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ABSTRACT: The understanding of the effects of boron (B) toxicity and deficiency on the growth and nutrients accumulation of 

crop seedlings in the field is required to substantiate the need of adequate dosage for their survival and optimal production. 

In this study, the susceptibility of Zea mays to excess and deficiency of B was obtained by feeding the seedlings with varied 

concentrations of B in standard nutrient solution. B was applied as Boric acid (H3BO3) and at the rate of 0.33ppm (FN/B-

optimal dosage) which served as control, 0 ppm (-B) served as B-deficient level, 1.65, 3.30 and 6.60ppm (×5B, ×10B and ×20B 

respectively) served as toxic levels. Results showed that the number of leaves, leaf area, leaf area ratio, shoot fresh and dry 

weights, root fresh weight and biomass, chlorophyll a, b and total chlorophyll, calcium (Ca), Magnesium (Mg), nitrogen (N), 

and protein accumulation were significantly reduced by the application of 3.30 ppm (×10B) and 6.60 ppm (×20B) B dosage. 

The retardation effects of the ×20B level was not significantly different from ×10B level at P<.05 indicating 3.30 ppm (×10B) 

as the critical level of toxicity for maize seedlings growth and development. The data also showed that toxicity of B was more 

harmful to juvenile maize than its deficiency since B deficiency diminished just few parameters such as the shoot dry weights, 

chlorophyll b and total chlorophyll at P<.05. Moreover, the study suggested three different optimal concentrations; 0.33, 

1.65 and > 3.30 ppm respectively for general growth, chlorophyll and carotenoids synthesis in maize seedlings. Lastly, the 

study emphasized the accumulation of carotenoids and potassium (K) as possible adaptive mechanisms evolved by the maize 

seedlings to B-stress tolerance and suggested an under-play physiological role for B in the formation and development of the 

seedlings leaf. 

KEYWORDS: Accumulation, Boron, Chlorophyll, Comparative, Deficiency, Protein, Seedlings, Toxicity.  

1 INTRODUCTION 

The deficiency of a mineral nutrient occurs when an essential element is completely absent or available in insufficient 

quantity to meet the needs of the growing plant while nutrient toxicity occurs when an element is in excess of plant needs 

and decreases plant growth, quality and quantity [1]. Boron (B) is one of the important micronutrients of vascular plants 

whose deficiency or toxicity causes impairment in several metabolic and physiological processes [2,3,4]. According to [5], 

primary function of B in plants is connected with the cell wall structure and function, that is, cross-linking the cell wall 

rhamnogalacturonan II (RGII) and pectin assembly. Also, B has been implicated in affecting the growth and yield of crops 

[6,7]. However, like the other abiotic stressors, B also enhances oxidative damage induced by the formation of reactive 

oxygen species (ROS), which are strong oxidizers of lipids, proteins, and nucleic acids [8,9]. [10] stated that the maintenance 

of cell membrane integrity and improvement of cellular defense mechanism is a novelty role of B. Despite the obvious 

importance of B, the mechanisms of B tolerance to deficiency and toxicity in plants are poorly understood [11,9,12,13]. [14] 
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noted that the response of crops to B does not only vary with plant species, soil type and environmental conditions, but also 

its excess/deficiency may affect the availability and uptake of the other plant nutrients.  

Crop production, according to [15] is limited worldwide because B in the soil is either insufficient or at toxic levels. 

Deficiency of B is very common and widespread around the world, causes both quantitative and qualitative losses in crop 

production [16]. Physiological damages such as; inhibition of root elongation [17,18], loss of integrity and function of 

membrane, and decrease in cell wall stability resulting in structural damage in plants [19,20,3] had been attributed to the 

deficiency of B. According to [21], B deficiency first affects the shoot apex and the actively growing leaves with the latter 

becoming small, dark green, deformed in shape, and brown purple pigmented. Also, the reduction in the cytokinin level as 

well as the indole acetic acid (IAA) export out of the shoot apex in pea plants grown in B-deficient medium had been reported 

[22].  In another study, [23] attributed the observed reduction in the photosynthetic efficiency of sunflower leaves to the 

deficiency of B in the medium. Furthermore, the shoots of plants grown in B deficient medium characteristically had shorter 

internodes and petioles and stems with bigger diameter [18]. Similarly, toxicity of B constitutes a very serious threat to 

agriculture in arid and semiarid regions where salt affected soils and saline irrigation water are prevalent [24]. Though, [2] 

were of the opinion that fertilizers and mining would increase the concentration of B in the soils, irrigation water according 

to [25] is the most important contributor to high level of B in the soil. In terms of management in crop production system, B 

toxicity is more difficult than its deficiency which can be corrected through fertilization [26]. However, the fertilization of 

crop with B to avoid deficiency can result in toxicity since the concentration range between B deficiency and toxicity is 

narrower than for any other plant essential nutrient [27,28]. Nevertheless, B fertilization is required in boosting the 

production of many crops [29]. Some of the reported physiological effects of B toxicity include; reduced root cell division 

[30], decreased shoot and root growth [31,32], reduced vigor, retarded development, chlorotic and necrotic patches in older 

leaves, inhibition of cell wall expansion, lower leaf chlorophyll contents and photosynthetic rates, deposition of lignin and 

suberin [33]. Others are; impairment of nitrogen assimilation pathways by affecting key enzymes involved in those processes 

(Herrera-Rodrı´guez et al., 2010), disruption of RNA splicing [34,12], increased membrane leakiness, peroxidation of lipids 

and altered activities of antioxidant pathways [35,36].  

Among cereal crops, maize (Zea mays) in the family poaceae has the highest productivity rate (Nawaz, 2007, 

unpublished). It is one of the most important food resources of human and second most important crop to soyabean for 

biodiesel production [37]. As a C4 crop, it absorbs high amounts of nutrients from the soil and grows under wide range of 

environmental conditions, majorly for grain and forage consumed by both humans and animals respectively [38]. Because of 

its great yield potential, a good food source of food for humans and animals and its efficient absorption and maximum use of 

micro elements in various conditions of soils, this study therefore investigated the effect of the deficiency and supra-optimal 

concentrations of B on the growth and accumulation of chlorophyll, carotenoids, selected cations, nitrogen and protein in 

Zea mays seedlings.  

2 MATERIALS AND METHODS 

2.1 EXPERIMENTAL SITE AND MATERIALS SOURCES 

The experiment was carried out at the Department of Biological Sciences, Wesley University of Science and Technology, 

Ondo, Nigeria. The seeds of Zea mays L. (CV. NS1) were collected from National Horticultural Research Institute (NIHORT) 

Ibadan. 

