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EFFECT OF BORON ON THE GROWTH OF CERTAIN 
GREEN PLANTS ~, 

By ANTONIO RODIUGUEZ GEIGEL,** 

INTRODUCTION 

In recent years consider able attention has been given to the ele­
ments manganese, copper zinc and boron in relation to plant nutri­
tion . Mangane se has been definitely establis hed as an essential ele­
ment. Th e eviden ce for boron as an essential element is not as 
definit e as the evidence for mangan ese but still it is fairly convincing. 
Lik e other elements boron a.t low concentration may increase plant 
growth while at high er concentrations boron is toxic. In general 
boron at concentrat ions in excess of one part per million has been 
found to be injuriou s to plants . This tox icity of boron is manifested 
by a distinct chlorosis of the leaves, defoliation and abscission of 
young fruits. . Death may ultimately result from excess of boron. 

Boron deficiency is of little practical importance in crop produc­
tion, since there appears to be in most soils an adequate supply of 
available boron. Boron toxicity has been reported under certain 
condition s and is a problem of pract ical importance and may be a 
probl em of greater importance than is generally recognized. Thus 
in s~uthern California and in the valley of the Rio Grande in Texas, 
fruit trees have been reported as injured by boron. These conclu­
sions are based on the character of the injury, i.e. chlorosis, defolia­
tion and abscission of fruit and evidence on the presence in the plant 
and irrigation water of unusual amounts of boron. The fact that 
cholorosis is associated with boron injury suggests that boron in­
terfere s in some manner with the n~; .mal iron or manganese relation­
ships. It further suggests that bol~-a may owe its favorab le effects 
on plants by counteract ing or antidoting the toxicity of iron or 
mangane se particu larly the former sin ce in general less att ent ion has 
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been given to the quantity of iron added to the culture medium than 
that of manganese. 

This investigation is concerned with the toxicity of boron and 
more specifically " ·ith a possible relation of iron to boron. Three 
hypotheses have been advanced to account for boron toxicity. (1) 
Boron may have a dir ect influence on chlorophyll resulting in its 
destru ction. (2) Boron may have an e:ffect on iron which is essential 
for cholorophyll formation. The solubilit y of iron may possibly be 
decreased either in the culture medium in the soil, or in the plant. 
(3) There is the possibility also that in t he presence of boron there 
is a decrea sed permeability of the cell to iron or a lesser accumula­
tion of iron . Similar rela tions might hold with r espect to manganese. 

'I'he problem of boron toxicity is one of theoretica l as well as 
practical impor tance. Basic studies are essential for the develop­
ment of pra ctical method of control. 

REVIEW OF THE LITERATURE 

Boron seems to be widely distributed and probably occurs in all 
gree n plants. Wittstein and Apogier (35) in 1857 were the first to 
claim the pre sence of boron in plants. Baumert (2) 1888 detected 
boron in wines . E. 0. Von Lippman (20) 1888 demonstrated its 
pr esence in the leaves and roots of sugar beets. Hotter (14) 1890 
analyzed various fruit s, leaves and twigs of certa in plants finding 
boron present in apple, pear, cherry and others. H . Jay (15) 1895 
ana lyzed various plants and concluded that boron is of universal 
occurrence in the plant worl d. He also state d that plant s var ied in 
their capacity for absorbing boron. 

In r ecent years the problem of the stimulative action and the 
essentia l nature of boron has attracted the attent ion of various in­
vestigators . Nakam ura (25) 1903 using peas and spinach in pots 
with soil found that the addition of one milligram of borax per kil­
logram of soil exerte d a stimulant action while 5 milli grams had a 
slight depress ing action. Agulhon (1) 1910 in his exhaust ive studies 
using sand, water and soil cultur es found that boron was beneficial 
for plant growth. Brenchley 13 ) 1914 using barl ey and peas in 
water cultu r es gave evidence of ~-~~ ulation with the lower concentr a­
tions . With barl ey stimulat ion was not ver y evident. K. War rin g­
ton (33) 1923 in her extensive work on the effect of boron compounds 
on the broad beans and other plants, using water cultur es, soil cult­
ures, and field experi ment s, conclud ed t hat boron is an essential 
element. w arrin gton held the view that boron fu nctioned catalyt-



EFFECT OF BORON ON THE GROWTH OR CERTAIN GREEN PLANTS 7 

ically in the plan t. Plants showed variations as to the need for 
boron. Seasoned variation was impor tant. Lack of boron affects 
meristematic tissues. Brenchley and Thornton ( 4) 1925 presented 
evidence to show that the absence of boron from the culture medium 
does not affect the entrance of the legume organism into the plant 
roots, bu t rather that gorwth of the plant without bor on ha s affected 
the developm ent of the nodules. The vascular supp ly of the nodules, 
was defective. Su ch nodules having no vascular strands remained 
small and buri ed in the cortical tissues . In nodules without vascu lar 
strands th e bacteria do not give rise to bacteroid forms . 'Ihere 
was a reduction in nitrogen fixation. Warrington (34) 1926 in her 
studies on the changes induced in the structure of Vicia Faba., by the 
absence of boron from the nutrient solut ion, found hypertrophy of 
th e cambium, frequ ent disintegrat ion of the phloem and ground pa­
renchyma , and poor development of xylem with ultimate break ing 
of th is tissue. 

Sommer and Lipman (31) in 1926, using conductivit y water and 
highly purified chemicals, presented photographic eviden ce showing 
that bor on is essent ial for the growth of green plants. Brench ley 
and Warrington (5) in their study on the role of bor on in th e growth 
of plants reported complete fai lure of growth in the absence of 
boron. In the absence of boron , irre sp ective of the pH of the nutrient 
medium death ultimately occurred. They obtained better growth 
with a solution having a pH of 6.2. In their study on the influence 
of the concentration of boron on growth, they claim that the critical 
factor is the absolute amount of boron avai lable in any one period 
and that concentration is not important so long as the rate of replace­
ment is rapid enough to supply the r equired amount. A lower con­
centrat ion of boron will suffice if the nutrient solution is frequent ly 
renewed. They stated that the form in which boron is present is 
of no importance and that sufficient amounts can be obtained from 
the insolubl e borates. Boron could not be replaced by any other ele­
ment and could not replace any of the essentia l elements. The au­
thors claim that without boron, calcium is not fully utilized and 
that boron enables the plant to actua lly obtain more calcium or utilize 
it more efficiently in metabilism. 1~ ~,anback (32) 1927 presented evi­
dence indicating that boron is essential for the growt h of tobacco. 
Collin s (6) 1927 using sand, soil and water cult ur es claimed that 
boron is not necessary during the seedling stage . He obtained no 
stimu lation by boron and conclud ed that boron is not necessary for 
th e production of a mature soy bean plant. Johnston and Dore (17) 
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1928 from their study on the influ ence of boron on the chemical com­
position and growth of the tomato plant concluded that boron in 
concentra t ion of 0.5 parts per million is necessary for the normal 
grow th and development of the tomato plant. With a deficiency in 
boron they noted death of the terminal meristem and br eaking down 
of conducting tissues in the stem. They found more total sugar and 
starch in the leaves and stems of boron-deficient plants and relate 
this to deficient conducting t issue. l\foMurtry (23) in 1929 cor­
roborated the results obtained by Swanback. McHargue (21 ) 1930 
also found a marked stimulation of growth with the use of boron . 
In a late r paper (22) 1932 he describes specia l symptoms obtained 
with lettuce when boron was deficient. ·A. R. C. H aas (8) (9) (10) 
working with citrus trees has reported the necessity of small amounts 
of boron for their growth . 

