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EFFICACY OF SOME EXTRACT SOLUTIONS IN DETERMINING SOIL
CONTENT OF BORON READILY AVAILABLE FOR PLANTS

Department of Soil Agrochemistry, Department of Soil Cultivation and Fertilization,
College of Agriculture, Poznan

Very interesting problem, for agriculture and gardening, is the quan-
tity of boron in soil, which would be available for plants. It is determined
in extracts which are more or less acid and better or worse buffered.
Opinions found in literature on usefulness of some extract solutions for
determining in soil boron readily available for plants are not unanimous
[2, 3, 4]. In this connection the investigations were carried out on the
dependences between the soil content of 4 forms of boron and the concen-
tration of total boron in summer rape and field bean. This correlation was
accepted as a criterion for evaluation of efficacy of the methods applied
for determining in soil the content of boron available for plants.

METHODS

Investigations were carried out, for 4 years, on summer rape (Bro-
nowski IHAR variety) and field bean (Fioletowy Czyzowskich, Major
THZ variety) grown on 8 different soils, in field and pot experiments.
The soils chosen for these experiments contained different quantities of
total boron and of its forms considered as available for plants. Before
sowing the plants, boron was determined quantitatively by colorimetric
method, using quinalisarin, in the following soil extracts:

— water extract according to Berger and Truog [3],

— acetate extract according to Baron [1],

— in 20%0 acetic acid [5],

— in concentrated sulphuric acid [6].

The same method was used in determining boron content in dry mat-
ter of plants after their vegetation was over.



94 H. Kukurenda

RESULTS AND DISCUSSION

The contents of the tested forms of boron in the soils used in experi-
ments ranged from 0.12 to 10.2 ppm (Tab. 1). In this Table the soils were
ranged successively according to increasing content of boron soluble in
water. No similar increase was observed in other forms of boron when
following the accepted succession (columns 2, 3 and 4). The soils No.
1, 2 and 3, 4 containing respectively the same quantities of boron deter-

Table 1

Soil content of different forms of boron
and its total quantity in summer rape and field bean grown in these soils

Mechanic boron in mg/kg soil dry Boron in mg/kg
. frection Pl matter dry matter
Soil <Z0.02 mm
No. in % R summer field
of soil 50 kel 1 € 3 4 rape bean
! 1 5.0 5.65 4.60 0.12 0.4 1.0 3.0 11.¢ -
L2 8.8 6.75 5.82 0.14 | 0.4 2.0 6.0 - 7.2
P3 4.5 5.75 469 | 016 0.6 | 10| 3.0 18.2 11.9
o4 5.1 6.61 6.29 0.25 0.6 1.9 3.5 - 14.1
| 5 10.3 6.77 6.36 0.33 c.9 3.1 5.2 - 19.2
i © 15.5 6.93 0.43 0.50 1.1 4.1 6.8 - 23.4
7 20.7 7.10 6.50 0.70 1.8 6.0 10.2 20.3 26.2
8 15.5 7.30 6.80 0.76 | 0.8 3. 4.5 26.0 -
summer rape 1.74 3.6 11.0 20.5
Suuwm _ 76.3 102.0
field bean 2.84 5.4 18.1 34.7
Correlation summer rape +0.83§ +0.394 |+0.481[+0.399
| coefiicient tield been 0.950(+0.923 | +0.786 [+0.686
(-

Comment: 1 - boron soluble in water, method of Berger and Truog,
2 - boroa soluble in acetate extract Bsron‘s method,
3 - bercn scluble ia 20% HCI,
4 - boron soluble in contentrated H,S0,, according to Rinkis,

X3

- significant at the 5% level of probability,
- significant at the 1% level of probability.

