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PLANT DEVELOPMENT
IN THE ABSENCE OF BORON

l)y Marie P. Lghnis

1. SIGNS OF BORON DEFICIENCY

a. Introduction.

The fact that the element boron is essential to a healthy develop-
ment of many plant species has been established by several authors.
In plants deprived of boron the initial disturbance occurs in the
growing points of shoots and roots, while subsequently full-grown leaves
become discoloured and withered in order from the apex downwards.

This sensitiveness to the deficiency of boron has been definitely
established by means of nutrient solutions for: :

Vicia faba (WaRrINGTON, 1923, 8’JacoB, 1927).
Phaseolus multiflorus (WaninaToN, 1923).

Trifolium incarnatum id.

Linum usitatissimum (SoMMER and Lipman, 1926).
Helianthus annuus id.

Ricinus communis id.

Sinapis alba id.

Glycine hispida (BRENCELEY and WariNgTON, 1927).
Cucumis melo id.

Trifolium minus id.

Trifolium repens id.

Trifolium pratense {BRENCHLEY and WARINGTON, 1927, GILBEST and
PemeEE, 1931).

Polygonum fagopyrum (BRENCHLEY and WariNerom, 1927. Som-
MEE, 1927).

Nicotiana tabacum (SwANBACK, 1927. MOCMURTREY, 1929. MEs, 1930).

Beta vulgaris (SOMMER, 1927. BRANDENBURG, 1931).

Solanam tuberosum (JoHNSTON, 1928. VAN SCHREVEN, 1934).

Solanum lycopersicum (JomwsToN and DorE, 1929. Jomwnston and
Fisarr, 1930).

Citrus (Haas and Kvorz, 1931).

Lactuoa sativa (McHarGUE and CALFEER, 1932).

Gossypium (Earon, 1932).

Saccharum officinarum {vax pEN HoNERT, 1932. MARTIN, 1934).

Fragaria vesca (HoaoLaND and SNIJDER, 1933).

Zea mays (OVERBEEK, 1934, TABER ELTINGE, 1936).

Vitis vinifera (EaTon, 1935).
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Bragssica napus (O’BriEN and DExnis, 1935).

Lupinus luteus (vaxy Gexngr, 1936).

Sorghum vulgare (GROSSENBACKER and LivINGsTON, 1936)
Coffea (s’JacoB, 19386).

Ribes rubrum rLémN1s, 1937).
Apium graveolens (PTrvis and RUPRECHT, 1937)

Conclusive evidence is lacking for:
Medicago sativa (BRENCHLEY and WaRINGTON, 1927),
Phaseolus vulgaris { WarINgTON, 1923. 8'Jac0B, 1927).
For some plants confhctmg results have been reported by various
authors. These are:
Pigum sativum (WARINGTON, 1923. BRENCHLEY and WARINGTON, 1927.
g'Jacos, 1927. WaRrINeTON, 1933. LOmN1s, 1936).
Hordeum vulgare {(WaARINGTON, 1923. SoMMER and LipMaAN, 1926
BranocarLEY and WARINGTON, 1927, WaARINGTON, 1933).

For a few species boron is deemed unessential. These are:
Vicia villosa (WaringTON, 1923).
Iberis umbellata {BRENCHLEY and WARINGTON, 1927).
Secale cereale (WaARINGTON, 1923. SOHARRER and SoRROPP, 1933).
Triticum vulgare (Morris, 1931. ScHARRER and SCHEOPP, 1934).

The present author has grown many plant species, with the view tc

1° comparing the stage of growth in which the initial symptoms
of boron deficiency may be noted.

2° investigating whether actually any higher plants exist which
may reach full development in the absence of boron.

All experiments have been carried out in culture solution. The
nutrient solution of van der Crone, modified according to BRyax (1921)
wag used. Traces of elements according to the formula of SoMMER and
SorokiN (1928) were added !). So in the complete nutrient solution
boron was supplied as 0.5 mg boric acid per litre. Chemically pure
salts were used without any further recrystallisation.- Plants were
grown in commercial glass jam jars of 300 cc. After use the jars were
cleaned in boiling very dilute HCl and rinsed with water. After repeated
use the jars becams 3o well seasoned that results in the boron deficient
cultures were very satisfactory. The plantlets were put up in holes of
the paraffined metal lids. The jars were wrapped up first in black and
then in white paper. The cultures were kept in a small unheated green
house. Harmful insolation could be kept off by muslin curtaing. Germi-
nation was effected in moist sand and as soon as the rootlets had

1y KNO, 1g; KC1 0,75 g; CaS0, 2H,0 0,2g; MgS0, TH,00,2 g; Cay(PO,),
0,2 g; FePO, 0,2 g; Hy;BO, 0,5 mg; MnS0, 1,6 mg; AL(S30,); 0,6 mg; CuSO,
0,126 mg; KJ 0,25 mg, 1 litre water.
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attaiied the length of a few cm plantlets were put up in the culture
vessols, The water lost in transpiration was replaced daily. According
to the rate of growth the nutrient solution was renewed; in periods
of rapid growth this was done every two weeks. These conditions allo-
wed of good growth. For nearly all the species put to the test van der
Crone solution was a very good culture medium; only tomatoes did
not thrive very well and grew better in Zinzadze solution pH5 (1927).

In every experimental series a compariton was made between cul-
tures where the nutrient salts were supplied in distilled water a with,
and b without any additional boron and ¢ in tapwater without additio-
nal boron. For the sake of brevity these solutions will be designated as
e distilled water (—B), b distilled water (-4-B) and ¢ tapwater (—B).
Experiments have been put up in duplicate, and alljof them have been
put up repeatedly during succeeding summers.

The cultures were kept up till the moment when the first symptoms
of deficiency could be noted in the (-—B) series. In the tapwater (—B)
this oocurred later than in the distilled water (—B), due to the traces
of boron present in the tapwater. In the tapwater 0.001 mg horon
could be detected in 24 litre (Method page 19). Therefore the distilled
water (—B) had to be set up later than the tapwater (—B) in order
that & photograph could be made of newly affected plants in both
geries. As a matter of fact the stage in which the distilled water (+B)
geries are taken iz guite a random one. They might have continued
their development, while by lack of boron the development in the
(—B).sets was brought to a close.

b. Plant species for which the essential nature of boron had been definite-
ly established by former authors.

Several of these species have been studied by the present author and
the results invariably corroborated the results of former workers.

Although invariably a similar salt mixture had been used for the
nutrient solutions, the initial deficiency symptoms occurred at differ-
ent stages of development in the various plant species studied. Fig.
1—7 show the results attained with: sugar beet, Trifolium repens,
Trifolium campestris, Trifolium incarnatum, tomato (Var.. William
Copeland), Nicotiana tobacum (Var. atropurpurea) and Vicia faba. In
the distilled water (—B) cultures this must be due to a difference in
the boron content of the seed as well as a difference in need of boron
for development. The differences in development between distilled
water (—B) and tapwater (-—B) cultures of a same plant species can
be only accounted for by different boron requirements in the various
species studied. :

It appeared to be possible as well to induce signs of boron deficiency
by growing plants not from seed, but from cuttings.
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The results with cuttings of Ribes rubrum have been reported by
the present author (1937) as follows: In a distilled water (-—B) culture
the youngest leaflet was brown and shrivelled and had a black petiole.
The neighbouring leaves were edged with a wide, dry, light brown band
‘and only a narrow zone in the centre of the leaf was green. One of the
basal Jleaves of the shoot had rusty brown marginal spots, the other
basal leaves were healthy.