The vario us investigators who have dealt with the essential nature 
of boron have also studied the r ange in which boron is toxic. In 
general they have found that boron in concentrations above one part 
per million is tox ic to plants. Such toxicity is marked by a chlorosis, 
defoliation and shedding of young fru its. 

The problem of bor on toxicity ha s become important in the dry 
regi ons of California and Southern Texas. Fruit trees of these 
region s have been aJffected with a chlorosis and final sheddi ng of 
leaves and young fru its , thus causing damage of economic importance . 
The cause of this injur y has been studied by various inv estigato rs. 
Kelley and Brown (19) found th at boron is a natural constituent 
of the irrigation waters of Southern California. Subsequent in­
vestigations by Scofield and Wilcox (26) have confirmed these earlier 
report s an d on th e basis of their findings they concluded that boron 
is the cause of th e injury to th e crops of th ese regions . They stress 
the fact tha t the severity of crop injury resulting from boron may 
be influ enced by local soil condition s, by climatic conditions, by 
method or quantity of irrigation and by the program of ferti lization. 

Skinner, Brown and Reid (28) in studying the ~ect of borax 
on plants mad e field experim ent s with various crops. They found 
bora x when app lied under field conditions to retard growth and 
crop yield . They refer r epeate<}JJ to a "bl eaching " of the leaves 
thou gh redu ced yield was noted withou t chlorosis. With corn they 
state that bad ly bleached plants were obtained when borax was used 
in amounts greater than 5 pounds p er acre. They suggest '' this 
prevention of chlorophy ll formation m_a.y be due to an interference 
with t he assimilation of iron , similar to the action of calcium or as 
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observed with an excess of manganese compounds." Tip burn has 
also been noted by these invest igato rs as well as by others. 

Summarizing the results of these various investigations, the con­
clusions are that boron at concentrations in excess of one part per 
million is toxic and that boron is essential £or the growth of green 
plants. No evidence is available concerning the role played by boron. 
Views concerning the role of boron in relation to iron and toxicity 
have been stated previously. 

EXPERIMENTAL METHODS 

In all of the previous work on boron, higher plants have been 
used which normally grow on soils. In my own experiments I 
selected two water plants, one of the duckweeds, Spirodel(J} polyrhyza ., 
a higher plant, and the other a species of Chlorella, a unicellular alga. 
The former was obtained from Dr. Albert Saeger, who maintained it 
under pure culture condition. The alga was originally obtained 
from the ·soil by Wann and Hopkins (11) and has been maintained 
under pure culture conditions. 

These plants were selected because the ir relation to iron and man­
ganese has been well establish ed, and it is possible to grow these 
in large numbers under uniform conditions. 'rhus, statistically such 
results as might be obtained should be significant. 

In the experiments with Spirodela, the plants were grown both 
under pure culture condit ions and under ordinary water culture 
methods. With Chlorella, however , all the experiments were made 
under pure culture condition. ·with the Spirodela, experiments, 
under ordinary culture conditions, ten plants were removed from 
the stock culture and transferred to the beakers containing the solu­
tions under considerat ion . In the pure cultures only one plant was 
transferred to each culture at the outset of the experiment. Atten­
tion was given to the selection of un iform plants . 

The stock cultures of Chlorella, are maintained on potato-dextrose 
agar, a medium excellent for the growth of the alga. In starting 
cultures for the experimental work the following procedure was 
adopted. A small mass of cells was removed from the agar slope 
by means of the platinum needl f', and added to 10 cc. of sterile 
distilled wate r. Thi s was agitated well until thorough suspension 
of cells was obtained. To the culture medium was then added one 
cubic centimeter of the suspension by means of a steri le pipette .. 
Th e suspension used in the v .. rious experiments was made to contain 
approximately the , amP number of cells. 
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'l'he cultures afte r inoculation were placed on a table in the 
laboratory in front of a window where sufficient light was available 
for good development. The arrangement of the cultures was changed 
daily in order to eliminate differences in illumination. 

Counts of the number of plants formed in the cultures of Spiro ­
dela were made from time to time during the course of the experi­
ments. The number of leaves was also used as an index of growth. 
The dry weight of Spirodela was determined by drying the plants 
in vacuum oven at 50 degrees centi grade . In the experiments under 
ordinary cultural conditions, half of the plants were used to deter ­
mine the dry weight, while those under pure cultUTe conditions, the 
total number of plan ts was used. 

The dry weight of the alga was obtained by filtering the culture 
through weighed gooch crucibles and then washing the cells in dis­
tilled water. The crucibles were then dried iu a vacuum oven at 50 
degrees centigrade and the fi11al weight l,)btained. 

The water used in the preparation of the cultur es was obtaine d 
from an electric still. 'rb e chemicals used were Kalbaums and these 
were recrystallized three times. A nearly saturated solution of the 
salt in hot conduct ivity water was made. This was tiltered while 
hot to remove detritus. The soluti on was tllen chilled in a cold 
alcohol bath and the resulting crysta ls were collected on a buchner 
funnel. This process was thereafte r rep eated twice. The sugars 
used were Mercks sucrose U.S.P .X. and dextrose , Bakers's Bh~e 
Lab el. 'l'hese were not recrystallized · since they gave no test £or 
ir on. 

Iron determination. 'fen cubic centim eters of the solution are 
placed in a 50 cc. Nessler tube. To thi s is added l cc. of concen­
trated HCl, l cc. of a solut ion of KS0 4 (potassium persulphate ) 
containing 5 milligra ms of KS0 4 per cc., and 10 cc. of a 10-per-cent 
solution of KSCN (pot assium sulfocynate .) Fifteen cc. of an amylic 
mixtur e containing 5 part s of amyl a.lcohol and 2 parts of ether is 
then added. '£his is then mixed thoroughly with a vert ical motion 
using a glass rod with a flat end in order to allow the amylic mixture 
to take up all the Fe (SCN)a. The mixing should not be violent, 
otherwi se an emulsion may be formed, giving the upper layer a turbid 
appearance. When the two layers have separat ed, 5 cc. of the uppe r 
layer is removed by a pipette and placed in a colorim eter tube. 
Compari son with a standard is then made. The stand ard is prepare d 
in exactly the same way having a known amount of iron present. 

