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Abstract: Increasing concentration of bicarbonate ions in the nutrient medium markedly decreased dry weight
of shoots and roots of maize plant. These effects becoming more distinct with time, particularly at the two
higher levels of bicarbonate supply (10 and 20 mM). Micronutrients composition of Fe, Cu and Zn in shoots
and roots of maize plants were all affected in this manner as was also the appearance of iron chlorosis. Maximum
reduction of the concentration of these elements (Fe,Cu and Zn) in shoots was recorded at (20 mM) HCO3

-

treatments by 45.9%, 78.4% and 80.8% respectively as compared with control. Fe  - reduction activity wasIII

decreased sharply on root intact plants by increasing HCO  level of treatments. This inhibition was obtained3
-

as soon as day 2 and by day 8, the inhibitory effect was more pronounced with bicarbonate treatments. In
contrast, the enzyme of phosphoenolpyruvate carboxylase (PEPC) - activity was highly increased on roots after
2 and 8 days of all HCO  treatments supply. At day 8 the activity of PEPC in the  roots  of  HCO   treatments3 3

- -

(10 and 20 mM) was more than double that of the control. 

Key words: High pH  Bicarbonate  Fe Reduction  PEP Carboxylase  MicronutrientsIII

INTRODUCTION MATERIALS AND METHODS

The effect of bicarbonate in the growth medium in Plant   Growth   and   Harvesting:   Seeds   of     maize
inducing Fe deficiency has been appreciated previously (Zea Mays L.) plants were germinated for 6 days in a moist
by many of authors including [1-3], although the compost / Perlite mixture and after germination similar
physiological reason for the appearance of Fe chlorosis of sized seedlings were selected and transferred to aerated
crops growing under conditions of high bicarbonate nutrient solutions held in plastic containers of 10 litre
concentration are not yet completely understood [4,5]. volume. Each of these containers held 5 plants that were
Bicarbonate has been shown to inhibit some of the maintained upright by a foam rubber collar wrapped round
mechanisms of response induced by Fe deficiency, such the plant stem and inserted into holes in a polystyrene
as the root reducing capacity and Fe absorption and sheet, placed over the containers. To prevent the possible
translocation to the leaves [6-8]. However, is still not occurrence of any anoxia compressed air was bubbled
known whether these effects of bicarbonate are induced vigorously into the solution. For the first 2 days after
by the bicarbonate itself as has been suggested by transfer    a  half  strength  nutrient  solution  was  used
authors [9-10] or by high pH which is always associated (to  prevent  the plants suffering from osmotic stress).
with the presence of bicarbonate [6,11,8]. This was then replaced by a full strength solution for a

The purpose of this experiment was to investigate the further 2 days immediately prior to the beginning of the
effects of increasing concentrations of bicarbonate in the experiment. The composition of the nutrient solution was
nutrient medium (0, 5, 10, 20 mM) as compared with the as follows (mM): Ca(NO3) , 2; K SO , 0.75; MgSO , 0.65;
control (without bicarbonate) on the growth of  maize KH PO , 0.5; (µM) : Fe-EDDHA, 250; H BO , 10; MnSO ,
plant in relation to Fe  reductase activity and the enzyme 1.0; ZnSO , 0.5; CuSO , 0.5; Na MoO .H O, 0.05. TheIII

of PEP Carboxylase activity (phosphoenolpyruvate plants were then split into four treatments each with 4
carboxylase) in the roots. replicates  and  grown  for  a  further 16 days in a growth
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room.  All  plants  were  supplied with the complete RESULTS
nutrient solution as described above but with different
concentrations  of  NaHCO  (mM);  (0,  5,  10  and  20). Plant Growth: The presence of bicarbonate to the nutrient3

