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Very in teresting  problem , for agriculture and gardening, is the quan­
tity  of boron in soil, w hich would be available for plants. It is determ ined 
in ex tracts w hich are m ore or less acid and be tte r or worse buffered. 
Opinions found in lite ra tu re  on usefulness of some extract solutions for 
determ ining in soil boron readily  available for p lants are not unanim ous 
[2, 3, 4]. In this connection the investigations were carried out on the 
dependences betw een the soil content of 4 form s of boron and the concen­
tra tion  of to tal boron in sum m er rape and field bean. This correlation was 
accepted as a criterion for evaluation of efficacy of the m ethods applied 
for determ ining in soil the content of boron available for plants.

METHODS

Investigations were carried out, for 4 years, on sum m er rape (Bro- 
nowski IHAR variety) and field bean (Fioletowy Czyżowskich, M ajor 
THZ variety) grown on 8 d ifferen t soils, in field and pot experim ents. 
The soils chosen for these experim ents contained different quantities of 
to ta l boron and of its form s considered as available for plants. Before 
sowing the plants, boron was determ ined quan tita tive ly  by colorim etric 
m ethod, using quinalisarin , in the following soil extracts:

— w ater ex tract according to Berger and Truog [3],
— acetate ex tract according to Baron [1],
— in 20'% acetic acid [5],
— in concentrated sulphuric acid [6].
The same m ethod was used in determ ining boron content in dry  m at­

te r of p lants after their vegetation was over.
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RESULTS AND D ISCU SSIO N

The contents of the tested form s of boron in the soils used in experi­
m ents ranged from  0.12 to 10.2 ppm  (Tab. 1). In this Table the soils w ere 
ranged successively according to increasing content of boron soluble in 
w ater. No sim ilar increase was observed in other form s of boron w hen 
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-

T a b l e  1

S o il  content o f d if fe r e n t  forms o f boron 
and i t s  to t a l  q u an tity  in  summer rape and f i e l d  bean grown in  th ese  s o i l s

S o il
No.

Mechanic 
fr a c tio n  

<^T0.02  mm 
in  % 

of s o i l

PH
Boron in mg/kg s o i l  dry 

m atter
Boron in mg/kg 

dry m atter

H20 ŁC1 1 2 3 4
summer

rape
f i e l d
bean

1 5 .0 5 .65 4 .6 0 0.12 0 .4 1 .0 3 .0 11.0
! 2 8 .8 6 .75 5 .8 2 0 .14 0 .4 2 .0 6 .0 - 7 .2
! 3 4 .5 5 .75 4 .6 9 0 .1 6 0 .6 1 .0 3 .0 18 .2 11.9
i 4 5 .1 b .6l b .29 0 .25 0 .6 1 .9 3 .5 - 14.1

i * 10.5 6.77 ь .зь 0 .3 3 0 .9 3 .1 5 .2 - 19.2
i b 15.5 6 .93 6 .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 .7 6 0 .8 3 .0 4 .5 26 .0 -

su m m er rape 1.74 3 .6 11 .0 20 .5
S u u 7 6 .3 1 02 .0

f ie ld  bean 2 .84 5 .4 18 .1 З4 .7

C orrela tion summer rape +0.849 +0.394 +0.481 +0.399
c o e f f ic ie n t f i e ld  bean 0.950 +0 . 923* +0.786 +0.686

Comment; 1 -  boron so lu b le  in  water, method o f Berger and Truog,
2 -  boron so lu b le  in a ce ta te  ex tra c t Baron's method,
3 -  bcrcn so lu b le  in  20% HC1,
4 -  boron so lu b le  in  con ten tra ted  H2SO4 , according to R in k ie ,

** -  s ig n if ic a n t  at the 5% le v e l  o f p r o b a b ility ,
* -  s ig n if ic a n t  at the 1% le v e l  o f p r o b a b ility .