In 1934 similar results were attained with grapes (Var. Frankentaler).
Cuttings had rooted in a heated green house in winter and were grown
in nutrient solution from February 1st to May 17th. By that time in the
distilled water (—B) set the lateral roots were very short and stunted
with dark-coloured root tips. The shoot was very short with leaves
turned downward towards the stem. In the youngest leaf the chloro-
phyll was faded out and only the main nerves were green. The neigh-
bouring leaves had taken on a wine-red or orange colour, the nerves
were green. The oldest leaf was of a very dark green. In tapwater (—B)
the development of the root-system was much better, the numerous
adventive roots however bore a stunted appearance. Some of the leaves
had a narrow wine-red band along the margin. The plants in the
distilled water {4 B) set were quite healthy. Fig. 8 shows the results.

c. Plant species for which conclusive evidence was lacking.

Medicago sative, BRENOHLEY and WarINgTON (1927) state: ,,In all
probability lucerne belongs to this group, as the plants without boron
were poor and showed a distinct tendency to develop a characteristi-
cally stunted root system, but conclusive evidence at the flowering
stage was lacking and all plants were severely injured with aphis
infestation.”

Accidently it was the lucerne which brought me to the study of
boron deficiency; with other aims in view solution cultures in tapwater
with lucerne were carried out in 1932 and again and again injury
occurred in the plants spreading from the apex downward. Initially the
damage was ascribed to unfavourable conditions in the green house. -
Afterthe addition however, of traces of elements as applied by SoMmEER
and SOROKIN quite another light was thrown on the question.

In fact, after the supply of the elements to the solution, the lateral
buds of plants with the affected apices, in which development had been
arrested, developed into healthy side shoots, and the root system com-
menced growth again. Very soon healthy young shoots had taken the
place of the affected parts. When traces of the other elements were
supplied and only boron was left out, the same symptoms occurred
and addition of boron resulted into new growth. So lucerne apparently
was very sensitive to boron deficiency (fig. 9).

Description of the symptoms. In distilled water (—B) cultures the
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symptoms of deficiency occur at a very early stage of development.
The main root and laterals remain very short and stumpy and only
very faw leaves are formed which from the outset are deformed and
mottled. In tapwater (—B) cultures the main root and laterals remain
short and stunted. In the shoot the initial symptoms ocour in the apex;
the youngest leaves develop narrow lamina dotted with yellow spots.
Gradually the injury spreads downward from the apex; initially sound
leaves grow mottled and turn yellow and dry. The side shoots start
growing and bear small mottled leaves; very soon however these side
shoots stagnate in growth. When boron deficiency occurs at a stage
when the lucerne is already fairly well developed, after the growth
of the apex is brought to a stand-still many af the lower leaves may
remain healthy. The lowest leaves however grow appreciably thicker
than normally and the edges grow white. Apparently secundary symp-
toms are met with here; as the meristem does not develop any further
no more food stuffs are transported to the apex and the oldest leaves
will be stuffed with carbohydrates.

Phaseolus vulgaris. WarINGTON (1923) reports the following results
for Dwarf bean (Var. Sution’s Canadian Wonder): For some time all
the plants were rather poor, probably owing to seasonal conditions and
it was impossible to note any appreciable difference between the sets,
owing to the greatlack of uniformity. However after about three weeks’
growth the boron-treated plants ran ahead of the controls, both root
and shoot being better developed though no striking contrast between
the type of the root was apparent. The control plants made very little
growth indeed and eventually all died, yet at first they were even of a
better green colour than the treated plants; the latter were decidedly
yellowish, but grew to fair-sized plants, flowered and in some cases
fruited. s’Jacos (1927) could not evoke any symptoms of deficiency
in Phaseolus vulgaris, working with Dwarf bean with a brown skin
(Bruine boon).

I put a white-skinned runner bean (Prinsesscboon) to the test. It
appeared to be highly sensitive: even before the cotyledones were
shrivelled up the development came to a close! In the distilled water
(—B) set only the pair of primary leaves developed (fig. 10)

Sintiler results could be recorded for Dwarf bean with brown skin
{ Bruéme boon). An experiment was run from May 27th to June 15th,
In the distilled water (—B) set plants bore only the pair of primary
leaves; in the tapwater (—B) set one further leaf developed (fig. 11).
When the same experiment however was run from September to the
middle of December the deficiency symptoms in the tapwater (—B)
set ocvurred &t a much later stage; these plants produced four normal
leaves before the development came to a standstill. In the distilled
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water (4 B) set however plants had flowered and even fruited in the
same period (fig. 12).

The phenomenon that the season may influence the oecurrence of
boron-deficiency symptoms had been observed by many authors.
WaringTow (1923), 8’Jacos (1927), Mas {(1930). In 1933 WaniNaTON
has worked out this subject in a more detailed research.

d. Plant species which gave conflicting resulis as reporied by various
authors.

Pisum sativum. WARINGTON (1923) reports the pea (Var. Harbinger
and Pioneer) to be more or less independent of the presence of boron
though some slight beneficial effect is evident from the solution of
small quantities of boric acid to the nutrient solution.

BrENCHLEY and WARINGTON (1927) grow three varieties of garden
pea to full development in a solution without any additional supply
of boron.

8’JAa00B (1927) reports a same regult for the garden pea Var. Wonder
van Amerika.

Waringrox (1933) is able to induce deficiency symptoms in Sution’s
Harbinger.

Louwis (1936) reports that bomn is essential for eight varieties of
garden peas.

In 1933 I grew the variety Kroonerwt, which gave definite symptoms
of boron deficiency in distilled water (—B) sets as well as in tapwater
(—B) fig. 13. As it might be conceived that this variety was exception-
ably sensitive, in 1934 the varieties Kroonerwt, Wonder van Amerike as
used by s’JacoB, Venlosche Witte and Delicatesse were mutually com-
pared. In each jar two plants were grown and the experiment was
carried out in duplicate. The amount of water that had to be replaced
was recorded. The results calculated per plant are the following:

TaBrE 1,
BEHAVIOUR OF DIFFERENT VARIETIES OF GARDEN PEAS
Tapwater (-B) | Distilled w. (~B) |Dry w. tapwater~
Variety Dry w. distilled
Dry |T .| Dry .
weight | COREPe | ght | TenSP water
Fenlosche Witte ... | 0,88 g | 104 cc 0,22 g 70 ce 0,18 g
Kroonerwt ....... 0,37 g 82ce | 0,17 ¢ 87 co 0,20 g
Delicatesse ....... 0,36 g 87co | 0,182 58 co 0,18 g
Wonder v. Amerika | 0,25 g 72¢c | 0,20g 51 cc 0,05 g

In the tapwater (—B) set Wonder van Amerike is the loweat in dry
weight and only 0.05 g over the dry weight in distilled water (—B).
As far as these figures may indicate the degree of sensitiveness, Wonder
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van dmerika is highly sensitive to boron deficiency compared with
Kroonerwt.

