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reduced availability by adsorption on the soil exchange complex 
as polyborate (11, 14, 32). Alkalinization also is reported to de­
crease tissue concentrations of B in plants (6), generally at higher 
sodicity (2). High SAR irrigation water has not been reported to 
induce B deficiency in plants. The present paper reports (i) the 
induction of foliar B deficiency symptoms, and (ii) the plant 
growth response to soil applied B in sugarbeet irrigated with 
water of high SAR. 

MATERIALS AND METHODS 
Gomti loamy sand, an upland alluvial soil (71.5% sand, 

20.5% silt, and 40/0 clay), was collected in bulk from Bad­
shahbagh, Lucknow district, India. The soil was neutral (pH 
6.95), with marginally available hot-water-soluble B (0.43 
ppm)(7). The soil had 0.72% CaC03, 0.83% organic matter, 0.45 
dS/cm ECe (electrical conductivity of water saturation extract) at 
25C, and 4.1 meqllOOg cation exchange capacity. The 
homogenized soil was amended with N, P, K, Fe, Mn, Cu, Zn, 
and Mo at 25, 11.1,20.25, 10, 10,2.5,5, and 0.5 ppm, respectively, 
on a weight basis. The amended soil was placed in 22-cm diame­
ter clay pots with drainage holes; pots were previously painted 
(twice) on inside surfaces with bitumen, and lined with cleaned 
alkathene. The soil-filled pots were divided into two lots, one 
lot being amended with 1 ppm B (as Na2B407·10H20). Macronu­
trients were supplied with recrystallized, analytical reagent grade 
NH4N03, KH2P04, and K2S04, further purified against heavy 
metals by phosphate adsorption and dithizone extraction (18). 
Micronutrient amendments also were analytical reagent grade 
salts. 

Sugarbeet (Beta vulgaris L., 'Ramonskaya') was planted at 10 
seeds per pot, and thinned after emergence to 5 plants per pot. 
The plants were irrigated according to need with deionized water 
up to 95 days. From days 96 to 124, pots were irrigated daily, 
except Sundays, with artifically prepared waters of graded SAR 
(0.5, 20, and 40), obtained by the addition of constant amounts 
of CaCI2+MgS04 and varied amounts of NaHC03 (1). From days 
125 to 156, plants were irrigated with waters of requisite SAR on 
alternate days, and thereafter with deionized water. Each pot 
received 40 irrigations of the requisite SAR. At each irrigation, 
100 ml of prepared water of requisite SAR was applied to each 
pot. Throughout the experiment, supplemental irrigation with 
deionized water was done so that the plants did not wilt, and 
excess water did not drain out. There were 4 replications of the 
6 treatments (3 SAR at 2 B levels). To meet plant nutrient require­
ments, additional N, P, and Kat 25, ILl, and 20.25 ppm, respec­
tively, were top-dressed at week 13; 125 ppm N was again top­
dressed at weeks 18 and 22. The experiment was continued to 
week 24. 

Plant dry matter was determined at days 126 and 166 by 
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drying (48 hr at 70C) the fresh leaf and root material of 2 plants 
sacrificed from each of the 4 pots per treatment. Prior to drying, 
the fresh plant material was washed successively with a detergent 
solution, O.OIN HCI, deionized water, and finally with distilled 
water. The dried plant material was digested with nitric-per­
chloric acids (27), and analyzed for B (41) and P (39) colorimetri­
cally, and for Na, K, and Ca by flame photometer. Leaf samples 
were taken at day 144 to analyze for ribonuclease (37) and 
polyphenol oxidase (29) . Leaf tissue extracts were prepared in 
water (1:10) and O.OIM phosphate buffer, pH 7.5, containing 
0.2M KCI, O.OOIM EDTA, O.OIM sodium ascorbate, and 10% 
polyvinylpyrollidone (1 :5), respectively. Protein content of the 
crude enzyme extracts also was determined (22). 

After harvest, composite soil samples, separately drawn 
from each treatment, were analyzed for pH (1:2.5), SAR in water 
saturation extracts, and 1:2 hot-water-soluble B (7) colorimetri­
cally (41), after decolorizing the soil extracts with purified acti­
vated charcoal (40). 