Boron analy sis. 'fhe precipitation was obtained from the cultur e 
medium by centrifu ging. It was washed with dist illed water several 
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times and then dissolved with concentr at ed HCl. The solution was 
made up to 50 cc. and an aliquot part taken to be tested with Tumeric 
pap er . The Tu meric paper was allowed to stay in the solution from 
24 hours to 48 hours. 

EXPERIMENTS WITH Spirodela P olyrhy za 

The culture solution used for Spi rodela was Knop 's solution 
modified to th e extent of obaining a balance medium which would 
give maximum growth without forming a precipitate. Thi s solution 
will be designated as K-I. 

B:NO, - --- ---------- -------------- -- ---------- ---- 1.67 g. 
KH2PO . --- --------- - --- - ------- - - ----------- - -- - - 1. 67 g. 
MgSO, ---- -- - --- - ------ ---- ------- ------- - ----- ·-- 0. 81 g . 
Ca(N 0,) 24U.O - - --- - ----- --- ------- - - ----------- - - 5. 00 g. 
"W'ater---------- --- -------- --- --- --- -- ---- ----- --- 1000 cc. 

The cultur e medium used was made up by tak ing 10 cc. of the 
above stock solut ion and diluting it with the addition of 990 cc. of 
distilled water. '.MnS04 4H 2 0 was added so that th e concentrat ion 
of mangan ese would be 0.1 p.p.m. Iron was added in 0.5 p.p.m. as 
F eC13 unles s otherwise specified. 

E xpe1·iment 1. 
In thi s experiment the plan ts were grown under ordinary water 

culture methods. Beakers of 400 cc. capacity, of pyre x p:la--;s, were 
used. Th ese were cover ed with P etri dish es to prevent the ent rance 
of dust. I n each beaker was placed 250 cc. of the cultur e solution . 
At the outset of the experiment 10 plants were t ransferr ed from the 
stock cultu re to each cultur e vessel. At the beginning all cultur es 
were in dup licate but late r in th e exp eriment the individ ua l treat­
ment s were replicated four times. The cultur e solu tions were chan ged 
every th re e or four days and observatio ns wer e made at the se t imes 
on the color of the plan ts and root condition s. Counts wer e made 
also of th e number of plants per culture. The r esults of this experi­
ment are summarized in Tabl e 1 and pre sented graphically in 
Figure l. 

Wh en the data und er date of April 11 are not ed it will be pb-. 
served that there app ears to be a marked stimulation of growth by 
concentration s in excess of 30 p.p .m. The large number of plants is 
due not to in creased growth but to a breaking up of the original 
plan t into many smaller individuals consisting usually of single . 
leaves. Thi s is characteristic of the duckweeds when an unfavorable 
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condition is present and is to be taken as evidence of toxicity. These 
individuals soon die so that in the figure s given unde r April 21 no 
data ar e recorded £or these cultures with the highest concentrat ions. 
Furthermor e, the final :figures on the number of plants do not reflect 
fully the differences in growth between the boron-tr eated plants and 
the controls, since th e plants with boron were genera lly smaller. 
This will be referred to again subsequently. 

The controls were not of a deep green color in dicat ing tha t iron 
was in part deficient, but those plants wit h boron were more deficient 
in chlorophy ll. 

TAllLE 1-INFLUENCE OF BORON ON OROW'rH OF SPIRODELA . BO R ON ADDED AS 
BO RIC ACID. EXPER I MENT BEGUN APRIL 7 WI1'H 10 PLANTS IN EACH 

CULTURE. 

Number of Pl ants per Cult ure 

Treatment 
1-----------1 Ave. No. 

P lants Condition 
April 11 April 16 April 21 April 21 

Cont rol... ............. ......... 17 51 
Control... ... . ... .. .. . ... . . . . . . . 16 46 
Control. ................................... .. .. .. ...... . 
Contr ol. ............................................. .. 

Boron 1 p. p. m . . . . . . . .. . . . . . . . 12. 38 
28 

50 . ...... ..... .. . 
Boron 1 p . p . m ..... .. . ........ 12 
Boron l p. p. m .......... .. ........ . 
Boron l p. p. m ......... . . ... .. . . 

Boron 5 p. p. m.. ...... . ....... 10 31 
Boron 5 p. p. m...... .. .... .. .. 15 36 
Boron 5 p. p. m .... ..... ....... . .......... . .. .. . . ..... . 
Boron 5 p. p. m .......... ...... .. .... .. .............. .. 

Boron 10 p . p. m ....... .. ..... . 
Boron 10 p. p. m . . ....... . 

Boron 20 p. p. m ........ . ..... . 

12 
10 

10 

30 
32 

: ...... ·: · 55 · Chlorotic 
60 ........................ .. 

24 .......... .. 
24 
24 
24 

24 
Cblo rotic and 

plants smaller 

22 22 Cblorotic and 
22 . . . . . . . .. . . . plan ts smaller 

Boron 20 p . p . m . . ... ..... .. .. . 11 ......... .. ....................... .. 

Boron 30 p . p. m .. . ........... . 
Boron 30 p. p. m ......... . .... . 

Boron 40 p. p. m .............. . 
Boron 40 p. p. m ...... . ... . ... . 

Boron 50 p. p. m .......... . .. .. 
Boron 50 p. p. m .. .. . . ... .. . .. . 

13 ........ . ... .. ................ . ... .. 
16 .. . . .. • . . . . . . • . . . . . . . . . . . . . . . . . . . . . Pl an ts very small 

22 ............ . . .. .. ................ .. 
30 

33 ...... . ...... . .. .. ................ .. 
34 

and very 
chlorotic 

The chlorosis noted in the plants grown with boron began with a 
discoloration at the tip of th e lobes spr eading down to the base of 
the lobes. The possibility of iron being deficient in the soluti on and 
causing the chlorotic appearanc e was considered . Iron was added 
0.125 parts p er million to one culture in each serie s. The addition 
of this extra ir on as FeCI 3 did not correct the chlorosis. The reason 
£or this lack of r esponse to ext ra iron will be presented and discussed 
subsequently. It was still assumed that iron was unavailable. With 
this point in mind 20 parts per million of potassium tartrate was 
added to each of the cultur es in which the amount of iron had been 
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incr eased. The results of the addition of pota ssium tartrate were 
observed four days later. All the cultur es to which it had been 
added became gr een and normal in color. Algal growth in the solu­
tion containing the tartrat e also showed the beneficial effect of the 
tr eatment. 

Tn summarizin g these r esults boron was found to be detrimental 
to growth. Signs of its tox ic action were shown by the chlorosis 
of the leaves, loss of r oots and general decrea se in size and growth. 
The addition of pota ssium tartrate induc ed chlorophy ll formation. 
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Figure 1.-Inft uence of boron on growt h of Spirodela 

polyrhy za ba sed on ave r age number of 
pl ant s in cultur es on April 21. 

