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Abstract: The purpose of this study was to investigate the influence of soil liming

and fertilizer nitrogen forms on the availability of soil B and its uptake by tobacco

plant. A field experiment was conducted on an acid Typic Haploxeralf soil, located

in Pieria, Northern Greece. The experimental design was factorial 3 � 3 with

four replications. The first factor included three rates of lime (0, 4000, and 8000 kg/
ha limestone) and the second three combinations of nitrogen forms i.e. a) NO3-N

100%, b) NH4-N 100%, c) NO3-N 50% plus NH4-N 50%. Tobacco harvesting

was done in four cuttings. Composite leaf samples were selected and analysed for

B, Ca, and K. At the end of the experiment composite soil samples were also

collected from each experimental plot and were analysed for pH, exchangeable

cations and available B using the hot 0.01M CaCl2 extraction procedure. The

results showed that soil liming increased soil pH proportionally to the amount of

limestone applied. Fertilizer N forms did not significantly affect soil pH. Soil liming

significantly decreased available B, which was strongly correlated with soil pH

negatively. Boron concentration in tobacco leaves was significantly decreased up

to deficiency levels being strongly correlated with available B positively but

negatively with soil pH. Ca/B ratio was significantly increased indicating B deficiency.

This ratio was strongly correlated with soil pH and exchangeable Ca. Fertilizer N
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forms did not cause any significant influence on B uptake. The latter was also true for

potassium.

INTRODUCTION

Soil pH is an important factor affecting boron (B) uptake by the plants. In

general, soil pH increase may reduce B availability. Several workers have

reported a negative correlation between plant B uptake and soil pH (1–3).

As a consequence, it is expected that factors affecting soil pH may have an

indirect influence on B uptake by the plants. It is well known that nitrogen

(N) forms in inorganic fertilizers may affect soil pH; for example,

ammonium nitrification may cause soil acidification as a result of Ca2þ repla-

cement by Hþon clay surfaces or may occur as a consequence of ammonium

ion uptake by the plants tends, whereas nitrate uptake may have the opposite

results (4). Through these effect, the availability of micronutrients may be sig-

nificantly affected.

Tobacco is a crop that may be cultivated in several soil types. In these

soils, nutritional problems, such as manganese and aluminum toxicity, may

reduce tobacco yield and quality. The usual practice to reduce these

problems is soil liming. However, it has been very well documented that

soil liming significantly reduces B uptake, which is an important trace

element for tobacco. This may be due to the soil pH increase or to the Ca2þ

addition itself, as Eck and Campell (5) and Robertson et al. (6) have shown.

Furthermore, some research, related to the influence of N form on nutrient

uptake by tobacco, has shown that nitrogen forms may influence trace

element uptake by this crop (7, 8).

Boron nutrition status in crops is usually evaluated by using critical B

values concentration in dry matter. For tobacco, a B concentration in dry

matter of leaves of ,20mg kg21 is considered low (9) a concentration

between 15 and 20mg kg21 is marginal (10), and a concentration of

,15mg kg21 is deficient. In addition, because calcium inhibits B uptake,

the ratio Ca:B in plant tissue is also used for evaluation of B nutritional

status of the plants, (3) For tobacco (Nicotiana tabacum L.), the boundary

between Ca:B ratio corresponding to deficiency and optimum condition was

found to be in the range of 1200–1500 (11, 12). Tobacco is an important

crop for Greek farmers where it is cultivated in various soils including the

acid, unproductive ones, located in various areas of the country. In these

soils, manganese and aluminum toxicity problems are prevalent and require

soil liming to reduce the negative impact on yield. Liming, however, may

decrease B availability in soils and increase B leaching. This problem is

further exacerbated through the use of acidifying N fertilizers. Our hypothesis

is that liming of acid soils may induce B deficiency in the tobacco. In the
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present study, we investigate the influence of both nitrogen ratio and soil

liming on the availability of soil B and its uptake by tobacco plants.

