloride uptake was 

h in d e red  by high phosphorus.

Root C om position

T ab le  19 show s tha t an  in c re a se  of phosphorus from  31 to  - 

150 ppm  w ith  480 ppm  of su lfa te  in  the  solution cau sed  a significant r is e  

in  phosp h o ru s content of the  ro o ts , but only an in co n sid erab le  in c re a se  

in  ro o t n itro g en  le v e ls . At th e  sam e tim e , the  zinc and m anganese lev e ls  

w ere  red u ced  sign ifican tly . C hlorine, p o tassiu m , calcium  and m angan­

e se  con ten ts a lso  w ere  reduced . M agnesium , iron , copper and boron  

le v e ls  did not change.

With m edium  high lev e ls  of ch loride (140 to 327 ppm) an in ­

c re a s e  of phosphorus in  the  so lu tions brought about v e ry  significant in c re a se s  

of n itrogen , phosphorus and boron  p e rcen tag es . C hlorine, calcium , m ag n es­

ium , and  m anganese  le v e ls  d e c re a se d  v e ry  significantly ; iro n  d e c rea se d  

slightly ; but copper and zinc did not change to  any g rea t extent. An in c re a se  

in  the ch lo rid e  con cen tra tio n  ap p eared  to  h inder the  absorp tion  of phosphorus 

fro m  so lu tions having a high phosphorus concentration .
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Influence of S u lfa te -C arb o n a te  and C h lo rid e-C arb o n a te  C om binations 

G row th

S ubstitu tion  of su lfa te  by carb o n ate  in  th e  p re se n c e  of ch lo ride  

d id  not change th e  grow th ap p rec iab ly  (Table 2 0 ). H owever, th e re  w as a 

t r e n d  show ing th a t su lfa te  in  m o d era te  am ounts (192 ppm) was le s s  b en e­

f ic ia l th an  180 ppm  of carbonate . C arbonate  added to  n u trien t so lutions 

con ta in ing  m o d e ra te ly  high (432 to  480 ppm) of su lfate  p roduced  a slight, 

no n -sig n ifican t in c re a se  in grow th a s  m e a su re d  by in c re a se  in d ry  weight, 

length  of grow th, and weight of fib rous ro o ts .

L eaf C om position

Substitu tion  of su lfa te  by carbonate  at m edium  high concen­

tra tio n s  of ch lo rid e  (Table 21) d id  not change the  le a f  com position n o tice ­

ably, except fo r a  sign ifican t d e c re a se  in  m anganese. T he addition of 

ca rb o n a te  to  a m o d era te ly  high lev el (432 to  480 ppm) of su lfate  caused  

a  s ign ifican t in c re a se  in  p o tass iu m  uptake.

Root C om position

Sulfate rep lacem en t by carbonate  at a m odera te ly  high 

ch lo rid e  co n cen tra tio n  in  solution did not change th e  com position of ro o ts
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excep t fo r a s ign ifican t in c re a se  in  calc ium  and m anganese (Table 

22), C arbonate  add itions to so lu tions contain ing m odera te ly  high su l­

fa te  did not change the  n itrogen , phosphorus, ch lorine , m agnesium , 

m anganese, copper, and boron contents of the ro o ts . Potassium , 

ca lc ium , and iro n  show ed significant in c re a se  when 150 ppm of c a r ­

bonate w as added to the  solu tion  containing m odera te ly  high concen­

tra tio n s  of su lfa tes .



56

DISCUSSION

In c re a s in g  th e  supply of c e r ta in  anions (chloride, su lfate , 

ph o sp h o ru s , n itro g en  and carbonate) had a sign ifican t effect upon grow th 

a s  m e a su re d  by in c re a se  in  d ry  weight of the  t r e e ,  length  of te rm in a l 

grow th, and weight of leav es , shoots and fib rous ro o ts . When the  supply 

of th e se  an ions (p a rtic u la r ly  ch lo rid e  and sulfate) was in c re a se d  to  a 

high lev e l, app aren t to x ic ity  developed a s  ind icated  by a dep ress io n  of 

grow th. However, the  only v is ib le  sym ptom s that developed w ere  for 

ch lo rin e  e x c ess  and su lfu r deficiency

T he sym ptom s fo r ch lo rine  ex cess  w ere  not p re sen t in  a ll 

t re a tm e n ts  rece iv in g  the highest concen tra tions of ch lo ride .

