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INTRODUCTION

Ths responses of crops to sodium chloride and 
other sodium fertilizers have been investigated many 
times on sugar beet and on other crops.

. cvA
The ret-Vecnss of sodium chloride on oatsKhave 

been investigated by Holt and Volk (16), Larson and 
Pierre (53), Lehr (11), (15), (110)^%ope, Bradfield 

and Peech (55), Giddins, Wehunt, Stelly and Appling 
(98), Truog, Berger and Attoe (70) and Mullison and 
Mullison (?M l on wheat by Holt and Volk (16), 
Harmer, Henne, Laughlin and Key (25) and Truog, 
Berger and Attoe (70)5 on cotton by Holt and Volk 
(16), Cooper, Paden and Phillippe (101), Lancaster, 

Andrews and Jones (102), Joham (11^) and Lunt and 
Nelson (116)5 on lucerne by Wallace, Toth and Bear 
(103) and Truog, Berger and Attoe (70); on celery by 
Leonard and Bear (17), Lehr (5}+), Truog, Berger and 
Attoe (70), Lingle and Carolus (76) and Harmer, Benne, 
Laughlin and Key (2 5); on grass by Lehr (15), Cope, 
Bradfield and Peech (55), Hemingway (100) and Gammon 
(113); on brassicas by Harmer and Benne (6), Harmer, 
Benne, Laughlin and Key (25), Lehr (5^-) and Hemingway 
(23); on spinach by Leonard and Bear (17) and Lehr 
(119); on potatoes by Lehr (11), (15), Harmer and Benne
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(39) and Verona and Benvenuti (11 5); and on various 
other crops (6), (15), (16), (1?), (25), (39), (53), 
i^), (55), (70), (98), (117).

Because of the origin of the sugar beet plant, 
it has been deduced (136) that the natural habitat of 
the plant contains many elements which are in short 
supply elsewhere, including sodium, and that the plant 
growing in Its natural habitat makes use of these 
elements. De Candolle (3) noted that the slender 
rooted variety of the beet species (Beta maritima 
Linnaeus or Beta vulgaris Moquin) grew wild in sandy 
soil, especially near the sea in the Canary Islands, 
along the coast of the Mediterranean, and as far as 
the Caspian Sea, Iran and India. Again, Collander (58) 
observed that there was a positive correlation between 
a strong absorption capacity of the plant for sodium 
and the halophytic character of the plant and that 
halophytes absorbed more sodium and chlorine from 
non-saline soils than did glycophytes on the same soil.

There is sufficient evidence for investigating 
whether the sugar beet plants benefit by sodium chloride 
and, if so, for ascertaining why they benefit.

In considering whether sodium chloride benefits 
the sugar beet plant, we considered the indirect effects 
on the potassium and phosphorus in the soil and on the 
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soil texture before considering the direct effects on 
the yield of roots, sugar and tops and on the composi
tion of the sugar beet plant.

HISTORICAL REVIEW

The use of salt as a fertiliser has an ancient 
history. Salt has been used since the time of the 
ancient Persians (27), Phoenicians (28), Egyptians (28), 
Chinese (27), Jews (27) and Romans (27). There is 
evidence of its early use from two verses in 
St. Luke XIV, 3^5« ’’Salt is good; but if the salt 

have lost his savour, wherewith shall it be seasoned. 
It is neither fit for the land nor yet for the dunghill; 
but men cast it out . . .

Salt was a common fertiliser in Britain at the 
time of Lord Bacon (27) until high prices and taxes 
made it too expensive (28).

Modern use of salt as a fertilizer dates from the 
pronouncement of Liebig in 18h0, that the value of 
manure lay in its mineral and not its organic constitu
ents and that the four valuable minerals were sodium, 
potassium, magnesium and calcium (29). .Early experi
ments carried out in Germany reported on by Blanck gave 



some evidence that salt had a stimulating effect on 
growth (22). Lawes and Gilbert (18) carried out 
experiments between 18$2 and 1871 which attempted to 
separate out the effects of the various minerals.
Two similar series of experiments were carried out in 
order to test the effect of sulphate of soda, sulphate 
of potash and sulphate of magnesia, compared with no 
fertilizer. Lawes and Gilbert discovered that potassium 
was the most important of the four elements, and although 
they showed that sodium was beneficial to wheat, their 
experiments did not lead to the general use of sodium 
as a fertilizer.

The beneficial effect of sodium chloride on 
mangolds was studied by Voelcker (30) in I867. He 
concluded that applications of sodium chloride were 
beneficial to mangolds and that the benefit depended 
upon the type of soil and was particularly evident on 
light soils. At Rothamsted, experiments carried out 
between 1876 and 193? with various types of potassium 
fertilizers showed that sodium was beneficial to 
mangolds (31)»

In 1881 Atterberg in Germany (30) by determining 

the amount of sodium in the ash of plants, and by 
replacing different amounts of potassium by sodium and 
calcium, concluded that sodium may have an independent
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function where potassium is deficient.
In America, a series of experiments between 189^ 

and 1919 was carried out at the Rhode Island Agricultu
ral Experimental Station. Wheeler and Tucker in the 
189^ and I896 reports (30) said that they had conducted 
the trials in such a way that they attempted to exhaust 
the assimilable potassium. The results indicated that 
sodium without potassium was inferior to potassium 
without sodium. Similar results were obtained in 1897 
and I898.

The reports from 1899 to 1902 indicated that the 
greater effectiveness of nitrate of soda was not due 
to the sodium, but was mainly due to the differences 
in the chemical reaction of the soil. Hartwell, Wheeler 
and Pember (32) in the 1906 and 1907 reports mentioned 
that mangolds received benefit from sodium and suggested 
that sodium salts acted as indirect fertilizers by 
liberating potassium. There was also some evidence 
that the potassium taken up by the plant was more 
economically utilized. They also observed that sodium 
salts were beneficial where potassium was deficient 
or limited (30), (32), (33)•

Summarising these results, Hartwell, Wheeler and 
Pember indicated that while sodium was beneficial where 
there was a deficiency of potassium, there was some 
iadi cc ti an ths t sodium
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indication that sodium was beneficial where potassium 
was sufficient (33) . Sodium salts may release phos
phorus (30) and potassium (32), may perform some of 
the functions of potassium, and may prevent plants from 
absorbing very large amounts of potassium (32).

At the same time Osterhout (73) discovered that 
wheat made better growth in a mixture of potassium and 
sodium chlorides than with either pure potassium 
chloride or pure sodium chloride alone. He attributed 
these results to the protective action of sodium 
inhibiting the poisonous action, of potassium, rather 
than to nutritional factors which might be suggested 
by the results.