MATERIALS AND METHODS

A field experiment was conducted in Pieria area, Northern Greece, in 1997 on

an acid soil, classified as Typic Haploxeralf. The experimental design was

factorial with two factors, including lime rate and nitrogen forms ratio, so

that nine treatments were established as shown in Table 1.

Each treatment was replicated four times, and the plots were arranged in a

complete randomized block design. The area limed of each plot at the above,

mentioned rates was 10.35 � 8m ¼ 91.10m2 within which the plot planted

with tobacco was 9.9 � 8.8m ¼ 87.1m2. From this area, a part of

6.3 � 5.2m ¼ 32.76m2 per plot was harvested. The sampled area was at

the center of each experimental plot surrounded by a band 1.8m wide.

FertiIizers were applied 3 months before tobacco planting. They were

composite including N-P-K-Mg at rates 30,60,300, and 50 kg ha21, respect-

ively. Nitrogen fertilizers were in the form of potassium nitrate (13-0-46),

calcium nitrate ammonium (26-0-0), ammonium sulfate (21-0-0), potassium

sulfate (0-0-50), potassium-magnesium sulfate (0-0-30-10), and superpho-

sphate (0-46-0). Tobacco plants (Nicotiana tabacum var. Samsun 53) were

planted in rows with 45-cm spacing on the rows 10 cm apart. The plants

were irrigated by an artificial rain system. Irrigation, digging, plant protection

measures, and the rest work were those suggested in the area by the local

research tobacco station. Tobacco harvesting was done in four harvests and

tobacco was dried under sunlight.

Table 1. Treatments of the experiment

Treatment

Lime rate

(CaCo3, ton ha
21)

Nitrogen forms ratio

NO3-N (%) NH4-N (%)

L0-0-N1 0 100 0

L0-0-N2 0 0 100

L0-0-N3 0 50 50

L1-4-N1 4 100 0

L1-4-N2 4 0 100

L1-4-N3 4 50 50

L2-8-N1 8 100 0

L2-8-N2 8 0 100

L2-8-N3 8 50 50

Liming and Nitrogen Forms and Boron Uptake by Tobacco 703
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Dry tobacco was divided in commercial and noncommercial parts. From

the commercial part, composite samples consisting of about 30% from each

harvest were selected for analysis. Plant samples were dried at 658C,
ground with a Willey stainless steel mill and sieved to pass through a 1mm

sieve. 0.5-g samples were ashed at 5008C for 5 h (9), the ash was diluted in

20% HN03, and the solution was analyzed for boron, calcium (Ca),

magnesium (Mg), and potassium (K) as described below.

Composite surface (0–20 cm) and subsurface (20–40 cm) samples were

selected after tobacco harvesting from each experimental plot. Soil samples

were air-dried, sieved to pass a 2-mm sieve, and analyzed for pH in a

water-soil suspension 1 : 1 ratio (13) exchangeable cations (14), and hot

0.01MCaCl2 extractable boron (15). Boron in all the extracts was determined

by the azomethine-H method (15), whereas Ca, Mg, and K was determined

with atomic absorption spectrometry.

RESULTS AND DISCUSSION

Influence of Liming on Soil Properties

The influence of liming on some soil properties is shown in Table 2. From the

data of this table, it is obvious that soil liming Significantly increased soil pH

proportionally to the lime rate: from 5.34 to 5.41 in the treatments without soil

liming (L0), and soil pH was increased from 6.12 to 6.76 in the treatments with

the highest lime rate (L2). Nitrogen form did not significantly influence soil

pH. Soil liming also increased exchangeable Ca, whereas nitrogen forms

Table 2. Influence of liming and nitrogen form on some soil properties

Treatments

Soil pH Exchangeable cations (cmol kg21)