T re e s  of tre a tm e n t 8 , w ith 671 ppm  of ch lo ride  in the 

n u trien t so lu tion  showed le a f  burn  typ ical to  ch lo ride  in jury . The leaves 

show ed tip  and m arg in a l burning, and th e re  was som e ab sc iss io n . T h is 

d e sc rip tio n  a g re e s  w ith the  one given by H ayw ard and Long (26).

T he c h e rry  leav es  from  trea tm en t 8  showed a com paratively  

low p o tass iu m  (2. 08 p e r  cent) and a ra th e r  high (3. 42 p e r  cent) calcium  

value as  co m p ared  w ith 1 , 91 p e r  cent po tassium , and 1.18 p e r  cent of 

ca lc ium  in tre a tm e n t 1 , the check tre a tm e n t, which a lso  showed the 

h ighest in c re a se  in  d ry  weight. B oresh  (3) found that ch lo ride  f e r t i l iz e r s
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freq u en tly  cau se  c u rra n t leav es  to show blighting at the edges re sem b lin g  

a sym ptom  of p o tass iu m  deficiency. He th eo rized  fu rth e r  that the p o ta s ­

sium  content m ay be p re se n t for norm al req u irem en ts , but not sufficient 

to  com bine w ith a ll the  ch lo rin e  in the leaves. A ccording to him the 

e x ce ss  ch lo rin e  is  com bined with calcium , and an antagonism  between 

p o ta ss iu m  and ca lc ium  p ro d u ces the  sym ptom s of p o tassium  deficiency.

H owever, a la te r  w ork by S id e ris  and Young (49) gives a 

m o re  p lau sib le  th e o ry  about ch lo rid e  tox ic ity  and po tassium  deficiency 

in  p lan ts . T hey  conclude that the te rm in a l le a f  n e c ro s is  of pineapple 

p lan ts  is  a ffec ted  by changes in the m etabolic  conditions of the tis s u e s  

re su ltin g  from  high ch lo rid e  concen tra tions in a sso c ia tio n  with po tassium  

deficiency . P ineapple p lan ts  am ply supplied  with po tassium , even in 

the  p re se n c e  of re la tiv e ly  g rea t ch lo ride  concen tra tions, fa iled  to de­

velop le a f  n e c ro s is . T he chem ical d iffe ren ces  in lea f tis su e  com posi­

tio n  betw een p lan ts  w ith am ple, and with deficient po tassium , a re  m ainly 

in the  co n cen tra tio n s  of p o ly sa c c h a r id e - -s ta rc h  and su g ars . It is  p o s ­

s ib le  that s ta rc h  and su g a rs  p roduced  with am ple po tassium  in c rea se  

the  to le ra n c e  of the c e lls  to  high ch lo ride  concen tra tions

F ro m  th is  d iscu ssio n  and the data of chem ical ana lysis  of 
\

c h e r ry  leav es  and ro o ts  an approach  m ay be ch a rted  how to overcom e 

c h lo rid e  tox icity , o r  the apparen t p o tass iu m  deficiency Potassium
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ch lo rid e  would have to  be avoided because  of i ts  double action in p r e ­

ven ting  the  uptake of p o tass iu m  and in c re a s in g  the lev e ls  of ch lo rine  

in  p lan t t is s u e s .  In s tead  of p o tassiu m  ch lo ride , su lfate  o r carbonate  

of p o tash  m ay be p re fe r re d . In  addition, a higher level of n itrogen  and 

p hosphorus ap p eared  to red u ce  ch lo rine  absorp tion . M arshall and U pchurch 

(36) s ta te d  that a m onovalent cation, such as  sodium  o r po tassium , is  m o re  

ex ten siv e ly  taken  up from  a solution of the  b icarbonate  than from  ch lo ride  

o r  su lfa te . P o tassiu m  uptake m ay be influenced by sev era l fac to rs  as 

given by P ie r re  and Bower (45).

A lso the  sym ptom s for su lfu r deficiency w ere not p resen t 

in a ll t re a tm e n ts  rece iv in g  no su lfate. P lants of the trea tm en t 10 exhibited 

yellow ing of leaves. Since th is  tre a tm en t did not include any su lfate  , 

th e re  w ere  ind ica tions th a t th is  m ay be the ap pearance of su lfur deficiency. 