RESULTS AND DISCUSSION 

Foliar symptoms and yield 
In soil not amended with B, foliar symptoms of the effects 

of increasing SAR were discernible after 7 irrigations. At day 104, 
plants irrigated with water of SAR-20 and SAR-40 showed initial 
visible effects suggestive of B deficiency (3, 39). These effects 
intensified gradually with increase in plant age and number of 
SAR irrigations. The syndrome of such effects, in chronological 
order was: gradual loss of green luster of leaves; failure of young 
leaves to expand fully; leaf apices becoming acicular and later 
necrotic; laminae becoming leathery and severely deformed; 
older leaves turning pale green; cessation of apical growth due 
to death of the apical bud. The root developed phloem and pith 
necrosis (28), leading to heart-rot condition (10). Amendment of 
soils with 1 ppm B completely prevented the development of 
visible deficiency effects at SAR-20, but was only partially effec­
tive at SAR-40. 

In soil not amended with B, dry matter production was little 
affected by SAR of the irrigation water at day 126, but at day 166 
the high SAR treatments caused a decrease of over 50% in dry 
matter yield of tops and roots, and a 37% decrease in fresh root 
yield (Table 1). The adverse effect of high SAR on dry matter at 
166 days was greatly minimized in soils amended with 1 ppm B 
(Table 1). At SAR-40, 1 ppm B amendment increased dry matter 
yield of tops and roots by 53% and 36%

, respectively, and fresh 
root yield by 58% The results are in accord with the report (21)• 

that maximum yields of wheat and barley under high SAR irriga­
tion were obtained when the irrigation waters contained 1.7 and 
2.7 ppm B, respectively. 
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Table 1. Effect of irrigation water SAR and boron amendment 
on soil hot-water-soluble boron, pH, and SAR; and on dry matter 
and fresh root yield of pot-grown sugarbeets. 

Determination 

Soil B 
amendment 

(ppm) 
Plant 
part 

SAR of irrigation water 

0.5 20 40 

Soil pH (1 :2.5) 0 7.39 8.29 8.96 

SoilSAR 0 3.25 14.02 27.45 
(water sat. extr.) 

LSD (SAR) 0.05 = 1.21 

SoilB(ppm) 
(1 :2 hot-water­
soluble) 

0 0.67 

1.12 
LSD 

0.51 

0.68 
(Tmtt 0.05 = 

0.35 

0.51 
0.06 

Dry matter (g/plant) 
(126 days, 25 
irrigations) 

0 
0 
1 
1 

Top 
Root 
Top 
Root 

1.88 
1.89 
2.89 
2.67 

1.65 
2.13 
2.85 
3.05 

1.61 
1.45 
1.76 
1.90 

LSD (Tmt) 0.05 = 0.35 (top), 0.67 (root) 

(166 days, 40 
irrigations) 

0 
0 
1 
1 

Top 
Root 
Top 
Root 

3.90 
5.87 
4.02 
6.75 

3.40 
3.80 
4.82 
3.90 

1.80 
2.80 
2.76 
3.80 

LSD (Tmt) 0.05 = 1.07 (top), 2.82 (root) 

Fresh root yield 
(glplant; 166 days, 
40 irriga tions) 

0 19 

24 

18 

20 
LSD (Tmt) 0.05 =5.0 

12 

19 

'Tmt - 6 treatments: 3 SAR x 2 B levels 

Available soil B 
In soil not amended with B, irrigation with water ofD.5 SAR 

slightly increased available soil B, from its initial level of 0.43 
ppm for the dry soil, to 0.67 ppm after 24 weeks (Table 1). This 
possibly could be attributed to the effect of maintaining the soil 
at field moisture condition for 24 weeks. At higher SAR, available 
soil B decreased to a deficiency level « 0.4 ppm) (41). High-SAR­
induced sodicity in soil is reported to reduce B availability by 
the adsorption of polyborate ions on the soil (11, 15, 32), or by 
the adverse effect of increasing soil pH (31, 35, 36). Soil applica­
tion of 1 ppm B increased available soil B by 33% and 460/0 at 
SAR-20 and SAR-40, respectively (Table 1). 