In 1911 Soderbäum (28) reported that chlorine was 
essential or at least beneficial to plants and conclu
ded that sodium under certain circumstances had a certain 
influence on growth. Hartwell and Damon (3M, in a final 
report from Rhode Island Agricultural Station in 1919, 
concluded that when sodium was increased in connection 
with a quarter or half ration of potassium to the sugar 
beet crop, there was a large increase in yield. Sodium 
decreased the potassium percentage, but the larger 
crops which were obtained when sodium was used in connec
tion with a shortage of potassium, actually removed more 
potassium. Hartwell and Damon concluded that some of 
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the benefits which were obtained by the use of sodium 
were really due to indirect effects, but some directly 
beneficial effects were obtained in the field«

Hoffman (30) in 1921 reported that common salt 
and most other sodium salts increased the quantity and 
quality of the sugar beet crop where only light potassium 
applications had been made and where heavy sodium fer
tilisation was practised. Pfeiffer, Hippel and 
Pfetenhauer (3?) in 1920, had reported that sodium 
salts may replace potassium salts in the ratio of 0.29 
to 1 but where large quantities of sodium salts and small 
quantities of potassium salts were present, the ratio 
may then be 0.38 to 1. Bertrand and Perietzeau (30) 
analysed thirty species of plants in 1927 and claimed 
that sodium was a normal constituent of plants. Volkart 
and Schmits (30) concluded that sodium influenced the 
total yield and dry matter of sugar beet.

Sugar beet cultivation developed in England after 
the opening of a factory at Cantley in Norfolk in 1911. 
Trials were conducted at Rothamsted using various types 
of potassium fertiliser on sugar beet during 1926 and 
1927-28. The results indicated that potash manure salts 

applied to sugar beet, produced a higher yield of roots 
than did either muriate of potash or sulphate of potash.

These results were an indication that sodium chloride 
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may have an influence on sugar beet. Experiments were 
undertaken commencing 1929, using salt and muriate of 
potash on an equivalent chloride basis. Ten trials in 
all were conducted on this basis between 1929 and 193?4 
(7), in which the rates of salt varied between 1.0 and 
2.5 cwt. per acre and the equivalent rates of muriate 
of potash varied from 1.2 to 3.0 cwt. per acre. All 
experiments showed a response from applications of salt, 
but in only two of the ten experiments were the responses 
significant.

Over the ten experiments, the sodium chloride 
applications increased the yield of roots by 0.33 tons 
per acre. Two other experiments carried out by 
Rothamsted in 1929 and 193J* indicated that applications 
of 3*9 and 5*0 cwt. sodium chloride increased the yield 
of roots.

The Sugar Beet Research and Education Committee 
in a supplementary series of experiments between 1935 
and 1939 (7), (8), chose the rate of 5 cwt. salt. They 
obtained responses of l.O^- tons, 1A6 tons and 0.63 tons 
roots in three experiments in 193-5 and 1937« Experiments 
were carried out during 1938 at five centres and respon
ses of 5*^ cwt, 2.7 cwt. and 6.1 cwt. of sugar were 

obtained in three of these centres; in the other two 
experiments results were complicated by the use of dung.
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In 1939 responses were obtained in five centres but these 
responses were very small, except at one centre on a 
sandy loam soil.

In Europe Delenenehal and Morozov (30) obtained 
favourable results fx*om applying ¿odium chloride to 
sugar beet, attributing these results to an improvement 
of the assimilation of nitrogen and phosphorus. 
Druzhinin (30) also obtained increased yields of sugar 
beet on a number of soils and Egorov (30) recommended 
salt as a supplementary fertilizer for sugar beet.

Willis also quoted Van Schreven (30) who carried 
out work with sodium sulphate on sugar beet and confirmed 
that there were favourable effects where the soil potas
sium was low. Van Itallie (99) put forward ideas on 
the role of sodium in the cation balance of various 
plants and Maschhaupt (summarised by Willis and Lehr - 
30, 36) stated that sodium was active physiologically 

and that it played a part in cation equilibrium, 
replenishing the monovalent ions up to a certain minimum.

In America Lill, Byall and Hurst(37) obtained 
increases in the yield of sugai1 by applications of a 
water softener grade of sodium chloride.

The Second World War made the effects of salt on 
sugar beet assume an importance which it had not had 
hitherto. The experiments carried out in 1938 and 1939 
indicated that salt was beneficial for sugar beet and 
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suggestions had been made especially in America that salt 
was a potassium chloride substitute for sugar beet* 
As Britain had been cut off from the main sources of 
potassium, any possible substitute for potassium was 
very important politically. Hence in 19^0 a large number 
of experiments was carried out to test the effect of 
5 cwt. sodium chloride and 2 cwt. potassium chloride in 
all combinations. These experiments Indicated that 
there were beneficial effects on applying 5 cwt. sodium 
chloride. The results tvere at once publicised, so that 
salt became very important in the wartime and post-wartime 
manuring of sugar beet in Britain.

These experiments which were started in 191+0 were 
continued until 19=+9 in the same form and in all two 
hundred and eight experiments tested nil and five cwt. of 
sodium chloride, as well as two rates of nitrogen, 
phosphorus and potassium. The mean response to five cwt; 
salt in the presence of nitrogen and phosphorus was 
5.01 cwt. of sugar per acre on mineral soils. Fen soils 
were less responsive (10). A supplementary series using 
3 and 6 cwt. salt, applied at various times, also indi
cated the benefits from using sodium chloride (8). 
Again, Crowther (U0) observed that sodium chloride was 

beneficial when applied with sulphate of ammonia but not 
with nitrate of soda.



In Europe, Lehr (11) put forth a new concept con
cerning sodium. He suggested that sodium was not 
essential as a plant nutrient but that sodium did play 
a part in plant nutrition. He did not know whether 
this function was merely replacement of potassium 
within the plant or whether sodium had an unknown inde
pendent function or whether sodium was a stabiliser in 
the equilibrium of cations. He concluded that sodium 
was important for production and could not be disregarded.

In America, Harmer and Henne in 19^1 concluded 
that the sodium ion was nearly as much needed as the 
potassium ion, as a nutrient for several crops including 
sugar beet (5), (6). As well as obtaining increases in 
yield they noted that sodium chloride conserved the 
potassium in the soil because applications of salt 
reduced the total potassium, removed by the crop. Holt 
and Voile (16), x^ho carried out experiments between 1939 
and 19M>, also obtained increases due to sodium, especi
ally in the absence of potassium. They also discovered 
that plants varied in their need for sodium and in their 
capacity to utilise that element. Sayre and Vittum (38) 
also obtained increases with applications of salt to 
canning beet.

Harmer and Benne (39) published a full summary of 
their experiments in 19UJ. They classified plants into 
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four groups according to their response to sodium.
Group contained the plants which obtained a large 
benefit from sodium applications in the presence of 
sufficient potassium and this group included mangolds 
and sugar beet. Harmer and Benue claimed that sodium 
had definitely specific but unknown functions as it 
increased yields and improved ths colour of the foliage , 
the vigour, health, and resistance to disease in the 
sugar beet plant. In the absence of sodium, potassium 
was partly able to take care of the unknown function of 
sodium.