T he m id r ib s  of the  leav es  began to show yellowing, which sp read  fu rth e r 

a long the m id rib  and veins. Many of the leav es  dropped e a r l ie r ,  as  

co m p ared  with the  t r e e s  from  o ther tre a tm e n ts

Sym ptom s s im ila r  to th ese  w ere o b serv ed  by Chapman and 

Brown (7) on c itru s . They a lso  found a tendency for the m id rib  to be a 

l i t t le  m o re  yellow than the  m esophyll t is su e s . When the leaves aged, 

the m id rib s  on m any w ere  m o re  yellow than the re s t of the lea f They 

no ticed  p re m a tu re  dropping of the su lfu r deficient leaves. V ery s im ila r
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phenom ena w ere  o b se rv ed  by M cM urtrey  (38) on su lfu r-d efic ien t tobacco 

p la n ts , and by E rg le  (18) on su lfu r-d e fic ien t cotton p lan ts .

T he leav es  from  tre a tm e n t 1 0  contained 0 .1 3  p e r  cent s u l­

fu r and  w as the low est of a ll tre a tm e n ts . T h is  amount would appear to 

be som ew hat low if  T hom as and o th e rs  (50) w ork is  consulted. They 

found tha t th e  o rgan ic  su lfu r content of leav es  w as usually  betw een 0 . 2  

and 0 4 p e r  cent, the  low er range ind icating  su lfur deficiency. The 

m ethods u sed  in  th is  study did not p e rm it the evaluation of organic s u l­

fu r, th e re fo re , the  fig u res  a re  not s tr ic t ly  com parab le  However, the 

su lfu r content of the  leav es  from  trea tm en t 1 0  would indicate su lfur 

deficiency

M oreover, K re tsc h m e r and o th e rs  (30) ind icated  that 

v a ria tio n  in S0 ^ content of su b s tra te  had little  effect of SO^ content in 

p lan ts . T h is  g ives fu rth e r  evidence that the lim it betw een high and low 

su lfu r content is  r a th e r  narrow . A somew hat w ider range in su lfur con­

ten t w as found fo r the  c h e r ry  leav es  produced in th is  study, and the 

SO4  content of the  s u b s tra te  had a m arked  effect upon the su lfur content 

of the  leav es . M arsh  (35) found only from  0. 22 to 0. 48 p e r  cent

of su lfu r in  apple leav es .

It is  in te re s tin g  to note that tre a tm e n ts  3 and 8  did not have 

any su lfa te  applied, and did not show v is ib le  defic iencies. T he chem ical
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a n a ly s is  show ed s lig h tly  h ig h er p e r  cent of su lfu r in th e se  tre a tm e n ts  

than  in  tre a tm e n t 1 0 ;. how ever, the d iffe ren ces  w ere  not significant.

It m ay  be sug g ested  tha t h ig h er am ounts of ch lo ride  in the solution m ay 

have c au sed  a g re a te r  uptake and u tiliza tion  of the availab le  su lfu r o r 

m ay  have m ask ed  the  v is ib le  sym ptom s of su lfu r deficiency^ At the 

sam e tim e , th e re  is  evidence of a co n sid e rab le  in c re a se  in phosphorus 

which in c re a se d  fro m  0. 15 p e r  cent in tre a tm e n t 10 to 0 53 p e r  cent in 

tre a tm e n t 8 . As the  ch lo rid e  content was in c re a se d  in solutions not 

con ta in ing  su lfa te s , the  abso rp tion  of o th er n u trien ts  a lso  varied .

In g en era l, the  abso rp tion  of v ario u s  anions, m easu red  

a s  lea f and fib ro u s roo t com position, was p roportional to the supply.