The sodium concentrations was maintained the same in all medium markedly reduced the growth of maize plants as
treatments (20 mM) by appropriate addition of Na SO can  be  seen  by the dry weight of shoots and roots2 4

solution (0.5 M). The pH of the nutrient solution of the (Table 1). The most severe depression of growth was
control plants was 7. The pH of the nutrient solution in all caused by the effect of bicarbonate treatments (10-20
bicarbonate treatments (5,10 and 20 mM) was adjusted mM). At the final harvest (day 16) shoot dry weights of
daily to 8 with a few drops of 0.1M H SO  or NaOH as maize were reduced by 27% and 37% for plants grown2 4

required. Nutrient solution were changed every two days. with bicarbonate treatments (10-20 mM) respectively as
Plants subjected for (Fe  reductase and PEP carboxylase) compared with the control (Table 1). BicarbonateIII

analyses were then grown for a further 8 days in the 4 treatments dramatically depressed root growth as soon as
nutrient  regimes  as  described  above   and     harvested day 2 of supply. This effect on growth became more
or removed from each treatment at day 2 and  day 8. distinct with time. At day 16 the root dry weight of the
(Note, intact plants were used for Fe  reductase activity bicarbonate treatments (10-20 mM) was decreased by 36%III

in     the   roots   and   the  same  for  PEP  carboxylase). and 45% respectively as compared with the control,
The conditions in the growth room were as follow: a whereas in the case of bicarbonate treatment (5 mM) at a
temperature maintained at 25°C day (maximum) and 18°C similar pH (pH8), these effects on root growth were
night (minimum), photo period of 16 hour light and 8 hour somewhat lower as compared with the control with 18%
dark, at a photon flux density of 250 µmol m .s ; and a decrease in root dry weight (Table 1).2 1

relative humidity of 70 - 80 %.

Shoot and  Root  Measurements  and  Mineral Analysis: solution maintained with bicarbonate treatments at pH 8
Harvested  plants   were  separated  into  roots  and displayed slight interveinal discoloration of the younger
shoots and fresh and oven dried (24 hours at 75°C) leaves as soon as day 4. The intensity of the symptoms
weights determined. Oven dried plant parts were prepared were more pronounced by day 8 at (10-20mM) bicarbonate
for micronutrients  analyses   by   inductively-coupled treatments, when the iron concentration in the leaves was
plasma-spectrometry (ICP) after ashing at 500°C as 96 and 73 µg g  dry weight respectively as compared
described in previous study [1]. with control 160 µg g  dry weight (Table 2). 

Fe  Reduction by Roots: Assays for Fe  reduction were Translocation of Fe, Zn, Cu and Mn in Plant Tissues:iii III

made on the roots of intact plants in each treatment and Micronutrents (Fe, Cu and Zn) concentrations and uptake
carried out on days 2 and 8 after applying treatments were significantly lower in shoots as compared with
using BPDS regent as described and modified according control only when bicarbonate was supplied to the
to [12]. nutrient medium (Table 2). In contrast, the concentration

PEP Carboxylase Assay: The assay of this enzyme increased at all bicarbonate treatments as compared with
(phosphoenolpyruvate carboxylase) in each treatment the control (Table 2). 
were made  on  the  roots  which   were  severed from In the case of all bicarbonate treatments Cu, Zn and
intact plants immediately prior to estimation. This were Mn uptake in roots were markedly higher as compared
carried out on days 2 and 8. Samples of root were then with the control (Table 3). Moreover, the uptake of Fe in
immediately frozen in liquid nitrogen and stored at -20°C roots was much less affected in all bicarbonate treatments
until analysis were made according to the method of [13]. (Table 3). These results imply that bicarbonate appears to
In the assay of this enzyme, oxaloacetate produced by the have a specific depressing effect on the transport of Fe,
carboxylation of PEP is reduced to malate via the enzyme Cu and Zn from root to shoot as compared with plants
malate dehydrogenase, with the concomitant oxidation of grown  without  bicarbonate  supply  (Tables 2 and 3).
NADH. The rate of use of (NADH) is then recorded in a The much higher Fe concentrations in the roots was
spectrophotometer and related to the activity of the found in this study (Table 3), indicate that Fe from the
enzyme. roots  may not have been available for uptake and that the

Symptoms of Iron Deficiency: Maize grown on a nutrient

1

1

and uptake of Mn in shoots and roots were slightly
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Table 1: Effect of increasing bicarbonate supply on various measurements on shoots and roots of young maize plants 16 days after application of the treatments
(26 DAS).

HCO (mM)3
-

-----------------------------------------------------------------------------------------------------------------------------
Plant measurements 0 5 10 20

Plant height (cm. plant ) 56 a 53 a 42 b 38 b1

Shoot dry weight (g. plant ) 0.51 a 0.46 b 0.37 c 0.32 d1

Root dry weight (g. plant ) 0.11 a 0.09 b 0.07 c 0.06 c1

Root : shoot dry weight ratio 0.22 a 0.20 b 0.19 bc 0.18 c
Root tips (number. plant ) 16 a 12 b 9 c 7 c1

Symptoms of iron deficiency * * ** ***

Table 2: Effect of increasing bicarbonate supply on the micronutrients concentration and uptake in shoots of young maize plants 16 days after application of
the treatments (26 DAS).

