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Evaluation of Methods for Determination
of Soil Boron Available to

Apple Trees

Christos D. Tsadilas and Panagiota Kazai

National Agricultural Research Foundation, Institute of Soil

Classification and Mapping, Larissa, Greece

Abstract: Soil boron (B) available to plants can be determined by using several

methods. This study evaluated the efficiency of hot water extraction, saturation

paste, resin, mannitol, and hydrochloric acid methods for determination of soil B

available to two apple tree varieties (Malus domestica, var. golden and black). Soil

samples from 26 sites where the golden and black apple varieties were growing in

northern Greece were collected and analyzed for B by these five procedures. Boron

concentration in apple tree leaves from these sites was also determined. Hot water

extractable boron (HwsB) was strongly correlated with B extracted by mannitol

(Man-B) and HCl (HCl-B). Soil B extracted by all the methods was significantly

correlated with B concentration in apple tree leaves of both varieties, except golden

in the case of the saturation paste method. Boron extracted with use of the resin

method correlated best with leaf B for both varieties followed by the mannitol

and HCl methods. Resin-extractable soil B concentrations causing deficiency

and toxicity were 1.20 and 5.19mg kg21 soil, respectively. For the other methods,

soil B concentrations corresponding to B toxicity in these apple varieties ranged

from 4.0 to 6.0mgB kg21 soil.

Keywords: Available soil boron, apple tree boron requirements, critical soil

born values
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INTRODUCTION

Boron (B) is an essential element that substantially affects crop yield and fruit

quality in apple trees. Boron deficiency in apple trees has been reported in

Europe, United States, Asia, Australia, Africa, and Japan (1). However, B

toxicity is rare and usually is due to excessive B fertilization or to high B

content of irrigation water (2). Apple trees have a high B requirement (3),

and they are also very sensitive to excessive amounts of this element (4).

Boron deficiency in apple trees exhibits characteristic symptoms such as

slight chlorosis and peripheral burning in leaves, and branch tips are usually

small, deformed, and lacerate (3). Boron toxicity symptoms are branch tip

necrosis and chlorosis or necrosis along the main leaf veins. Fruit suffering

B toxicity ripens early and shows low keeping quality during post harvest

storage (3).

Diagnosis of B deficiency in apple trees is performed by plant analysis.

Measured B values in leaves are compared with the critical concentrations

established for deficiency. Hanson (3) reported that critical B concentrations

for apple trees corresponding to deficiency, adequacy, and toxicity were

,20, 20–60, and .140mg kg21 dry matter, respectively. However,

Robinson et al. (5) accepted as deficiency those values ,15mg kg21,

marginal values ranged between 15 and 20mg kg21, adequate values

between 21 and 40mg kg21, and high values were between 40 and

200mg kg21 dry matter. In addition to plant analysis, soil analysis contributes

substantially to the evaluation of plant-available B status of soils and to the

prognosis of B deficiency or toxicity. For B, soil analysis has a special signifi-

cance because the range between the values corresponding to deficiency and

toxicity is very narrow (4).

Assessment of available soil B is performed by several methods, among

which the hot water extraction procedure, developed by Berger and Truog, (6)

is the most widely acceptable. However, this method involves considerable

technical difficulties in its use related to contamination when pyrex glass

vessels are used, to color development in the extracts due to the presence of

organic matter, or to the colloidal dispersion resulting in cloudy extracts. In

addition, it is time-consuming. For these reasons, several alternative pro-

cedures to the hot water extraction method have been developed. Some of

these, including saturation extract, (7) 0.05MHCl extraction procedure (8),

0.05M mannitol in 0.01M CaCl2 (9), and a B-specific resin (10), have been

tested recently on soils producing kiwifruit and found quite satisfactory for

determining the B available to this crop (11). Wójcik (12) found that B in

soil solution, B nonspecifically or specifically adsorbed on soil colloid

surfaces, and B occluded in Mn hydroxides, were well correlated with B

concentration in apple trees on M.26 rootstock.

In Greece, B deficiency in apple trees has been found in several

apple-producing areas such as Naoussa, Northern Greece or Arkadia,
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Peloponissos (13). However, in these studies, only leaf analyses were used

without consideration of soil B. In general, correlation of soil B data with

nutritional status of tree crops and especially of apple trees is rare (14).

Recent research in Greek soils has proved that soil B analysis by the same

methods evaluated in this study can effectively be used for prognosis of

nutritional status, even of tree crops like olive trees and kiwi fruit, whereas

other methods such as dilute HCl and resin methods, also proved to be

effective (11, 15, 16). The purpose of our study was to check the efficiency

of some methods for determination of soil B available to apple trees to

improve, along with tissue testing, the prognosis of B nutritional status of

apple trees.

MATERIALS AND METHODS

At the end of August 1998, surface (0–25 cm) and subsurface (25–50 cm) soil

samples were collected from 26 sites in the same field. The soil, classified as

Typic Xerochrept, was alluvial, well drained, loamy, slightly alkaline, and had

a low organic matter content. Some chemical and physical properties of the

soil are shown in Table 1. Soil samples were air-dried, ground, and sieved

with a 2-mm sieve, and analyzed for B by using the following extraction

procedures: 1) hot water extraction (HwsB) (boiling of soil samples for

5min in a 0.001M CaCl2 solution in a ratio of soil to extractant 1 : 2 CaCl2-B

(7); 2) saturation past extraction, (Sat-B) (7); 3) mannitol in 0.001M CaCl2
solution, (Man-B) (7); 4) resin (amberlite IRA 743) (Res-B) (11); and 5)

0.005HCl (HCl-B) (8). From the same locations, leaves from two apple

tree varieties (Malus domestica var. golden and black) were also sampled.