C e rta in  in te ra c tiv e  effec ts  w ere  detected . The ch lo rine  and su lfur con ­

ten t of le av es  and ro o ts  w as reduced  when the supply of n itrogen  and 

phosphorus w as in c reased . T he supply of sulfate, however, did not 

have any influence upon the absorp tion  of ch lo rine . Sulfate absorp tion  

w as not a ffec ted  by th e  p re se n c e  of ch loride . The p re se n c e  of high con­

c e n tra tio n s  of SO4 ” and C l” ap p eared  to in c re a se  the absorp tion  of n itro g en fro m  

so lu tions con tain ing  la rg e  am ounts of n itrogen. However, n itrogen ab ­

so rp tio n  w as favored  by the p re se n c e  of la rg e  quantities of ch lo ride  and 

phosphorus in com bination. T he p re se n c e  of la rg e  quantities of ch loride 

and n itrogen  in com bination ap p eared  to in c re a se  phosphorus absorption .
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High phosphorus app lica tions in tre a tm e n ts  11, and 12 

cau sed  a sh arp  in c re a se  in lea f n itrogen  and phosphorus, and a d ec rease  

in ca lc iu m . T he sam e phenom enon is  exhibited  by the roo t ana lysis ; 

the  n itro g en  v a lu es a re  high, although not ex trem ely  high if  com pared  

w ith  o th e r  tre a tm e n ts ;  phosphorus values a re  ex trem ely  high; calcium  

is  am ong th e  low est of a ll tre a tm e n ts . The t r e e s  of th ese  tre a tm e n ts  

show ed the  sym ptom s of n itro g en  d e fic ien cy --lea f co lo r w as yellow ish 

and shoots w ere  spindly. T he high values of n itrogen  and phosphorus 

fro m  both le a f  and roo t an a ly s is  ind icated  that the growth phenom ena 

exh ib ited  m ay have been  caused  by phosphorus toxicity . The high n i tro ­

gen content did not overcom e the toxic effect of phosphorus, although the 

sym ptom s re se m b le d  n itrogen  shortage. T h ese  indications, reg ard in g  

phosphorus and n itrogen , a r e  v e ry  well in line with those  of H am ner 

(25) and M ullison  (40).

Top (weight of leav es  and shoots) and fib rous root ra tio s  

showed that e ith e r  roo t grow th w as prom oted, o r shoot growth was r e ­

ta rd e d  by high su lfa te , high ch lo ride , high phosphorus, o r in the t r e a t ­

m en ts  w here  su lfa te  and ch lo rid e  w ere  of the sam e concentration . The 

to p -ro o t ra tio  of th e se  tre a tm e n ts  v a rie d  from  1. 44 to 1. 75. Top growth 

w as g re a te r  than  root grow th in tre a tm e n ts  that showed the best growth.



T h e  ra tio  fo r th e se  tre a tm e n ts  w as from  3. 80 to 3. 1 1 . High nitrogen, 

to g e th e r  w ith e ith e r  high ch lo rid e  o r high sulfate, p rom oted  top growth 

and re su lte d  in to p -ro o t r a t io s  of 2 . 42 and 2 . 9 9 , as  com pared  to 1 . 62 

fo r high ch lo rid e  and 1 , 53 for high su lfate . Low su lfate  (trea tm en t 1) 

o r  low ch lo rid e  ( trea tm en t 3) had to p -ro o t ra tio s  of 3. 43 and 2 73

Although th e  cation  content of the solutions was not v aried , 

c e r ta in  sign ifican t effec ts  upon cation  absorp tion  w ere  found to be a s s o ­

c ia te d  w ith an in c re a se d  supply of the v arious anions. P o tassium  lev e ls  

in  leav es  and ro o ts  w ere  g en era lly  h igher w here su lfate w as p re se n t 

than  w here  ch lo rid e  was p re se n t. While in c re a se d  supply of su lfate 

did not have a sign ifican t effect upon p o tassiu m  absorption , the p re sen ce  

of la rg e  quan tities  of ch lo rid e  sign ifican tly  reduced  po tassium  absorption . 

P o tass iu m  abso rp tion , a lso , w as favored  by the p re se n c e  of carbonates, 

w hile the  p re se n c e  of ex cess  n itrogen  d ep re ssed  po tassium  absorption.

C alcium  ab so rp tio n  was not influenced significantly  by the 

p re se n c e  of in c re a s in g  am ounts of ch loride , but was d ep re sse d  s ig n ifi­

can tly  with la rg e  quan tities  of sulfate. In c reas in g  the supply of n itrogen 

and phosphorus in the p re se n c e  of high lev e ls  of ch lo ride  appeared  to 

d e p re ss  ca lc ium  absorp tion , but the in c rea se d  supply of n itrogen  and 

phosphorus ap p eared  to red u ce  the d ep ress in g  effects of su lfate upon
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ca lc iu m  abso rp tion . T he p re se n c e  of carbonate  in the solution also  

im p ro v ed  th e  ab so rp tio n  of ca lc ium .