Shoots - Micronutrients Concentration  (ppm) Shoots - Micronutrients Uptake  (µg / plant )1

-------------------------------------------------------------------- --------------------------------------------------------------------------------
HCO  mM Fe Cu Zn Mn Fe Cu Zn Mn3

-

0 160 11 49 35 82 a 5.6 a 25 a 18 a
5 143 10 47 40 66 b 4.6 a 22 a 18 a
10 95 9.1 44 52 35 c 3.3 b 16 b 19 a
20 73 8.7 40 57 23 d 2.8 b 13 b 18 a

Table 3: Effect of increasing bicarbonate supply on the micronutrients concentration and uptake in roots of young maize plants 16 days after application of
the treatments (26 DAS).

Roots - Micronutrients Concentration (ppm) Roots - Micronutrients Uptake (µg / plant )1

-------------------------------------------------------------------- -----------------------------------------------------------------------------
HCO  mM Fe Cu Zn Mn Fe Cu Zn Mn3

-

0 3102 6.6 27 41 341 a 0.73 c 3.0 a 4.5 b
5 2770 14 34 63 249 b 1.26 b 3.1 a 5.7 b
10 1662 21 37 107 100 c 1.50 a 2.2 b 7.5 a
20 1580 25 39 129 95 c 1.50 a 2.3 b 7.7 a

Results in columns (Tables 1-3) are means of 4 replicates. Means in the same column with different letters are significantly different (p < 0.05). 

Table 4: Effect of increasing bicarbonate supply on the rate of Fe  reduction activity in roots of young maize plants 2 and 8 days after application of theIII

treatments.

2 days 8 days
---------------------------------------------Rate of Fe  reduction (µmol. g . dry weight) / minutes-----------------------------------------------------III 1

HCO  mM 2 min 4 min 8 min 2 min 4 min 8 min3
-

0 0.18 a 0.26 a 0.31 a 0.19 a 0.21 a 0.24 a
5 0.17 a 0.23 a 0.29 a 0.10 b 0.11 b 0.13 b
10 0.14 b 0.18 b 0.22 b 0.07 bc 0.09 b 0.12 b
20 0.13 b 0.15 b 0.18 b 0.06 c 0.08 b 0.11 b

LSD 0.03 0.04 0.04 0.03 0.04 0.04

high Fe root concentrations may mainly represent an bicarbonate  treatments  as  compared  with   control
extracellular fraction particularly when the external pH was (Table 4). This inhibition was obtained as soon as day 2
raised to 8. and by day  8,  the  inhibitory  effect  on  Fe   reduction

Fe   Reduction  by  Roots:  Fe  reduction by roots of treatments (10-20 mM) after 8 minutes by (0.12 and 0.11iii III

intact     maize   plants  indicated  that  the  amounts  of µmol.g . dry. weight) respectively as compared with the
Fe  reduced in the assay solution were less for all control (Table 4). III

III

was more  pronounced  with  high  bicarbonate

1
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Table 5: Effect of increasing bicarbonate supply on the rate of
phosphoenolpyruvate carboxylase activity (PEPC) in roots of
young maize plants 2 and 8 days after application of the treatments.

2 days  8 days
----------µmol NADH used mg protein minutes -----------1

HCO  mM PEPC - Enzyme activity PEPC - Enzyme activity3
-

0 22 c 27 d
5 28 b 44 c
10 31 b 56 b
20 39 a 73 a

LSD 3.7 4.5

Results in columns (Tables 4-5) are means of 4 replicates. Means in the
same column with different letters are significantly different (p < 0.05). 

PEP Carboxylase Activity in Roots: Bicarbonate
treatments markedly increased the enzyme activity of
phosphoenol pyruvate carboxylase (PEPC) in roots at day
2 as compared with the control. At day 8 the activity of
PEPC in the roots of bicarbonate treatments (10-20 mM)
was more  than  double  (56  and  73 µmol  NADH  used
mg protein minutes respectively) that of the control,1

(Table 5).