In 1953 Soil Science published a series of papers 
on sodium as a symposium on that element. The general 
opinion considered that sodium was not regarded as an 
essential, element but different plants showed different 
responses to sodium5 in beet and mangolds there was an 
interchangeability between potassium and sodium. Sodium 
was stated to be more valuable when the soil potassium 
was low (25), (53), (55), (70), (71), (101), (102).

Lehr (MJ summarised the knowledge existing in 1953 
and although he did not definitely state that sodium was 
beneficial, he stated that the question of the essentia
lity of sodium was still in dispute. Lehr mentioned 
occurrences of specific sodium deficiency as also did 
Wallace (1).
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Work continued, on the question of the essentiality 
of sodium to plants. Allen and Arnon (69) proved the 
essentiality of sodium to an alga, Anabaena cylindrica 
Lew., and Brownell and Wood 0+2) proved sodium essential 
to Atriplex vesicaria Howard, a member of the Chenopodi- 
aceae. Woolley (133) referring to work carried out on 
the tomato plant, was able to show that if sodium were 
essential to that plant, its requirement would be equi
valent to that of manganese.

Regarding the function of sodium, Wybenga (2) 
showed that sodium was present in bound form, taking 
its place in the essential processes in the cell. 
Although Wybenga was able to prove the existence of 
three forms of binding, he was unable to specify the 
function of sodium in the plant. At the date of writing 
this thesis, the position is that although more evidence 
for the essentiality of sodium to plant life is 
necessary, consensus of opinion is moving towards the 
view that sodium is an essential element for plant life.

Both in Britain and America, little agricultural 
investigation on the value of salt as a fertiliser was 
carried out between 19^0 and 1959. The Edinburgh and 
East of Scotland College of Agriculture (9), obtained 
small responses to salt, but this was merely a continua
tion of the earlier English series. In view of the small 



number of farmers who apply sodium chloride to sugar 
beet? despite all published evidence, Adams (21) 
carried out a small series of trials and the Sugar 
Best Research and Education Committee have embarked 
on a new series with three rates of nitrogen, sodium 
and potassium (^3)» Results of this series will not 
be available until 19&3, but the results to date indi
cated that 90^.and 180 lb. sodium increased the yield 
of sugar beet particularly in the absence of potassium.



The, effect of the addition 
of sodium chloride to the soil ?

(a) on the availability of ..potasMum.

Hopkins (75) summarising the literature on sodium 
as a fertilizer, stated that the application of salt 
to the soil was beneficial, because the sodium in the 
salt liberated potassium which might have become 
available to the plant. The original experiments which 
gave rise to this belief were conducted by Lawes and 
Gilbert (18) at Rothamsted between 1852 and 1871. They 
applied potassium sulphate and sodium sulphate to plots 
on the Broadbalk wheat field, and, by analysis of the 
grain and straw, determined the uptake of various 
nutrients. The total amounts of potassium expressed 
as lbs. of potash (K20) taken up during the
years 1852 to 1871 were 5^9 lb. for the control, 832 lb. 
for the plots receiving sodium sulphate, 108h lb. for 
the plots receiving potassium sulphate and 1090 lb. for 
the plots receiving both sodium and potassium sulphates.

The results obtained by Lawes and Gilbert have been 
taken to indicate that the sodium in sodium sulphate 
increased the availability of potassium so that more 
potassium was taken up when sodium sulphate was applied, 
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than was taken up in the control plots. This is a 
reasonable explanation, if the results for the plots 
which received both potassium and sodium sulphates is 
ignored. But, taking all four results into account, 
these results could be explained by noting that where 
potassium was deficient sodium increased the growth 
of the plants and this, in turn, caused more potassium 
to be absorbed. Where the potassium was not deficient, 
sodium sulphate did not result in a significant Increase 
in growth so no extra potassium was absorbed by the 
plant.

Hartwell, Wheeler and Pember (32) in 189k~6 also 
concluded that sodium salts acted by liberating potassium. 
Except for one non-significant result, the evidence from 
their experiments did not support this theory. They 
obtained increases in yield for several crops on 
applying sodium where potassium was deficient and this 
Increase in yield was accompanied in nearly all cases 
by an increase in the sodium percentage and a decrease 
in the potassium percentage in the plant.

Selman (2?) stated that Doll working with barley 
and Krueger working with sugar beet also found that 
applications of sodium released potassium in the soil.

More positive results were obtained by Kibe, Perur 
and Narayana (109) who ascertained that applications of 
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sodium chloride amounting to 0.2^ of the soil weight 
increased the content of potassium5 lower applications 
of sodium do not affect the potassium content of the 
soil, fudge (13?) found that applications of sodium 
nitrate to both lined and unlimed plots decreased the 
amount of potassium in water extracts but surprisingly 
he concluded that there was a high availability, 
probably because sodium tended to make potassium more 
available.

Pierre and Bower (86) found that where neutral 
sodium salts were applied3 sodium had a tendency to 
increase the availability of soil potassium to plants 
by increasing the potassium concentration of the soil 
solution through cationic exchange. But where the soil 
contained exchangeable sodium, this cation decreased 
the availability of potassium to plants. An explanation 
for their results may be found in the work of Jenny and 
Overstreet (87), (97) who discovered that dilute clay 

suspensions carrying adsorbed anmonlm, sodium, or 
hydrogen ions, pulled out considerable quantities of 
potassium ions from the roots of plants. They attribu
ted this to a contact phenomenon and explained that x-rhen 
certain types of clay particles touched the roots of 
plants, the root surfaces experienced a loss of nutrient 
cations.
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Summarising the above, there is a small amount of 
evidence that sodium liberates potassium from the clay 
particles in the soil, but this evidence is not conclu
sive. There is also a considerable amount of evidence 
that sodium does not liberate potassium. Lehr (11) 
quoted Schulze as observing that sodium did not liberate 
potassium from a potassium zeolite. Boyd, Garner and 
Haines (10) who .analysed sugar beet plants from plots 
which received sodium and potassium chlorides found 
that the crops from plots which received sodium chloride 
removed less potassium from the soil than did crops from 
plots which received no sodium chloride.

Adams (20) stated that, on analysing the roots and 
tops of sugar beet which received no sodium and five cwt. 
sodium chloride as a fertilizer, a crop of 11tons 
per acre roots and 9A2 tons per acre tops contained 
1»M+ cwt. potassium as potash (KgO) and 0.72 cwt. sodium 
as soda (Ha20). A dressing of five cwt. per aero sodium 
chloride increased the total sodium content of sugar 
beet by 0.29 cwt. sodium as soda (WagO) but reduced the 
total potassium content by 0.011 cwt. potassium as 
potash (KgO).