Exp eriment 2. 
In th is experiment the culture conditions were essent ially like 

those of the preceding experiment except that pota ssium tart r ate 
was used in half of the cultures. 'rhe tartrate was added as a means 
of maintaining the ava ilabi lity of iron . This has been used re­
peatly for th is purpose and in Experiment 1 pr oved effective in in­
ducing chlorophyll formation. As in the previous experiment ir on 
was added at the rate of 0.5 p. p. m. To redu ce algae cont amina­
tion the solutio ns were renewed at interva ls of fou r to six days . 
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TABLE 2-EF F ECT OF BORON ON SPIRODEL A POLYRHY ZA. EXPERIMEN 'rS B EGUN 
ON APRrL 26. TEN PLANTS WERE INI TIAL LY PLACED I N EACH CULTURE. 
FIG UR ES REPRE SE NT AVE RAGE OF FO UR CULTURES. 

Treatment 

Control. ........ .... ...... . 

No. or 
Plants• 

May 13th 

Dry Relative 
Wt . Dry Wt. 

22.4 100 
31.6 141 

No. ol 
Plants• 

Jun e 6th 

Dr y 
Wt . 

Relative 
Dry Wt. 

45 32.5 100 
34 33.5 103 Boron 1 p. p . m .... . . .... . 

Boron 2 p. p. m .. .. .. . .. . . 

20 
06 
67 
52 
45 

37.9 168 29 24.9 76.6 
Boron 6 p. p. m ... ........ . 30.8 137 047 25.1 77.0 
Boron 10 p . p. m ..... .. ... . 5.3 23.6 Dead ............................. . 

0 Plants small due to fragmentation. 
• Plants were removed at definite inte rvals Crom each culture, the percentage removed from all 

flasks being the same. 

Afte r May 13th the plants in some of the cultures became too 
num erous and it was necessary to remove half of the plant s from all 
cultures at this time. Those removed were used for dry weight 
determination. Subsequent r emovals of plants were made so that 
the plan ts were halved on JUay 19, 24, and 31. 'l'he plants were 
halv ed therefore four times. No :figures are given to sho,w the total · 
numb er of plants that would haYe been produced if the containers had 
been sufficientl y large with adequate volume of solution , and no 
redu ction in the numb er of plants , as has been done by others. 

TABLE 3-EFFECT OF BORON ON SPIRODELA IN THE PRESENCE OF POTASSCUM 
TARTRATE. EXPERIMENT BEGUN APRIL 26. TEN PLANTS WERE I NITIAL· 
LY PLA CE D I N EACH CU LTURE. FIGURES REPR ESENT AVERAGE OF FOUR 
CULTURES. 

May 13th June 6th 

Treatment No. or Relative No. ol 
Dry Wt ~ I Relative 

Plants• Dry W t. Dry Wt. P lan ts• Dry Wt. 

Control. .. . ............ ... . 37 26.4 100 83 !W 100 
Boron l p. p. m ... . .... . .. 51 37.2 141 52 36.8 57. 
Boron 2 p. p. m ....... . .... 47 39.l 148 42 ....... !~:l.\ ........ ~: Boron 6 p . p. m ....... . . . .. 045 21.5 81.4 0 70 
Boron 10 p. p. m ........... •50 6.8 25. 7 Dead .. ... 

0 Plants small duo to fragmentation. 
• Plants were removed at definite intervals from each culture, the percentage removed from all 

flasks being the same. 

4 
6 
8 

The detailed data ar e given in Tables 2 and 3 relative values are 
combined in Tabl e 4. It should be noted that for the ini tia l period 
of growth boron at concentration of from 1 p.p.m . to 5 p.p .m. actually 
increa sed the number of plants produced and the dry weights. This 
was true when the plants were grown without tartrate and with tar­
trate, though with the latter th ere was no stimulation of growth with 5 
p. p. m. In the later periods of growth there was a marked decrease 
in yield with all concentrations of boron except in the cultures con-
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ta ining 1 p. p. m. of boron without tartrate. 'l'en parts per million 
of boron were mark edly toxic. In the culture without tartrate chlo­
rosis was more pronounced than in the controls at the close of the 
experime nt. 

TA BLE 4- I NFLUE NC E OF BORON ON SPIRODELA WITH AND WITHOUT 'l'AR 'l' RATE 
RE LA 'l'IVE VALUES OF DRY WEIOHTS. 

May 13 Ju ne 6 

'l"reatment + + 
Tartra te Tartrate 'l'rnt rato Tartrate 

100 100 100 100 
141 141 103 57.4 
168 148 76.6 50.6 
137 81.4 77 20.8 
23.0 25.7 Dead ...... Dead 

Control. . . . . . . . .. ... . ................... ..... .. ... . 
Boron 1 p . p. ID .. ... . .. . ....... . ....... .... .... .. .. . 
Boron 2 p. p . m ..... .. . .. ....... . .... ... . ...... . ... . 
Boron 5 p. p. m .... ...... .. .... . . ...... . . .. ....... .. 
Boron 10 p. p . ID ... .... . .. . . ... .. . ... . ... . ...... ... . 

Volume of solnti on-250 cc. 

Exp erime nt 3. 
In order to test the effect of potassium tartrate on boron toxicity 

under controll ed conditions, experiments were started using pure 
cultur e methods. The nutrient culture solution used was the same 
as that of the preceding experiments. The concentration of boron 
rang ed from 0.5 to 5.0 p. p. m. Potassium ta r trate was also added 
to .half of the cultures in concentration of 20 p. p. m. One sterile 
plant of Spi1·odela was transferred to each culture. The cultures 
were kept at room temperature near a window and were allowed to 
grow for five weeks. The results obtained are presented in Table 5. 
They are shown graphically in Figur es 3 and 4. 

TABLE 5-E FF EC T OF BORON ON SPIROD ELA UNDER PURE CU LTORE CO ND ITIO NS 
WITH AND WITHO UT TARTRA'l 'E . ONE PLANT WA S INITIALLY PL ACED IN 
EACH CULTURE. 

Witb Potassium Ta rtrnte 

'l'reatm ent 
Average 
No. of 
Plan ts 

Control. . ..... .. ........... 53 
Boron 0.25 p. p. m ......... 56 
Boron 0.5 p. p. m ........ .. 49 
Boron 1.0 p. p. m . ......... 65 
Boron 2.0 p . p . m . . ....... 55 
Boron 5.0 p. p. m .. ........ 12 

Durati on or oxporiment-5 weeks. 
Figures are averages of 3 cultures. 
Volume of solution- 250 cc. 

Average Relat ive 
Dry Dry 

Weigbt Weigbt 

21. 7 100 
24.5 112 
23.9 110 
20.0 119 
20.4 94 
1.4 6.3 

Without Potassium Tartrate 

Average Average Relative 
No. of Dry Dry 
P lants Weigbt Weigbt 

33 14. 7 100 
34 12.4 84.3 
38 17.2 119 
36 16.1 109 
53 18.7 127 
29 2.7 18.3 

Boron proved to be extr emely toxic at five parts per million both 
with and without tartrate. With two exceptions greater growth was 
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obtained when boron was present at concentrations of 2 p. p. m. or 
less. Potassium tartrate, while it mainta ins iron in solution, has no 
influence on the toxicity of boron . No chlorosis was observed in any 
of these cultures . 