DISCUSSION

The results of this experiment again indicate clearly
that maize plants grown in water culture respond
differently to bicarbonate supply (5, 10, 20 mM) as
compared  with  control  without  bicarbonate  (0    mM).
In relation to plant growth and metabolism, bicarbonate
treatments (10-20 mM) had a more pronounced effects
than that of a similar high pH with bicarbonate treatment
(5 mM). Compared with the control plants, all bicarbonate
treatments resulted in a decrease in shoot and root
growth, a depression in Fe concentration and uptake in
the shoots and roots, a decrease in the rate of FeIII

reducing capacity of the roots and an increase in PEP
carboxylase activity in the roots (Tables 1-5). 

This specific effect of bicarbonate on shoots and
roots as reflected by reduction in shoot and root dry
weight as observed (Tables 2 and 3) may be due to
inhibited respiration caused by high concentrations of
bicarbonate [14-16]. High pH may also inhibit root and
shoot growth [17], but bicarbonate has been regarded as
the major  factor  in calcareous soil for inhibiting shoot
and  root  growth  of  sensitive plant species or cultivars
[4-18].

Iron deficiency is closely related to the sensitivity of
the plant to bicarbonate rather than high pH (Tables 1-2)
and is in agreement with the effect of bicarbonate
diminishing the Fe uptake and translocation to  the  shoot

[19-20]. Relatively low total Fe concentrations occur in the
shoots,  despite  high Fe concentrations in the roots
(Table 3), which contained about 90% of the total uptake.
At the final harvest the iron concentrations in the shoots
of the bicarbonate treatments (10-20 mM) were lower by
60% and 46% respectively of the control treatment. These
results confirm the negative effect of bicarbonate, which
is pH independent, on Fe uptake and transport found by
[10].

In the present study, it was shown that bicarbonate
supply is more effective in depressing Fe absorption and
translocation to the leaves than the treatment without
bicarbonate. These finding are in agreement with the
previous reports on maize [1]. However, this specific
effect of bicarbonate on Fe uptake might be induced by
limiting ferric iron reduction. The results in this experiment
show that Fe  reductase activity was depressed as soonIII

as two days after application of HCO (10-20 mM)3
-

treatments (Table 4). This finding is also supported by
previous work on soybean plants [21]. The treatment of
bicarbonate supply (5mM) also depressed Fe  reductionIII

but to a lesser extent after 2 days of treatment in
comparison with control (Table 4). According to [22], an
internal plant alkalinization can depress the process of FeIII

reduction.
Since the first step in iron uptake by root cells is

initiated by the Fe  reductase which is located in theIII

plasma membrane [11], normal functioning of the plasma
membrane appears to be important for the Fe nutrition of
plants. When membranes are impaired, as for example at
high pH or by HCO , the activities of enzyme in the3

-

membrane are likely to be disturbed as appears to be the
case with Fe  reductase. The reason why bicarbonateIII

should have this damaging effect on the root membranes
is not clear but it may be supposed that it is not simply
the result of high external pH affecting the membrane ATP
ase H  pump since a specific effect of bicarbonate was+

observed. Marschner and Römheld [23] concluded that
high bicarbonate  concentrations  impair  the  affectivity
of  the  membrane-bound  reductase by scavenging H+

and thereby preventing acidification at the plasma
membrane/cell wall interface. The high pH level which
associated with bicarbonate supply may also depress or
even block Fe  reduction as found in this study (Table 4).III

This effect most likely reflected the damaging
influence of bicarbonate on the root membrane.
Additionally the somewhat  higher  pH  of  the  high
HCO treatments (10-20 mM) may also indicate that Fe3

-

transport is being depressed even after a short period of
bicarbonate supply. 
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Moreover Cu  and  Zn  concentrations  and  uptake Certainly a higher cytoplasmic pH would be expected
in shoots were highly depressed in bicarbonate to enhance organic acid accumulation in accordance with
treatments (10-20 mM) as compared with the control the pH stat mechanism [28]. In this regulation of cellular
plants (Table 2). Results  indicate  that  micronutrients pH, PEP  carboxylase  plays  a  key  role.  It is stimulated
composition  (Fe, Cu and Zn)   were  not  decreased by increase in pH, leading to enhanced carboxylation of
enough  to  depress growth and induce Fe deficiency at PEP (C3) to oxalacetate (C4) and an additional carboxyl
(5 mM) bicarbonate (Tables 1-3). Whereas, in the case of group is made available for dissociation as find in this
Mn, transport were markedly higher in shoots study by increases the rate of PEP carboxylation activity
concentration as compared with the all bicarbonate (Table 5).
treatments supply at a similarly high pH in comparison
with control. ACKNOWLEDGEMENTS