The difference in rate of transpiration in the tapwater set between
Wondler van Amerika and Kroonerwt is small; so the production of a
larger amount of organic matter in the absence of boron cannot be
explained by a higher intake of water, which in tapwater cultures might
involve a higher intake of boron.

Apparently a difference in degree of sensitiveness to boron deficiency
cannot explain the existing conflicting results.

8’Jacos had taken the precaution of coating his culture vessels with
paraffine wax. The stock solutions however were stored in jena glass
and it is conceivable that traces of boron have been set free by this
glass. WARINGTON however had a solution stored in an uncoated flask
for six weeks analysed spectroscopically and no trace of boron could
be detected. She herself deems the inconsistency in her own results in
the repeated experiments quite inexplicable.

Hordeum vulgare. WARINGTON reports in 1923 that barley makes
approximately optimum growth in the absence of any supply of boron.
In 1927 BRENCHLEY and WARINGTON report barley again as insensitive
to deficiency although they point to the incongruency with results
. obtained by SoMMER and LipMax in 1926. In 1933 however WARING-
TON could report an absence of the ears and an abundant tillering in
barley grown without any supply of boron. Therefore boron appears
here to be essential for full development. The difference in results
obtained in various years cannot be accounted for by a difference of
content of boron in the seed; in fact plants grown from a few grains,
which had developed in a solution without any supply of boron, when
- grown without boron did not show deficiency symptoms any earlier
than plants grown from normally cultivated seed.

In 1933 I get up the usual experimental groups of barley. The cul-
tures were kept until the flowering stage in the boron-supplied set was
reached. At that moment the distilled water (——B) set showed plants
the roots and shoots of which had developed as profusely as in the other
sets. Ears however could not be noted. They had produced many young
tillers (15 in 3 plants). In the distilled water (--B) set 3 plants bore in
all 6 ears and 4 tillers. In the tapwater (—B) set the development was
quite like the latter set.

These results agree fully with the latter findings of WARINGTON.

As the plants had not been grown to full maturity, barley was to be
put to the test anew in 1936 in order to find out whether the grain
would reach maturity in the tapwater (—B) set. In the beginning of
May the experiment was started and on June 23rd the six plants in this
set bore ears. The anthers were studied microscopically : they contained
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sound pollen grains stuffed with starch. Pistils appeared sound as well.
On July 6th however the six ears together had only produced 3 grains
of normal size. All the other grains had stopped development at a very
young stage and were not over 3 mm high. Apparently normal fecund-
ation had occurred and the initial symptoms of boron deficiency
occurred during the development of the young grain.

In the distilled water (—B) set on June 23rd no haulms had develop-
ed. The gix budding ears varied at that date in length from 0.5 to
4 om. In the largest ear spikelets could be clearly detected and it bore
long awns; its anthers were atrophied and contained deaf pollen grains
while the pistils appeared normal. Thus a young ear was formed in all
of the plants, but no emergence of flowering parts took place.

e. Plant species for which boron was reported as unessential.

Vicia villosa (Winter vetch). WaRriNaTON reports in 1923 that no
difference could be noted between sets of winter vetch when supplied
with or deprived of boron; neither set however flowered.

In 1933 the usual experimental range was put up on April 14th.
The set in distilled water {(—B) showed symptoms in a fairly early
stage of development. The lateral roots were short and stumpy. The
upper leaves in the apex of the main and lateral shoots were narrow
and curled up over the upper surface. The neighbouring leaves took
on a yellow shade. At the root neck short side shoots developed. In the
tapwater (—B) set the injury occurred at a fairly late stage of develop-
ment. The symptoms in the shoot differed from those usually noted
in as much as the youngest leaves were unaffected, while initially the
5th and 6th leaf downward from the apex took on a reddish hue mostly
in the veins. Later the younger leaves were affected as well. A healthy
root system had developed before stumpy laterals occcurred. Fig. 14
shows that in tapwater (—B) the injury occurred at a decidedly later
phase than in other plant species. This low sensitiveness may acoount
for the absence of injury in the cultures of WarINGTOR.

Vicia sativa was put to the test as well. It did not differ in behaviour
from the main other species tested and the deficiency symptoms
occurred in a fairly young stage in tapwater as well as in distilled water
{—B).

Iberis umbellata (Candy Tuft). BRENOELEY and WARINGTON report
in 1927 that Iberis umbellata came to full development in a nutrient
solution devoid of any added boron.

Several experiments were carried out by the present author in
succeeding years, each of them in duplicate. In 1933 the first experi-
ment was set up on April 14th. On May 23rd no difference between
those in distilled water (—B)} and tapwater (—B) could be observed;
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in both sets buds of an inflorescence could be discerned and the vege-
tative: development was the same; the leaves however in the distilled
water {—B) set were somewhat thicker and turned downward towards
the stem. On July 4th in the distilled water (—B) set the plants had
developed healthy root systems; the inflorescences however were still
in the same budding stage and the leaves were adpresed with the under-
gide to the stem. In an experiment set up on May 3rd the plants in the
distilled water (—B) set had reached the flowering stage on July 23rd
at a much lower level of vegetative development than in the former
experiment. The flowers however withered.

In 1934 experiments were set up again on April 14th. In the distilled
water (—B) set no flowers were produced. In the tapwater (—B) set
some inflorescences' bloomed quite normally, but bore no seed, while
one inflorescence produced some ripe seed able to germinate. In the
distilled water { - B) set ripe seed developed.

In 1935 the experiment began on April 9th. Fig. 15 dates from July
8th. The plants of the distilled water (—B) set had long slender roots
without any symptoms of injury ; no inflorescence however developed.
In the tapwater (—B) and distilled water (+B) plants reached a simi-
lar degree of vegetative development and bore inflorescences in full
bloom. The plants were kept up till the beginning of September. Al-
though all inflorescences had fruited quite evenly all fruit appeared
to be parthenocarp: no seed could be harvested either from distilled
water (1 B) or from tapwater (—B).

So in 1936 an attempt was made once more to obtain seed in the
tapwater (—B) set. Cultures were set up on May 7th and were in flower
on July 13th in the distilled water {—B) as well as in the other sets.
Fruiting occurred only in the distilled water (4 B) and tapwater (—B)
gets. From one plant of the latter set ripe, though small, seed were
obtained ; the other plant had succombed earlier.

These data provide evidence that Iberis umbellata is much less
sensitive to boron deficiency than the other Dicotyledons studied up
to the present. In distilled water (-—B) no injury can be observed in
the root system, although it remains smaller than in the presence of
boron. The traces of boron supplied as impurity by the tapwater
appear to suffice in sustaining the plants up till full development,
including the formation of seed.

Moreover it can be noted, that after early sowing (April 4th, 14th
and 9th) vegetative development is at a higher level at the moment
of flowering than when the seed is sown later (May 23rd and 9th). In
the latter case the inflorescences bloom even in the distilled water
{(—B) set. As it has not been proved experimentally that these dis-
crepancies are due to a difference in the length of day, it can only be
congidered as probable.
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BrENcHLEY and WarINGTON do not report in which season they
have carried out the experiment with Theris umbellata. During the
period of long days ITberis might be apt to appear insensitive to boron
deficiency, while even in another season if the plants had access to
minute traces of boron they might come to full development as is
shown in the cultures in tapwater (—B).

Secale cereale. WARINGTON notes full development in rye when no
boron has been added. ScHARRER and ScEROPP {1936) grew rye in
culture solution of van der Crone without additional boron up to the
flowering stage. It is not stated whether distilled water was used.