It can be seen that there is a good deal of evidence 
indicating that applications of sodium chloride do not 
increase the potassium content of the crop, nor increase 
the available potassium in the soil.
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The reason for this may be due to the ionic 
equilibrium of the soil. When sodium is added to the 
soil as a fertilizer, the existing ionic equilibrium 
is altered. The sodium is adsorbed by the soil colloids 
and, at the same time, ions are exchanged« The sodium 
which is not adsorbed remains in the soil solution. 
The more strongly an ion is adsorbed by a particular 
soil colloid, the less easily can it be exchanged by 
other Ions. The strength of the adsorptive bond with 
the soil colloid is dependent upon the kind of ion (83), 
Cl3lO the type of colloid (2), and the position taken 
up by the ion in the colloid. The order of affinity 
in the cations varied according to the type of soil 
and is dependant upon the type of clay mineral. It has 
been found that the order of strength of the adsorptive
bond for certain minerals wres
Beidellite Li < Ma < K < rig < Ga < H.
Montmorillonite Li < 5a < K < II < Mg < Ca.
Kaolinite Li c Ma. < K < Mg - Ca.
Muscovite Li < Ma < Mg < Ca < K < H. (2)

According to this list, except for the lithium ion, the 
sodium ion had the least affinity of the cations, so 
that adsorbed potassium, magnesium, calcium and hydrogen 
are not easily exchanged by sodium.

Further evidence has been provided by the complessa- 
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tary ion effect of Jenny and Ayres (12M ♦ They found 
that where the complementary ion wa ■ rIcium, the 
exchangeability of potassium was greater than when 
sodium was the complementary ion.

Another reason why sodium is not able to release 
potassium from the soil was provided by Russell (^5) * 
He explained that potassium existed in two forms, one 
which was readily exchangeable and one which was only 
exchangeable with difficulty. The fora which was 
exchangeable only with difficulty could only be exchanged 
With another cation over a period of.several months» 
This exchange took place after the physical action of 
wetting and drying was repeated several times. Russell 
suggested that this may be associated with the fit of 
the potassium ion into the surface hales of the oxygen 
sheet of the clay particles. The potassium ion would 
touch six oxygen atoms and would almost touch one 
hydroxyl molecule, so it would only have a small ability 
to dissociate in solution. The potassium ions may hold 
adjacent clay particles together. From this it would 
seem that a proportion of the potassium ions are so 
fixed structurally that they are unlikely to be exchanged 
by any element.

.Viets (13D observed that when the concentration 
of sodium was high in comparison with that of potassium 
or when the potassium concentration was high and the ratio 
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of calcium to potassium was low, calcium was able to 
increase the potassium absorption. In this case the 
influence of sodium was thus dependent on the calcium 
concentration.

From the foregoing discussion it would appear 
that sodium does not generally increase the availabi
lity of potassium and does not generally increase the 
uptake of potassium. Under certain circumstances, 
applications of sodium may develop root systems which 
allow more potassium to be taken up. perhaps under 
certain conditions sodium may increase potassium 
availability, but these conditions do not generally 
apply.

(b) on ths availability of phosphorus .

As with the effect of sodium chloride on the 
availability of potassium, the effect of sodium chloride 
and other sodium salts on the availability of phosphorus 
is disputed.

Hartwell, Wheeler and Pember (32) reported in 1906 

that sodium chloride increased the phosphorus content 
of a number of crops. Boyd, Garner and Haines (10), 
summarising experiments where five cwt. sodium chloride 
was applied, stated that in some areas substantial 
negative phosphorus-sodium and phosphorus-potassium -
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-sodium interactions were obtained, thus indicating 
that sodium chloride applications had increased the 

availability of phosphorus. Hemingway (23) noted that 
sodium chloride increased the phosphorus uptake in both 
roots and tops of the turnip crop by amounts ranging 
up to 0,05^. tlybenga (2) quoted Gracanin as finding 

that sodium nitrate increased the phosphorus uptake in 
rye on soils of various degrees of acidity but which 
were poor in water soluble phosphorus. Richards (19) 
stated that sodium applications may increase phosphorus 
uptake.

Collings (kh) concluded that sodium nitrate 
together with superphosphate resulted in more complete 
utilisation of the phosphorus by the plants, than when 
superphosphate alone was applied. Ravikovitch (80) 
stated that liberation of phosphorus was greatest in 
sodium soils and actually decreased in calcium soils. 
Calby (123) found that trees which were treated with 
sodium salts had an increased absorption of phosphorus. 
Xybenga (2) quoted Thun who found that sodium nitrate 
was more effective When no phosphorus fertiliser was 
applied. Thorne (57) observed that the phosphorus level 
of plants increased with an increasing level of sodium 
in clay minerals. Stoutmeyer and Smith (129) observed 
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that applications of 2,000 lb. sodium chloride resulted 
in slightly more phosphorus being released than in the 
untreated soil.

Tobia and Milad (127) ascertained that sodium and 
potassium carbonates on alkali soils increased the con
centration of water soluble phosphorus, whereas calcium 
and magnesium salts depressed the phosphorus concentra
tion. They added, however, that in a magnesium type 
soil, the chloride and sulphate of sodium and potassium 

more effective in fixing the phosphate than Grethe 
carbonates Kibe, Perur and Harayama (109) showed that 
the available phosphorus in the soil was very slightly 
increased by an application of sodium chloride.

Harmer and Beane (6) stated that sodium chloride 
increased the phosphorus content of celery, but the 
increase was small as were the increases which Wybenga (2) 
stated ware obtained by Volk on soya beans and by Scharrer 
and Schropp on maize, wihter rape and soya beans.

Several investigators have discovered that sodium 
salts increased the solubility of phosphorus more than 
calcium salts. Hemingway (23) quoted Herbert who observed 
that sodium nitrate extracted three times as much phos
phorus from soils as calcium nitrate did. Fudge (135)



also observed that sodium nitrate increased phosphate 
solubility more than calcium nitrate.