m ined according Baron's m ethod, showed a system atic increase of the 
quan tity  of boron soluble in w ater (from 0.12 to 0.25 ppm). The highest 
content of boron soluble in 20% HC1 and in concentrated H2S 0 4 was 
found in soil No. 7, tw ice as high as in soils No. 5 and 8. In soil No. 4 the 
quan tity  of boron soluble in 20% HC1 was sim ilar to th a t in soil No. 
2, while the quan tity  of to tal boron according to Rinkis was twice as 
low.
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This combination of dependences of 4 forms of boron indicates tha t 
in various soils the dissolving action of each of the ex tract solutions was 
different. P resum ably  it depended on the soil tex tu re, 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 estim ating the soil con­
ten t of boron available for plants. This creates, however, great difficul­
ties, especially in establishing in tervals (term inal values) for individual 
methods. A proper estim ation of efficacy of the given ex tract solution 
for determ ining in soil the quan tity  of boron available for p lants is not 
alw ays possible in these conditions. A more simple and perhaps more 
accurate way of such estim ation is a comparison of chemical methods 
w ith the resu lts of biological methods. Such a comparison can be perfor­
med, among others, by studying the dependence betw een the content of 
d ifferent form s 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 sum m er 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% HC1 and in concentrated 
H2S 0 4 were identical in both soils. The content of boron in sum m er rape 
grown on soil No. 7 was lower than  in th a t on soil No. 8, though the la tte r 
contained twice as m uch boron soluble in B aron’s solution, in 20% HC1, 
and in concentrated H2S 0 4. H igher 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 H2S 0 4 than in tha t grown on soil No. 2, richer 
in these form s of boron. This is proof of lack of dependence betw een the 
richness of the soils, being compared, in these forms of boron, and the con­
centration of this elem ent in sum m er rape and field bean grown on these 
soils. Thus these form s of boron can not be utilized in estim ating the 
necessity of fertilizing soils w ith  boron. The correlation coefficients 
betw een soil content these form s of boron and the concentration of to tal 
boron in the above-ground parts of sum m er rape and field bean (Tab. 1 
and Fig. 3, 4 and 7, 8) are statistically  insignificant which confirm s the 
above statem ent.

The differences obtained in boron content in sum m er rape and field 
bean show a d istinct and recurring  correlation betw een soil content of 
boron soluble in w ater, determ ined according to the original m ethod of 
Berger and Truog, and the concentration of boron in these plants. It is 
confirm ed by the significant correlation coefficients for this form  of 
boron (Tab. 1 and Fig. 1, 5). B e r g e r  and T r u o g  (cit. a fter [3]) also 
reported  the correlation existing betw een the soil content of boron soluble 
in w ater and concentration of to ta l boron in the leaves of beet. These
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Boron mg/hg soi! 

Boron mg/hg plant

C orrelation betw een  soil content of d ifferent form s of boron and its concentration
in fie ld  bean

Fig. 1. Boron soluble in w ater according to Berger and Truog 
Fig. 2. Boron soluble in acetate solution according to Baron  

Fig. 3. Boron soluble in 20°/o HC1 
Fig. 4. Boron soluble in concentrated H 2S 0 4

authors expressed the opinion th a t boron soluble in w ater was the 
best index of the actual reserve of this elem ent in a form  available for 
plants.

Boron content in field bean also showed a high correlation w ith  the soil 
content of boron soluble in acetate solution according to Baron (Tab. 1 and
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  Boron mg/kg soil

— ■ - Boron mg/kg plant

Correlation betw een  soil content of d ifferent form s of boron and its concentration
in sum m er rape 

Fig. 5. Boron soluble in w ater according to Berger and Truog 
Fig. 6. Boron soluble in acetate solution according to Baron  

Fig. 7. Boron solub le in 20°/o HC1 
Fig. 8. Boron soluble in concentrated H 2S 0 4

Fig. 2). But sum m er 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 elem ent in sum m er rape. P resum ably  Baron's 
m ethod, after an exact exam ination in Polish conditions, can be applied in 
determ ining soil content of boron available for plants.

7 R o c z n ik i  g le b o z n a w c z e
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CONCLUSIONS

The resu lts of these investigations perm it the following conclusions:
1. The studied forms of soil boron are not available in equal degree for 

sum m er rape and field  bean. P resum ably  availability  for plants of the 
individual form s of this trace elem ent depends on soil tex tu re , its chemical 
and physical composition, and p rim arily  on its reaction.

2. Soil content of boron soluble in concentrated m ineral acids did 
not show significant correlation w ith  of to ta l boron concentration in the 
above-ground parts of sum m er rape and field bean after their vegetation 
was over.

3. Investigations showed a h ighly correlation betw een concentration 
of boron in the field bean and the soil content of boron soluble in acetate 
ex tract B aron’s method. This m ethod, after an more exact exam ination in 
Polish conditions, can be applied for determ ining soil content of boron 
available for p lants and for predicting the necessity of fertilizing soil 
w ith  boron.