I put up an experiment with winter rye in the autumn of 1933.
Each culture vessel contained 3 plants. On April 27th ears could be
seen in all of the cultures. By May 22th the upper part of the ears in
the distilled water (—B) set were dry and withered; although the glu-
mes in the lower part were sound no blooming occurred. In both the
other sets all ears were flowering (fig. 16). On June 26th in the distilled
water (—B) set all ears were deaf; the plants had developed some
young green tillers. In the tapwater (—B) set all of the 6 ears were
evenly beset with ripe grain; no young tillers occurred. The distilled
water (+B) set was similar.

In 193435 seed was grown derived from plants cultivated in tap-
water {(—B), thus developed in the presence of only traces of boron.
It was compared with that of seed grown in distilled water (4-B)or
in the open, where during ripening there was a good supply of boron.
The three sets each in duplicate were put up in distilled water (—B).
Similar phenomena of boron deficiency as observed in 1934 occurred
in all of the plants at the same moment.

Any influence of origin of seed on the stage of development where
deficiency symptoms occurred could not be noted. This agrees well
with the observations made by Waringrox for barley.

The content of boron has been estimated (for method see page 19)
in samples of either lot of seed which has been used for sowing; a same
amount was found, viz. 0.3 parts per million on the basis of dry weight.

Triticum vulgare. Very scanty information was available for the be-
haviour of wheat in the absence of boron. Morris (1931), who studied
the injury caused by an overdose of boron records the occurrence of
abundant tillering in a boron free-medium. She however does not con-
clude that boron is essential. ScHARRER and ScHBOPP (1934) could not
induce any deficiency symptoms by growth in a boron free culture
solution, but they did not grow the plants up to the flowering stage.

In the autumn of 1933 I put up winter wheat \Var. Wilkelmina).
Plants in the three sets developed very well vegetatively and on June
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6th all plants bore ears. On July 6th in the distilled water (—B) set
howdver grain was completely lacking, while in the tapwater (—B) set
and the distilled water (4B} all ears were evenly beset with ripe grain
(fig. 17).

In 1934—'35 the experiment was repeated with the aim of getting
a clearer notion about the cause of this absence of fruiting. When the
ears were studied at the time of flowering it could be noted, that in the
distilled water (—B) set quite healthy-looking pistils occurred; the
anthers however, were guite atrophied and shrivelled up (fig. 18 and 19).
All of the flowers studied showed this phenomenon, while in the tap-
water (—B) as well as in the distilled water (4 B) set all anthers had
developed normally and bore good pollen (fig. 20).

This absence of pollen might be the actual cause or one of the causes
which induced infertility. On & very small scale it was tried whether
pollination with normal pollen might induce fruiting in plants deprived
of boron. 12 plants were pollinated and all together 12 grains were
formed. The growth of these grains however was very slight : they mere-
ly reached a length of 3 mm.

Apparently pistils grown in a medium free of boron may be function-
ally sound. For full development of the young grain however boron
appesrs te be essential, ‘

In 1936 it was tried whether full grown grain would be formed, when
plants which up till the moment of flowering had been supplied with
boron were at that moment removed to a boron-free medium. In
control plants supplied with boron up till the end sound grains occurred
evenly all over the ear. In the cultures deprived of boron in the last
period however in 6 ears studied full grown grain occurred quite dense-
ly in the lower third part of the ear, in the middle part the grain oc-
curred more sparsely and the top part bore hardly any grain.

Here again for abundant fruiting boron appears to be essential.

In; 1934 grain ripened in the tapwater (—B) culture was compared
withigrain supplied with boron during its growth. The plants from the
seed lof different origin were all grown in culture solution prepared with
distilled water without boron. Deficiency symptoms in the different
sets occurred at the same stage of development, viz. atrophy of the
anthers. As in rye the origin of the seed bore no influence on the occur-
rence of the deficiency symptoms. Here again an equal content of
boron was detected in the samples of each lot of seed, viz. 0.3 parts
per million on the basis of dry weight.

Avena sative. No information was available on the development of
osts in the absence of boron.

In 1933 the cultures of oats had been put up rather late and plants
could not be grown to full maturity. On July 24th in all of the sets
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the vegetative growth of roots and shoots was profuse and all plants
bore well-shot healthy ears (fig. 21).

In 1935 the experiment was repeated at an earlier date in order to
attain full maturity in the grain. On June 18th all plants were healthy
and flowering. The flowers were investigated and on first view no differ-
ence could be noted between the (-}-) and (—) sets: all flowers appear-
ed to contain well-developed anthers and pistils. When however the
anthers after a clearing in chloral hydrate were stained with iodine a
striking difference could be noted. While the pollen grains in the an-
thers from tapwater (—B) and distilled water (- B) sets were invariably
stuffed with starch grains (fig 22, 7}, the anthers of the distilled water
{-—B) set either contained none but empty pollen grains (fig. 22, 2)
or a mixture of empty and sound ones (fig. 23), taken as a fact that the
starch content actually indicates a he althydevelopment (fig. 24 and 25).

Apparently the initial symptoms of boron deficiency occurred during
the development of the pollen grain, at the time the anther had already
reached its full size. The occurrence of starch grains is conceived as
the result of the presence of living protoplasm in the pollen grain;
there is no reason fo suppose any direct influence of the presence of
boron on the carbohydrate metabolism.

On July 8th in the distilled water (—B) set none but very poorly
developed grain occurred ; their length only reached 2 mm. In the other -
cultures healthy milkripe grain of 1 ¢m length had developed.

When in 1936 the experiments were repeated the anthers in the
distilled water (—B) set contained chiefly a mixture of sound and deaf
pollen grains. In 4 culture vessels devoid of boron the grain produced
had not developed over a length of 2 or 3 mm, while in the othersets
sound pollen grains and grain of 1 em length was produced. These re-
sults are in accordance with those obtained in 1935.

Allium cepa. As the Gramineae appear to differ very much in behavi-
our from the main Dicotyledons studied, it was deemed worth while
to study a Monocotyledon of another family. The onion (Var. Rijnsbur-
ger) was chosen.

In 1935 the seed was sown on June 5th. On July 19th in the distilled
water (—B) set the plants bore short stumpy roots and withered leaf
tips. The dry weight per plant was 0.04 g, a very low value. On the
same date the tapwater (—B) plants did not show any characteristic
symptoms; they had however kept behind in development compared
with the distilled water (4 B) set (fig. 26). On August 23rd young onions
had formed in tapwater (-—B) as well as in the distilled water (+B)
set. In the former set the bulbs were smaller; when cut open no ma-
croscopic symptoms of injury could be detected.

It appears that Allium cepa when deprived of boron shows the defi-
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ciency symptoms at a very early stage of development. When however
tmoefr of boron are present it may proceed in development but at a
slow pace.

In ;1936 seed bulbs were put to the test in cultures. Three bulbs
(Var. Rijnsburger) were put up in each set, approximately the same
weight in each. In every set however one had succombed before
full development was attained: the long stalks and heavy flower heads
had made them very top-heavy and accidents occurred. The experi-
ment was run from April 14th to July 28th. The results are reported in
extengo as uniformity was not attained.
= — re—
Initialweight

of bulb

Description of cultures

g Distilled water (—B).