2.2 SOIL TREATMENT AND GERMINATION OF SEEDLINGS 

Seedlings of Zea mays L. (‘CV. NS. 1) were utilized in this experiment. Sand was soaked in 1.5N hydrochloric acid for one 

hour to eliminate microbes and solubilize mineral elements which might be present in it. The acid was drained off, thereafter, 

the sand was washed with tap water and then double distilled water until the pH of the decantable water was between 6 and 

7, which was optimal for the germination and growth of the maize seedlings. Zea mays seeds were randomly selected for 

uniformity on the basis of size and soaked for five minutes in 5% sodium hypochlorite to prevent fungal growth. Thereafter, 

the seeds were rinsed in running tap water for 5 mins and then thoroughly washed in double distilled water. Ten of these 

seeds were sown in each of the experimental pots (24 cm diameter × 21cm depth) that were already filled with washed and 

air-dried sand. Each experimental pot had four holes perforated at the bottom for good drainage. All the pots were initially 

irrigated with 200 mL of water on a daily basis for nine days. On the ninth day, the seedlings in each pot were thinned down 

to five uniform seedlings per pot based on uniformity of vigour and transferred to an open environment where the seedlings 

received approximately eight hours of sunlight daily. Temperature at soil level varied between 27
0
C and 32

0
C, and 22

0
C and 

25
0
C during the day and night respectively. 
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2.3 NUTRIENT SOLUTION COMPOSITION AND ALLOCATION OF NUTRIENT REGIMES 

The nutrient solution was prepared according to the modified Long Ashton Formula [39]. The nutrient solution 

composition were given the subscripts; FN (Full Nutrient containing 0.33 ppm B which is the optimal concentration of B) 

served as the control, -B (that is, FN with 0 ppm B), ×5B, ×10B and ×20B {that is, FN with five (1.65 ppm), ten (3.30 ppm) and 

twenty (6.60 ppm) times optimal concentration of B respectively}. The pots were then allocated to the control/FN and four 

different treatments, that is, -B, ×5B, ×10B and ×20B and then arranged in a complete randomized design. Thereafter, each 

pot was supplied with 200 mL of appropriate feeding solution in the morning and 200 mL of distilled water in the afternoon 

in order to keep the growth medium moist at all times. On the ninth day when nutrient feeding commenced, seedlings were 

harvested just before the application of the nutrient solution. Thereafter, harvesting of the plant was on three days intervals 

for a period of twenty four days. 

2.4 MEASUREMENT OF PHYSICAL PARAMETERS 

Recording of the following growth parameters (shoot height, number of leaves) data was carried out according to 

standard methods. The leaf area was determined using the method of [40] and the leaf area ratio calculated. Five shoots in 

each regime were weighed on Mettler Toledo balance to obtain the fresh weight. The shoots were then packaged separately 

in envelopes and dried to constant weight at 80
0
C in a Gallenkhamp oven (Model IH-150) to obtain the dry weight. 

Chlorophyll contents of the fresh shoot were extracted with 80% acetone and quantified following the procedure of [41]. For 

carotenes and xanthophylls extraction, Five gram of maize seedlings leaves was macerated in 20 ml of 80% acetone using a 

mortar and a pestle. The extract was filtered through a Whatman’s No.1 filter paper. 25 ml of petroleum ether was placed in 

a separating funnel and the acetone extract of the pigment was added. The funnel was gently rotated, releasing the pressure 

periodically. 35ml of distilled water was poured down the sides of the funnel and the funnel rotated until the upper layer was 

green; the two layers were allowed to separate before the lower acetone layer was then drawn off. The petroleum ether 

fraction was later washed with 25 ml of distilled water at three consecutive times and discarded each time. This removed any 

trace of acetone that remained in the petroleum ether fraction. Twenty five (25) ml of 92% (v/v) methanol was added to the 

petroleum ether fraction, rotated and then separated into upper and lower fractions (carotenes and xanthophylls). The 

absorbance of both fractions was determined using Digital Spectrophotometer. Petroleum ether and diethyl ether served as 

blanks [42].  

2.5 EXTRACTION OF MACRONUTRIENTS (K, CA AND MG)  

Potassium (K), calcium (Ca) and magnesium (Mg) were measured using a flame photometer (Jenway, PF P7). Percentage 

nitrogen and protein were determined according to the micro-Kjeldahl nitrogen method as described by [43]. 

The percentage crude protein accumulation in the shoot of H. sabdariffa was estimated using the formulae below.  

%	Total	Nitrogen =
�����×�	×��.��	×���

����	��	 ��!"#	×��
 

% Crude Protein = % Total Nitrogen × 6.25 

Where A = sample reading, B = blank reading; N = Normality of acid used for titration, 100 = conversion to % and 6.25 is 

the correction factor (F) 

2.6 STATISTICAL ANALYSIS 

All experiments were conducted in five replicates and the data obtained was subjected to analysis of variance (ANOVA) 

using Statistical Package for Social Sciences (SPSS) software version 20. Treatment means were compared using least 

significant difference (LSD P<.05). 

3 RESULTS 

3.1 PLANT GROWTH CHARACTERISTICS 

There was though no visible symptom of excess or deficiency of B for the first 23 days after planting. However, faint 

yellow–green coloration at the edge of one of the mature leaf of maize grown in the supra-optimal concentration (×20B) was 

observed on the last (24th) day of the experiment. 
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In the control/FN regime, the shoot height and number of leaves on the maize seedlings were 9.84cm and 4.20 

respectively (Figures 1&2). These values were reduced to 9.32cm and 3.64 in B-deficient regime. However, application of ×5, 

×10 and ×20 optimal concentrations of B respectively increased the shoot height by 15.14, 27.18 and 39.51%. Oppositely, the 

number of leaves on the seedlings was reduced by 27.62, 42.35 and 47.47% respectively in the ×5B, ×10B and ×20B regime. 

There was no significant difference between the shoot height of the control seedlings and those of B-deficient and excess B 

seedlings at P<.05 while the number of leaves on seedlings treated with ×10B and ×20B were significantly reduced at P<.05.  

Data illustrated in the Figures 3&4 showed that the leaf area and leaf area ratio of maize seedlings in the control (FN) 

regime were greater than those of B excess and B-deficient seedlings. Complete absence of boron (-B) as well as application 

of ×5 optimal concentration of B did not significantly diminish the leaf area and the leaf area ratio of the seedlings. The 

increase of the applied B up to ×10 optimal concentration however resulted in significant reduction (53.53 and 24.83% 

respectively) of both parameters at P<.05 However, the maximum reduction of the leaf area and leaf area ratio was obtained 

in ×20B-treated regime but the value was not significantly different from that of ×10B-treated seedlings at P<.05.  

Also, maize seedlings in the control (FN) regime recorded the highest values for shoot fresh and dry weights as well as 

root fresh weight and biomass (Figures 5-8). While 5.792 and 0.615 g were obtained for shoot fresh and dry weights 

respectively, the root fresh weight and biomass of the seedlings were 2.841 and 0.272 g respectively. However, seedlings in 

the ×10B and ×20B regimes recorded a significantly lowered values for these growth parameters at P<.05 with maximum 

reduction observed in the ×20B regime. On the contrary, only the shoot dry weight of the seedlings was significantly 

diminished by the deficiency of B.  Statistically, the shoot fresh and dry weights as well as the root fresh weight and biomass 

of ×10B-treated seedlings were not significantly different from ×20B-treated seedlings at P<.05. In the case of application of 

×5B dosage, the observed reductions in these parameters were not significant at P<.05.  

