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INCREASING SAR OF IRRIGATION WATER AGGRAVATES BORON

TOXICITY IN MAIZE (ZEA MAYS L.)

Muhammad Imran, Muhammad Aamer Maqsood, Rahmatullah,

and Shamsa Kanwal

Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad, Pakistan

� We evaluated the effect of boron (B) application on shoot growth and shoot B concentration
and uptake by two maize cultivars (‘FHY-396’ and ‘Sonari’) on a loam soil irrigated with water
of different sodium absorption ratio (SAR) values [control, 5 and 15 (mmolc L−1)1/2]. Plants were
harvested after forty days of growth. Shoot dry matter decreased significantly (P < 0.05) with B ap-
plication due to toxicity marked by leaf injury. Toxic effect of B was further aggravated by increasing
SAR of irrigation water. In both cultivars concentration and uptake of B was significantly (P <

0.05) increased over control with B application and SAR of irrigation water. Shoot Ca concentra-
tion decreased with increasing SAR and B application. The phenomena of B toxicity and low Ca
marked by reduction in shoot dry matter of plants irrigated with high SAR water could be important
in management of brackish water used for irrigating crops on arid and semiarid region soils.

Keywords: boron toxicity, calcium deficiency, brackish water, maize cultivars, SAR

INTRODUCTION

Boron (B) is an essential micronutrient. It has narrow range of sufficiency
for plant growth between deficiency and toxicity. Several soil, plant and
climatic factors influence its availability and uptake by crops (Moraghan and
Mascagni, 1991). Crops are generally produced by artificial irrigation on
relatively young soils of arid and semiarid regions of the world. Availability
of good-quality irrigation water in sufficient quantities is becoming a serious
threat to world crop production in these areas. Hence farmers in these
areas are forced to use brackish water, either recycled municipal or poor
underground water, for crop production (Qadir and Oster, 2004). Salt injury
including B by using brackish water for crop production had been reported
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(Grieve and Poss, 2000). High sodium adsorption ratio (SAR) of irrigation
water inhibits the growth and yield of crops in arid and semiarid regions of
the world. Research has revealed that application of B at ≥4 mg kg−1 soil
causes B toxicity to many crops (Gupta, 1972; Rashid and Qayyum, 1991).
Excessive B application under saline conditions restricted growth by causing
B toxicity in wheat (Holloway and Alston, 1992). But the effect of salinity
on B toxicity is still contradictory (Wimmer et al., 2001). For example Ca
reduces B toxicity in many crops (Eck and Cambell, 1962) and its excessive
amount in growth medium increases B requirement of plants (Havlin et al.,
2005). Numerous studies have shown that many agronomic plant species
are seriously injured by high Na+/Ca2+ ratios characteristic of high SAR
(Kent and Lauchli, 1985). Genotypic variation in crop species and cultivars
has been reported with respect to B and Ca uptake (Huo-yan et al., 2003).
Keeping this scenario in view, an experiment was designed to study the effect
of B on two maize cultivars irrigated by water of different SAR values.

MATERIALS AND METHODS

Bulk surface (0–15 cm) soil sample was collected from the Research Farm
of University of Agriculture, Faisalabad, Pakistan, and air-dried and ground
to pass through a 2.0 mm sieve. A sub-sample of the prepared soil was
analyzed for various physico-chemical properties. Soil texture as determined
by hydrometer method was loam (Gee and Bauder, 1986). Soil had pH
7.98 which was measured in saturated soil paste by Calomel glass electrode
assembly using a Beckman pH meter (Beckman Coulter, Brea, CA, USA).
Electrical conductivity of saturated soil paste extract was 1.75 dS m−1. Sodium
adsorption ratio (SAR) of the soil was 9.5 (mmolc L−1)1/2. Plant-available B
in soil extracted by 0.05 M hydrochloric acid (HCl) was 0.62 mg B kg−1 soil.
It was determined with a spectrophotometer.

Each of total 36 pots was filled with 5 kg prepared soil. Various treatments
comprising of B rates (0 and 4 mg kg−1 soil), maize cultivars (hybrid FHY-
396 and variety Sonari) and irrigation water having SAR levels of control, 5
and 15 (mmolc L−1)1/2 were imposed in triplicate to pots according to com-
pletely randomized design (CRD). Waters of different SAR were prepared
(Haider and Ghafoor, 1992). Uniform basal dose of 60 mg nitrogen (N), 45
mg phosphorus pentoxide (P2O5) and 30 mg potassium oxide (K2O) kg−1

soil was applied to all pots in solution form. Urea, ammonium dihydrogen
phosphate and potassium sulfate were used to apply N, phosphorus (P), and
potassium (K), respectively. Boron was applied as boric acid in solution form.
After fertigation of NPK fertilizers and B, the soil in each pot was thoroughly
equilibrated for one week before its remixing.

Five seeds of each cultivar were sown per pot. Thinning was done after
10 days of sowing to allow two plants per pot to grow. Soils in various pots
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Boron Toxicity in Maize 1303

were kept at field capacity for 40 days with waters of different SAR values.
The plants were harvested after forty days of sowing. Those were washed with
distilled water. Dry weights of plant samples were recorded after oven drying
them to a constant weight at 70◦C in a forced air oven. The samples were
then ground to 40 mesh with a Wiley mill fitted with stainless steel blades
and chamber. The ground samples of shoot were dry-ashed in a muffle fur-
nace at 550◦C for 6 hours (Chapman and Pratt, 1961). After dry ashing,
samples were digested in sulfuric acid (H2SO4), filtered and analyzed for B
concentration by azomethine- H on a UV- Visible Spectrophotometer (Shi-
madzu, UV-1201, Shimadzu, Columbia, MD, USA) at 420 nm wavelength.
Calcium concentration in plant digest was determined by atomic absorption
spectrophotometer (Perkin Elmer Analyst 100; Perkin Elmer, Waltham, MA,
USA).