97 One head with healthy flowers. 9 fruits have set, but keep
back in’ development and bear none but deaf seed. Two sound
young bulbs formed. Roots stunted {Fig. 27).

94 One hoad with flower buds mainly withered. No fruit or seed.
One sound young bulb. Roots stunted.

Tapwater (-B).

94 A head with flower buds mainly withered, only a few healthy
flowers. A head quite withered. One young bulb sound, one
rotting. Roots short and stunted (Fig. 27).

85 One head with flower buds withered. Three non-flowering
shoots. Four sound young bulbs. All roots stunted.

Distilled water ( +B).

97 One hoad bearing a profusion of healthy flowers. 35 ripe and
8 unripe fruit. Sound young bulb. Long roots (Fig. 27).
84 One head flowering profusely. Nearly every flower haa fruited

and formed sound seed. A head flowering profusely, but stalk
had broken before fruiting occurred. Sound young bulbs. Many
long roots.

It appears that for the formation of sound roots, of a normal amount
of flowers, and of any seed the boron pregumably stored in the bulbs
does not suffice nor do traces derived from the tapwater.

f. Discussion. .

BRENCoHLEY and WARINGTON (1927) put the guestion whether any
higher plants which can reach full development in the absence of
boron exist and answer it in the following words: ,,It can be shown in
the present investigation that a sharp distinction can be drawn be-
tween plants for which boron is essential and those for which it is
beneficial only. The possibility however is not precluded that if a still
lower concentration could be achieved the latter class might merge
into the former, the difference between the two classes proving to be
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simply a matter of degree in their boron requirements.”” WARINGTON
herself contributed (1933) to the weakening of this distinction by
proving peas and barley to be sensitive to boron deficiency.

In the experiments carried out by me where I put all plant species,
deemed go far as insensitive to boron deficiency, to the test, I did not
meet with any species that could come to perfect development in the
absolute absence of boron.

As far as it has been tried experimentally, boron is an essential -
element for all Angiosperms.

There is however an immense distance between Allium cepa, which
produces in the absence only 40 mg of dry weight, the lowest figure
found as far as the experimental plants have been weighed, and for
instance oats, where a healthy plant is produced, flowering and
bearing a dense mass of healthy roots, which only was kept from at-
tainment of a still more profuse development by the small size of the
vessels nsed. Apparently among the Gramineae species ocour which
are able to synthetisise their vegetative matter in the absence of boron,
whick in the main is impossible for Dicotyledons. The one exception
noted is Iberis umbellata. In the distilled water (—B) set of these plants
the root system although small never showed the characteristic
deficiency symptoms, on the contrary roots were as long and slender
a8 in the sets provided with boron, As for flowering it is again Iberis
umbellata, which may produce flowers in the total absence of boron
although generally the flower buds wither before maturity. Among
Cruciferae Brassica napus (Swedes) and Sinapis alba, however, are
known to be sensitive and in cultures of musterd grown by J. J. Lehr
in van der Crone solution prepared with distilled water (—B) I could
notice, that the development was very slight indeed. So the exceptional
behaviour of Iberis umbellata cannot ye ascribed to its taxonomic
position.

When the tapwater (—B) cultures are mutually compared various

_plant species attain different stages of development in the presence
of mere traces of boron. It is presumed the growth stagnation in the
distilled water (-—B) oultures sets in when the boron stored in the seed
has been used up. The difference in development between plants grown
in tapwater (—B) and distilled water {—B) may indicate the boron
requirement of that species.

In a part of the experiments plants of the various sets were dried
and weighed at the stage of occurrence of initial symptoms. In Table 2
the results are given.

The last column indicates the difference in weight between tap-
water and distilled water sets and thus might indicate in which
degree boron was required. It is however hardly to be expected that in

- comparing various plant species with widely varying habitats these
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Tasin 2.
DRY WEIGHT AT THE INITIAL DEFICIENCY STAGE CALCULATED

: PER PLANT
e

) Yield in {—B) cultures

Species -
Distilled water | Tapwater ~ distilled w.

Allimm cepa ..........vuun 0,04 g
Trifolium repens ........... 0,06 g 0,68 g
Sugarbeet ................ _ 0,08 g 0,2 g
Viciasativa ............... 0,085 g 0,245 g
Medicago sativa ........... 0,09 g ' 0,23 g
Trifolium incarnatum ....... 0,12 ¢ 0,13 g
Vicia villosa................ 0,134 ¢ ’ 0,295 g
Tobacco (var. atropurpurea). 0,67 g 0,34 g
Tobacco (var. Amersfoortea) 0.8 g : 0,71 g

figures will have meaning. Moreover the size of the shoot developed
with the store of boron in the seed plays its part in the amount of
organic matter synthetisied together with the traces of boron from the
tapwater. _

So a comparison of the figures may be no less an indicator of the
‘boron requirement of the plants studied.

Phaseolus vulgaris and sugar beet appear to stagnate in growth in
a very early stage of development. So these plants are deemed to have
a high boron requirement. For sugar beots this seems to agree with the
fact that in agricultural practice sugar beets are known to suffer from
a deficiency in boron: the heart-rot disease is caused by boron deficien-
¢y a8 has been proven by BRANDENBURG {1931).

Vicia villosa on the other hand reaches the highest stage of vegetative
development among the Dicotyledons studied. Its symptoms of
defipiency however differ from those occurring in other Dicotyledons.
In the main the budding leaves bear the initial symptoms and are
badly shaped. In Vicia villosa however the earliest symptoms occur in
initially well developed healthy leaves, It looks as if boron is here more
easily translocated than in other plants and is removed from the older
leavies to the meristematic parts.

In the tapwater (—B) set Iberis umbellata has produced ripe seed
and is thus in behaviour very like the cereals studied.

The group of cereals agree so well in behaviour mutually that they
will be discussed together.

Zea mais is the first plant for which it has been proven that boron is
beneficial (Mazk 1919). Any visible injury due to its absence however
was not detected. OVERBEEK (1934) describes symptoms of deficiency,
viz.. white stripes in the leaves; the root system is normal although
sompwhat smaller than in controls. TABER ELTINGE (1936) describes

2
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the roots as brown and brittle. In experiments carried out by J. J.
Lehr (unpublished) I noted in distilled water (—B) cultures the white
stripes as described by OverBREK and the existence of perfectly sound
roots. GROSSENBACKER and LiviNgsToN (1936) describe similar symp-
toms for Sorghum, viz. white stripes in the leaves and subsequently
almost white leaves. VAN pEN HowERT (1932) has studied sugar cane
and reports the occurrence of white spots in the leaves, an extravagant
tillering, and stagnation of growth. MarTIN (1934) corroborates these
findings.

Maize, Sorghum and sugar cane are instances of the very large
Gramineae, which build up exceedingly large amounts of organic matter
at a very quick rate. Deficiency of an essential nutritional element
may be expected to ocour in an earlier stage of development than in
glower growing plants. They are the only Gramineae where deficiency
symptoms occur in the foliage. The only phenomenon in the vegetative
part in other cereals is a tillering after the ear growth has stagnated.
The initial symptoms all occur in the ear.

In the distilled water (—B) cultures barley develops no ears. Rye
develops ears the top part of which develops withered glumes; over the
whole of the ear no flowering occurs. Wheat produces ears with healthy
glumes; the anthers are atrophied and no grain develops. Oats produce
pollen grain which is chiefly empty and the grain stagnates in develop-
ment.