3.2 PHOTOSYNTHETIC PIGMENTS  

Figures 9-11 showed that accumulation of chlorophyll a, b and total chlorophyll followed almost the same pattern. The 

×20B–treated seedlings recorded the lowest value of chlorophyll a (5.406 µM), b (1.489 µM) and total chlorophyll (7.007 µM) 

the respective highest accumulations (10.527, 2.845 and 13.372 µM) were obtained in the ×5B-treated regime. In other 

words, the accumulation of chlorophyll a in the ×5B seedlings was slightly greater than that of the control (FN) seedlings. On 

the average, the chlorophyll contents in the B-deficient seedlings were slightly reduced compared with the control seedlings. 

However, formation of chlorophyll in ×10B and ×20B-treated seedlings were significantly reduced at P<.05. Comparison of 

the accumulated chlorophyll in the ×10B-treated seedlings and those of ×20B-treated seedlings showed no statistical 

significance at P<.05.     

The lowest and highest accumulation of carotenoids was recorded in the control and ×20B-treated seedlings respectively 

(Figure 12&13). The control seedlings recorded 1.764 and 4.462 µM carotene and xanthophylls contents respectively while 

2.110 µM and 4.525 µM were obtained for -B-treated seedlings. However, application of ×5B increased the accumulation of 

carotene and xanthophylls in the maize seedlings by 100 and 20% respectively while ×10B concentration increased these 

pigment contents by 205 and 25% respectively. Statistically, the difference between the accumulated carotene in the control 

seedlings and those of ×10B and ×20B-treated seedlings was significant at P<.05 However, the increase in the accumulated 

xanthophylls observed for B-deficient and B-excess seedlings was not significantly different from that of the control seedlings 

at P<.05.  

3.3 PROTEIN AND MINERAL NUTRIENTS CONCENTRATIONS 

The percentage nitrogen and protein contents in both the control Zea mays seedlings  was higher than those treated with 

excess and deficiency of B (Fig 14 &15 respectively). While 0.399 and 2.495% nitrogen and protein contents were recorded 

for the control seedlings, the application of ×5B slightly boosted these parameters by 5% while absence of B (-B) in the 

nutrient solution slightly depressed the nitrogen and protein percentages by 5%. On the other hand, significant reductions in 

these percentages were observed for ×10B and ×20B seedlings at P<.05.  

Figures 16 showed the positive correlations between the K accumulation and toxicity of B, in other words, the K 

accumulation in maize seedlings increased with increasing B concentration. The pattern of accumulation of Ca and Mg in 

these seedlings was similar (Fig. 17&18). Complete deficiency of B in the nutrient solution slightly decreased the 

accumulation of these mineral nutrients while application of ×5B dosage slightly increased it. However, by increasing B 

concentrations to ×10 and ×20, the diminutions were significant at P<.05.  
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4 DISCUSSION 

The observed discolouration at the edge of one of the mature leaves on the last day of the study was could be attributed 

to high dosage of B in that regime. This result indicated that juvenile maize seedlings were more susceptible to B toxicity than 

its deficiency. Earlier workers have reported similar observation in barley [44,45]. 

The toxic levels of B slightly increased the maize seedlings shoot height but critical observations showed that these 

seedlings lacked vigour compared with the control seedlings. Similarly, the seedlings in these regimes (×5B, ×10B and ×20B) 

therefore have probably devoted more of their nutrient for stem extension as apical dominance was more pronounced in 

them. This was in agreement with the results of [46] and [47] that plants growing in supra-optimal concentration of nutrient 

respond to nutrient stress by devoting more of their available carbon to shoot growth resulting in elongated stems. Similar 

non-significant increase in plant height was reported by [29] on fodder beet plant sprayed with 75 and 100 ppm B. The 

control (FN) seedlings had adequate nutrient supply and so do not require extra carbon for shoot growth; this invariably led 

to the normal seedlings height, better vigour and short peduncles observed in this regime. Adequate supply of B which 

played role in synthesis and translocation of sugar could also account for the improved vigour observed in the control 

seedlings [48]. The reduction in the shoot height of the B-deficient seedlings was similar to the findings of [49] who reported 

inhibition of the growth of the plant apex which resulted in a relatively weak apical dominance and a subsequent sprouting of 

lateral buds in B-deficient medium. [26] and [22] stated that B deficiency first affects the shoot apex and the actively growing 

leaves reducing significantly the cytokinin level and inhibiting the export of Indole Acetic acid (IAA) out of the shoot apex. 

This phenomenon could probably account for the reduced shoot height observed in this regime. However, it could be due to 

the reduction in the seedlings meristematic cell division and cell elongation triggered by B-deficiency which according to [50], 

could result in diminished shoot growth. In addition, the seedlings in B-deficient regime had shorter internodes and petioles 

and stems with bigger diameter–the characteristics similar to those observed by [18] in some higher plants.   

The leaf parameters (number of leaves, leaf area and leaf area ratio) of the control/FN seedlings appear more luxuriant 

than those in the B-deficient and B-treated regimes. This suggested an under-played physiological role for B in leaf formation 

and/or development. In other words the dependence of the formation and/or development of leaf on B concentration in 

juvenile maize were suspected. Earlier workers had reported that normal application of B could increase significantly the leaf 

area and ultimately the yield of crops compared to treatment with excess B [51,52,53]. B applied at optimal dosage could 

influence the cell division, transfer of sugars along cell membranes as well as pectin, RNA and DNA synthesis, thus, enhancing 

optimal growth of the leaves especially the leaf area [50,54]. In B-deficient seedlings, the actively growing leaves could be 

affected resulting in the reduced leaf area and leaf area ratio. Similarly, the significant diminution in these parameters 

triggered by the application of ×10B indicated that this concentration (3.30 ppm B) gave adequate concentration for 

inhibition of Zea mays leaf growth. This could result from the impairment of cell division in the leaves or inhibition of shoot 

and root growth by excess B [33]. These results were similar to the findings of [55] who reported that application of 0.16M 

concentration of B was more effective in improving the elongation of 4th leaf on rice than 0 ppm whereas ×3B (0.48M) 

concentration was toxic, decreased the leaf elongation even than 0 ppm. [56] also reported similar findings.     