The transport of Cu was much less affected in
bicarbonate  treatments  (5-20  mM).  These  results Authors are most grateful to Dr. Omer Elsaadey for
(Tables 2 and 3) imply that bicarbonate appears  to  have great understanding and endless help for excellent
a specific depressing effect on the transport of Fe and Zn technical work in the experiment at the Faculty of Natural
from root to shoot as compared with plants grown at the Resources and Environmental Sciences - University of
same high pH (pH 8). Omar Al-Mukhtar - Libya. 

Certainly, in the root, the first and primary ''barrier'' to
selective and regulated ion uptake into the plant is the REFERENCES
plasma membrane of epidermal and cortical cells. Since the
HCO  treatments was more effective in depressing root 1. Hamza, M.A. and R.A. Alhendawi, 2014. Effect of3

-

growth as measured by root dry weight and root tips Increasing Concentration of Bicarbonate on Plant
(Table 1), it is not surprising that micronutrient transport Growth and Nutrient Uptake by Maize Plants.
should be retarded. Therefore, the sensitivity of root American-Eurasian   J.   Agric.   and   Environ.    Sci.,
growth to bicarbonate may be the earliest effect of the 14(1): 01-06.
bicarbonate ion in inducing Fe chlorosis and depressing 2. Mengel, K. and G. Geurtzen, 1988. Relationship
the transport of other micronutrients as observed in this between iron chlorosis and alkalinity in Zea mays.
study. Physiol. Plant. 72: 460-465.

An increase in external solution pH in bicarbonate 3. Rutland, R.B. and Bukovac, 1971. The effect of
treatments considerably increased the presence of organic calcium bicarbonate on iron absorption and
acids in shoots and roots after 8 days of  treatment as distribution by Chrysanthemm morifolium (Ram).
described in our previous study [24]. This finding is in Plant and Soil, 35: 225-236. 
agreement with work on tomato [25] and on sycamore 4. Alhendawi, R.A., E.A. Kirby, D.J. Pilbeam and V.
cells (Acer pseudoplatanus L.) [26], with malate synthesis Romheld, 2008. Effect of iron seed dressing and form
resulting mainly from a marked activation of cytoplasmic of nitrogen supply of growth and micronutrient
phosphoenol pyruvate carboxylase as shown in maize concentration in shoots of sorghum grown in a
roots in this study (Table 5) induced by an increase in calcareous sand culture. Journal of Plant Nutrition,
cytoplasmic bicarbonate. USA. 31(10): 1855-1865. 

It may be supposed that carboxylation of 5. Loeppert, R.H. and C.T. Hallmark, 1985. Indigenous
phosphoenol pyruvate which is fairly common in the root soil properties influencing the availability of iron in
system of many plant species also acts as a part of a calcareous soils. Soil Sci. Soc. Am. J., 49: 597-603.
subsequent tolerance mechanism in the production of 6. Alhendawi,  R.A.,  2011.  Comparison    between
malic acid in plants subjected to anaerobic conditions effects  of  bicarbonate  and  high  pH  on  iron
[27]. These increases in organic acids at an early stage of uptake, Fe  reducing capacity of the roots, PEP
growth induced by high external bicarbonate carboxylase activity,  organic  acid  composition  and
concentration as compared with  control  plants  may cation - anion balance of the xylem sap of maize
relate to a  higher  induced  cytoplasmic  pH  resulting seedlings. American Journal of Plant Nutrition and
from bicarbonate as observed by Kolesch et al. [10] in Fertilization Technology, 2011, ISSN 1793 - 9445,
sunflower leaves. Volume 1: 36-47. 

III



Am-Euras. J. Agric. & Environ. Sci., 15 (2): 259-264, 2015

264

7. Fleming, A.L., R.L. Chaney and B.A. Coulombe, 1984. 18. Mengel, K., M. Breinigger, Th and W. Bubi, 1984.
Bicarbonate inhibits Fe- stress response and Fe Bicarbonate the most important factor inducing iron
uptake-translocation of chlorosis susceptible chlorosis in vine grapes on calcareous soils. Plant
soybean cultivars. J.Plant Nutr., 7: 699-714. and Soil, 81: 333-344.