T he ab so rp tio n  of m agnesium  was d ep ressed  with in c re a se d  

am ounts of su lfate, but h igher concen tra tions of ch lo ride  did not appear 

to have any sign ifican t effect. T he supply of the  anion a lso  appeared  to 

red u ce  the influence of g re a te r  abso rp tion  of p o tassium  and calcium  

upon the ab so rp tio n  of m agnesium .

Iro n  content of the  leav es  was d ep ressed  with an in c re a se d  

supply  of phosphorus, w hile so lu tions contain ing carb o n ates  and su lfa tes 

in la rg e  quan tities  in c re a se d  the iro n  content of the  ro o ts  L a rg e r  supply 

of su lfa te , ch lo ride  and n itrogen  ap p eared  to in c re a se  the copper content 

of the ro o ts . Z inc absorp tion , how ever, w as d ec rease d  with la rg e r  

supp lies  of su lfate . A la rg e r  supply of ch lo rid es  d ep ressed  the zinc 

content of th e  ro o ts .

M anganese abso rp tion  was in c re a se d  with high lev e ls  of 

ch lo rid e  T he addition of la rg e r  am ounts of n itrogen  in the p re se n c e  of 

high lev e ls  of ch lo rid e  re su lte d  in a fu rth e r in c re a se  in m anganese a b so rp ­

tion. H igher lev e ls  of phosphorus appeared  to d ep ress  the m anganese 

content of the  ro o ts , but in c re a se d  the m anganese content of the leaves. 

S im ila r  e ffec ts  upon m anganese absorp tion  w ere  found as  sulfate and 

carb o n a te  rep lac e d  ch lo rid e  in the  solution.
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In th is  experim en t w ith c h e r r ie s , the  accum ulation of 

heavy m e ta ls  in th e  ro o ts  w as evident, which was in acco rd  with the 

findings of R eu th er and Sm ith (46) Iro n , m anganese and copper a c ­

cu m u la ted  in ro o ts  to  a g re a te r  extent than in leaves. T h is effect was 

m o re  p ronounced  w ith iro n  and copper than with m anganese. Z inc a c ­

cum ulation  in ro o ts  w as not alw ays g re a te r  than in the  leaves. High 

su lfa te , high su lfa te  and high nitrogen , o r high phosphorus, tended to  

in c re a s e  z inc ab so rp tio n  by leaves.

A co m p ariso n  of root an a ly sis  with le a f  an a ly sis  showed 

that phosphorus content w as h igher in ro o ts  than in leaves,. N itrogen 

ra tio s  app roached  unity, Po tassium , calcium , and m agnesium  was 

ab so rb e d  m o re  by leav es  than  by the ro o ts . C hlorine was absorbed  

m o re  by leav es  than ro o ts  w henever th e re  was ch lorine supplied in 

th e  n u trien t so lu tions. When ch lo ride  w as not applied, the t ra c e s  of 

th is  elem ent w ere  re ta in ed  by the roo ts. Calcium  and m agnesium  a b ­

sorp tion , which was h igher in leav es  than in roo ts, was favored  by high 

ch lo rid e  with o r  without high nitrogen, and high ch lo ride  with a m o d e r­

a te  am ount of su lfa te  ( tre a tm e n ts  7, 8 , and 16). M edium high sulfate 

level in nu trien t so lu tions favored  the uptake of calcium  and m agnesium  

by ro o ts . In g en era l, the  chem ical com position of ro o ts  was not as 

v a r ia b le  a s  the com position  of leaves.
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G oodall and G reg o ry  (22) re p o rte d  from  2. 06 to 2 13 p e r  

cent of p o ta ss iu m , 0. 0104 p e r  cent of boron, and 0. 0053 to 0. 0071 p e r  

cent of m anganese  in  c h e r ry  leav es , Kenw orthy (28) found under fie ld  

conditions, the follow ing av erag e  am ounts of e lem ents in c h e rry  leaves: 

n itro g en , 2. 83; phosphorus, 0. 267; po tassium , 1, 54; calcium , 1. 91; 

m agnesium , 0 .740; m anganese, 0.0114; iron , 0 0280; copper, 0.0055; 

and boron, 0. 0067 p e r  cent dry  weight. T h ese  values com pare  ra th e r  

fav o rab ly  w ith le a f  an a ly s is  va lues of th is  experim ent if  trea tm en t 1 

m ay be tak en  a s  a check. Phosphorus, m agnesium , iron, m anganese 

and  copper w ere  below, w hile p o tass iu m  and n itrogen  w ere above the 

va lues re p o rte d  by Kenw orthy (28).