mined according Baron’s method, showed a systematic increase of the
quantity of boron soluble in water (from 0.12 to 0.25 ppm). The highest
content of boron soluble in 20°%¢ HCI and in concentrated H,SO, was
found in soil No. 7, twice as high as in soils No. 5 and 8. In soil No. 4 the
quantity of boron soluble in 20°% HCIl was similar to that in soil No.
2, while the quantity of total boron according to Rinkis was twice as
low.
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This combination of dependences of 4 forms of boron indicates that
in various soils the dissolving action of each of the extract solutions was
different. Presumably it depended on the soil texture, its chemical and
physical composition but first of all on its reaction. Thus, there is a neces-
sity of taking into consideration these factors in estimating the soil con-
tent of boron available for plants. This creates, however, great difficul-
ties, especially in establishing intervals (terminal values) for individual
methods. A proper estimation of efficacy of the given extract solution
for determining in soil the quantity of boron available for plants is not
always possible in these conditions. A more simple and perhaps more
accurate way of such estimation is a comparison of chemical methods
with the results of biological methods. Such a comparison can be perfor-
med, among others, by studying the dependence between the content of
different forms of boron in soil and the concentration of boron in the
plants grown on this soil. As seen from Tab. 1, the concentration of boron
in the above-ground parts of summer rape, vegetation over, grown on soil
No. 3 was about twice as large as that in rape originating from soil No. 1,
although the contents of boron soluble in 20%, HCI and in concentrated
H,SO, were identical in both soils. The content of boron in summer rape
grown on soil No. 7 was lower than in that on soil No. 8, though the latter
contained twice as much boron soluble in Baron’s solution, in 209/, HCI,
and in concentrated H,SO,. Higher boron concentration was also found in
field bean grown on soils-No. 3 and 4 which was poorer in boron soluble in
20%/¢ HC1 and in concetrated H,SO, than in that growh on soil No. 2, richer
in these forms of boron. This is proof of lack of dependence between the
richness of the soils, being compared, in these forms of boron, and the con-
centration of this element in summer rape and field bean grown on these
soils. Thus these forms of boron can not be utilized in estimating the
necessity of fertilizing soils with boron. The correlation coefficients
between soil content these forms of boron and the concentration of total
boron in the above-ground parts of summer rape and field bean (Tab. 1
and Fig. 3, 4 and 7, 8) are statistically insignificant which confirms the
above statement.

The differences obtained in boron content in summer rape and field
bean show a distinct and recurring correlation between soil content of
boron soluble in water, determined according to the original method of
Berger and Truog, and the concentration of boron in these plants. It is
confirmed by the significant correlation coefficients for this form of
boron (Tab. 1 and Fig. 1, 5). Berger and Truog (cit. after [3]) also
reported the correlation existing between the soil content of boron soluble
in water and concentration of total boron in the leaves of beet. These
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Correlation between soil content of different forms of boron and its concentration
in field bean
Fig. 1. Boron soluble in water according to Berger and Truog
Fig. 2. Boron soluble in acetate solution according to Baron
Fig. 3. Boron soluble in 20% HCI1
Fig. 4. Boron soluble in concentrated H,SO,

authors expressed the opinion that boron soluble in water was the
best index of the actual reserve of this element in a form available for
plants.

Boron content in field bean also showed a high correlation with the soil
content of boron soluble in acetate solution according to Baron (Tab. 1 and
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Correlation between soil content of different forms of boron and its concentration
in summer rape
Fig. 5. Boron soluble in water according to Berger and Truog
Fig. 6. Boron soluble in acetate solution according to Baron
Fig. 7. Boron soluble in 20° HCl
Fig. 8. Boron soluble in concentrated H,SO,

Fig. 2). But summer rape did not show significant correlation for this
form of boron. Among 4 soils being compared, one (soil No. 7) did not
show correlation (Fig. 6) of its content of boron according to Baron and
the concentration of this element in summer rape. Presumably Baron’s
method, after an exact examination in Polish conditions, can be applied in
determining soil content of boron available for plants.

7 Roczniki gleboznawcze
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CONCLUSIONS

The results of these investigations permit the following conclusions:

1. The studied forms of soil boron are not available in equal degree for
summer rape and field bean. Presumably availability for plants of the
individual forms of this trace element depends on soil texture, its chemical
and physical composition, and primarily on its reaction.