The optimal weights of shoot and root (especially the dry matter yield) rercorded for the control seedlings can be 

attributed to optimal rate of photosynthesis, adequate nutrient supply and greater leaf surface area. Adequate nutrient 

supply increased the dry matter production in optimal condition, a situation that corroborated the findings of [57] and [58] 

where higher dry weight was correlated to optimal leaf expansion rates. It was noted that the magnitude of the decreasing 

effect of B toxicity on the fresh and dry weight of the seedlings increased up to ×10B (3.3 ppm) concentration and no 

statistical significance between these values and those obtained for ×20B (6.6 ppm) dosage.  This implied that presence of 

3.30 ppm B in the soil could seriously hamper the shoot and root yield, hence, the general growth of the seedlings. The 

diminution in the shoot and root weights of the ×10B and ×20B-treated seedlings might not be unconnected with the 

lowered leaf area, photosynthetic rates and decreased lignin and suberin contents triggered by excess B in the soil [2,59]. The 

slight reduction observed for seedlings in the –B regime was not surprising. According to [54], deficiency of only one of the 

mineral nutrients could potentially depress the growth, thus the biomass production of higher plants. Earlier workers have 

also reported that deficiency of B inhibits root elongation [17,18,60] which eventually resulted in significant loss of shoot and 

root yields. This result was consistent with the findings of [61] who reported that shoot and root fresh and dry weights of 

maize decreased with increasing B applied. [62] and [63] showed respectively that the shoot dry matter yield and root yields 

of wheat decreased with increasing B application. Similarly, [64] found significant decrease in the shoot dry matter yield of 

maize plant treated with elevated B concentration. Other workers had also reported similar findings on tomato [65,66], 

melon [67], tobacco [68] and pea plants [69].   
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The chlorophyll content is one of the main factors that reflect the photosynthetic rate of crop plants [70]. The optimal 

synthesis of chlorophyll in control/FN seedlings could be attributed to the protection of the thyllakoid membrane through 

decreasing the production of oxygen radicals which according to [23] was a novelty role of B in crop plant. Also, the dual 

effects of B toxicity on accumulation of chlorophyll followed the trend; ×5B > FN > ×10B > ×20B.This indicated that the 0.33 

ppm B (in the control/FN regime) recommended as optimal concentration by Long Ashton and modified by [39] was not 

optimal for the purpose of chlorophyll accumulation since highest chlorophyll contents was recorded in ×5B regime. Though, 

it was appropriate for the general growth of the seedlings as evidenced from the parameters described above. Compare with 

the control, the increase in chlorophyll contents of ×5B-treated seedlings could be a response of the seedlings to compensate 

for the loss of leaf area owing to smaller leaf size. However, there was significant reduction in the chlorophyll contents of the 

seedlings in the ×10B-treated seedlings, a phenomenon that could be considered a mark of either the commencement of 

chlorosis or tolerant/critical level of toxicity for maize seedlings. This diminution could be due to oxidative injuries inflicted on 

the seedlings by B toxicity – injuries which enhanced chlorophyll degradation or inhibited chlorophyll synthesis. [8] and [9,71] 

had earlier observed an increase in the Malondialdehyde (MDA) and Hydrogen peroxide (H2O2) contents of plants exposed to 

B toxicity and  attributed their observations to oxidative stress and membrane peroxidation which could increase the 

chlorophyll degradation and inhibited chlorophyll synthesis in crops. This result was similar to the findings of [72] who 

reported a maximum increase in chlorophyll contents of mung bean (Vigna radiata (L.) treated with 4µgg
-1

 B concentrations 

while application of 8, 16 and 32 µgg
-1

 concentrations significantly reduced the chlorophyll contents in the crop. The finding 

that B-deficient leaves had lower content of chlorophyll pigments is similar to the recent study by [73] who observed a 

decline in chlorophyll contents of coconut leaflets grown in B-deficient sand and suggested that chlorophyll synthesizing 

system and/or chlorophyllase activity might have been affected by B deficiency. It was also in congruent with those reported 

by [74] and [75]. 

Carotenoids can act as alternative antennas capture light, absorbing the blue region of the spectrum (400-600 nm) and 

transferring the energy to the chlorophyll. Carotenoids biosynthesis pathway also supplements the chlorophyll contents of 

plants through the production of the geranyl geranyl pyrophosphate intermediate to make a phytyl group of chlorophyll, thus 

maintaining the pigments levels and enhanced the growth and yield performance of crops [76]. The above statements 

probably explains the possible adaptive mechanism evolved by maize seedlings to B toxicity tolerance since the amount of 

carotene in the B-treated seedlings increased significantly with increasing B levels. However, the main function of 

carotenoids is to protect the photosynthetic apparatus, dissipating energy to avoid photo-oxidation [77]. Thus, this significant 

boost in carotene contents of ×10B and ×20B-treated seedlings could be a response of the seedlings to prevent the excessive 

loss of chlorophyll contents through oxidative injuries mentioned above. The enhancement of the accumulation of the two 

pigments (carotene and xanthophylls) therefore suggested the direct or indirect involvement of these pigments in the 

protection against oxidative stress triggered by B toxicity and maintenance of the chlorophyll levels in the juvenile maize 

growth. The deficiency of B on the other hand could affect photosynthesis directly or indirectly [23] and the first targets were 

usually the shoot apex and the actively growing leaves [21]. In this study however, it could be deduced that the reduction of 

the chlorophyll and carotenoids contents constituted the direct primary effects of B-deficiency while the diminished growth 

and yield in maize seedlings were its secondary or indirect effects on photosynthesis. These results were similar to the 

findings of [78] and [23] in which both authors respectively attributed the observed reduction in the carotenoids and 

photosynthetic efficiency of Taxodium distichum and sunflower leaves to the deficiency of B in the medium. 

The experimental evidence for a direct and specific involvement of B in the nucleic acids metabolism or protein synthesis 

is scanty [28]. However, the respective optimum value and the slight increase in protein percentage observed for control/FN 

and ×5B-treated seedlings could be due to increased level of expression of genes related to nitrogen metabolism. Several 

reports have indicated that B applied at optimal dosage (FN) may influence positively the expression level of genes related to 

nitrogen metabolism [79,80]. The nitrogen and protein percentage in the B-deficient, ×10B and ×20B-treated seedlings were 

affected negatively. These reductions according to [26] could result from a decreased nitrate uptake due to lower expression 

of plasma membrane H
+
-ATPase in B-deficient plant. Similarly, [11] affirmed that excess B could potentially cause metabolic 

disruption by binding ribose RNA, thereby reducing protein synthesis in plant. These results probably explain the basis of the 

general enhancement observed in the growth and vigour of the control/FN seedlings than the B stressed seedlings. Similar 

findings were reported by [36]. The authors observed higher amount of soluble protein in the optimal B containing leaves of 

orange plants irrigated with relatively high and low amounts of B. [81] found an inhibition of DNA within 6 hours of 

transferring squash plants to the B-deficient media. Several workers had earlier reported significant depression in the leaf 

nitrogen of crops including maize [82], tomato [83], Sauvignon vine plant [84].  