In the tapwater (—B) cultures barley bears hardly any grain. For
the other cereals there is no difference with the distilled (4 B) sets
and they all produce healthy grain,

In the absence of boron the highest vegetative and generative stages
are reached by Gramineae, This plant family as & whole holds a very
exceptional position when sensitiveness to boron deficiency is studied.

Allium cepe however, studied as a representative of another Mono-
cotylidonous family appeared to be in need of boron at a very low stage
of development. With traces of boron it attained a fairly high develop-
ment.

No clear distinetion between Dicotyledons and Monocotyledons
with respect to boron requirements can be drawn.,

A further investigation of the anatomy of the deficiency symptoms
in barley, rye, wheat and oats is on hand.

2. THE BOBON CONTENT IN PLANT MATTER

a. Estimations.

The great difference in the boron requirements of plant species
studied so far might be due to a constantly occurring difference in
content of boron among these species. The estimation of the content
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of boron in plant material was therefore taken up. A preliminary notice
was!published in 1936 (a).

The analytical micro-method of BERTRAND and AGULHON 1) (1914)
was followed, by means of which amounts of 0.1, 0.05, 0.01, 0.005,
0.001 and 0.00056 mg B can be estimated. The method is reliable for
these amounts. A serious drawback however is that theintervals vary
80 much in absolute value. An attempt to introduce smaller intervals
did not meet with success. The great advantage of the method is that
it is so very sensitive for the low values, more sengitive than any other
method existing. So small samples will suffice even for material with
a very slight content of boron.

The content of boron of the tapwater was estimated: in 2.5 Liter
0.001 mg boron could be detected.

All estimations were carried out on samples of 3 g dry matter. The
determinations were always made in duplicate; when checking was not
satisfactory the estimations were replicated. Generally however the
checking was good.

Plant material from different species and from various origin was
studied. Plants were always cut at soil level in the early flowering stage
in order to exclude any influence of the occurrence of seed on the
resulte. The air dry material was ground finely and then dried fo con-
stant weight at 105°.

In Table 3 the amounts estimated in 1933 are presented. The dry
weight is deemed the better basis for the calculation of the boron
content as the ash content of plant matter is highly influenced by s0il
conditions.

Among the Dicotyledons the correlation between the behaviour in
boron-free solution and the amount of boron detected is slight. Contra-
ry to what might be expected Iberis umbellata with 16.7 parts per

1) 8mall tubes containing 2 cc and marked at 1,5 ¢¢c are manufactured. After
addition of Na,C0O; a 3 g sample is ashed at dull red heat in a porcelain dish.
The centent of the dish is taken up with 5 ec phosphoric acid and removed
to a distilling flask. The residue is washed with 20 ce of methyl alechol into the
flask. The content of the flask is distilled off into & crucible which has been
provided with 5 drops of n. NayCO;. Another 10 cc of methylaleohol are digtilled
off and the content of the crucible is evaporated to dryness on a water bath.
4 drops of 10 n. HCI are added to the residus and the rolution is washed with
distillad water into & 2 ce tube up to the mark. A narrow stripe of curcuma
paper is elipped into the tube. After some 4 hours at 30° when boron is present
the upper edge of the curcuma paper will have taken on an orange red colour.
The langth of this seam indicates the amount present, when it is compared
with atanderd tubes. These standards are provided with 5 drops of n. Na,CO,,
4 drops of 10 n, HCI and a range is prepared containing 0,1, 0,05, 0,01, 0,005,
0,001 and 0,00056 mg B as boric acid in distilled water, All tubes are filled up
to the mark and provided with a curcumsa paper. By comparing with these
standards the eatimation is carried out.
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BORON CONTENT IN VARIQUS PLANT SPECIES

Shoot Seed
Plant species In3gdryw. glaliltlsonpel; in 3gdry w. 3.?6?31."%'
mg B | gash in“c’l'ry inash| mgB | gash [0 £W in ash’
Medicago sativa ..... | 0,1 0,295 | 33,3 | 839 | 0,04 |0,113 |13 354
(Lucerne)
Brassica napus....... | 0,1 0,434 | 33,8 | 145
(Bwede)
Beta vulgaris ....... 0,078 25
(Mangold)
Pisum sativam '
var. Mansholi Plukerwt | 0,07 {0,307 | 23,3 | 228 | 0,005 1,7
var. Plukerwt ....... 10,07 (0,326 ; 23,3 | 139 | 0,01 3,3
var. Gele langstroo .... | 0,03 | 0,388 | 10 75 | 0,006 2
var. Blavwpeul ...... 0,01 | 0,339 3,3 29 10,01 3,3
Vicia sativa (Veteh)... | 0,07 | 0,456 | 23,3 | 156 | 0,005 | 0,117 | 1,7 43
0,05 {0,358 | 16,7 | 139
Vicia faba minor ... .. 0,07 | 0,409 | 23,3 | 169 ;0,01 |0,134} 3.3| 75
(Field bean) 0,06 0,35 |20 171
Beta vulgaris ....... 0,06 | 0,581 | 20 103 (0,01 (0,281 3,83 43
{Sugar-beet)
Trifolium repens ... .. 0,06 | 0,561 |20 107 [ 0,04 | 0,129 )13 310
{White clover)
Solanum lycopersicam | 0,06 | 0,619 | 20 97 | 0,01 | 0,12 3,3 83
{Tomato Ailsa Graig) | 0,05 | 0,631 | 16,7 79
Iberis umbellats ..... 0,06 | 0,422 | 16,7 | 118 | 0,03 | 0,155 |10 | 194
{Candy tuft}
Vicia villosa, ......... ¢,06 17
{Hairy Vetch) 0,03 10
Phaseolus vulgaris
var. Runner bean ... .. 0,05 |[0,391 | 17 128 | 0,05 10,155 | 17 323
Dwarf bean (brown skin)! 0,01 3.3
Dwarfbean.......... 0,008 | 0,75 2,7 11 | 0,009 | 0,132 3 68
{apotted. akin)
Trifolium incarnatum 0,03 10
(S8carlet Clover) 0,01 3,3
Nicotiana tabacum ... | 0,01 |0,643 | 3,3 | 16 | 0,007 2,3
0,017 6,7
Trifolium pratense ... | 0,01 | 0,3 33| 33 (0,09 {0,120 |30 310
{Red clover)} S '
Triticum vulgare ... .. 0,007 | 0,147 | 2,3 | 48 | 0,001 (0,063 ] 0,3| 15
(Wheat) 0,007 |0,229{ 2,3 31
' 0,01 0,407 | 3,3 25
0,007 2,3
Hordeum vulgare ..., | 0,006 | 0,222} 2 29 | 0,002 | 0,081 | 0,7 25
{Barley) 0,002 | 0,281] 0,7 7
Secale cereale (Rye)... | 0,005 {0,297 ) 1,7 17 ) 0,001 (0,061 ] 0,3 16
Avena sativa (Oats)... | 0,004 [ 0,309 | 1.3 13 { 0,001 (0,106} 0,3 9
0,004 | 0,208 1,3 19
0,003 [ 0,157 | 1 1¢
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milliom dry matter is high and dwarf bean with 3.3 is low in content.
The cdreals studied however are all low in boron.