8. Römheld, V., H. Marschner and D. Kramer, 1982. 19. Mengel, K., 1995. Iron availability in plant tissue-iron
Responses to Fe deficiency in roots of "Fe-efficient" chlorosis on calcareous soils. In J.Abadia (ed.), Iron
Plant Nutrition. 5: 489-498. Nutrition in Soils and Plants. pp: 398-397.

9. Falade, J.A., 1972. The relationship between 20. McCray, J.M. and J.E. Matocha, 1992. Effects of soil
bicarbonate ion, pH and Fe uptake by plants. J. Exp. water levels on solution bicarbonate, chlorosis and
Bot., Vol. 23: 941-946. growth of sorghum. J. Plant Nutr., 15: 1877-1890.

10. Kolesch, H., M. Oktay and W. Hofner, 1984.  Effect of 21. Dofing, S.M., E.J. Penas and J.W. Maranville, 1989.
iron chlorosis-inducing factors on the pH of the Effect of bicarbonate on iron reduction by soybean
cytoplasm of sunflower (Helianthus annuus). Plant roots. J. Plant Nutr., 12: 797-802.
and Soil, 82: 215-221. 22. Mengel, K. and G. Geurtzen, 1986. Iron chlorosis on

11. Holden,    M.J.,    D.G.    Luster,    R.L.      Chaney, calcareous soils. Alkaline nutritional condition as the
T.J. Buckhout and C. Robinson, 1991. Fe-chelate cause for the chlorosis. J. Plant Nutr., 9: 161-173. 
reductase activity of  plasma  membrane  isolated 23. Marschner, H. and V. Römheld, 1994. Strategies of
from tomato (Lycopersicum esculentum Mill) roots. plants for acquisition of iron. Plant Soil, 165: 261-274.
Plant Physiol., 97: 537-544. 24. Alhendawi, R.A., V. Romheld, E.A. Kirkby and H.

12. Barrett-Lannard, E.G., H. Marschner and V. Römheld, Marschner, 1997. Influence of increasing bicarbonate
1983. Mechanusm of short term FeIII reduction by concentrations on plant growth, organic acid
roots. Plant Physiol., 73: 893-898. accumulation in roots and iron uptake by barley,

13. Schweizer, P. and H.K. Erismann, 1985. Effect of sorghum and maize. J. Plant Nutr., 20: 1731-1753.
nitrate and ammonium nutrition of non-nodulated 25. Bialczyk, J. and Z. Lechowski, 1995. Chemical
phaseolus vulgaris L. on phosphoenolpyruvate composition of xylem sap of tomato grown on
carboxylase and pyruvate kinase activity. Plant bicarbonate containing medium.. Journal of Plant
Physiol., 78: 455-458 Nutrition. 18(10): 2005-2021. 

14. Hutchinson, T.C., 1968. A physiological study of 26. Gout, E., R. Bligny, N. Pascal and R. Douce, 1992.
Tencrium scorodonia ecotypes which differ in their Regulation of intracellular pH values in higher plant
susceptibility to lime - induced chlorosis and iron- cells. Carbon-13 and phosphorus-31 nuclear magnetic
deficiency chlorosis. Plant and Soil, 28: 81-105. resonance studies. J. Biol. Chem., 267: 13903-13909.

15. Lee, J.A. and H.W. Woolhouse, 1969a. A 27. Crwford, R.M.M., 1978. Metabolic adaptations to
comparative study of  bicarbonate  inhibitions of anoxia. Plant Life in Anaerobic Environments. Eds. D
root growth in calcicole and calcifuge grasses. New D Hook and R M M Crawford. pp: 119-136.
Phytol., 68: 1-11. 28. Davies, D.D., 1986. The fine control of cytosolic pH.

16. Miller, G.W. and D.W. Thorne, 1956. Effect of Physiol. Plant. 67: 702-776.
bicarbonate ions on the respiration of excised roots.
Plant Physiol., 31: 151-155.

17. Bertoni,    G.M.,   A.   Pissaloux,   P.   Morard   and
D.R. Sayag, 1992. Bicarbonate-pH relationship with
iron      chlorosis   in  white  lupine.  J.  Plant  Nutr.,
15: 1509 -1518.