 Depending on the concentration of B applied, the interactions of B with other plant nutrients was either antagonistic or 

synergistic. In this study, while the excess-B-K interaction was synergistic, the interaction of excess-B with Ca, Mg and N was 

antagonistic. The significant increase in the K concentration observed for ×10B and ×20B seedlings suggested that the survival 
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of B-stressed maize seedlings could be a function of their ability to maintain higher levels of K. In other words, the tendency 

of the maize seedlings to accumulate K could be considered as an adaptive mechanism to B-stress tolerance. Such positive 

correlation between K and excess B according to [85] could be due to the increased activation of the ATPase proton pump by 

B. On the other hand, the lowered concentrations of the Ca and Mg in both regimes treated with excess and deficiency of B 

suggested that these treatments influenced the membrane permeability by increasing Ca and Mg leakages from the cells of 

the seedlings. [86] suggested an increase of membrane permeability which resulted in leakages of mineral nutrients as the 

primary effects of B deficiency.  This reduction however could be due to inhibition of the translocation of the two mineral 

nutrients from the root to the leaves or decrease in number of negative charges and of Ca
2+

-borate complex
 
in B-deficient 

maize seedlings. According to [87], the decrease of membrane associated Ca
2+

 in the B-deficient faba bean plants is primarily 

caused by a reduction in the number of negative charges and of Ca
2+

-borate complex. [88] also observed inhibition of the 

translocation of Ca to the upper leaves in B applied tomato. The increased K concentration, according to [89] was the indirect 

effect of added B, while the decreased concentration of Ca (as well as Mg) at higher levels seems to be the direct effect of B 

which also resulted in a reduction in growth and yields. Therefore, these results also explained to some extent the 

deteriorative role of excess and deficiency of B on the growth parameters and chlorophyll contents of the Zea mays 

seedlings. Earlier workers had reported similar findings [82,90,91,84].  

 

 

 

Fig. 1: The Effect of supra-optima concentration and deficiency of boron on the shoot height of Zea mays 
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Fig. 2: Variation in the number of leaves on Zea mays seedlings as affected by boron deficiency and toxicity 

 

 

 
 

Fig. 3: Leaf area of maize seedlings as affected by the varied doses of boron 
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Fig 4: Variation in the leaf area ratio of Zea mays seedlings as affected by boron deficiency and toxicity 

 

 

 
 

Fig. 5: Time course changes in the shoot fresh weight of Zea mays seedlings subjected to boron nutritional stress 
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Fig. 6: Time course changes in the shoot biomass of Zea mays seedlings subjected to boron nutritional stress 

 

 

 
 

Fig.7: Effect of boron nutritional stress on the root fresh weight of Zea mays seedlings 
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Fig. 8: Effect of boron deficiency and toxicity on the root biomass of Zea mays seedlings 

 

 
 

Fig. 9: Time-course accumulation of chlorophyll a in boron nutritional stressed Zea mays 
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Fig. 10: Time-course accumulation of chlorophyll b in the boron nutritional stressed Zea mays seedlings 

 

 

 
 

Fig. 11: Time-course accumulation of total chlorophyll in the boron nutritional stressed zea mays seedlings 

 

 

 

 



Comparative Effects of Boron Toxicity and Deficiency on the Growth, Chlorophyll, Protein and some Cations Accumulation 

in Zea mays Seedlings 

 

 

ISSN : 2351-8014 Vol. 17 No. 2, Aug. 2015 328 

 

 

 
 

Fig. 12: Variation in the carotene content of Zea mays seedlings as affected by deficiency and toxicity of boron 

 

 

 
 

Fig. 13: Variation in the Xanthophylls content of Zea mays seedlings as affected by boron deficiency and toxicity 
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Fig. 14: Effect of deficiency and toxic concentrations of boron on the nitrogen content of Zea mays seedlings 

 

 

 
 

Fig. 15: Time-course accumulation of protein contents in boron nutritional stressed Zea mays 
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Fig. 16: Variation in the potassium contents of Zea mays seedlings as induced by boron deficiency and toxicity 

 

 

 
 

Fig. 17: Effect of boron nutritional stress on the calcium contents of Zea mays seedlings 
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Fig. 18: Effects of varied doses of B on Magnessium concentrations in Zea mays seedlings 

5 CONCLUSION 

This study had shown that that toxicity of B was more harmful to juvenile maize than its deficiency and presented 3.30 

ppm (×10B) concentration of B in the soil as the critical level of toxicity for maize seedlings. The result also showed that B 

toxicity was more harmful to juvenile maize growth than its deficiency and therefore recommended three different optimal 

concentrations; 0.33, 1.65 and > 3.30 ppm respectively for general growth, chlorophyll and carotenoids synthesis in maize 

seedlings. The data presented here suggested an under-play physiological role for B in the seedlings leaf formation and 

development. It also emphasized accumulation of carotenoids and potassium (K) as adaptive mechanisms evolved by the 

maize seedlings to B-stress tolerance. Further study to validate these hypotheses is therefore recommended. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Comparative Effects of Boron Toxicity and Deficiency on the Growth, Chlorophyll, Protein and some Cations Accumulation 

in Zea mays Seedlings 

 

 

ISSN : 2351-8014 Vol. 17 No. 2, Aug. 2015 332 

 

 

REFERENCES 

[1] Integrated Pest Management, “Crop Nutrient deficiencies and toxicities” Plant Protection Programs, College of 

Agriculture, Food and Natural Resources. Published by MU Extension, University of Missouri-Columbia. IPM1016, 2002. 

[2] R.O. Nable, G.S. Banuelos, J.G. Paull, “Boron toxicity,” Plant Soil, 198: 181 -198, 1997. 

[3] D.G. Blevins and K.M.  Lukaszewski, “Boron in plant structure and function” Annual Revision on Plant Physiology and 

Plant Molecular Biology, 49, 481–500. 

[4] J.J. Camacho-Cristobal, J. Rexach and A. Gonzalez-Fontes, “Boron in plants: deficiency and toxicity” Journal of Integrated 

Plant Biology, 50:1247–1255, 2008b. 

[5] M.A. O’Neill, T. Ishii, P. Albersheim and A.G. Darvill, “Rhamnogalacturonan II structure and function of a borate cross-

linked cell wall pectic polysaccharide” Annual Revision on Plant Biology, 55, 109–139, 2004. 

[6] Y. Li and H. Ling, “Soil boron content and the effects of boron application on yields of maize, soybean, rice, and sugar-

beet in Heilonjian Province, P.R. China” In: Bell R.W., Rerkasem B. (eds.) “Boron in Soils and Plants”. pp. 17-21, 1997. 

[7] M.M. Shaaban and M.M. El-Fouly, “Boron foliar application improves zinc and other nutrient status in cotton plants 

growth under low or high calcium carbonate level in the soil” Proceedings Of the International Workshop “boron 2001” 

boron Germany, June, 23-28, 2001. 