It m ay not be a ssu m ed  that a ll th ese  re la tio n sh ip s  m en ­

tio n ed  e a r l ie r  w ill be in fa llib le  under all conditions.

S ince the effects  of ch lo rid es  and su lfa tes  upon the a b so rp ­

tio n  of p o tass iu m , ca lc ium  and m agnesium  w ere  m o re  pronounced at 

high co n cen tra tio n s, th e ir  influence m ay have escaped  field  observations 

b ecau se  above n o rm al app lica tions of fe r t i l iz e r  would be requ ired . To 

obtain th e  lev e l of ch lo rid e  o r su lfa tes  that re su lte d  in a d ep ression  of 

grow th and a lte re d  cation  ab so rp tio n  application  of approxim ately  1 , 0 0 0  

pounds p e r  a c re  of p o tass iu m  ch lo rid e  o r p o tassium  su lfate  would be 

re q u ire d  In addition, the  p re se n c e  of ca rb o n a tes  and the buffering



cap ac ity  of so ils  w ould p rev en t c h lo rid e s  and su lfa tes  from  having as  

m a rk e d  e ffec ts  a s  o b se rv ed  w ith th e  use  of nu trien t solution. Since 

m any o rc h a rd  so ils  in  e a s te rn  U nited S tates a r e  ac id  in  reac tion , the  

u se  of lim e , m ulch, and good co v er cropping  p ra c tic e s  m ay tend  to 

re d u ce  the  to x ic  e ffec ts  of ch lo rid es  o r  su lfa tes  a s  ind icated  by th e  

in fluence of c a rb o n a te s  upon p o tass iu m  absorp tion .

T he re s u l ts  of th is  study suggest tha t app lications of p o ta s ­

sium  c h lo rid e  m ay  accen tua te  p o tass iu m  deficiency under conditions of 

low so il p o tass iu m  coupled with conditions conducive to the  fixation of 

p o ta sh  in  th e  so il. C alcium  and m agnesium  deficiency m ay be induced 

by th e  p re se n c e  o f ex cess  su lfa tes . T hus, a balance of the anions ap p ears  

to  be a s  e s se n tia l a s  a  balance of ca tions. In addition, the supply of anions 

w ould need  to  be stud ied  in  o rd e r  to  be su re  of a  sa tis fa c to ry  approach of 

c o r re c tin g  an unbalanced  condition of cations.
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SUMMARY

T he influence of anion supply upon grow th and the ch em i­

ca l com position  of leav es  and fib rous ro o ts  of M ontm orency c h e rry  

t r e e s  w as s tud ied  by m eans of n u trien t cu ltu re  m ethods The am ounts 

of ca tio n s  (po tassium , calcium , and m agnesium ) and m inor e lem ents 

w e re  kept constan t. Anions (su lfate, ch loride , phosphorus, nitrogen, 

and carb o n ate) w ere  v a r ie d  without a lte r in g  the cation content by using 

d iffe ren t am ounts of v a rio u s  ch em ica ls  containing the anions involved. 

E igh teen  d iffe ren t so lu tions w ere  obtained. Seventy-tw o o n e -y ea r-o ld  

M ontm orency  c h e r ry  t r e e s  w ere  se lec ted , p runed  uniform ly, weighed, 

and p lan ted  in c lay  po ts in the  g reenhouse. C o arse  sand was used as 

grow ing m edia. T re e s  w ere  a rra n g e d  in four re p lic a te s  and random ized.