In as far as several crops of one species have been analysed, these
had grown on various fields, and moreover, varieties were different:
so the differences in content, sometimes very material, might be owing
to various causes. The largest differences were noted in peas.

In order to investigate these points more fully, further experiments
were earried out in 1934, The same 4 varieties of peas which in 1933
had been grown on various fields were grown now in the experimental
field of the Laboratory for Mycology in Wageningen, a heavy clay soil.
The crops were estimated as to the content of boron and the results
compared with those of 1933 are presented in Table 4. '

Tasra 4.
"BORON CONTENT IN VARIETIES OF PISUM SATIVUM

Variety 1933. Varions fields |  1934. One field.
Monsholt Schokker ......... 23,3 19,3
Plukerwt................... 23,8 19,3
Blavwpeul ... ... ........... 10 12,3
Gele Lengstroo .. ............ 3.2 | 3,3

It appears that the varieties follow the same order as in 1933, al-
though the highest values are slightly lower. Apparently the varieties
mask here any influence on the boron content as exercised by the soil.

The varieties of Schokker and Plukerwi, equally high in content of
boron have been compared as to their behaviour in nutrient solutions;
for this purpose a similar kind of experiment is set up as has been
carried out with four varieties of garden pea (page 8). The results are
taken up in Table 5.

TaBLRE b.
DEVELOFPMENT OF VARIETIES OF PISUM SATIVUM IN NUTRIENT
SOLUTIONS
—————————
Tapwater {-B) Distilled water (-B) Dry w. in tap- 3 g seed
Variety D Dry water—
weiglt Transp. welght Transp., | dry w. in dist. w. mg B number
Schokker | 0,62 g | 138ce | 0,32 g |72 ce , 30 g 0,005 8
Plukerwt | 0,42 g | 100ec | 0,30 g | 49 co 0,12 g 0,01 13

When the size of the seed is taken into account, both varieties store
about equal amounts in the seed and as might be expected they have
synthetisied in distilled water (—B) cultures about equal amounts of
organic matter. The greater amount of matter built up by Schokker as
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compared with Plukerwt in the tapwater (—B) culturez agrees well
with the stronger transpiration of the latter..In fact as the result of a
greater transport of water more boron may have been taken up from
the tapwater. ,

In order to study the influence of differences in soil on the content
of boron, in a same variety of wheat ( Wilkelmina) grown on 6 different
fields and in a same variety of oats (Zegehaver) grown on 7 fields, the
content of boron was estimated and the regults are pregented in Table 6.

TABLE 6. :
BORON CONTENT OF A GIVEN VARIETY ON VARIOUS FIELDS
T
rts p. miil h . 1l
Bin3gdryw. pian drl;f vlvneiiéigr ﬁ'& \:r:ighgt par?npash on
Wheat { Wilhelmina)
0,000 mg 3 0,295 g 30
0,007 mg 2,3 0,183 g 38
0,006 mg g 0,211 g 28
0,005 mg 1,7 0,244 g 20
0,004 mg 1,3 0,262 g 15
0,003 mg 1,0 0,161 g 19
Oats (Zegehaver)
0,009 mg 2 0,325 g 27
0,006 mg 3 0,221 g 27
0,005 mg 1,7 0,230 g 22
0,005 mg 1,7 0,246 g 20
0,005 mg 1,7 0,183 g 27
0,005 mg 1,7 — —
0,004 mg L3 0,221 g 18

The differences are appreciable, but still the highest content is low
compared with Dicotyledons.
Apparently Gramineae cannot take in a high store of boron.

b. Discussion.

How do the amounts presented agree with amounts found by other
workers ¢ '

Estimations of the amount of boron in plant matter are few. Re-
cently however several investigations on this subject have been pu-
blished. The amounts published will be discussed only as far as the
authors have analysed material from the same plant species as studied
by me and all will be recalculated as parts per million on the basis
of dry weight.

JaY (1895}, who analysed a great variety of plant species and detected
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boton in all material studied, states: ,,The plants which absorb the
leagt boric acid are Gramineae (wheat, barley, rice, rye); the amount
of boric acid estimated in the agh of these plants did not surpass 0.5 g
_per kg (90 parts per million B).”

AcurEoN (1910) whose method I have followed has analysed many
plant species, mostly trees. Only grain of wheat and oats can be com-
pared with my estimations, He detected in wheat 15 and in oats 19.
These amount are over 50 times as high as mine.

BRANDENBURG (1931) analysed according to the method of WiLcox
thefoliage of sugar beets. He reports 46. SOEARRER and ScHROPP (1935)
have detected in the foliage of sugar beets grown in culture solutions
provided with boron 33 and 28. My estimations reached only 20, but
the plants analysed were grown in a field where heart-rot oocurred,
thus on soil low in available boron.

BxRTRAND, who after detecting boron in many plant species was the
firs$ (1912) to point to the significance for agricultural practice of a
sufficient supply of boron, has very recently taken up the subject again
{1936) and has analysed many agricultural plants. All the plant mate-
rial studied was grown in the same garden so under the same soil
conditions.

In Table 7 his figures are presented and compared with the amounts
found by me.

TaBLx 7. i

PARTS PER MILLIOM BORON ON THE BASIS OF DRY WEIGHT
FOUND BY: BERTRAND AND DE WAAL AND BY LOHNIS
—=

Variety Bertrand and de Waal L&hnis
Hordeum vulgare ...... 2,8 2, 0,7
Becale gereale ......... 3,1 1,7
Triticum vulgare ....... 3,3 2,8, 2,3, 2,3, 3,3, 3, 2,3, 2,

1,7, 1,3, 1

Pisurn sativum ......... 21,6 23,3, 10, 3,3
Trifottum pratense...... 36,2 3,
Phassolus vulgaris ..... 43 17, 8,8, 2,7
Brassica napus ....... ., 49,2 33
Trifolium incarnatum ... 69,9 10
Beta vulgaris........... 75,68 20

When the figures in this table are studied it is very striking that the
amounts found in the cereals are very low and agree very clogely with
those found by me. For the other plant species BERTRAND and DE WAAL
find higher, sometimes much higher, values than I found. It seems
probable that these plants were cultivated in soil very high in content
of boron. While the value in other plants increased the content of the
Gramineae remained low.
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These data substantiate strongly the hypothesis that the exceptional
behaviour of Gramineae in a medium free of boron is due to a very
low content of boron in normal conditions.

Estimations of the boron content in the plant material of other spe-
cies does not indicate their relative needs of boron. It is necessary to
grow the plants with known supplies of boron as has been done by
BrANDENBURG for sugar beets (1932).

3. THE DISTRIBUTION OF BORON IN THE PLANTS

a. The content of young and of full grown plant parts.

The fact that the initial symptoms of boron deficiency ocecur in the
meristematic parts of the plants give rise to the question how the boron
is distributed in the plants.

In 1934 the content of young and of full grown plant parts were
compared by the present author. Lucerne and tomato, both plants
with many lateral shoots, were used for the experiment. Young side
shoots (leaves and stems together), full grown leaves and full grown
stems of lucerne were dried and analysed separately. For tomato the
young shoots were separated from the full grown parts (lea.ves and
stems together). Table 8 gives the results.