[8] M. Ardic, A.H. Sekmen, S. Tokur, F. Ozdemir and I. Turkan, “Antioxidant responses of chickpea plants subjected to boron 

toxicity” Plant Biology (Stuttg). 11(3):328-38, 2009. 

[9] L.M. Cervilla, B.A. Blasco, J.J. Rios, L. Romero, J.M. Ruiz, “Oxidative stress and antioxidants in tomato (Solanum 

lycopersicum) plants subjected to boron toxicity”. Annals of Botany, 100, 747–756, 2007. 

[10] H. Xuan, J. Streif, H. Pfeffer, F. Dannel, V. Romheld and F. Bangerth, “Effect of pre-harvest boron application on the 

incidence of CA storage related disorders in ‘Conference’ pears” Journal of Horticultural Science and Biotechnology, 

76:133–137, 2001. 

[11] R.J. Reid, J.E. Hayes, A. Post, J.C.R. Stangoulis and R.D. Graham, “A critical analysis of the causes of boron toxicity in 

plants” Plant Cell Environment, 25:1405–1414, 2004. 

[12] R. Reid “Identification of boron transporter genes likely to be responsible for tolerance to boron toxicity in wheat and 

barley” Plant Cell Physiology, 48:1673-1678, 2007. 

[13] K.L. Fitzpatrick and R.J. Reid “The involvement of aquaglyceroporins in transport of boron in barley roots” Plant Cell 

Environment, 32:1357–1365, 2009. 

[14] M. Tariq and C.J.B. Mott, “Effect of Boron on the Behavior of Nutrients in Soil-Plant Systems: A Review” Asian Journal of 

Plant Science, 6 (1): 195-202, 2007.  

[15] B. Rerkasem, S. Nirantrayagul and S. Jamjod, “Increasing boron efficiency in international bread wheat, durum wheat, 

triticale and barley germplasm will boost production on soils low in boron” Field Crops Research 86:175–184, 2003. 

[16] V.M. Shorrocks, “The occurrence and correction of boron deficiency” Plant Soil, 193, 121–148, 1997. 

[17] W. M. Dugger, Boron in plant metabolism, In: Lauchli A., Bieleski R. L., eds. Encyclopedia of plant physiology, inorganic 

plant nutrition, 15B. New York: Springer Verlag. pp. 626-650. 

[18] H. Marschner, Mineral Nutrition in Higher Plants Academic Press. London, UK. 

[19] A.J. Parr and B.C. Loughman, Boron and membrane function in plants. In: D.S. Robb, W.S. Pierpoint (eds.). Metals and 

Micronutrients, Uptake and Utilisation by Plants, pp. 87–107. Academic Press, New York, 1983. 

[20] I. Cakmak and V. Römheld, “Boron deficiency induced impairments of cellular functions in plants” Plant Soil. 193, 71–83, 

(1997). 

[21] B. Dell and L. Huang, “Physiological response of plants to low boron” Plant Soil 193, 103–120, 1997. 

[22] C.J. Li, H. Pfeffer, F. Dannel, V. Romheld and F. Bangerth, “Effects of boron starvation on boron compartmentation and 

possibly hormone-mediated elongation growth and apical dominance of pea (Pisum sativum) plants” Physiologia 

Plantarum 111: 212-219, 2001. 

[23] F. El-Shintinawy, “Structural and functional damage caused by boron deficiency in sunflower leaves” Photosynthetica. 

36(4): 565-573, 1999.  

[24] C.D. Tsadilas, In: Bell, R.W., Rerkasem, B. (Eds.), Soil Contamination with Boron due to Irrigation with Treated Municipal 

Waste Water Boron in Soils and Plants. Kluwer Academic Publishers, Dordrecht, pp. 265–270, 1997. 

[25] R.P.S. Chauhan, and S.L. Powar, “Tolerance of wheat and pea to boron in irrigation water” Plant and Soil, 50: 145-149, 

1978. 

[26] M.B. Herrera-Rodrı´guez, A. Gonza´lez-Fontes, J. Rexach, J.J. Camacho-Cristo´bal, J.M. Maldonado and M.T. Navarro-

Gochicoa, “Role of boron in vascular plants and response mechanisms to boron stresses” Plant Stress 4:115–122, 2010. 

[27] J. Takano, K. Miwa and T. Fujiwara, “Boron transport mechanisms; Collaboration of channels and transporters” Trends in 

Plant Science 13: 451-457, 2008. 



Ayodeji Adeyemi OGUNWOLE, Olutobi Olufunmilayo OTUSANYA, Fatai Adekanye OLOYEDE, and Tijani Musa Olabamiji 

 

 

ISSN : 2351-8014 Vol. 17 No. 2, Aug. 2015 333 

 

 

[28] H.E. Goldbach, “A critical review on current hypotheses concerning the role of boron in higher plants: suggestions for 

further research and methodological requirements” Journal of Trace and Microprobe Techniques, 15: 51-91, 1997. 

[29] M.M. Hussein, M.M. Shaaban, A.M. El-Saady, and A.A. El-Sayed, “Growth and Photosynthetic Pigments of Fodder Beet 

Plants As Affected By Water Regime and Boron Foliar Fertilization” Nature and Science, 2011; 9(1), 2011. 

http://www.sciencepub.net/nature 

[30] D. Liu, W. Jiang, L. Zhang and L. Li, “Effects of boron ions on root growth and cell division of broad bean (Vicia faba L.)” 

Israel Journal of Plant Sciences, 48: 47-51, 2000.  

[31] C.J. Lovett and L.M. Bates, “Early effects of excess boron on photosynthesis and growth of Cucurbita pepo” Journal of 

Experimental Botany, 35, 297–305, 1984.  

[32] R.O. Nable and D.B. Moody, Genotypic Differences in Boron Accumulation in Barley: Relative Susceptibilities to Boron 

Deficiency and Toxicity In: Bassam N.E., Dambroth M., Loughman B.C. (Eds), Genetic Aspects of Plant Mineral Nutrition. 

Kluwer Academic Publishers, Dortrecht: 243–251, 1990.  

[33] F. Ghanati, A. Morita and H. Yokota, “Induction of suberin and increase of lignin content by excess boron in tobacco 

cells” Soil Science and Plant Nutrition, 48: 357-364, 2002. 

[34] N. Shomron and G. Ast “Boric acid reversibly inhibits the second step of pre-mRNA splicing” FEBS 552:219–224, 2003. 

[35] E. Karabal, M. Yücel and H.A. Öktem, “Antioxidant responses of tolerant and sensitive barley cultivars to boron toxicity” 

Plant Science, 164, (6); 925-933, 2003. 

[36] Y. Keles, I. Öncel and N. Yenice, “Relationship between boron content and antioxidant compounds in Citrus leaves taken 

from field with different water source” Plant Soil 265: 345–353, 2004. 

[37] P. T. Vasudevan and M. Briggs, “Biodiesel production: current state of the art and challenges” Journal of Indian 

Microbiology and Technology, 35: 421-430, 2008. 

