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The Uptake and Accumulation of Sodium in Avocado Seedlings'
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Abstract. The uptake and distribution of Na in avocado seedlings was studied.
Symptoms of Na toxicity found in the leaves were always associated with high (1% and
more) Na content in the injured leaves. High Na content was found in the roots of most
plants without any root damage. The Mexican Northrop seedling variety was found to be
most sensitive to Na. It is suggested that some barrier to Na movement exists in
avocado roots. When the roots are injured, this mechanism is disturbed, thus releasing
Na to move freely from the roots to the shoots.

INTRODUCTION

Sodium has been found to accumulate in various parts of avocado plants even when
present in the growing media in fairly low concentrations (1, 4, 9, 11). Symptoms of Na
toxicity in avocado were described as necrotic spots scattered on the leaf between the
veins. These symptoms were always associated with high Na content in the leaves (1,3,
4). Some experiments have shown that the nature of Na uptake by various plants is
quite complicated (2, 5, 6), and may depend on various factors, some of which affect
the root system (8, 10).

In the experiment described here, the uptake and accumulation of Na by seedlings of 8
avocado varieties was examined.

MATERIALS AND METHODS

Details of the experiment have been described previously (7). In brief, 576 avocado
seedlings of 8 varieties from various horticultural races, were grown in 96 large
containers, (150 liters), 6 seedlings in each, and were irrigated for 28 months with saline
water containing 330 ppm Na as NaCl. The total amount of Na added per container
during the experiment was 114 g.

One year after the beginning of the experiment and at 6-month intervals thereafter,
single plants were removed from each container and analyzed separately for Na content
in the leaves, stems and roots. Soil samples were taken and analyzed for Na content.
Methods of analysis: The plant samples were separated into leaves, stems and roots,
then thoroughly rinsed with tap and distilled water, oven dried for 24 hrs at 65° C, and
ground in a 40-mesh screen Wiley mill. One g samples were taken for Na
determination. The material was dry-ashed in a muffle furnace for 3 hrs at 550° C, and
the Na determined by an EEL flame photometer.
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RESULTS

Plant analyses: The mean Na content in leaves, stems and roots for each sampling date
for all replications of each seedling population are shown in Table 1.

In the first period, Na content in the leaves of all varieties was low, except for the
Mexican Northrop variety, in which the value was significantly higher (1% level) than in
all other varieties. In the second period, the Na remained low for the first 3 varieties
listed (all belonging to the Guatemalan race), whereas a marked increase was shown in
the leaves of the other varieties, especially in the Northrop and G1 7 (Mexican)
varieties. Northrop showed a significantly higher value than all the rest. In the third
period a marked decrease of Na content in the leaves of the last 5 varieties was shown,
whereas in the first 3 varieties there was only a small change.

The Na content in the stems showed trends more or less similar to those in the leaves:
low in the first period, a marked increase in the second, and a decrease in the third
period. The Northrop variety always showed significantly higher values (1% level) than
the other varieties. The Na content in the roots of all varieties was several times greater
than that of the leaves, except in the Northrop variety, where it was always higher in the
leaves than in the roots.

Table 1. —Mean ¢, of Na in the leaves, stems and roots of avocado secdlings
according to variety and sampling dace.

Sampling Ana- . Mexi-  North- Mean
date/variety  heim Benik  Nebal Lula  Fuerte  cola rap G117  for dates

Leaves
une 7, 1954 0.046 0043 0.072 0.069 0.077 0.287 0,069 (091
e, 7, 1959 0.056 0053 .063 119 0170 0.163 0.960 0233 0,224
June 7, 1950 0069 0071 071 0.Nes 0,104 0.360 0.078 117

mean for
varieties 0,057 0.050 0.070 0.092 0111 0.114 0,536 0.127

Stems
‘Bme 7, 1950 {L052 0062 0.
ec. 7, 1059 0.085 0.086 0.
June 7, 1960 {(.054 0081 0

23 .050 0.097 0.074 0.209 0.089 0.005
12 0. 366 236 0.245 0,460 0.289 .235
o8 0102 0.154 2175 0.335 0187 0148

mean for
vatieties 0.073 0,076 0105 G173 0162 0,165 0.335 0188

Roots
g.lnc 7, 1950 0094 h126 0.289 0130 0227 0,104 0212 0,230 0377
ec. 7, 1959 0,374 0.452 0.50% 677 0.500 0,473 0.334 0.523 (491
June 7, 1900 0282 0,272 0518 0.250 0.382 0,266 0.329 0.223 0.290

mean for
varieties 0.251 0283 .372 0,352 0,400 281 0.292 0.325

The mean values of Na content were calculated for all sampling dates according to the
different varieties. The Na content in the leaves of most varieties was fairly low, except
for Northrop, in which it was very high. The Na values in the stems of most varieties
were somewhat higher than in the leaves, except for Northrop, in which it was much
lower than in its leaves; still it was several times higher than in the stems of the other
varieties. The Na content in the roots of all varieties except for Northrop was much
higher than in the respective leaves or stems. In Northrop the Na content in the roots
was much lower than in its leaves or stems.