Lehr and v.Wesemael (81), who devised a new 
extraction method, found that soil phosphorus was more 
soluble in sodium nitrate than in the corresponding 
solutions of calcium nitrate; for quarter and half 
normal solutions, sodium nitrate extracted an 80< to 
W higher level of phosphorus. Lehr and v. Wesemael (82) 
also ascertained in experiments with wheat, that the 
phosphorus solubility with sodium nitrate fertilization 
was 6M greater than with calcium nitrate fertilization. 
The average phosphorus uptake was ^5^ greater with 
sodium nitrate than when sodium nitrate was replaced 
by calcium nitrate. Hemingway (23) quoted Herbert as 
finding that sodium nitrate extracted three times as 
much phosphorus from soils as calcium nitrate. The 
conclusion of Lehr and v. Weseniael ’ s experiments was that 
all salts followed the lyotrophic series Na<K Og <Ca 
in the order in which they depress the solubility of 
phosphorus. Ravikovitch (80) also determined the effect 
of various cations on the availability of phosphorus and 
the order of cations followed the lyotrophic series 
Wa^K <Ca; his order thus agreed with that

of Lehr and Van Wesemael. Tobia and Milad (.1^7) reported 
the reverse order of cations increased the fixation of 
phosphorus.
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Several other authorities agreed that sodium salts 
suppressed the availability of phosphorus less than 
calcium salts. Midgely (18^) noticed that calcium 
hydroxide strongly suppressed the penetration of super
phosphate whereas potassium and ammonium sulphate slightly 
suppressed phosphorus penetration and sodium nitrate 
increased the penetration. Jordan and Lewis (26) and 
Lewis, Jordan and Juve (8?) also indicated that where 
calcium caused a phosphorus fixation, sodium increased the 
availability of phosphorus. Williams (10M observed that 
soils containing free calcium carbonate varied in the 
solubility of the phosphorus in sodium hydroxide. Van 
Wesemael and Lehr (2M-) noted that sodium suppressed the 
solubility of phosphorus less than calcium, and sodium 
sulphate increased the solubility of phosphorus.
Brown (79) using a percolation method, ascertained that 

practically no increase in the penetration of rock phosphate 
occurred on receiving sodium nitrate and concluded that 
the phosphorus appeared to be affected by the nitrogen, 
not the sodium.
On the other hand Wybenga (2) quoted Scharrer and 

Schreiber as discovering that sodium chloride reduced the 
phosphorus uptake of rye seedlings, applied to both 
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moderately light and heavy soils. McEvoy (128) showed that 
sodium chloride depressed the phosphorus content of tobacco.

There is insufficient evidence to say why these con
flicting results have been obtained but the weight of 
evidence would suggest that sodium salts either increase 
the availability of phosphorus, or suppress the availability 
of phosphorus less than other salts and, in particular, 
calcium salts.

If sodium increases the availability of phosphorus, 
the question arises whether sodium increases the solubility 
of soil phosphate or whether sodium increases the 
physiological availability of phosphorus.

Regarding the physiological availability, Pratt and 
Thorne 06) stated that the physiological availability was 
a function of the pH, and that only the alkaline range, 
in particular the range above pH 8.0, was important.
Above pH 8.0 the influence of the sodium ions was important, 
as the permeability of the soil to phosphorus fell sharply. 
Although sodium ions can thus be shown to have an influence 
on the physiological availability of phosphorus above 
pH 8.0, in practice very few agricultural soils are above 
this pH level.

A possible explanation of the beneficial effects of 
sodium on soil phosphorus may occur because sodium salts 
prevent the formation of insoluble compounds of phosphorus.
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Way and Nelson (92) inhibited the formation of citric 
insoluble phosphates in fertilizers containing nitrogen 
and phosphorus and nitrogen, phosphorus and potassium, by 
the addition of 1.1% sodium chloride to the phosphatie 
rock prior to aeidulation. Hemingway (23) quoted Hammato 
and Kowasaki who, by treatment of rock phosphate with 
sodium chloride and steam, produced a fertilizer which 
wars as efficient a phosphatic fertilizer for rice as 
superphosphate. Andrews (8M suggested that sodium 
additions to soil may lead to the formation of sodium 
fluoride which was leached out and thus reduced the 
creation of calcium fluoride-containing apatites of low 
availability.

Another explanation may be that sodium chloride alters 
the pH of the soil and thus affects phosphorus solubility. 
Gardner and Kelley (91) have found that there is a relation
ship between pH and phosphorus availability and Selman (27) 
Nicol (51) Metzger (78) and Fudge (13?) considered that 
sodium salts raised the pH of the soils, possibly due to 
a replacement of hydrogen ions by sodium. Iron and 
aluminium salts under acid conditions can combine with 
phosphorus to produce an insoluble aluminium or iron 
phosphate and if the pH of the soil were raised under these 
conditions, these insoluble phosphatic compounds would not 
be formed. Thus the phosphorus availability would be
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increased. Although Bussell (^5) stated that the 
uptake of soluble phosphorus ions became small if the 
pH were raised above 8.0, Midgely (19$) observed that 

excess lime greatly reduced water solubility but did 
not necessarily reduce availability to the plant.

In a complex system containing soil and a large 
number of cations and anions the influence of the 
addition of two elements will vary according to the 
other elements present and may not be easily explained 
by laboratory experiments where only one or two nutrients 
may be present. Nevertheless, the available evidence 
is in favour of the theory that sodium increases the 
availability of phosphorus or at least successes the 
availability of phosphorus less than calcium salts do. 
Possible explanations of this effect are numerous and 
some or all of these may be correct.
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The Effect of Sodium Chloride
on the Physical Properties of the Soil

(a) Texture and structure.

Russell (U9) relating various experiences on sea 
flooded land, reported that the soils had become hard 
and. cindery and attributed this to the displacement of 
calcium and magnesium in the clay by sodium. He also 
quoted (29) the effect of cwt. sodium nitrate on one 
field at Rothamsted and concluded that the tilth was 
spoiled on some plots. The Sugar Beet Research and 
Education Committee (8) observed that in two or three 
cases each year in experiments between 19^0 and 19^9, 
5 ewt. sodium chloride caused changes of the physical 
condition of soils which were described as encrusting, 
stickiness, capping or damaging surface structure. The 
damage was not confined to clay soils, but included 
sands also.

Fraps and Fudge (?0) suggested that the exchange 
of calcium by sodium in irrigation waters may cause the 
soil to run together, decrease the percolation and 
increase the possibility of accumulation of salts. 
Salman (2?) quoted a case at Rothamsted where application 
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of salt to a field caused the soil to become sticky and 
difficult to work. Yet Leonard and Bear (17) did not 
find any deterioration in New Jersey soils from the 
addition of sodium chloride equal to twenty years 
agricultural applications. It is not clear what the 
exact amounts were. Harmer and Benne (6) found that 
sodium chloride applications had no unfavourable effects 
on Michigan muck soils. Delenenchal and Morozov (30) 
found that ’'moderate” quantities of sodium chloride 
produced no unfavourable soil effects.

An explanation for this may be found in the work 
of Cassidy (U6) who found that the physical properties 
of the soil were not adversely affected until sodium 
constituted about 1^ of the total, exchangeable bases. 
Leonard and Bear (17) found that the highest percentage 
of exchangeable sodium in their soils was only ^.2^ of 
the total exchangeable bases.

Cassidy (*+6) also stated that sodium accumulation 
reduced the aii’ supply and the permeability but increased 
the hardness of the soil and setting properties. He 
quoted Veihmeyer as stating that moisture equivalent, 
hardness of crumbs, deflocculation and cohesiveness were 
increased by the substitution of sodium or potassium 
ions in the exchange complex and these effects were 



reduced by the substitution of calcium and hydrogen ions. 
Bussell (’45) stated that clays whose exchangeable ions 
were predominantly sodium had a greater tendency to 
deflocculation than calcium clays» Clays, such as 
bentonite, which held a large amount of exchangeable 
sodium, formed these gels readily, while kaolinitic 
clays,which did not hold a large amount of sodium did 
not form these gels.