Tissue concentrations of B and other nutrients 
An increase in SAR of irrigation water decreased tissue con­

centrations of B in leaves to a deficiency level (Table 2) (33). A 
decrease in top/root ratio of tissue B suggested an impeded trans­
location of B from roots to tops at high SAR (Table 2). Decrease 
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Table 2. Effect of irrigation water SAR and boron amendment 
on boron content of pot-grown sugarbeet at 126 days. 

SoilB SAR of irrigation water 
amendment Plant 

Determination (ppm) part 0.5 20 40 

Bin dry matter 	 0 Top 51 28 35 
(ppm) 	 0 Root 13 14 14 


1 Top 119 101 107 

1 Root 16 13 17 


LSD (Tmt), 0.05 = 8.0 (top), 3.0 (root) 

Top/root ratio 0 3.8 1.8 2.4 
of tissue boron 1 7.6 7.6 6.5 

Total B (uglplant) 	 0 Top 96 46 56 
0 Root 25 31 21 
1 Top 344 286 187 
1 Root 42 41 31 

'Tmt - 6 treatments: 3 SAR x 2 B levels 

Table 3. Effect of irrigation water SAR and boron amendment 
on tissue concentration and total content of Na, K, Ca, and P in 
pot-grown sugarbeet at 126 days. 

SoilB SAR of irri~ation water 
am~ndment Plant 

Determination 	 ppm) part 0.5 20 40 

Na (% dry matter) 0 Top 4.59 (86.3)tt 4.69(77.4) 6.63(106) 
0 Root 0.15(2.8) 0.35(7.5) 0.79(11.5) 
1 Top 3.78(109) 5.43 (155) 6.50(114) 
1 Root 0.28(7.5) 0.39(11.9) 0.57(10.8) 

LSD (Tmt)' 0.05 = 0.58 (top), 0.09 (rqot) 

K (% dry matter) 0 
0 
1 
1 

Top 
Root 
Top 
Root 

1.75 (32.9) 
0.53(10.0) 
1.47 (42.5) 
0.49 (13.1) 
LSD (Tmt) 0

1.29(21.3) 
0.37(7.9) 
1.15(32.8) 
0.38(11.6) 

.05 = 0.28 (top

2.44(39.3) 
0.35(5.1) 
1.11 (19.5) 
0.38(7.2) 

), 0.07 (root) 

Ca (% dry matter) 0 
0 
1 
1 

Top 
Root 
Top 
Root 

0.79(14.7) 
0.02(0.38) 
1.00(28.9) 
0.10 (2.67) 
LSD (Tmt) 0

0.48(7.9) 
0.04(0.85) 
0.71 (20.2) 
0.04(1.22) 

.05 = 0.11 (top

0.49(7.9) 
0.06(0.87) 
0.51 (9.0) 
0.55(1.0) 

), 0.01 (root) 

P(% dry matter) 0 
0 
1 
1 

Top 
Root 
Top 
Root 

0.60(11 .3) 
0.34(6.4) 
0.50(14.5) 
0.34(9.1) 
LSD (Tmt) 0

0.39(6.4) 
0.29(6.2) 
0.29(8.3) 
0.26(7.9) 

.05 = 0.09 (top

0.30(4.8) 
0.23(3.3) 
0.27(4.8) 
0.29(5.5) 

), 0.08 (root) 

" Figures in parentheses are total element content in mglplant. 
• Tmt - 6 treatments: 3 SAR x 2 B levels. 
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in tissue B due to sodicity or high pH also has been reported in 
several plants (2, 6, 8). Application of 1 ppm B increased both 
tissue concentration and top/root ratio of tissue B, which was 
more marked at SAR-20 than at SAR-40. 

An increase in SAR resulted in increased concentration and 
total Na in tops and roots; the effect was relatively greater in the 
latter, and was less marked in plants grown in soils amended 
with B (Table 3). 