(0–20 cm) Ca Mg K HwsBa

L0-0-N1 5.41a 3.76a 1.42ab 0.59ab 0.30de

L0-0-N2 5.34a 3.78a 1.44ab 0.57ab 0.35e

L0-0-N3 5.34a 3.81a 1.49ab 0.59ab 0.24cd

L1-4-N1 6.16b 5.68bcd 1.68b 0.61b 0.20bcd

L1-4-N2 6.02b 4.76ab 1.23a 0.58ab 0.09ab

L1-4-N3 6.25bc 5.18bc 1.22a 0.51ab 0.06a

L2-8-N1 6.60d 6.23cd 1.31ab 0.56ab 0.10ab

L2-8-N2 6.12d 5.97cd 1.28ab 0.54ab 0.13abc

L2-8-N3 6.76d 6.73d 1.21a 0.49a 0.14abc

aHot water-soluble boron.
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had no significant effect. Similarly, soil liming had no significant effect on

exchangeable magnesium and potassium.

Hot water extractable boron (HwsB) is considered a good availability index

for many crops (16). In this study, HwsB was significantly correlated with B

concentration in tobacco leaves, although this correlation was poor

(r ¼ 0.48��). This is probably due to the low range of HwsB concentrations in

the soil studied (Table 2). Hot water-soluble B was strongly affected by soil

liming. In the nonlimed treatments (L0), it ranged from 0.24 to 0.30mgkg21.

In all the rest treatments, B was reduced to about 0.1mgkg21 and less (except

the treatment L1-4-N1). Boron concentrations ranging between 0.1 and 0.5mg

B kg21are considered optimum for tobacco (17). Thus, it can be concluded

that soil liming may reduce available soil B to deficiency levels.

Influence of Liming on Boron Uptake by Tobacco

Soil liming strongly affected B uptake by tobacco. In the treatments without

lime application, B concentration in dry matter was .20mg kg21 (Table 3),

which is considered adequate for tobacco (9). In treatments receiving from

4 to 8 ton lime ha21, B concentration decreased to marginal or deficient

levels (10). Calcium concentration was ,1.5%, which is the threshold for

Ca deficiency (9) in the treatments without liming or in those receiving the

lower lime rate. Only in the treatments that received 8 ton ha21 lime was Ca

concentration near or above 1.5% (Table 3). A strong negative relationship

was recorded between soil pH and B concentration in dry matter of tobacco

as well as between B and Ca concentrations in tobacco leaves (Figs. 1

and 2). Soil liming also strongly affected the Ca : B ratio. It was almost

Table 3. Influence of liming and nitrogen form on tobacco dry matter composition

Treatments

Leaf composition

B (mg kg21 d.m.) Ca (mg kg21 d.m.) Ca : B Mg (%)

L0-0-N1 25.8d 7645a 337a 0.49ab

L0-0-N2 20.67c 9880ab 476a 0.51b

L0-0-N3 20.1bc 7610a 390a 0.49ab

L1-400-N1 16.5ab 10227ab 631abc 0.46ab

L1-400-N2 15.6a 13502bc 889bcd 0.47ab

L1-400-N3 17.30abc 10100ab 600ab 0.42a

L2-800-N1 15.10a 15960c 1084d 0.45ab

L2-800-N2 14.6a 15332c 1080d 0.47ab

L2-800-N3 14.9a 13945c 942cd 0.43ab

Liming and Nitrogen Forms and Boron Uptake by Tobacco 705
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proportionally increased with the lime rate indicating an inhibition on B

uptake from Ca. However, in all cases the Ca : B ratio (mean values) was

,1200, which is considered the threshold for B deficiency in tobacco (11).

A strong positive relationship was recorded between Ca : B ratio and soil

pH (Fig. 3). Soil liming had no significant effect on potassium and

magnesium uptake by tobacco (data not presented).

Figure 2. Relationship between B and Ca concentration in tobacco leaves.

Figure 1. Relationship between soil pH and B concentration in tobacco leaves.
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CONCLUSIONS

From the data of this study it can be concluded that soil liming of acid Typic

Haploxeralfs decreases available soil boron and its uptake by tobacco and may

cause B deficiency to this crop. Liming of acid soils should be accompanied by

maintenance of soil B status. Ammonium and nitrate nitrogen ratio did not

have any significant influence on B uptake by tobacco.
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