Stoutmeyer and Smith (129) observed that the appli
cations of sodium chloride which they made to soils did 
not alter the physical condition of the soil; they 
explained this by stating that in the soils with which 
they experimented, there was a low percentage of silt 
and clay and an excess of sodium chloride. This 
produced no increase in the dispersion of the finer 
particles.

Summarising the rather scanty evidence, it appears 
that under certain conditions, sodium compounds affect 
the soil structure. There is also rather scanty evi
dence that only when sodium constitutes over 1% of the 
total exchangeable bases, does damage result.

(b) On the water holding power of the .soil.

The Sugar Beet Research and Education Committee (8)
who made observations on the visual, effects of sodium 
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chloride applications, reported that the soil was made 
more moist on thirty-four occasions, twenty-eight of 
which were on light soils. The only experimental data 
which they produced were six soil samples tahen from 
plots which received sodium chloride and six from the 
corresponding control plots. Three of the six samples 
contained more moisture than the controls had and in 
three cases there was no difference between the results.

Cassidy (M) stated that sodium accumulation reduced 
the water holding power of the soil, Selman (27) stated 
that the deflocculation of clay particles caused by 
sodium chloride applications was advantageous in a 
light soil and dry season# Leonard and. Bear (?) found 

that the rate of movement of water through three types 
of soil slowed down after fifteen years leaching with 
water, but that the rate of movement of water was no 
more pronounced on the soils treated with sodium 

chloride than the other soils.
Harmer and Bonne (39) stated that sodium chloride 

applications decreased the evaporation and increased 
the surface moisture. Cassidy (M) stated that a large 
increase in replaceable sodium, reduced the water holding 
capacity and pore space by as much as 20^ of the original 
values, but that this reduction does not begin until
sodium constitutes 15^ of the total soil bases.
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Summarising, Cassidy stated that sodium reduced 
the moisture content of the soil by reducing the permea
bility, but visual observations would not agree with 
this. The explanation may be in the quantity of sodium 
used.

(c) The effect of sodium chloride on the soil pH.

As already stated in the section on phosphorus 
availability, Selman (27), Nicol (51), Metzger (7g) 
and Fudge (135) stated that sodium nitrate applications 
raise the pH value of the soil. The Edinburgh and East 
of Scotland College of Agriculture (9) did not find 
any consistent trend in eight experiments where soil 
samples were taken before and after sodium chloride 
applications. Kibe, Perur and Narayana (109) found 
that the pH level of the soil was unaffected by sodium 
chloride applications. Stoutmeyer and Smith (129) also 
noted that sodium chloride did not change the soil pH. 
It can be concluded that sodium chloride, unlike sodium 
nitrate, does not affect the soil pH.



The Effect of Sodium Chloride on the Growth 
of the .Sugar Beet Plant and the Relation of 

Sodium Chloride Fertilisation to the Functions 
and Deficiency Symptoms of Sodium

When sodium chloride is added to the soil, it 
dissociates in the soil solution into sodium and chlorine 
ions, which are separately absorbed by the plants. 
Leonard and Toth (108) noted that sugar beet plants 
obtained most of their sodium from the top six inches 
of soil. The sodium in this layer will alter the 
composition of the salt solution in the soil and may 
have an influence on the plant.

The uptake of water by the plant is affected by 
osmotic forces. Bernstein and Pearson (90) suggested 
that sodium may act by affecting the water absorption 
of the plant. There is no evidence that sodium 
increases the osmotic pressure to a greater or lesser 
extent than any other salt, yet any soluble salt added 
to the soil will increase the osmotic pressure, thus 
decreasing the availability of water to the plant.

Four authorities have suggested that sodium salts 
influence the permeability of the plant cell and 
influence the uptake of water. Raber (106) found that 
various sodium salts produced indications of increased 
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permeability, but that these effects varied accox*ding 
to the anion. Osterhout (120) stated that the monovalent 
cations promoted permeability, while the bivalent and 
trivalent cations when in combination with the monovalent 
cations, first suppressed permeability and later 
increased it. Wybenga (2) quoted Guttenberg and Beythein 
as observing that monovalent cations pass the cytoplasmic 
membrane more easily than bivalent and trivalent cations. 
Bayliss (121) observed that calcium ions in a solution 
of sodium chloride caused a suppression of the sodium 
effect on permeability.

Little information is available regarding the 
effect of sodium on transpiration. Harmer (?) observed 
that sodium reduced the transpiration on sugar beet 
and the Sugar Beet Research and Education Committee (8) 

found that wilting was reduced at a few centres on varying 
types of soil when sodium chloride was applied.

Returning to the direct effects of sodium, the 
sodium cations will be absorbed into the plant in solu
tion. Collander (58) observed that the constituents 
of a salt solution are not absorbed in the same propor
tions as they are contained in the nutrient solution, 
but that some cations are absorbed in greater quantities 
than they are found in the nutrient solution. Kramer 
(105) and Collander (58) both noted that various species 
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of jalants differed as regards their selectivity in the 
absorption of sodium and Collander ascertained that 
among the alkali and alkaline earth cations, sodium 
responded most to specific variations within the plant। 
the sugar beet plant was among the plants which selec
tively absortefôoâiwn.

Many factors may influence the absorption of sodium 
ions. Leonard and Toth (108) discovered that absorption 
of sodium was affected by sodium and potassium levels 
in the substrate. Kaudy , Truog and Berger (9b-) noted 
that the amounts of sodium and potassium in the leaf 
tissue were proportional to the quantity of exchangeable 
element in the soil. Leonard and Bear (17) and Hartwell, 
Wheeler st al. (32) have shown that sodium may increase 
yield when potassium is deficient. Harmer and Benne 
(39) attempted to classify plants according to the 
reactions to sodium when varying amounts of potassium 
were supplied. Bower, Moodie, Orth and Gschwend (88) 
found that sugar beet yields were correlated with 
exchangeable sodium but not the exchangeable potassium 
and Huffaker and Wallace (8^) discovered that a low 
potassium level had no effect on sodium absorption.

Some explanation for the varying opinions regarding 
the effect of potassium on the absorption of sodium ions 
can be found in the behaviour of calcium and strontium (58), 
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potassium and rubidium and caesium (58) and magnesium 
and beryllium (2). These ions behave in salt absorption 
as interchangeable cations and depress the absorption of 
each other. In the presence of an excess of one ion, 
the absorption of the other does not increase. Collander 
(58), however, found in experiments with oats that a 
reduction of four hundred times in the amount of sodium 
in the solution only reduced the uptake of sodium 
thirty-three times. Thus sodium is selectively absorbed 
from a solution and, as there is sufficient evidence 
to show that potassium does affect sodium uptake, the 
relationship of sodium to potassium (and to lithium and 
rubidium) does not appear to fit in with a wholly 
independent role, nor with a relationship similar to 
potassium and rubidium.