At the  beginning  of the experim en t, the nu trien t solutions w ere applied 

ev e ry  second  day. D uring  the la t te r  p a r t  of the te s t, the solutions w ere 

ap p lied  daily. T re e s  w ere  h a rv e s te d  and the  lin ea r grow th w as m easu red  

and d ry  weight of leav es , shoots, roo ts, and tru n k  was obtained. L eaves 

and fib ro u s  ro o ts  w ere  analyzed  for tw elve e lem en ts--n itro g en , phosphorus, 

ch lo rine , su lfu r, p o tass iu m , calcium , m agnesium , iron, m anganese, 

copper, boron  and zinc
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In c re a s in g  the  supply of anions had a significant effect 

upon grow th a s  m e a su re d  by in c re a se  in dry  weight of the  tre e , length 

of te rm in a l growth, and weight of leaves, shoots, and fib rous roo ts .

When th e  supply of th e se  anions w as in c re a se d  to a high level apparent 

to x ic ity  ap p e a red  as  ind icated  by reduction  of grow th and the a p p e a r­

ance of ch lo rid e  to x ic ity  sym ptom s. O m ission  of su lfate  under c e r ta in  

conditions re su lte d  in  v is ib le  su lfur deficiency sym ptom s,

In genera l, the abso rp tion  of v arious anions w as p ro p o rtio n a l 

to  th e ir  supply; how ever, som e in te ra c tio n s  w ere  p resen t. Chlorine con­

tent w as red u ced  by n itrogen  and phosphorus Sulfur and ch lo rine  did 

not affect th e  ab so rp tio n  of each o th e r The p re sen ce  of high concentrations 

of S0^~ and Cl~ ap p eared  to in c re a se  the absorp tion  of n itrogen from  

so lu tions con tain ing  la rg e  am ounts of nitrogen. N itrogen absorp tion  was 

fav o red  by the  p re se n c e  of la rg e  quan tities of ch lo ride  and phosphorus in 

com bination. T he p re se n c e  of la rg e  quantities of ch loride and nitrogen in 

com bination  ap p eared  to in c re a se  phosphorus absorption.

P o tassium  lev e ls  in leav es  and ro o ts  w ere  generally  higher 

when su lfa te  w as p re se n t than when ch lo ride  was p resen t L arge quanti­

tie s  of ch lo rid e  red u ced  p o tass iu m  absorption . Potassium  absorption  

w as favo red  by carbonate , but was d e p re sse d  by high nitrogen. Calcium  

and m agnesium  ab so rp tio n  w as d e p re sse d  by sulfate. In creasin g
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supp lies  of n itro g en  and phosphorus red u ced  the su lfate  effect upon 

ca lc iu m  ab so rp tio n . High n itrogen  in p re se n c e  of ch lo ride  d ep ressed  

ca lc iu m  uptake. T he supply of anion ap p eared  to reduce the influence 

of p o ta ss iu m  and ca lc ium  upon the  abso rp tion  of m agnesium . Iron  con­

ten t in  le a v e s  w as d e p re sse d  by phosphorus. C arbonate and su lfate in 

la rg e  q u an tities  in c re a se d  iro n  in  roo ts .

L a rg e r  supp lies of sulfate, chloride, and n itrogen  appeared  

to  in c re a se  the  copper content of the  ro o ts . Z inc absorp tion  by leaves 

w as d e c re a se d  by la rg e r  supplies of sulfate, while ch lo ride  d ep ressed  

z inc  content in the ro o ts . M anganese absorp tion  was in c re a se d  with 

high lev e ls  of ch lo ride , and was fu rth e r  aided  by n itrogen  additions.

H igher lev e ls  of phosphorus d ep ressed  m anganese content of the roo ts, 

but in c re a s e d  it in  th e  leav es .

T he ra tio s  of top (weight of leav es  and shoots) to fibrous 

roo t w ere  a ffec ted  by the anion supply. Root growth was re la tiv e ly  p ro ­

m oted, o r  shoot grow th re ta rd ed , by high su lfate  o r ch loride , high p h o s­

ph o ru s, o r  by com binations of su lfate  and ch loride in approxim ately  

equal co n cen tra tio n s.

T he v is ib le  sym ptom s of ch lo ride  tox icity  and su lfur deficiency 

w ere  described . Some suggestions w ere  advanced in re g a rd  to the p reven tion  

of ch lo rid e  to x ic ity  of p lan ts . The balance and supply of anions and th e ir  

im p o rtan ce  in plant n u tritio n  w ere  em phasized
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