[38] R.N. Mohammad, S. Nassrin and B. Babak, “The effect of microelements spraying on growth, qualitative and 

quantitative grain in Iran” International Research Journal OF Applied Basic Sciences, Vol, 3 (S): 2780-2784, ISSN 2251-

838X, 2012.  

[39] E.J. Hewitt, “Sand and water culture methods used in the study of plant nutrition” Commonw Bur Horts Plantation Crops 

Great Britain Technology Communication No. 22. 

[40] R.W. Pearcy, J.E. Ehleringer, H.A. Monney and P.W. Rundel, Plant Physiology Ecology, Field Methods and 

Instrumentation. Chapman and Hall, New York, pp. 423, 1989. 

[41] J.H. Combs, S.I. Long, and J. Scurlock, Techniques in bio-productivity and photosynthesis. Pergamon Press. Oxford, New 

York, Toronto, Sydney, Frankfurt, 1985. 

[42] S. Machlis and D. Torrey, Primary nutrients and plant growth. In: Essential Plant Nutrients, North Carolina Department 

of Agriculture, (1956). 

[43] A.O.A.C., Official methods of Analysis (17th edition). Association of Official Analytical Chemists, Washington, D. C., 2000. 

[44] R. Kluge and W. Podlesak, “Plant critical levels for the evaluation of boron toxicity in spring barley (Hordeum Vulgare L.)” 

Plant Soil, 83(3) 381-388, 1985. 

[45] R.T. Poole, C.A. Conover and K. Steinkamp, “Symptoms of boron toxicity induced in foliage plants”. Proceedings Fla 

State Horticultural Scientist Society, 104: 301-303, 1991. 

[46] T.J. Bouma and K.L. Nielsen, “Sample preparation and scanning protocol for computerized analysis of root length and 

diameter” Plant and Soil, 218:185-196, 2000. 

[47] K.D. Bonifas, D.T. Walters and J.L. Lindquist, Nitrogen supply affects root: shoot ratio in corn and velvet leaf” Weed 

Science 54:133-137, 2005. 

[48] D.G. Blevins and K.M. Lukaszewski, “Proposed Physiologic functions of boron in plants pertinent to animal and human 

metabolism” Journal Series11: 821, 1994. 

[49] G. Wang, V. Römheld, C. Li and F. Bangerth, “Involvement of auxin and CKs in boron deficiency induced changes in 

apical dominance of pea plants (Pisum sativum L.)” Journal of Plant Physiology, 163, (6), 591-600, 2006. 

[50] H.E. Goldbach, D. Hartmannn and T. Rotzer, “Boron is required for the stimulation of the Ferricyanide-induced proton 

release by auxins in suspension-cultured cells of Daucus carrota and Lycopersicum esculentum” Physiology of Plant 80: 

114-118, 1990. 

[51] G. Li, H.  Zong, H. Wen, Y. Zhang, S. Qu and L. Qiao, “The effect of boron on yield and quality of oriental tobacco” 

Yunnan Nong Ye Da Xue Xue Bao 20(3), 356-359, 2005. 

[52]  Q.A. Panhwar, O. Radziah, Y.M. Khanif and U.A. Naher, “ Application of boron and zinc in the tropical soils and its effect 

on maize (Zea mays) growth and soil microbial environment” Australian Journal of Crop Sciences 5(12),1649-1654, 2011. 

[53] M. Tariq, A. Akbar, H. Lateful and A. Khan, “Comparing Application Methods for Boron Fertilizer on the Yield and Quality 

of Tobacco (Nicotiana tabacum L.)” Communications in Soil Science and Plant Analysis 41(13), 1525-1537, 2010. 



Comparative Effects of Boron Toxicity and Deficiency on the Growth, Chlorophyll, Protein and some Cations Accumulation 

in Zea mays Seedlings 

 

 

ISSN : 2351-8014 Vol. 17 No. 2, Aug. 2015 334 

 

 

[54] T. Chatzistathis and L. Therios, “How soil nutrient availability influences plant biomass and how biomass stimulation 

alleviates heavy metal toxicity in soils: the cases of nutrient use efficient genotypes and phytoremediators, 

respectively”, 2013.  http://dx.doi.org/10.5772/53594. 

[55] Z. Farooq, A. Rehman, Z.A. Cheema, A. Nawaz and A. Wahid, “Foliage applied boron improves the panicle fertility, yield 

and bio-fortification of fine grain aromatic rice” Journal of Soil Science and Plant Nutrition, 14 (3), 723-733, 2014. 

[56] A. Ali, M. Tariq, F. Ali and S. Noor, “Effect of different rates of boron on the yield, quality and micronutrients content of 

Tobacco (Nicotiana tabacum L.). International Journal of Farming and Allied Sciences, 3 (11): 1165-1173, 2014.  

[57] W.J.H. Peace and P.J. Grubb, “Interaction of light and mineral nutrient supply in the growth of Impatiens parviflora” 

New Phytolology 90(1):127-150, 1982. 

[58] W.A. Thompson, G.C. Stocker and P.E. Kriedemann, Growth and photosynthetic response to light and nutrients of 

Flindersia brayleyana, In: Muell F (Ed.). Ecology of Photosynthesis in Sun, a rainforest tree with broad tolerance to sun 

and shade, 2000. 

[59] R. Reid, Update on boron toxicity and tolerance in plants, In: Xu, F., Goldbach, H.E., Brown, P.H., Bell, R.W., Fujiwara, T., 

Hunt, C.D., Goldberg, S., Shi, L. (eds). Advances in plant and animal nutrition. Springer, Dordrecht, pp 83–90, (2007a). 

[60] P.H. Brown, N. Bellaloui, M.A. Wimmer, E.S. Bassil, J. Ruiz and H. Hu, “Boron in plant biology” Plant Biology, 4: 205-223, 

2002. 

[61] Muhammad HRS, Tasveer ZB, Uzma Y (2013). Boron irrigation effect on germination and morphological attributes of Zea 

mays cultivars (Cv.Afghoee & Cv.Composite). Int. J. Sci. Engi. Res. 4(8):1563-1569. 

[62] A. Torun, A. Yazici, H. Erdem and I. Cakmak, “Genotypic variation in tolerance to boron toxicity in 70 durum wheat 

genotypes” Turkish Journal of Agriculture, 30, 49–58, 2006. 

[63] L.Y. Akta, M. Gemici, B. TurkyImaz and A. Guven, “The Effects of high boron concentration on growth and protein 

metabolism in wheat. Journal of Anatoila Eagean Agricultural Research Institute, 14 (1): 88-99, 2004.  

[64] A. Adiloglu and S. Adiloglu, “The Effect of Boron (B) Application on the Growth and Nutrient Contents of Maize in Zinc 

(Zn) Deficient Soils” Research Journal of Agriculture and Biological Science, 2(1): 1-4, 2006, 2006. 