The differences between sodium and potassium ions 
would indicate that these ions are not wholly inter
changeable. Steinbach (72.) stated that the radii of 
the hydrated ions were Na+ - 2.5»!°, K+ 1.931°, the 
radii of the crystals were Na+ 0.961°, K+ 1.331°j the 

molar refraction gases were Na 0.^7 oc. and K 2.25 ccM 
the radii of the crystals were Na 1.00 (charge/radius) 

and K 0.75 (charge/radius) and finally the dissociation 
constant polyphosphate was 0.o5 for the sodium ion and 
0.50 for the potassion ion. Thus the role of the sodium 
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ion could not solely be that of replacement of the 
potassium ion, as the ions have a different structure; 
but the sodium ion may have an independent function.

The' absorption and translocation of the sodium 
ions must be similar to the absorption of other cations. 
Collander (58) stated that the transpiration stream 
carried the nutrients into the plant unless the salts 
were hindered by a semi-penaeable membrane in the roots. 
Sutcliffe (59) reviewing the literature on salt 
absorption stated that plants exhibit preferences over 
the absorption of cations and he observed that absorp
tion and accumulation of cations involve the transference 
of cations across an inner membrane, the tonoplast. 
Sutcliffe favoured the theory that the carrier mechanism 
preferred certain ions when a choice was available. 
This would explain the selectivity in the absorption 
of sodium.

Regarding the translocation of salts, Collander 
said that cells secreted salts xAich they Wa absorbed, 

releasing them to the xylem vessels from which they 
were conducted to the shoot. He thought that some 
cations which haà been transported with the transpira

tion stream to the shoot were probably sent back along 
the seive tubes to the roots where they were likely to 
impede, to some extent, the further absorption of 
cations of the same kind.
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Wybenga (2) found that sugar beet and some other 
species of plants translocated sodium readily from the 
root to the stem and leaf and accumulated a large amount 
of sodium in ths mesophyll. He ascertained that plants 
such as sugar beet which translocated, sodium readily 
showed a good response to sodium, Kandy, Truog and 
Berger (9M stated that sodium was absorbed and trans
located more rapidly than potassium and may be absorbed 
and translocated independently, Leonard and Toth (108) 
found that sodium tended to concentrate in the conducting 
tissues of the plant, l^benga (2) also found that sodium 
accumulated at the Junction of side roots and main roots 
in the beet but there was no other point at which sodium 
accumulated; although there was also an accumulation 
of sodium in concentric bands in the phloem of the red 
table beet.

Function, of sodium^

Wybenga (2) showed that sodium was present in the 
plant in three forms of binding. The first form of 
binding was one in which sodium could easily be exchanged 
by ions of sodium, calcium, potassium or magnesium, the 
second was a form in which sodium could easily be 
exchanged by other sodium ions, but only with difficulty



by ions of calcium, potassium or magnesium^ and thirdly 
in a form in which sodium could only be displaced with 
difficulty and then only by other sodium ions.

These forms of binding indicate that sodium may 
have a general and a specific function. Johan (11U) 
supported the idea of a general function of alkali and 
alkaline earth cations. The idea of a general function 
would also receive support from the many authorities 
(e.g. 11, IO?) who suggest that sodium may act as a 
replacement of potassium within the plant.

There is no evidence what this general function is 
but several suggestions have been made. Richards (19) 
ascertained that sodium, potassium, lithium and rubidium 
prevented an accumulation of other elements which could 
prove toxic to the plant, e.g. calcium and magnesium, 
and Coombe (M and Lehr (36) stated that sodium may 
act by forcing down the calcium content of the plant. 
Lehr (11), (12), (13), (36), Van Itallie (99) and
Richards (19) postulate that sodium.like the other 
alkaline earth el erne nt s may have a function in maintain
ing cation equilibria.

There is even less known regarding the specific 
function of sodium. Richards (61) found that sodium 
affected photosynthetic activity. Cooper, Paden arid 
Phillippe (101) suggested that one of the primary



functions of sodium (and the other alkaline earth, 
cations) was to maintain a supply of soluble carbo
hydrates, to the plant. Again the specific role of 
sodium may be related to potassium concentration as 
Lehr (36) observed that applications of sodium tended 
to make the potassium content of the leaves of fodder 
beet more constant. Until the primary role of the 
alkaline earth cations in plant nutrition is finally 
settled there will be a diversity of opinions regarding 
the specific functions of each single element.

Health and deficiency^

Harmer (5) and Harmer and Benne (6) observed that 
applications of sodium chloride reduced damping off in 
roots and that there was less black rot and a greater 
resistance to leaf spot (Cercosporct beticola) in sugar 
beet. This may be explained by referring to Last (60) 
who related various parasitic diseases to the metabolism 
of the host. An improvement in sugar beet nutrition 
would give less than optimal conditions for the fungus.

Hale, Watson and Hull (k7) stated that sodium 
chloride applications increased magnesium deficiency 
and both Hale, Watson and Hull (k7) and Lingle and 
Carolus rA) related sodium chloride dressings to 

boron concentration.



The growth of plants is affected by sodium chloride 
dressings. Lehr (12) described plants of a ’’sodium 
type” as having luxuriant pliable green leaves, whereas 
plants of a "calcium type" had stiff upright leaf stalks 
and slender upright leaves; the types were related to 
the different nitrogenous fertilisers used. The Sugar 
Beet Research and Education Committee (8), the Edinburgh 
and East of Scotland College of Agriculture (9), Lehr (12) 
the summaries of the work of Deeoux, Vanderwaeren and 
Simon by Willis (30) all noted that some plots treated 
with sodium chloride appeared to be lighter in colour. 
Harmer and Bonne (6), (39) found that plants receiving 
sodium chloride had glossier leaves which they attributed 
to increased wax secretion.

Potassium deficiency symptoms may be confused with 
those of sodium. Wallace (1) stated that a shortage of 
sodium caused leaves to grow out horizontally and to 
becom dark green,'dull, and which sometimes developed 
a marginal scorch. Hale, Watson and Hull (k?) described 
symptoms of potassium deficiency which were sometimes 
relieved by muriate of potash, sometimes by salt, and 
sometimes by both together. These symptoms Including 
apical and marginal necrosis, dull olive-green leaf 
appearance, spotting of leaves, bands of chlorotic tissue 



and scorched leaf margins, were associated with low 
potassium levels and sometimes with sodium levels 
below that of the unaffected sugar beet. Lehr (3$) 
noted deficiency symptoms on fodder beet which were 
more easily cured by sodium than by potassium. Lehr 
also analysed leaves from deficient plants, but there 
was no confirmation of separate potassium and sodium 
deficiencies.