E xper im ent 4. 
Var ious inve stigators (27) (28) have suggested that boron toxicity 

may be related to deficiency of iron, and that chlorosis observed with 
high boron content is the result of an iron deficiency rather than 
to a dir ect act ion of boron. 'fh e results in my own experiments 
suggest a similar relationship though subsequently no chlor osis was 
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Figure 2.-Infl.uence of boron on growth of Spirodela . 

noted. In Exper iment 4 an attempt was made limiting the higher 
concent ra tions of boron. The data are given in Table 6. There are 
some discrepancies in the ana lysis of iron in .the series without tar­
trate and more iron remain s ava ilable with tartrate than without 
tartrate. Nevertheless the toxic influence of boron still prevails at 
concentrations in excess of 2 p. p. m. and even at some of the lower 
concentrations. 

Experiment 5. 
To determin e the relat ion of boron to iron availability with and 

without potassium tartrate in the absenc e of plants the following ex-
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periment was started . The solution used was the same as that of 
preceding experiments. To the individual fl.asks containing 250 cc. 
of the m.ttrient solution boric acid was added to supply boron in the 
concentrations indicated in Table 7. Half of the cultures received 
20 p. p. m. of pota ssium tartrate . The solutions were not sterilized. 
Hydrogen -ion and ir on concentrations were determined daily for a 
period of seven days. The analysis made of these solutions on the 
day in which they were prepared showed no essentia l difference in 
the iron concentrations in the var ious cultures. 

50 
J-

6 40 
w 
3 

30 

>-a:: 
0 20 

0 
- WITH POTASSIUM TARTRATE 
· -- WITHOUT POTASSIUM TARTRATE 

0 02S 0.5 1.0 2 .0 5.0 
BORON CONCENTRATION IN PARTS PER MILLION 

Fi gure 3.-Influen ce of boron on th e dry wei ght of Spi rodela. 

'!'AB LE 6-EFFECT OF BORON ON THE IRON CONCENTRATION . ONE P LANT WAS 
IN ITIALLY PLACE D I N EACH CU LTURE . 

Treatment 

Control. . .. .... . ......................••. . ...... . .... 
Boron 0.25 p . p . m ..... .. .. . . . . .... . .. . .. . . .. . .. . . . . 
Boron 0.5 p. p. m ............... . ..... . . .......... . . . 
Boron 1.0 p. p . m .. ........... . .... . ........ .. ..... . 
Boron 2.0 p. p. m ..... . . ..... .. .. . . . .... . .. .. ...... . 
~oron 5.0 p. p. m .............. . .. ... .. .......... . .. 

-C 

Volume of solut!on-250 cc. 
Du ration of experiment-5 weeks. 
Figures are average or 3 cultu res. 

Wit h 
Pota ssium Tnr trate 

Average 
No. of 

Average 
Iron 

Plants Cone. 

92 0.1080 mgs. 
102 0 .0860 mgs. 
108 ·o.'ioro iiii:s·. 86 
58 0.1180 mgs. 
22 . . . . . . . . . . . . 

Withon t 
Potassium Ta rtrate 

1.-.;,.:}7: 

Average Average 
No. or Iron 
Plants Cone. 

44 0.05 mgs. 
47 0.022 m~s. 
65 0.044 mgs. 
55 0.050 mgs. 
52 0.025 mgs. 
30 ............ . 
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All contained approxima t ely about 0.125 mgs. of iron per flask. 
By the fourth day the available iron content of the tartrate series, 
which is shown in Table 7, was in excess of those without tartrate. 
Boron had no effect on the solubi lity of iron und er these conditions . 
A :flocculent and amorphous precip it ate was present in the cultures 
the third day after they were prepared . This was evidently the 
reason for a decrease in the ir on content . 

'TABLE 7-EFFEC'.r OF BORON ON THE S0LUBILI'£Y OF IRON ANALYSIS MADE 4 DAYS 
AFTER PREPARATION OF THE SOLUTION. AMOUNTS GIVEN ARE FOR 250cc. 
OF THE CULTU R E SOLUTION. 

Wit h out With 
P otassium Ta rtrate Pot assium Tartrate 

Treatment 
pH Iron Cone. pH Iron Cone. 

Mgs. Mgs. 

5.16 0.0221 6.7 0.025 
5.14 0.020 6.5 0.032 
4.0 0.020 6.6 0.032 
4.9 0 .025 5.8 0.062 
4.9 0.0221 5.8 0.050 
4.0 0.017 5.9 0.050 

Control. ... . .............. . . . . ... ..... .. .... ... . .... . 
Bor on 0.25 p. p. m ......... .... ..... . .. ...... . ..... . 
Boron 0.5 p. p. m . .......... . . . . ... .... .. ... . .... .. . 
Boron J .0 p. p. m ..................... . . ..... , .... . . 
Boron 2.0 p. p . m ..... . ....... ....... . ....... . .... .. 
Boron 3. 0 p. p . m .... .. . . .... .. ...... ......... . .... . 

Figures are average of four cultures. 

EXPERIMENTS WrrH CHLIORELLA SP . 

The nutrient solution used in these experime nts was a modified 
Knop solution, having the following composition: 

KN0 3------------ --- ------------------------ - -----· O. 1 g. 
KH_PO,---------- ---- -- --- -- ---------------------- 0. 1 g. 
MgSO, 7El.,O ------------------- -- ------ -- ---------- 0 . 1 g. 
Ca(N0,) 2 4H 20 - --------- ----- ----------------- ---- 0. 3 g . 
Water----------------------------- -- -- - ---------- 600 cc. 

This solution was diluted by using 100 cc. of the above solution 
and 900 cc. of distilled water . ~fuS0 4 4H 20 was added so that the 
concentration of mang anese was 0.1 p . p . m. Iron was added in five 
tenths (0.5) p . p . m. as FeC1 3 unle ss otherw ise specified: 

Ohlorella was chosen for these experiments because the relation 
of th is plant to iron had been studi ed carefully by Hopkins and 
Wann (11) and later Hopkins (13). Since it has been assumed by 
Sideris and Krauss (27) and Skinner, Brown and Rei d (28) th at 
boron toxicity may be related to the availability of iron, it seemed 
appropriate to select the ir on r elations which are so well established. 
Th e relation of iron to chlorophyll format ion in Chlorella ha s been 
inve stigat ed by Emerson (7) . Furthermore there is some advantage 
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in using unicellular plant since complications due to internal precipi­
tation of iron in the nodes are avoided. 