2. Soil content of boron soluble in concentrated mineral acids did
not show significant correlation with of total boron concentration in the
above-ground parts of summer rape and field bean after their vegetation
was over.

3. Investigations showed a highly correlation between concentration
of boron in the field bean and the soil content of boron soluble in acetate
extract Baron’s method. This method, after an more exact examination in
Polish conditions, can be applied for determining soil content of boron
available for plants and for predicting the necessity of fertilizing soil
with boron.

4. A highly significant correlation was found between soil content of
boron soluble in water according to Berger and Truog, and the concentra-
tion of total boron in the tested plants. Soil content of boron soluble in
water should be used as a basis for estimating the need of fertilizing soil
with this trace element.

REFERENCES

[1] Baron H.. Gemeinsame Ekstraktion und chemische Bestimmung des leich-
16slichen Anteils der Mikrondhrstoffen Bor, Eisen, Kobalt, Kupfer, Mangan,
Molybdidnium und Zink im Boden. Landw. Forsch., B. 7, 1955, H. 2, s. 82.

[2] Katatlynow M. W,, Riabowa J. S.: Wlijanije izwiestkowanija na ra-
stworimost bora poczw i jewo dostupnost rastienijam. Dokl AN SSSR, 74, 1950,
3, s. 561—564.

[3] Miller F. W.: Serienmiéssige Borbestimmung im Boden mittels der Heiswasser-
extraction nach Berger Truog. Landw. Forsch., B. 10, 1957, s. 32—35.

[4] Musierowicz A. i wspéipracownicy: Gleby wojewddztwa 16dzkiego. Roczn.
Nauk Roln,, t. 86-D, Warszawa, 1960.

[5] Piper C. S.: Analiza gleby i roslin. Warszawa 1957, PWN, s. 161—167.

[6] Rinkis G. J.: Pieredwiznaja taboratoria dla opredielenija walowowo so-
dierzanija mikroelemientow (Cu, Zn, Mn, Mo, B) w rastienijach i poczwach.
Mikroelemienty i urozaj, Riga, 1961, izd. AN USSR, s. 168—189.



Efficacy of some extract solutions 99

H. KUKURENDA

UTILITE DE CERTAINES SOLUTIONS D’EXTRACTION POUR DETERMINER
DANS LE SOL LE BORE FACILEMENT ASSIMILABLE PAR LES PLANTES

Chaire de Chimie Agricole et Chaire de la Culture et de Fumage du Sol-Haute Ecole
d’Agriculture, Poznan

Résumé

On observa l’utilité de quatre solutions d’extraction pour détérminer dans le
sol le bore accessible aux plantes. On détérmina les quantités du bore dans le sol
avant les semailles dans les extractions suivantes:

1) — aqueuse selon Berger et Truog [3],

2) — d’acétate selon Baron [1],

3) — 209/ HCI [5],

4) — concentrée de H,SO, selon Rinkis [6].

On effectua l’appréciation des méthodes sus-mentionnées en comparant leurs
résultats avec les résultats de la méthode biologique. On se servi dans ce but d’ex-
périences aux champs et en pots sur le colza d’été (Bronowski IHAR) et sur le
féveroles (Violette de Czyzowskich, Major THZ), au cours desquelles on observa la
corrélation entre la teneur du sol en diverses formes de bore et la concentration du
bore dans toute la masse audessus de terre des plantes aprés que leur végétation fut
terminée.

On effectua le chois des sols pour les observations en prenant en considération
la plus grande différenciation de leur teneur en quatre formes de bore aus-men-
tionnées (tab. 1).

En résultat des observations des quatres annés on constata une corrélation entre
la teneur du sol en bore soluble dans l’eau selon Berger et Truog, et la concentra-
tion du bore dans les plantes observées (dess. 1, 5).

On constata aussi une corrélation satisfaisante du bore soluble dans une solution
d’acetaté selon Baron (dess. 2) sur les féveroles. Le bore soluble dans les concentrés
acidés minéraux none démontra pas de corrélation réelle (tab. 1 et dess. 3, 4, 7, 8).