[65] F. Eraslan, A. Inal, A. Gunes, M. Alpaslan. “Boron toxicity alters nitrate reductase activity, proline accumulation, 

membrane permeability and mineral constituents of tomato and pepper plants,” Scientia Horticulturae, 30(60): 981-

994, 2007a.  

[66] C. Kaya, A. L. Tuna, M. Dikilitas, M.A.S. Koskeroglu, M. Guneri Supplementary phosphorus can alleviate boron toxicity in 

tomato Scientia Horticulturae 121 (2009) 284–288 

[67] S. Goldberg, P.J. Shouse, S.M. Lesch, C.M. Grieve, J.A. Poss, H.S. Forster, D.L. Suarez, “Effect of high boron application on 

boron content and growth of melons,” Plant Soil, 265(2): 403-411, 2003 

[68] J.J. Camacho-Cristobal and A. Gozalez-Fontes, “Boron deficiency causes a drastic decrease in nitrate content and nitrate 

reductase activity and increases the content of carbohydrates in leaves from tobacco plants,” Planta, 209, 528-536, 

1999.  

[69] R.O. Carpena, E. Esteban, M. Jose-Sarro, J. Penallosa, A. Garate, J. Lucena and P. Zonosa, “Boron and Calcium 

distribution in nitrogen fixing pea plants,” Plant Sci., 151: 163-170, 2000. 

[70] L.Z. Mao, H.F. Lu, Q. Wang, and M.M. Cai, “Comparative photosynthesis: characteristics of Calycanthus chinensis and 

Chimonanthus praecox,” Photosynthetica, 45, (4), pp 601-605, 2007, 2007. 

[71] L.M. Cervilla, M.A. Rosales, M.M. Rubio-Wilhelmi, E. Sánchez-Rodríguez, B. Blasco, J.J. Ríos, L. Romero, and J.M. Ruiz, 

“Involvement of lignification and membrane permeability in the tomato root response to boron toxicity,” Plant Science, 

176, (4): 545-552, 2009. 

[72] S. Kunal and C.A. Naresh, “Effect of boron on the contents of chlorophyll, carotenoid, phenol and soluble leaf protein in 

mung bean, Vigna radiata (L.) Wilczek” Proceedings of the National Academy of Sciences, India Section B: Biological 

Sciences. Sept. 2014, Vol. 84 (3) pp. 713-719 

[73] L.G.R. Pinho, E. Campostrini, P.H. Monnerat, A.T. Netto, A.A. Pires, C.R. Marciano and Y.J.B. Soares, “Boron deficiency 

affects gas exchange and photochemical efficiency (JPI test parameters) in green dwarf coconut,” Journal of Plant 

Nutrition., 33: 439-451, 2010. 

[74] P.N. Sharma and T. Ramachandra, “Water relations and photosynthesis in mustard plants subjected to boron 

deficiency,” Indian Journal of Plant Physiology, 33: 150-154, 1990. 

[75] P. Wojcik, M. Wojcik and K. Klamkowski, “Response of apple trees to boron fertilization under conditions of low soil 

boron availability,” Scientia Horticulturae, 116: 58-64, 2008. 

[76] Hans-Walter H. (1997). Plant Biochemistry and Molecular Biology. Oxford University Press, Oxford. 

[77] G.E. Bartley and P.A. Scolnik, “Plant Carotenoids: Pigments for photo-protection, visual attraction and human health,” 

Plant Cell, 7 (7) pp. 1027-1038, 1995. 



Ayodeji Adeyemi OGUNWOLE, Olutobi Olufunmilayo OTUSANYA, Fatai Adekanye OLOYEDE, and Tijani Musa Olabamiji 

 

 

ISSN : 2351-8014 Vol. 17 No. 2, Aug. 2015 335 

 

 

[78] A.A.M. Mazher, S.M. Zaghloul and A.A. Yassen, “Impact of boron fertilizer on the growth and chemical constituents of 

Taxodium distichum grown under water regime,” World J. of Agricultural Science, 2(4): 412-420, 2006. 

[79] M. Redondo-Nieto, L. Pulido, M. Reguera, I. Bonilla, and L. Bolanos, “Developmentally regulated membrane 

glycoproteins sharing antigenicity with rhamnogalacturonan II are not detected in nodulated boron deficient Pisum 

sativum,” Plant Cell Environment, 30: 1436–1443, 2007. 

[80] J.J. Camacho-Cristobal and A. Gonzalez-Fontes, “Boron deficiency decreases plasmalemma H+ ATPase expression and 

nitrate uptake, and promotes ammonium assimilation into asparagine in tobacco roots,” Planta, 226: 443- 451, 2007. 

[81] R.W. Krueger, C.J. Lovatt and L.S. Albert, “Metabolism requirement of Curcubita pepo for boron,” Plant Physiology, 83: 

254-258, 1987. 

[82] D.R. Leece, “Effects of boron on the physiological activity of zinc in maize,” Australian Journal of Agricultural Research, 

29: 739-749, 1978. 

[83] L.E. Francois, “Effect of excess boron on tomato yield, fruit size, and vegetative growth,” Journal of America Society of 

Horticultural Scientist, 109, 322–324, 1984. 

[84] W.J.S. Downton and J.S. Hawker, “Interaction of boron and chloride on growth and mineral composition of cabernet 

sauvignon vines,” America Journal of Enol. Vitic, 31: 277-282. 

[85] V.M. Shorrocks, “Behavior, function and significance of boron in agriculture,” International Workshop Report at St. 

John’s College, Oxford, England. 23-25 July, 1990. Published by Borax Consolidated Limited, London. SW 1P 1H T. 

[86] I. Cakmak, H. Kurz, H. Marschner, “Short-term effects of boron, germanium and high light intensity on membrane 

permeability in boron deficient leaves of sunflower,” Physiology of  Plant. 95, 11–18, 1995. 

[87] K.H. Muehling, M. Wimmer and H.E. Goldbach, “Apoplastic and membrane associated Ca
2+

 in leaves and roots as 

affected by boron deficiency,” Physiology of Plant, 102: 179-184, 1998. 

[88] T. Yamauchi, T.  Hara and Y. Sonoda, “Distribution of Ca and B in the pectin fraction of tomato leaf cell wall,” Plant Cell 

Physiology 27:727–732, 1986. 

[89] M. Tariq and C.J.B. Mott, “Effect of boron supply on the uptake of micronutrients by radish (Raphanus sativus L.),” 

Journal of Agriculture and Biological Sciences 1(2): 1-8, (2006). 

[90] G. Tolgyesi and A. Kozma, “Investigation on factors affecting boron uptake by grasses,” Agrokemia-es-Talajatan, 23: 83-

98, 1974. 

[91] O.P. Yadav and H.R. Manchandra, “Boron tolerance studies in gram and wheat grown on a sierozem sandy soil,” Journal 

of India Society of Soil Scientist, 27: 174-180, 1979. 