Experim ent 6. 
In order to determine the tolerance of Ohlorella to boron, an ex­

periment was made using solution K-2 to which boron was added in 
varying amounts. Pota ssium tartrate was added to half of these cul­
tures at a concentration of 20 p. p. m. The tartrate was added as in 
previous experiments to increase the availabilit y of iron. The r esults 
obtained are presented in 'l'able 8 and in Figure 4. With the tar­
trate present there appears to be a slight stimulation of growth with 
boron at a concentration of 1 to 20 p. p. m. inclusiv e. Less growth 
was not ed at 30 p. p. m. Without tartate, stimulation was noted 
in cultures containing boron at 5 and 10 p. p. m. 'l'he r eduction in 
yield at 30 p. p . m. was more pronounced in the cult ures without tar­
trate than with tartrate. 

E xperiment 7. 
'l'he exper iment was similar to the preceding except that sodium 

citrate at 20 p. p. m. was used instead of tartrate. 'l'he concentra ­
tions of boron was used in the range previously found to be stimu ­
lator y. 'l'he detailed data are given in '1.'able 9. Marked stimulation 
of growth was noted in all the cultures containing boron. '1.'his was 
true whether citrat e was used or not. 

Exper ·iment 8. 
'l'o obta in evidence on the possible action of boron in redu cing 

iron toxicity, an experiment was started in which the iron concentra ­
tion was va ried from 0.5 to 10 p. p. m. Boron was kept constant at 
20 p. p. m. Solution K-2 under pure culture methods was used. 
'The initial and final ph of the various culture solutions were de­
termined . This together with the dry weight of the cultures is pre­
sented in Table 10. When the solution was prepared it was noted 
that iron precipitation increased with an increase in iron concentra­
tion. During the first 20 days it was noted that growth was v·ery 
slow in the cultures containing above 4 p. p. m. of iron. Afterwards 
growth became faster and at the end of 43 days the culture with 
8 p. p. m. had almost attained the same amount of growth as those 
with 4 and 6 p. p . m. Had the experiment been concluded earlie r 
more mark ed differences would have been noted in the yield between 
the lower and the higher iron concentrations . The results do not 
show any effect of boron on r edu cing iron toxicity since there is not 
a marked difference between the cultur es with and without boron. 
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TABLE 8-INFLUENCE OF BORON ON THE GROWTH OF CI-ILORELLA IN THE PRES­
ENCE OF PO 'rASSIUM TARTRATE. 

'l'reatment 

Cont rol.. ........ . . .. ...... . ....... . •. . ....••. . .... ........ .. ....... • . .... 

~~~~~ ?:8 g: g: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .. 
Bor on 2.0 p. p . m ....... .. ........ .. ...... . .. . .. ...... . ... . ........... . . . 
B oron 5.0 p . p . m ... .. ........ .. .......... .. .. ... .. ....... . .... . .. . ..... . 
Boron 10 p. p. m .. . ... ......... ..... .. . . . . .. ..... . . . .... .. .. . .. . ..... .. . . 
Boron 20 p . p . m . ... .... . .. .... . ... . . .. . .... .. .... . ...... . .. ... ... .... .. . 
Boron 30 p. p. m .... . ........ . ... . ........ ... ... ... ..... . ... . . 

Figures are averages of six cul tures. 
Age of the cultures-40 days. 
Volume o! solution-250 cc. 

With 
P otassium 
T artrate 

Dry Weight 
Mgs. 

31.9 
30. 8 
33.6 
36.6 
34. 7 
34. 7 
34.1 
20.2 

Without 
Pota ssium 
Ta rtrate 

Dr y Weight 
Mgs . 

23. 7 
22.5 
20.9 
23.5 
26.8 
27.0 
22. 3 
16. 6 

:.or·- - -- - -- --- ----- ----- ------------ -~ 

30 

"' " ~ 

20 

10 

_ ... -~---------0-........... _ ....... _ 
0. P" ... - - ...... _ . 

'\,.... • • - o- - - ·-- --. --. -.. 

WlrH POTASSIUM T_.RTR A TE 

0 
WHHOUT POTASSIUM T_.RTRATE 

0 I 2 S 10 15 2 0 25 30 
BORON CO~CENTRATION JN PARTS PER MILLION 

Figure 4.-Effect of boron on growth of Chlorell a. 

TABLE 9- I NFLUEN °CE OF BORON ON THE GROW TH OF CI-ILORELLA IN THE PRES· 
ENCE OF SODIU M CITRATE, 

Treatment 

Contro l.. .. . ... .. .................. .. . . . . ....... ... . . . . .... . ...... . ...... . 
Boron 0 .25 p. p. m .. ...... .. .. ....... .. .. . . . ...... . .. ..... . . . ..... . . . ... . 

~~~~~ ~:g g: g: :: :: : : :: :: :::: :: : ::::::: ::::: ::: ::::::::: :::::: :::::: :: : : 
ii~i~ ~i~og~t;::: ::: :::::: :: : :::::: ::: ::: ::: : :::::: ::::: :::: :: ::: ::: : 

The fi~ures are averages of six cultures • 
.Age of th e cultures-22 days. 
Volume of solution-250 cc. 

With 
Sodium 
Citrate 

Withou t 
Sodium 
Citrate 

Dry Weight Dry Weight 
Mgs. Mgs. 

7.0 
12.0 
12.0 
12.8 
12.1 
14.9 
18. 5 

2.8 
2.9 
3 .6 
3.8 
5.3 
6. 7 
5.7 
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Figure 5.-Effect of boron on growth of Chlorella. 
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Expe1·irnent 9. 
In the previous experiments with Chlor ella. little or no toxicity of 

boron was noted. Consequently in this experiment concentrations 
of boron up to 140 p. p. m. were used . The experiment was simila r 
to exper iments 7 and 8 except that the cultures were kept under a 
cheesecloth shade in the greenhouse, with temperatures prevailing 
from 20 degrees to 25 degrees C. Because of slow growth under these 
conditions the cultures were brought back to the laboratory after 
ten days wher e a higher degree of illuminat ion was used. .All the 
cultures wer e repeated six times and the :figures given in Table 11 
ar e the average of the six cultures. 

TABLE 10-EFFECT OF INCREASING IRO N CONCENTRATIONS ON THE GROWTH OF 
CHLORELLA IN THE PRESENCE OF BORON . 

Treatment 

Full Nutrient . .... . ........................ . 
F. N.-Boron ..... .. ... . .. ... .......... . .... . 
Full Nutrient ............. . . ............... . 
F. N.-Boron ...... .. ....................... . 
Full Nutrient .... .. ....... .... . . ........... . 
F . N.-Boron ...... . . . ..... ... .... . ... . ..... . 
Full Nutrien t ...................... .. ..... .. 
F. N.-Boron ....... .. ....... . ....... . . . ... .. 
Full Nutrient ...... .. ..... . . ....... . ...... .. 
F. N.-Boron ............... . ............... . 
Full Nutrient .............. . . ... . . . .. ..... .. 
F. N.-Boron ........ . .................... . 

Boron-20 p. p. m. as boric acid. 
Iron as FeCl•. 
Age or cultures-43 days. 
Figures are averages or 4 cultu res. 
Volume of solution-250 cc. 