Plant symptoms: No symptoms of leaf injury associated with high Na content in the
leaves were observed except in Northrop seedlings, in which typical necrotic spots
appeared between the veins about a year after the experiment was started. In all cases
where this damage was observed, it was associated with high Na content in the leaves.



This damage became more pronounced with time, and was followed by blackening and
drying out of the twigs. A complete decline was noted in Most Northrop seedlings within
20-28 months. In all cases of such decline, the root systems showed severe injury,
many roots were dry and almost no new roots were noted, in contrast to all the other
seedlings, in which new roots were continuously formed. All seedling populations
showed various degrees of leaf tip and margin burn which were associated with high ClI
content in the leaves (7).

Soil analysis: The soluble Na content in the soil, calculated as meq/ 100 g soil, showed
a marked progressive increase with time, from 0.17 meqg/100 g before the start of the
experiment to 1.04 after 12 months, 1.65 after 24 months, and 2.10 meq/100 g after 30
months, when the experiment was terminated.

DISCUSSION

Differences existed in the uptake and accumulation of Na by various avocado seedling
populations. The Mexican varieties were more sensitive to Na than the Guatemalan or
West Indian varieties. The Northrop variety was most sensitive to Na content in the
growth medium.

Leaf symptoms of Na toxicity appeared only when the Na content in the leaves reached
values of approximately 1% or higher, which is about 10-20 times greater than normally
found in avocado leaves.

The distribution of Na in the various parts of the plants seems to be of a great
importance. In the present experiment, high concentrations of Na were found in the
roots of all plants, whereas the values in the leaves were low in most cases. A gradient
of Na content was found from the roots to the stems to the leaves. Only in the plants of
the Mexican variety, Northrop, where the Na content in the leaves reached 1 % and
more of the dry matter, were severe symptoms of necrosis found in the leaves. The ratio
of the mean values of Na content in the roots/leaves in the Northrop seedlings was
about 1:2, while in most other varieties the ratio was 3-4:1.

Huffaker and Wallace (5), working with various plant species, found a similar gradient in
Na content. They indicated that at low Na levels, Na appeared to be excluded at or
below the shoot-root transition zone.

In the present experiment, apparent symptoms of Na toxicity in the shoots were always
associated with decline of the roots in the affected plants. It seems that some type of Na
barrier may exist in the avocado roots. It is suggested, however, that injury to the roots
may disturb the barrier mechanism and thus lead to a quick movement of the Na from
the roots into the shoots. The question arises: what is the reason for the root decline in
the injured plants? Although this question was not directly investigated, it seems unlikely
that the high Na content in the root per se was the reason for the root decline. The roots
of all seedlings had high Na concentrations, but none of them except the Northrop
seedlings showed any Na toxicity damage.

In an experiment (to be published later) dealing with the influence of a metabolic
inhibitor on the distribution of Na?? in avocado seedlings, it was found that KCN greatly
enhanced the movement of Na into the leaves. In work with bush bean plants, similar
results were obtained (10).



10.

11.

LITERATURE CITED

AYERS, A. D,, D. G. ALDRICH, and J. J. COONY. 1951. Sodium and chloride injury
of Fuerte avocado leaves. Yearbook Calif. Avocado Soc. 36:174-178.

EHLIG, C. F. and L. BERNSTEIN. 1958. Salt tolerance of strawberries. Proc.
Amer. Soc. Hort. Sci. 72:198-206.

HAAS, A. R. C. 1950. Calcium in relation to the effect of sodium in avocado
seedlings. Yearbook Calif. Avocado Soc. 35:161-168.

. 1952. Sodium effect on avocado rootstocks. Yearbook Calif. Avocado
Soc. 37:159-166.

HUFFAKER, R. C. and A. WALLACE. 1959a. Effect of potassium and sodium
levels on sodium distribution in some plant species. Soil Sci. 88(2):80-82.

. 1959b. Sodium absorption by different plant species at different
potassium levels. Soil Sci. 87:130-134.

KADMAN, A. 1963. The uptake and accumulation of chloride in avocado leaves
and the tolerance of avocado seedlings under saline conditions. Proc. Amer. Soc.
Hort. Sci. 83:280-286.

LEGGET, J. E. and L. H. STOLZY. 1961. Anaerobiosis and sodium accumulation.
Nature 192 (4806):991-992.

MARTIN, J. P. and F. T. BINGHAM. 1954. Effect of various exchangeable cation
ratios in soils on growth and chemical composition of avocado seedlings. Soil Sci.
78(5): 349-360.

WALLACE, A. and N. HEMAIDAN. 1963. Studies on the absorption and distribution
of Na? in bush bean plants. In Solute Uptake by Intact Plants. A. Wallace, ed., pp.
62-75.

, L. M. SHANNON, C. P. NORTH, and R. T. MUELLER. 1955.
Glasshouse studies on the salt tolerance and growth of Persea floccosa as a
rootstock. Yearbook Calif. Avocado Soc. 39:179-183.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