In soil not amended with B, an increase in SAR decreased 
total content and tissue concentration of K in roots, Ca in tops, 
and P in both roots and tops (Table 3). High SAR induced a 
decrease in leaf tissue Ca to a level of deficiency (0.66 ppm) in 
sugarbeet (39). This is in accord with the known effect of high 
SAR irrigation on plants (19). The effect of high SAR in reducing 
P concentration also has been reported for wheat (13). Though 
an antagonistic effect of excess Na on K uptake in sugarbeet also 
has been reported (20), Paliwal et al. (26) found increased tissue 
K in tops of linseed irrigated with water of high residual sodium 
carbonate and bicarbonate. In our experiment, the addition of 1 
ppm B partially reduced the negative effect of high SAR on 
concentration of tissue K and P in roots, and on Ca in both tops 
and roots (Table 3). 

Nutrient ratios 
In soil not amended with B, the higher SARirrigation waters, 

especially SAR-40, increased NaIB, NafK, and NafCa ratios in 
tops and roots, and CalB ratio in roots (Table 5). The P/B ratio 
decreased in both tops and roots. An increase in CafB ratio under 

Table 4. Effect of irrigation water SAR and boron amendment 
on ribonuclease and polyphenol oxidase activities in leaves of 
pot-grown sugarbeet at 144 days. 

SoilB SAR of irrigation water 
amendment 

Determination (ppm) 0.5 20 40 

Ribonuclease 0 0.26 0.36 0.66 
(~NIOOmg fr wt)" I 0.28 0.22 0.44 

LSD (Tmt)' 0.C5 = 0.09 

(~Nmgprotein) 0 0.097 0.133 0.262 
I 0.085 0.083 0.188 

LSD (Tmt) 0.05 = 0.07 

Polyphenoloxidase 0 1.40 1.60 2.15 
(~Nl00mgfrwt) I 1.65 1.20 2.00 

LSD (Tmt) 0.05 = 0.47 

(~Nmg protein) 0 0,79 0.82 1.04 
0.87 0.87 0.79 

LSD (Tmt) 0.05 = 0.06 

" Activity expressed as change in absorbance (A) per unit fresh weight or extract protein 
• Tmt - 6 treatments: 3 sAR x 2 B levels 
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Table 5. Effect of irrigation water SAR and boron amendment 
on Na/B, Ca/B, Na/K, NalCa, and P/B ratios in pot-grown sugar-
beets at 126 days. 

Soil B SAR of irrigation water 
amendment Plant 

Determination (ppm) part 0.5 20 40 

NalBratio 0 Top 904 1675 1894 
0 Root 113 243 552 
1 Top 318 540 610 
1 Root 178 293 345 

Ca/Bratio 0 Top 153 170 141 
0 Root 10 27 42 
1 Top 84 71 48 
1 Root 69 30 31 

Na/Kratio 0 Top 2.62 3.64 2.71 
0 Root 0.28 0.95 2.26 
1 Top 2.57 4.72 5.86 
1 Root 0.57 1.02 1.50 

Na/Caratio 0 Top 5.88 9.77 13.5 
0 Root 7.50 8.75 13.2 
1 Top 3.78 7.65 12.8 
1 Root 2.80 9.75 11.4 

P/Bratio 0 Top 118 139 86 
0 Root 256 201 161 
1 Top 42 29 25 
1 Root 217 195 176 

B deficiency also has been reported for soybean, barley, and 
broadbean (12), and for rutabaga (17). 

Enzymes 
In soil not amended with Band irrigated with SAR-40 water, 

activities of ribonuclease and polyphenol oxidase increased about 
2.5-fold and 1.5- fold, respectively (fresh weight basis; Table 4). 
Soil amendment with 1 ppm B greatly reduced the SAR-induced 
effect. Boron deficiency in plants is known to be associated with 
increased activities of ribonuclease (4, 9, 30) and polypheI101 
oxidase (23, 24). Thus, our enzyme analyses support the foliar 
observations and determinations of B concentrations in the plant, 
that B deficiency can be induced in sugarbeet under high SAR 
irrigation when the initial available soil B is at a marginal level. 

These results show that for light-textured soils at marginal 
levels of available soil B, the optimum growth of sugarbeet may 
require the application of B when irrigated with water of high 
SAR. However, for clayey-textured soils low in available B, the 
application of irrigation water with a high SAR will induce poor 
soil physical conditions that may be the primary factor controlling 
sugarbeet growth. 
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