Iron 
Cone. 

p.p . m. 
0.5 
0.5 
2.0 
2.0 
4.0 
4.0 
6.0 
6.0 
8.0 
8. 0 

10.0 
10.0 

Initial Dry Weight 
pH Mgs. 

4.38 27.4 
4.38 26. 7 
4.12 28.6 
4.12 28.9 
3.78 27.9 
3.78 29.8 
3.61 23.9 
3.61 26.8 
3.44 21.8 
3.44 20.8 
3.44 18.2 
3.44 20.0 

Final 
pH 

6.67 
6.92 
6.70 
6.6 7 
6.67 
6.6 7 
7 .01 
7.01 
6.58 
6.4 1 
5.14 
5.82 
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The results show that with and without .sodium citrate growth 
is decreased at all concentrations of boron as compared to the con­
trols, but even at the highest concentration Chlorella was still alive 
at the end of 23 days and had made appreciable growth. A better 
growth was obtain ed with sodium citrate than without and th is is 
probably related to a greater availability of iron as is indicated in 
the iron concentration of culture solution s not seeded with Chl01·ellCl!, 

Experirnent 10. 
This experiment was essentially the same as the one previously 

described, except that dextrose was supplied to each culture at a 
concentration of 1%. The sugar was used merely to permit a more 
luxuriant gro\\"th: and to know if under these conditions the toxici ty 
of boron still prevails. At the conclusion of the experiment all of 
the cultures with sugar showed a distinctive chlorosis. The cultures 
instead of being deep green were of an orange color. This appeared 
first in the cul tures contain ing boron but within a day or so the 
same condition was noted for the control. Dr. E. F. Hopkins of th is 
laboratory suggested that the chlorosis observed was probably due to 
a lack of nitrogen. With the yield on a dry weight basis obtained 
and ·with the values reported by l\'Iuenscher (24) for the nitrogen 
requirement of Ohlorella grown under similar conditions, it was pos­
sible to calculate the nitrogen content of Chl01·ella of my experiments. 
These data taken with the nitrogen content of the cult ur e solutions 
sustained the conclusion that nitrogen was deficient. Nevertheless 
during the progress of the experiment no differences were noted be­
tween those cultures with boron and those wit hout boron. Appar­
ently sugar reduced markedly the toxicity of boron and a very con­
siderable gro-nth was obtained at a concentrat ion of 140 p. p. m. 
'fh is may be a matter of great significance. 

Experinient 11. 
In another experim ent similar to the preceding one sucrose at a 

concentration of 1 % was used. Here again no toxic ity was obtained 
even with 80 p. p. m. In fact a greate r growth was obtained wit h 
the higher concentration of boron. This was due probably to a 
greater inversion of sucrose at these high er concentrations. Whi le 
no conclusions concerning the effect of the variou s concentrations of 
boron can be drawn from this experiment , the significant £act is 
presented that in the pr esence of sucrose boron had no toxic effect 
on chl01·ella. 
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TABLE 11-EFFECT OF BORON ON THE GROWTH OF OI-ILORELLA B.P. AND ON THE 
AV AILABILI 'rY OF IRON. 

Treatment 

Full Nutrient .... . ... .. .......... .. ......... 

F. N. Boron ......• . ...... • ......•.......... 

F. N. Na-citrate ....... ... ... ....... . ······· 
F. N. Boron and Na-Citrate ....... .. ...... 

Duration of expcriment-22 days. 
Volume of soluti on-ro cc. 

Boron 
Concentra- Dry Weight 

t ion in Mgs. 
p.p.m. 

··· ·· ···· ····· 3.8 

10 2.2 
20 2.0 
40 1.9 
00 1.8 
80 2.1 

100 1.6 
120 1.2 
140 1.1 

. . . . . . . . . . . . . . 7.4 

10 6.8 
20 5.2 
40 3.9 
00 3.2 
80 2.5 

100 1.8 
120 1.5 
140 1.5 

Iron 
Iron Concentra-

Concentra- tion in 
tion in Non-seeded 
Mgs. Cultures 

Mgs. 

0.006 0.008 

0.006 0.008 
0.006 0.009 
0.009 0.010 
0.010 0.010 
0.007 0.000 
0.009 0.010 
0.008 0.010 
0.007 0.010 

0.007 0.014 

0.008 O.Oll 
0.010 0.018 
0.010 0.016 
0.010 0.020 
0.0 10 0.017 
0.008 0.020 
0.008 0.018 
0.0 10 0.017 

'l'ADLE 12-EFFECT OF BORON ON THE OROW'l ' H OF OULORELLA SP. AND ON THE 
AVAILABILITY OF IRON IN THE PRESENCE OF SUGAR AND SODIUM 
CITRATE. 

Treatment 

F. N. Dextrose ..... ... ... ... .. . . ........... 

F. N. Boron and Dextrose ........ ... .. . ..• 

F. N. Dextrose Na-c ............. . ......... 

F. N. Boron Sodium Citra te and Dextrose. 

Duration of experiment-22 days. 
Volume or solution (ro cc.) 

Boron 
Concentra-

tion 
p. p. m. 

......... .. ... 
10 
20 
40 
60 
80 

100 
120 
140 

......... ..... 
10 
20 
40 
00 
80 

100 
120 
140 

Dry Weight 
in Mgs. 

37.0 

34.5 
34.8 
34.2 
34.2 
34.5 
34.4 
31.4 
28.0 

31.0 

30.2 
36.9 
39.4 
39.4 
39.0 
37.1 
35.4 
33.9 

Iron 
Iron Concentrn-

Concentra- tion in 
tion in Non-seeded 
Mgs. Cultures 

Mgs. 

0.009 0.015 

0.008 0.020 
0.009 0.021 
0.008 0.022 
0.009 0.018 
0.009 0.0 17 
0.005 0.020 
0.006 0.018 
0.007 0.017 

0.014 0.024 

0.013 0.020 
0.016 0.024 
0.010 0.023 
O.Oll 0.021 
0.014 0.024 
0.009 0.022 
O.OLO 0.022 
0.009 0.021 
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TABLE 13-INFLUENCE OF BORON ON THE GROWTH OF CHLORELLA IN THE PRES 
ENCE OF SUCROSE. 

Initial 
Boron Concentration pII 

20... .. . . • . . . . . . . .. .. . . .. . . .. . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . 4.3 
40... .. . . . . . . .. .. .. . . .. .. .. . . . ... . .. . . . . . .. . . .. .. .. .• . . .. . . . 4.3 
60........ . . . . . . .. ... . . . . . . . . .. . . . . . . .. . . . . .. . . . . . . .. . . . . . . . 4.3 
80.. .. .... . . . .. . . . . .. .. .. .... .. . . .. . .. ... . . ... . . .. . ... . . . ... 4.3 

Duntion or etp} rim~nt-30 days. 
Volume or solution-SO cc. 

DISCUSSION 

Final Dry Weight 
pH Mgs. 