TABLE 8.
CONTENT OF BORON IN YOUNG AND FULL GROWN PARTS

parts per million on
Plant parts per 3 g dry w. -

dry weight ash

" Lucerne
young shoots............. 0,1 mg 33,3 412
full grown leaves ......... 0,1 mg 33,3 260
full grown stems ......... 0,05 mg 16,7 221

Tomato
young shoots,............ (0,06 mg 20 152
full grown shoots ........ 0,05 mg 16,7 78
young shoote............. - 0,05 mg 18,7 104
full grown shoots ........ 0,09 mg 30 154

A higher content of boron in the young parts was expected; the
experimental data however do not agree with this expectation. For
lucerne the only difference in value was found in the full grown stems
which are lower in content than young or old leaves. The results of
both sets of tomato lack uniformity.
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The distribution in the cereals was studied as well. Just before the
flowering stage the ears were separated from the haulms and foliage.
T]Pe gontent of boron was estimated.

TasLse 9.
DISTRIBUTION OF BORON ON THE BASIS OF DRY WEIGHT IN

: CEREALS
or—— — —

Ears Haulms and foliage
Bpecies
per 3 g parts per mill. per 3 g parts per mill.

Barley ... 0,01 mg 3,3 0,002 mg 0,7
Odts ..... 0,004 mg 1,3 0,004 mg 1,3
‘Wheat ... 0,007 mg 2,8 0,006 mg 2

In oats and wheat none or hardly any difference occurred; in barley
however the ears were relatively high in content.

b. The conient of pollen grain of wheat.
In 1935 it was observed that the anthers of wheat and the pollen
- grain of oats were injured in the absence of horon. So it seemed worth
while to analyse the polien separately. _

In ocollecting the pollen I followed the advice of Dr. H. Uittien and
. proceeded in the following way. Haulms of wheat on the verge of bloom-
ing were cut and put up in wide low basins filled with water. The
haulms were lain nearly horizontally with ears erected in order that
the pollen could be shed on glass plates lain out along the sides of the
bagins, After two sunny days, any draught in the room being prevented,
a fair amount of pollen could be collected. It was dried and stored. The
samplps of the pollen were not large enough to be dealt with in duplic-
att Eptimations in duplicate however were made in samples of glumes

f the same weight as the pollen.

TasrLe 10.

CONTENT OF BORON IN PARTS OF THE FLOWER OF WHEAT
CALCULATED ON THE BASIS OF DRY WEIGHT
——

actual boron | parts per mill.

Var. Juliana. In 2,87 g

part of flower

Pollen ....... 0,03 mg 10,4
Glames 0,005 mg 1,7
Vor. Vilmorin 27, In 1,36 g
Pollen ....... 0,03 mg 22
Glumes . .... 0,0075 mg 5,6
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The results show quite clearly that in wheat the pollen is materially
higher in content of boron than the further parts of the flower.

It was not possible to carry out a similar experiment with oats as
here only a very sparse shedding of the pollen can be induced.

c. Discusaion.

In 1936 MoLEAN and HueHES published an investigation on this
subject. They grew Vicia faba and Gossypium herbaceum in sand
gupplied with a nutrient solution relatively high in boron and conclude
from their analytical data that the highest percentage per unit of dry
weight is in the leaves, increasing rapidly with the age of the leaf.
The petioles and the apices were approximately equal in percentage
content and had approximately double the stem concentration. The
roots had much the lowest concentration, only 0.07 of that of the stem.

These data explain the figures presented in Table 8 (page 24). By
separating the whole of the young shoots from the full grown parts no
higher content of the former sample was to be expected and the lower
content of the full grown stems agrees well with the findings of McLzanN
and HoGHES.

The deficiency symptoms of boron are very different from those
induced by a deficiency of moat other elements. Generally the initial
injury caused by a deficiency occurs in the older leaves and the growing
points are the last regions to show damage.

This difference in symptoms might be caused by a difference in the
rate of translocation between the main nutritive elements and boron.
The type of recovery in boron-starved plants seems to confirm the idea
that slowness of translocation is concerned. When these are supplied
with boron dormant buds at the root neck develop and the injured parts
die off. The findings of McLEAN and HueHES who detected a higher
content of boron in clder leaves point to a similar conclusion.

So it is possible that the fact of the oceurrence of the initial injury
in the meristem is due to this slow translocation. Itis true that McLEax
and HueHEs find a higher content of boron in the apex than in the
stem, but compared with the upper leaves it is lower. This does not
point to an egpecially high content.

These data however do not interfere with the finding of the high
content of boron in the pollen of the wheat. It is evident that deficiency
symptoms will be most severe in those plant parts which in the presence
of boron are highest in content. 8o the absence of boron will involve
the non-formation of pollen grain which phenomenon again causes
an atrophy of the anthers.

In this connection the findings of SCHEMTOKER (1934) are very inter-
esting, who has noted that the pollen of a tropical Nymphaea will
only germinate in experimental conditions when boron is supplied.
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- I the ash of the pistil fluid he could detect 1 per cent of ByO,. He
 gthdied the pollen of many plant species and observed that in many of
' them boron was essential for the germination and for & normal growth
of ithe pollen tube.

| tis gquite conceivable it will be the study of pollen which may elucid-
. ate the very fundamental part boron plays in the biochemical processes.

4, THE ROLE OF BORON IN THE MINERAL NUTRITION

a. The influence of boron and calcium on plant development.

BreEncHLEY and WaRrIiNGTON proved definitely in 1927 that boron
.cannot be replaced by any other element. They suggest however: ,,that
boron might act indirectly by influencing the intake or utilization of
other nutritive elements that are needed in larger proportions. In that
case the characteristic symptoms of boron deficiency would occur if
the element in question were absent even in the presence of boron in
the.culture solution.”” They put Vicia faba to the test in & set of modi-
fied ,,Rothamsted solutions’, where one of the elements had been
omitted. In the absence of any of the elements, calcium excepted, plants
made a good initial development. When calecium however was omitted,
the plants turned black and died very rapidly. With a very low supply
of calcium and no boron injury in the tips and whithering of the stems
occurred at an early stage of development; if boron was supplied the
plants developed fairly well and only black edges at the leaves could
be observed. This might imply a toxicity of the food solution, neutra-
lized by the presence of calcium. To test this hypothesis the bean
planta were grown in solutions of individual food salts in the con-
centration as usedin the ,,Rothamsted solution’ with and without a sup-
ply of boron. All of the salts appeared to have a toxic action except
Ca80,. When this salt was supplied: ,,growth was better and more
rapid at first than in the complete nutrient solution and signs of boron
deficiency set in several days earlier than in the latter case. It was
only later when the absence of other food salts made itself felt, that
theoalcium plants fell behind the complete nutrient set in development,
but to the end those with boron were strikingly good, and those with-
out showed all the signs of boron deficiency most markedly. The final
conolusion deduced from these experiments was: calcium is necessary
to counteract the harmful action of the other food salts and without
boron the calcium is not fully utilized.

In 1933 the present author tested whether the same results would
be obtained when Medicago sativa was used as experimental plant.
The ,,Rothamsted solution” 1) was used and the experiment lasted from

1) KNO, 1 g; KH,PO, 0,5 g; NaCl 0,6 g; CaSO, 0,5 g; MgS0, 0,5 g3 FeCl,
0,04 g; distilled water 1000 g. .