Data were statistically analyzed for significant effect of various treatments
on growth, concentration and uptake of B by plants according to three-factor
CRD using PC based statistical package (Statistix 8.1, Analytical Software,
Tallahassee, FL, USA). Significant treatment means were compared using
least significance difference (LSD) method (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

Shoot Growth

There was a significant (P < 0.05) main and interactive effect of maize
cultivars, B application and SAR of irrigation water on shoot dry matter
production by plants. Shoot dry matter ranged from 6.37 to 5.13 g plant−1

(Table 1). Significantly (P < 0.05) more dry matter was produced by hybrid
(FHY-396) than variety (Sonari). Shoot dry matter of both maize cultivars
decreased significantly (P < 0.05) by B application and SAR of irrigation
water. Application of B at 4 mg kg−1 soil was toxic to plants. It conforms to
Gupta (1972). Reduction in shoot dry matter due to B toxicity was further
aggravated by increasing SAR (sodicity) of irrigation water. Maize plants are
seriously affected by B toxicity (Marcar et al., 1999). Interactive effect of NaCl

TABLE 1 Shoot dry matter (g) of two maize cultivars irrigated with water of different SAR values with or
without boron application. (Means of 3 replications)

SAR of Irrigation Water
Control 5 (mmolc L−1)1/2 15 (mmolc L−1)1/2

Maize
cultivar −B +B @ 4 mg kg−1 −B +B @ 4 mg kg−1 −B +B @ 4 mg kg−1

FHY-396 6.28 6.15 6.37 5.75 5.73 5.37
Sonari 6.19 5.47 5.66 5.34 5.35 5.13

LSD(0.05) (SAR × B level × cultivars) = 0.09.
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TABLE 2 Shoot boron concentration (mg B kg−1) of two maize cultivars irrigated with water of
different SAR values with or without boron application. (Means of 3 replications)

SAR of Irrigation Water
Control 5 (mmolc L−1)1/2 15 (mmolc L−1)1/2

Maize
cultivar −B +B @ 4 mg kg−1 −B +B @ 4 mg kg−1 −B +B @ 4 mg kg−1

FHY-396 24.95 73.22 33.58 78.88 37.62 88.86
Sonari 32.32 84.28 36.54 97.52 42.48 110.09

LSD(0.05) (SAR × B level × cultivars) = 3.02.

salinity and excess B on growth and yield had been previously reported by
earlier investigators (Wimmer et al., 2003; Sotiropoulos and Dimassi, 2004).
Aggravated toxic effect of B on maize plants irrigated with high SAR (low
Ca) water was evident from present study.

Boron Uptake

There was a significant (P < 0.05) main and interactive effect of maize
cultivars, B application and SAR (sodicity) of irrigation water on concen-
tration and uptake of B by plants. Boron concentration in both cultivars
increased significantly (P < 0.05) by B application and SAR of irrigation
water (Table 2). These results are in agreement with Ismail (2003). Shoot B
concentration was significantly (P < 0.05) more in variety (Sonari) than in
hybrid (FHY-396). The effect was more pronounced with increasing SAR of
irrigation water. Similarly increased B concentration in plants was observed
by Sotiropoulos et al. (2006) and Alpaslan and Gunes (2001) using NaCl
salinity. Irrigation with high SAR water increased sodium relative to calcium
in root medium, which decreased calcium availability to plants (Table 3)
which is in accordance with Mass and Grieve (1987).

Calcium has negative functional relationship with B in plants (Carpena
et al., 2000; Kanwal et al., 2008; Gupta, 1979). Increasing SAR reduced
calcium in plants, thereby increasing B concentration and uptake in shoot.
Gupta (1972) also reported similar results about Ca and B in plant. Figure

TABLE 3 Shoot calcium concentration (mg g−1) of two maize cultivars irrigated with water of different
SAR values with or without boron application. (Means of 3 replications)

SAR of Irrigation Water
Control 5 (mmolc L−1)1/2 15 (mmolc L−1)1/2

Maize
cultivar −B +B @ 4 mg kg−1 −B +B @ 4 mg kg−1 −B +B @ 4 mg kg−1

FHY-396 5.57 5.08 4.82 4.78 4.39 4.24
Sonari 4.87 4.70 4.72 4.42 4.44 3.66

LSD(0.05) (SAR × B level × cultivars) = 0.35.
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FIGURE 1 Relative change as percent of maximum in shoot dry matter (•) and shoot B (�) and Ca (�)
concentration in maize variety (Sonari) treated with 0 mg B kg−1 soil.

1 shows simultaneous influence of increasing SAR of irrigation water to
decrease Ca in plants and increasing B concentration on shoot dry matter.
This could be of vital concern for crop production under arid and semiarid
climatic conditions where irrigation waters are brackish. Therefore further
investigations under field conditions are warranted to fully appreciate the
situation.
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