4. A highly significant correlation was found betw een soil content of 
boron soluble in w ater according to Berger and Truog, and the concentra­
tion of to ta l boron in the tested  plants. Soil content of boron soluble in 
w ater should be used as a basis for estim ating the need of fertilizing soil 
w ith  this trace elem ent.
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H . K U K U R E N D A

UTILITÉ DE CERTAINES SOLUTIONS D ’EXTRACTION POUR DÉTÉRMINER
D A N S LE SOL LE BORE FACILEMENT A SSIM ILABLE PAR LES PLANTES

C h a ir e  d e  C h im ie  A g r ic o le  e t  C h a ir e  d e  la  C u ltu r e  e t  d e  F u m a g e  d u  S o l- H a u t e  É c o le
d ’A g r ic u l t u r e ,  P o z n a ń

R é s u m é

On observa l ’u tilité  de quatre solutions d’extraction  pour déterm iner dans le  
sol le  bore accessib le aux plantes. On détermina, les quantités du bore dans le sol 
avant les sem ailles dans les extractions su ivantes:

1) — aqueuse selon Berger et Truog [3],
2) — d’acétate selon  Baron [1],
3) — 20 °/o HC1 [5],
4) — concentrée de H 2S 0 4 selon R inkis [6].
On effectua l ’appréciation des m éthodes sus-m entionnées en com parant leurs 

résu ltats avec les résultats de la  m éthode biologique. On se servi dans ce but d’e x ­
périences aux cham ps et en pots sur le  colza d’été (Bronow ski IHAR) et sur le  
févero les (V iolette de Czyżowskich, M ajor THZ), au cours desquelles on observa la  
corrélation entre la teneur du sol en diverses form es de bore et la  concentration du 
bore dans toute la m asse audessus de terre des plantes après que leur végétation  fu t 
term inée.

On effectua le  chois des sols pour les observations en prenant en considération  
la plus grande d ifférenciation  de leur teneur en quatre form es de bore au s-m en-  
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 p lantes observées (dess. 1, 5).

On constata aussi une corrélation satisfa isan te du bore solub le dans une solution  
d’acetaté selon Baron (dess. 2) sur les févero les. L e bore soluble dans les concentrés 
acides m inéraux none dém ontra pas de corrélation réelle  (tab. 1 et dess. 3, 4, 7, 8).

H . K U K U R E N D A

EINGNUNG MANCHER EKSTRA KTIONSLÖSUNG EN ZUR BESTIM M UNG DES  
FÜR DIE PFLANZEN LEICHT AUFNEH M BAREN BORS IM BODEN

L e h r s tu h l  fü r  A g r o c h e m ie  u n d  L e h r s t u h l  fü r  A c k e r b a u  u n d  D ü n g u n g  d e r  L a n d w ir t s c h a f t l i c h e n
H o c h s c h u le  zu  P o z n a ń

Z u s a m m e n f a s s u n g

Es w urde die E ignung von vier E kstraktionslösungen zur B estim m ung des für  
P flanzen le ich t aufnehm baren Bors untersucht. Das Bor w urde im Boden vor der 
P flanzensaat in fo lgenden  A uszügen quantitativ  bestim m t:

7*
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1) W asserauszug nach Berger und Truog [3],
2) A zetatauszug nach Baron [1],
3) A uszug in 20°/o HCl [5],
4) A uszug in konz. H 2S 0 4 nach R inkis [6].
Die B ew ertung der chem ischen M ethoden w urde auf Grund eines V ergleiches 

deren E rgebnisse m it denen der biologischen M ethode durchgeführt. Zu diesem  
Z w ecke w urden die G efäss und F eldversuche m it Som m erraps (Bronow ski IHAR) 
und Pferdebohnen (F ioletow y C zyżowskich, Major THZ) angelegt, in w elchen  die 
Z usam m enhänge zw ischen dem G ehalt verschiedener Borform en im Boden und der 
B orkonzentration in ganzer oberirdischen M asse dieser P flanzen nach B eendigung  
der W achstum speriode bestim m t w urden. D ie W ahl der Böden für die U ntersuchun­
gen w urde unter B erücksichtigung der höchsten  D ifferenzierung der v ier obeng'e- 
nannter Borform en in denselben durchgeführt (Tab. 1).

A uf Grund der vierjährigen  U ntersuchungen w urde eine K orrelation zw ischen  
dem  w asserlösslichen  Bor im Boden nach Berger und Truog und der Borkonzentra­
tion in untersuchten P flanzen festgeste llt (Tab. 1 und Abb. 1, 5). Es trat auch ein  
w esentlicher Z usam m enhang in dieser H insicht bei dem im A zetat nach Baron 
auflösbaren Bor (Tab. 1 und Abb. 2) auf. Das in konzetr. M ineralsäuren auflösbare  
Bor w ies k eine sign ifikante K orrelation auf (Tab. 1 und Abb. 3, 4, 7, 8).