H. KUKURENDA

EINGNUNG MANCHER EKSTRAKTIONSLOSUNGEN ZUR BESTIMMUNG DES
FUR DIE PFLANZEN LEICHT AUFNEHMBAREN BORS IM BODEN

Lehrstuhl fiir Agrochemie und Lehrstuhl fur Ackerbau und Diingung der Landwirtschaftlichen
Hochschule zu Poznan
Zusammenfassung

Es wurde die Eignung von vier Ekstraktionslosungen zur Bestimmung des fiir
Pflanzen leicht aufnehmbaren Bors untersucht. Das Bor wurde im Boden vor der
Pflanzensaat in folgenden Ausziigen quantitativ bestimmt:

7*
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1) Wasserauszug nach Berger und Truog [3],

2) Azetatauszug nach Baron [1],

3) Auszug in 20 HCI [5],

4) Auszug in konz. H,SO, nach Rinkis [6].

Die Bewertung der chemischen Methoden wurde auf Grund eines Vergleiches
deren Ergebnisse mit denen der biologischen Methode durchgefiihrt. Zu diesem
Zwecke wurden die Gefdss und Feldversuche mit Sommerraps (Bronowski IHAR)
und Pferdebohnen (Fioletowy Czyzowskich, Major THZ) angelegt, in welchen die
Zusammenhidnge zwischen dem Gehalt verschiedener Borformen im Boden und der
Borkonzentration in ganzer oberirdischen Masse dieser Pflanzen nach Beendigung
der Wachstumsperiode bestimmt wurden. Die Wahl der Boden fiir die Untersuchun-
gen wurde unter Beriicksichtigung der hochsten Differenzierung der vier obenge-
nannter Borformen in denselben durchgefiihrt (Tab. 1).

Auf Grund der vierjahrigen Untersuchungen wurde eine Korrelation zwischen
dem wasserlosslichen Bor im Boden nach Berger und Truog und der Borkonzentra-
tion in untersuchten Pflanzen festgestellt (Tab. 1 und Abb. 1, 5). Es trat auch ein
wesentlicher Zusammenhang in dieser Hinsicht bei dem im Azetat nach Baron
auflésbaren Bor (Tab. 1 und Abb. 2) auf. Das in konzetr. Mineralsduren auflosbare
Bor wies keine signifikante Korrelation auf (Tab. 1 und Abb. 3, 4, 7, 8).

H. KUKURENDA

PRZYDATNOSC NIEKTORYCH ROZTWOROW EKSTRAKCYJNYCH
DO OZNACZANIA W GLEBIE BORU EATWO DOSTEPNEGO DLA ROSLIN

Katedra Chemii Rolnej oraz Katedra Uprawy i Nawozenia Roli WSR, Poznan

Streszczenie

Badano przydatnoéé czterech roztworéw ekstrakeyjnych do oznaczania w glebie
boru dostepnego dla roslin uprawnych. Mikroskladnik ten w glebach oznaczano ilo$-
ciowo przed siewem ro$lin w nastepujacych wyciggach:

1) wodnym wg Bergera i Truoga [3],

2) octanowym wg Barona [1],

3) 20-procentowym HCI1 [5],

4) stezonym H,SO, wg Rinkisa [6].

Przydatno$é tych metod chemicznych do oznaczania w glebie boru dostepnego
dla roslin oceniano poréwnujgc ich wyniki z wynikami metody biologicznej. W tym
celu zatozono czteroletnie do$wiadczenia wazonowe i polowe z rzepakiem jarym
(Bronowski ITHAR) i bobikiem (Fioletowy Czyzowskich, Major THZ) na o$miu gle-
bach, w ktérych badano wspéizalezno§é miedzy zasobno$cia gleb w badane formy
boru, a koncentracja boru w calej masie nadziemnej roSlin po zakonczeniu ich
wegetacji. Wsp6tzaleznosci te obliczono matematycznie i wyrazono za pomocg wspoi-
czynnikéw korelacji (tab. 1).