5.58 27 .6 
6.84 29. 7 
~.53 38.9 
6.37 43. 7 

Several hypotheses have been offered by various investigators to 
explain the cause of chlorosis obtained when boron is present in the 
culture medium. Haas (8) in his studies on the toxic effect of boron 
on fruit trees reported an experiment in which lemon seedlings were 
grown in water cultures. Hoaglands solution plus 7.5 p. p. m. of 
boron and varying amounts of iron sulphate ranging from 5 to 105 
p. p. m. was used. Photographic evidence of this experiment shows 
that increasing iron from 5 to 25 p. p. m. counteracted the apparent 
toxic symptoms of boron. Haas explains these result s on the basis 
of a catalytic action of iron or a possible precipitation of boron as 
an insoluble ferric borate and thus a decrease in boron concentra­
tion. Sideris and Krauss (27) optained chlorosis in the presence of 
boron only when the iron content was low. They suggested that the 
chlorosis was due to a lack of iron caused by the formation of an 
insoluble ferric borate. In explaining the stimulation obtained, when 
boron was present, they offer the possibility that iron may have been 
toxic. The formation of an insoluble ferric borate would decrease 
the iron concentration and therefore reduce the toxic effects. Fur­
thermore, if boron were present in an amount sufficient to cause a 
toxic condition the addition of more iron would decrease the soluble 
boron content in the same manner. Skinner, Brown and Reid (28) 
in their studies on the effect of borax on plant s under field condi­
tions referred repeatedly to a "Bleaching" of the leaves, though 
reduced yield was noticed without chlorosis. They suggested '' this 
prevention of chlorophyll formation may be due to interfer ence with 
the assimilation of iron, similar to the action of calcium or as ob­
served with an excess of manganese compounds.'' This implies an 

· effect on the permeability of the cell by boron or accumulation. 
In the work of Haas, Sideris and Krauss, and Skinner, Brown 

and Reid lemon seedlings, pineapple and corn plants were used 
resp ectively . In these plants the leaves are relatively far removed 
from the absorbing zone and it is possible that the chlorosis reported 
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by the se individual s may have been due to a relation between boron 
an d iron. It is conceivable that boron might cause a pr ecipitation 
of iron within the roots or stems and a shortage of iron would pre­
va il in the leaves. H ence chlorosis would follow. .A. simple ex­
periment of painting the leaves with a dilute iron salt possibly would 
have given evidence for the validity of thi s hypot he sis. 

In my own experiments a unicellular alga Chlorella was used 
in one seri es and the simpl e higher plant Spii·odela polyrhyza in the 
other seri es. By using the se plants the precipitat ion between the 
absorbing zone and the chlorophyllous region is minimiz ed. This 
may account for the fa ilure of marked chlorosi s in my experime nts. 
In the initia l experiments with Spirodela slight chlorosis was ob­
served in the presence of boron. This chlorosis disappea red with the 
addition of potassium tartrate. The controls lacking boron were also 
slightly chlorotic but less so t han those with boron. The control 
plants also became greener with th e add ition of pota ssium tartrate. 
These data tend to confirm the viewpoint that there is a r elation 
betw een boron toxicity and ir on . Unfo rt unately the evidence in this 
case was not decisive . 

In late r experiment s with Spirodel(l) under pure cultur es no chlo­
rosis was induc ed by boron. Similarly Chlore lla £ailed to show 
chlorosi s with high boron content. Chlorosis therefore is not neces­
sarily a characterist ic of boron injury. Reduced growth as noted by 
Skinner , Brown and Reid may r esult without chlorosis and my own 
results confirmed these conclusions. It is true that iron deficiency 
may result in decrea sed yield withou t chlorosis/ so that these r esults 
are not entir ely contradictory to the view exposed by Haas, Sideris 
and Kra uss and others. 

Anal ysi s of iron showed no decrea se of avail able iron in the cul­
ture solution used when boron is added . While a precipitate forms 
in the solu tion used and form s gradually, no boron was noted in the 
pre cipit ate. The addi tion of potassium tartrate and of sodium ci­
trate which increases the availability of iron while increas ing growth 
did not reduce the tox icity of boron. The controls without boron 
were improve d by the addi tion of ta rtrate or citr ate, but compar ing 
the boron cultur es with . the se cont rols, they showed in general the 
usual increa se or decrease of growt h noted in those cultur es without 
t artra te or citrate. 

'fhe r esult s with sugar are suggestive. While fur ther experiments 
of this character are necessary the results indicate that a plant with 
a high sugar -content is more tolerant to boron than one with low 

* Mill er, E . D . Pla nt Ph ys' ology. p. 262. McGraw-Hill Book Co. (1931) 
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sugar content. It is true that the nutrient medium containing sugar 
has a higher content of iron, but in view of the experiments with 
cit rate and tartrate it seems more appropiate to assign the protective 
act ion to the sugar rather than to the iron . 
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SUMl\IARY 

1. Uude1· the usual wate r -culture methods boron proved toxic 
to Spirodela polyrhy za at concentrations of above 1 p.p.m. 
Toxicity was evident in reduced growth, smaller plants, 
and loss of roots. In concent rations above 5 p . p . m. dea th 
soon occur red. Chlorosis was noted in all the cultures 
but those plants with boron were slightly more chlorotic 
than the controls . In both cases the addition of inorganic 
ir on was without effect, but the additio n of potass ium 
tartrate at a concentration of 20 p . p . m. resulted in a 
marked chlorophy ll development in all the cultu res. 

2. Un der pure culture conditions boron seemed to increase 
gr o,vth at cer tain concent rations. At a concentrat ion of 
5 p. p. m. toxicity was app arent. No chlorosis was noted 
with boron. 

3. With Chl01·ella under pure culture conditions marked stimu ­
lation was noted in experiments 6 and 7 with concent ra­
tions up to 10 p . p . m. and even with higher concentra­
tions . In exper iments 8, 9 and 10 no stimulation was 
noted. 

4. Cltlorella proved extr emely resista nt to boron. A concen­
trat ion of 30 p. p. m. was requ ired to decrease growt h on 
experi ment 6 while in exper iment 9 tox icity was note d at 
a concentrat ion of 10 p. p . m. as evidenced by decreased 
gr owth, bu t sur vived at a concent r ation of 140 p. p. m. 
No chlorosis was noted in any case. 

5. 'l'he addition of sodium citrate or potass ium tart r ate, both 
of which tend to increase ir on availabi lity did not de­
crease the toxic ity of boron when growt h was taken as 
the crite ri on. 

6. 'l'he add ition of dext rose to the cultu re medium increased 
growth as expected an d made Chlorella much more r e­
sistant to boron. 'l'his was likewise tru e of sucrose. 

7. Boron did not decrease the ava ilabili ty of iron. 
8. Boron was not found prese nt in the pr ecipi tation formed in 

the cultur e medium. 'rhe method of ana lysis used was 
not very sensiti ve. 
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