H . K U K U R E N D A

PRZYDATNOŚĆ NIEKTÓRYCH ROZTWORÓW EKSTRAKCYJNYCH  
DO OZNACZANIA W GLEBIE BORU ŁATWO DOSTĘPNEGO DLA ROŚLIN

K a te d r a  C h e m ii  R o ln e j  o r a z  K a te d r a  U p r a w y  i N a w o ż e n ia  R o li  W S R , P o z n a ń

S t r e s z c z e n i e

Badano przydatność czterech roztw orów  ekstrakcyjnych do oznaczania w  glebie  
boru dostępnego dla roślin  upraw nych. M ikroskładnik ten w  glebach oznaczano ilo ś­
ciow o przed siew em  roślin w  następujących w yciągach:

1) w odnym  w g Bergera i Truoga [3],
2) octanow ym  w g Barona [1],
3) 20-procentow ym  HC1 [5],
4) stężonym  H 2S 0 4 w g R inkisa [6].
Przydatność tych m etod chem icznych do oznaczania w  glebie boru dostępnego  

■dla roślin oceniano porów nując ich w yn ik i z w ynikam i m etody biologicznej. W tym  
celu  założono czteroletn ie dośw iadczenia w azonow e i polow e z rzepakiem  jarym  
(Bronow ski IHAR) i bobikiem  (F ioletow y C zyżowskich, M ajor THZ) na ośm iu g le ­
bach, w  których badano w spółzależność m iędzy zasobnością gleb w  badane form y  
boru, a koncentracją boru w  całej m asie nadziem nej roślin po zakończeniu ich  
w egetacji. W spółzależności te obliczono m atem atycznie i w yrażono za pom ocą w sp ó ł­
czynników  korelacji (tab. 1).

W w yn ik u  przeprow adzonych badań stw ierdzono korelację m iędzy zaw artością  
w  glebach boru rozpuszczalnego w  w odzie w g B ergera i Truoga a koncentracją boru



E fficacy of som e extract solutions 101

w  badanych roślinach (tab. 1 oraz rys. 1 i 5). K oncentracja boru w  bobiku w ykazała  
rów nież w ysoce istotną korelację z zaw artością w  badanych glebach boru rozpusz­
czalnego w  roztw orze w g Barona. K orelacji istotnej n ie w ykazał natom iast bor 
rozpuszczalny w  m ocnych kw asach m ineralnych (tab. 1 oraz rys. 3, 4, 7, 8).

X . К У К У Р Е Н Д А

ПРИГОДНОСТЬ НЕКОТОРЫ Х ЭКСТРАКТОРОВ ДЛЯ ОПРЕДЕЛЕНИЯ  
В ПОЧВЕ БОРА ЛЕГКО ДОСТУПНОГО ДЛЯ РАСТЕНИЙ

К а ф е д р а  А г р о х и м и и  и  К а ф е д р а  А г р о т е х н и к и  и  У д о б р о н е и я ,
В ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а , П о з н а н ь

Р е з ю м е

И сследовали пригодность четы рех экстрагирующ их растворов для опреде­
ления бора доступного для растений. В почвах перед посевом растений прово­
дили количественное определение бора в следую щ их вы тяж ках:

1) — водной по Бергеру и Труогу [3],
2) — ацетатной по Барону [1],
3) — 20°/о НС1 [5],
4) — концентрированной H 2S 0 4 по Ринкису [6].
Оценку вы ш еприведенных химических методов проводили сравнивая и х  

результаты  с результатами биологического метода. Для этой цели были зало­
ж ены  вегетационны е и полевы е опыты с яровым рапсом (Броновски И Х А Р) 
и кормовыми бобами (Гиолетовы Чыжовских, Майор ТХЗ), в которых изучали  
взаимозависимость м еж ду содерж анием в почве различны х форм бора и кон­
центрацией бора в целой надземной массе растений после окончания их веге­
тации.

Почвы для исследований выбирали с учетом наибольш ей диф ф еренциации  
в них названны х четы рех форм бора (таб. 1).

В результате четы рехлетних исследований установлена корреляция м еж ду  
содерж анием в почве бора растворимого в воде по Бергеру и Труогу и концен­
трацией общего бора в исследованны х растениях (таб. 1 и рис. 1 и 5). К онцен­
трация бора в кормовом бобе показала тож е сущ ественной корреляцию с со­
держ анием  в почве бора растворимого в ацетатном растворе по Барону (таб. 1 
и рис. 2). Бор растворимый в концентрированных кислотах не показал сущ е­
ственной корреляции (таб. 1 и рис. 3, 4, 7, 8).