W wyniku przeprowadzonych badan stwierdzono korelacje miedzy zawarto$cia
w glebach boru rozpuszczalnego w wodzie wg Bergera i Truoga a koncentracjg boru
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w badanych ro§linach (tab. 1 oraz rys. 1 i 5). Koncentracja boru w bobiku wykazala
réwniez wysoce istotng korelacje z zawarto$cia w badanych glebach boru rozpusz-
czalnego w roztworze wg Barona. Korelacji istotnej nie wykazal natomiast bor
rozpuszczalny w mocnych kwasach mineralnych (tab. 1 oraz rys. 3, 4, 7, 8).

X. KYKYPEHIA

IIPUTOAJHOCTBE HEKOTOPBIX 3KCTPAKTOPOB IJid OIIPEJEJEHWMS
B IIOYBE BOPA JIETKO JOCTVYIIHOTO AJA PACTEHUI

Kacdenpa Arpoxummmym un Kadeapa ArpoTexXHMKM M YmoGpcHeusd,
Belicuiaa CenbCcKoOxo3AicTBeHHasa IlIIkona, IIo3HaHb

Pe3mome

VccnemoBany NPUTOAHOCTD YETBHIPEX SKCTPATMPYOIMX PacTBOPOB AJsA OIpexpe-
neHua 6opa JOCTYNHOro AJA pacTeHmit. B moysax mepez II0OCEBOM PaCTEeHMIT IIPOBO-
AWM KOJMIMYEeCTBEHHOe onpezneneHue Gopa B CIeAyMOIMX BbITAXKKAX:

1) — Bognoit o Beprepy m Tpyory [3],

2) — anerarHoi no Bapony [1],

3) — 20%0 HCI [5],

4) — xoHueHrpupoBaHHoi H,SO, no Pungucy ([6].

OIleHKY BbIULIENPUBEAEHHBIX XJMMMYECKMX METOLOB IIPOBOAMINM CpaBHMBAs UX
pe3yabTaThl ¢ pe3yJbTaTaMM OMOJOrMyYeckKoro Merozna. A 9TOi weau ObLiu 3aio-
JKeHbl BEreTalMOHHbIE M IIOJEBblIe ONIbBITBI ¢ APOBbIM parncoMm (BporoBcku WXAP)
¥ KOpMOBbIMM GoOamu (I'mosieToBbl YUbIKOBCKMX, Maitop TX3), B KOTOPLIX M3ydasu
B3aMMO3aBMUCMMOCTb MEKAY COZepiKaHMueM B IIOYBE Da3jMYHBIX (popMm Gopa M KOH-
HeHTpalumerr 6opa B LeJION HAA3€MHOM Macce PaCTEHMII ITOCJIe 'OKOHYAHMA UX Bere-
Tanun.

TIouBBI [JIA MCCJELOBaHMII BbIOMpanu ¢ ydeToMm Hambojbiueil AuddepeHIMaImm
B HMX Ha3BaHHbBIX 4YeThbIpex copm OGopa (tab. 1).

B pesyabraTe 4YETHIPEXJIETHMX MCCIELOBAHMII YCTAHOBJEHA KOPPENALMS MeXAY
coflepzKaHMueM B IIouBe Oopa pacTBOpMMOro B Boze no Beprepy u Tpyory m KoHIeH-
Tpanueil obiugero 6opa B MccienoBaHHBIX pacreHmax (Tab6. 1 u puc. 1 u 5). Konnen-
Tpanua Gopa B KopMoBoM 6o0e moxasalla TOXe CYUIECTBEHHO) KOPPeJNALMI0 C CO-
IepixaHMueM B nousBe Gopa DPacTBOPMMOrO B aLETATHOM DpacTBope no Bapory (1ab. 1
u puc. 2). Bop pacTBOPMMBI B KOHLIEHTPMPOBaHHBIX KMCJIOTaX He II0KasaJj cyile-
cTBeHHO1 Koppeasiuuu (tab. 1 1 puc. 3, 4, 7, 8).