In the same field, the two apple varieties were cultivated together in two

parallel rows with a spacing of 1m. These 7-yr-old apple trees had very

good nutritional status. Irrigation water contained 1.05mgBL21. This B con-

centration is considered high for B-sensitive plants such as apple trees (4). In

apple tree leaves, B was determined after dry ashing samples at 5508C and

dilution of the ash with HCl acid (17). In all cases both in soil and leaf

Table 1. Selected properties of the soil studied

Property Value

pH (water 1 : 1) 7.9

CaCO3, % 12.5

Organic matter, % 1.45

Electrical conductivity, dS m21 7.9

Clay content, % 12.5

Hot water soluble B, mg kg21 1.45

Determination of Soil Boron Available to Apple Trees 697
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samples, B was determined in the extractants by using the azomethine-H

method (7). Regression analysis between soil and leaf B concentrations was

performed to evaluate B extraction methods.

RESULTS AND DISCUSSION

Boron concentrations in apple tree leaves and soils as determined by the

methods studied are presented in Table 2. Boron concentrations in apple

tree leaves ranged between 23 and 100mg kg21 dry matter. These levels

are considered relatively high (3). However, no toxicity symptoms, as

confirmed by the external appearance of the trees, were found. A paired com-

parison revealed no significant difference in B concentrations in leaf dry

matter between the two apple tree varieties. High B concentration in apple

tree leaves was attributed to the 1.0mgL21 B concentration found in irrigation

water and to the 1.45mg kg21 level of B in the soil. Apple tree is considered a

high B-demanding crop, although it is sensitive to this element. Available soil

B concentration by the hot water extraction method is considered adequate

when it is .0.5mg kg21 soil (4). Boron concentrations determined by the

methods under investigation were significantly correlated with each other

(data not presented). The strongest correlation with the HwsB procedure

was found with Man-B (R2 ¼ 0.54���). Mannitol-B was strongly correlated

with Res-B (R2 ¼ 0.66���).

Table 2. Minimum, maximum, and mean boron concentration values in apple tree

leavesa and soil determined by several boron extraction methods

B concentration (mg kg21)

Minimum Maximum Mean value

Leaves, var. golden 23.2 94.4 62.4

Leaves, var. black 23.4 103.6 67.2

Soils, hot water methodb 0.84 2.76 1.81

Soils, mannitol methodc 0.03 2.21 1.23

Soils, resin methodd 1.80 3.68 2.77

Soils, HCl methode 0.36 2.01 1.27

Soils, saturation paste methodf 0.17 2.67 0.96

aB concentration in leaf dry matter of leaves.
bBoiling for 5min in 0.001M CaCl2.
cExtraction with mannitol in 0.001M CaCl2.
dExtraction with resin–amberlite IRA 743.
eExtraction with 0.005M HCl for 5min.
fSaturation paste extraction.

C. D. Tsadilas and P. Kazai698

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

eg
ea

n]
 a

t 1
9:

13
 1

7 
O

ct
ob

er
 2

01
3 



To evaluate the efficiency of the methods studied, regression equations

between extracted soil B and B concentration in apple tree leaves were

established (Table 3). The best correlation was found for both apple

varieties with Res-B followed by Man-B, HCl-B, and HwsB. The saturation

paste method (Sat-B) showed very weak or nonsignificant correlation using

the lower and upper thresholds B concentrations in apple trees leaves (i.e.,

20 and 140mgBkg21 dry matter, respectively) (3). From the equations of

Table 2 it is found that soil B concentration corresponding to B toxicity are

somewhat higher than those determined in the studied soils (Table 3). It is

noticed that in the same area with similar soil B concentrations the kiwi

fruit crop showed very intense B toxicity symptoms causing serious conse-

quences to crop yield and its quality (11).

CONCLUSIONS

Soil B extraction methods using resin (Res-B), mannitol (Man-B), and HCl

(HCl-B) were found efficient in determining soil B available to apple trees

and can be used as alternatives to the hot water extraction method (HwsB),

which shows laboratory difficulties and is time-consuming. Apple varieties,

black and golden, were found very resistant to high soil B concentrations.

Table 3. Regression equations between boron concentration in apple trees leaves and

soil boron concentrations corresponding to deficiency and toxicity (n ¼ 26)

Regression equation R2
Deficiency values

(mg kg21)

Toxicity values

(mg kg21)

Variety black
aY ¼ 25.81þ 22.79 (Hws-B)b 0.40��� — .5.01

Y ¼ 16.03þ 30.07 (Res-B) 0.55��� ,1.20 .5.19

Y ¼ 41.92þ 20.58 (Man-B) 0.48��� — .4.77

Y ¼ 36.24þ 24.30 (HCl-B) 0.40��� — .4.27

Y ¼ 53.05þ 14.65 (Sat-B) 0.22� — .5.93

Variety golden

Y ¼ 29.96þ 17.87 (Hws-B) 0.29�� — .6.19

Y ¼ 5.29þ 24.46 (Res-B) 0.43��� ,1.03 .5.93

Y ¼ 44.40þ 14.66 (Man-B) 0.29�� — .6.52

Y ¼ 37.18þ 19.80 (HCl-B) 0.31�� — .5.19

Sat-B ns — —

aB concentration (mg kg21) in leaves dry matter.
bHws-B, hot water extraction method; Res-B, Resin method; Man-B, mannitol,

method; HCl-B HCl method; Sat-B, saturation past method.
�, ��, ���, ns, statistically significant at probability level p , 0.05, 0.01, 0.001, and

nonsignificant, respectively.
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