The evidence would suggest that sodium and 
potassium deficiency symptoms are closely allied, and 
if there are separate sodium and potassium deficiency
symptoms, these are very similar in appearance.



The Bffeet of Applications of.3^ Chloride 
' oa the Xicld -of .Sugar Beet Roots 

and on the Yield and Percentage of Sugar

There arc many references to the beneficial effects 
of applications of sodium chloride to the sugar beet 
cropj including responses on weight of sugar beet roots, 
sugar percentage and final weight of sugar.

The Rothamsted experimental station reports (7), 
the Sugar Beet Research and Education Committee (8), 
Boyd, Garner and Haines, summarising the reports of the 
Research and Education Committee (10), (U-3) , the Edinburgh 
and East of Scotland College of Agriculture (8), (U9), 
the summary by Holmes, Rodger, Gill and Wite (67), (68), 
Adams (21), Crowther and Garner (ho), Hartwell and Damon 
(3M, Harmer (5), Harmer and Benne (6), (39), (77), 
Harmer, Benne, Laughlin and Key (25), Holt and Volk (16), 
Sayre and Vittum (3§), Lill, Byall and Hurst (37), Truog, 
Berger and Attoe (70), Lehr (11), (36), (Ml), (122), 
Dundas (56) and the summaries by Willis (30) of the work 
of Hoffman, Decoux, Vanderwaeren and Simon, Van Itallie, 
Van Schreven, Volkart and Schmitz, Buchner and Aldrovandi 
all indicated that sodium chloride was beneficial to 
sugar beet.
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Moreover Russell (31), Wheeler and Adams (33), 
Harmer, Benne, Laughlin and Key (2?), Truog, Berger and 
Attoe (70), Hartwell, Wheeler and (32), Leonard
and Bear (17), Hamer and Benne (6), 39), Sayre and 
Shafer (6U-), Lehr (36), (^l), (5M, Hybenga (52), (112) 
and Dorph — Petersen and Steenbjerg (22) all report that 
sodium chloride had a beneficial incluence on table 
beet, mangolds and fodder beet which are closely allied 
crops to sugar beet.

As would be expected, varying quantities of sodium 
chloride were used and results have shown that responses 
varied according to the quantity of sodium chloride 
applied. Unfortunately many of the experiments used a 
single rate of sodium chloride. The two hundred and eight 
experiments reported on by Boyd, Garner and Haines (10), 

the thirty-eight experiments of the Edinburgh and East 
of Scotland College of Agriculture (9), twenty of which 
vbvq reported upon by Holmes et al. (67), and twelve 
experiments of the Rothamsted experimental station (7) 
compared only no salt with five cwt. of salt. The Sugar 
Wet Research and Education Committee in a supplementary 
series of experiments carried out between 19^-3 and 19^6, 

compared three and six cwt. of sodium chloride with no 
salt. Crowthex1 and Garner (Uo) used 3*5 cwt. sodium 



chloride in twenty-four experiments, Adams (21) used 
1,8 cwt. sodium chloride in seventeen experiments and 
the Rothamsted experimental station (?) used various 
dressings between 1,0 cwt. and 1.8 cwt, sodium chloride 
in experiments carried out between .1929 and 1937. In 
only one series of British experiments was a comparison 
made between two rates of sodium chloride and no salt, 
and in this series the primary purpose was to ascertain 
methods of application and not ratés of application. 
The series of experiments of the Sugar Beat Research 
and Education Committee commencing 1959 used two and 
four cwt, sodium chloride but this series is not yet 
completed.

American experimenters tended, to use several rates 
of sodium chloride. Truog, Berger and Attoe (70) used 
one evt. and 2.5 cwt.' sodium chloride, Harmer and Benne 
(39) used 500 lb. and 1,000 lb., Harmer, Benne, Laughlin 
and W (25) used 250 lb.? 500 lbM 750 lb*, 850 lb. 
and 1,000 lb, sodium chloride while Holt and V$lk (16) 
used the equivalent of 65° lb* sodium oxide (Na^O) per 
acre (approximately U70 lb. sodium chloride).

Responses varied according to the quantity of sodium 
chloride applied but there were considerable variations 
between the various experimental series. Boyd, Garner 
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and Haines (10) observed that, in the presence of nitrogen 
and phosphorus and in the absence of potassium, five cwt. 
sodium chloride increased the yield of sugar beet by 
5.01 cwt. sugar. The experiments of the Edinburgh and 
East of Scotland. College of Agriculture reported by 
Holmes st al. (67) showed that in the presence of 
nitrogen and phosphorus and in the absence of potassium 
$ cwt. sodium chloride increased the yield of sugar 
beet by 2.97 cwt. sugar. The Sugar Beet Research and 
Education Committee in the supplementary series for 
19W to 19^ (8) observed that three cwt. salt Increased 
the yield of sugar beet by 3«2 cwt sugar and six cwt* 
salt increased the yield of sugar beet by 3.9 cwt. sugar. 
(The latter increase was mainly due to a single result 
in 19^5)Crowther and Garner (Uo) observed that 3*5 cwt. 
sodium chloride in the presence of nitrogen increased 
the yield of sugar beat by 3*3 cwt. sugar, Adams (21) 
found that in the presence of nitrogen and phosphorus, 
1.8 cwt. sodium chloride increased the yield of sugar 
beet by U.5 cwt. sugar. The Sugar Beet Research and 
Education Committee in 1959 and i960 (^3) obtained 
increases of 5*2 cwt. and 6.0 cwt. sugar on applying
2 and U cwt. sodium chloride in the absence of potassium.



In America ?Truog, Berger and Attoe (7$) obtained 
responses to 112 lb. and 26k lb* sodium as NagO and 
Harmer, Benn®, Laughlin and Key (2?) obtained responses 
to 2^0 lb., ^00 lb., 750 lb., 850 lb, and 1,000 lb. 
sodium chloride, but observed that there were small 
differences between the various treatments* It is very 
difficult to decide whether the higher dressings of 
salt gave greater responses in terms of weight of sugar 
and it is not possibly to construct a response curve 
with Cur- present knowledge.

Although the mean results of these series are 
fairly consistent, there are very large variations in 
individual results. In the Sugar Beet Research and 
Education Committee reports (8) the responses of 5 cwt. 
sodium chloride in the presence of nitrogen and phosphorus 
varied from a positive response of 18.8 cwt. sugar to a 
negative response of 9*3 cwt. sugar. Holmes et al. (67) 

obtained variations varying from a positive response of 
8.8 cwt* sugar to a negative response of 3A cwt. sugar 
when 5 cwt. sodium chloride was applied in th® presence 
of nitrogen and phosphorus. The supplementary series 
for 19W-»6 obtained increases of 10.0 cwt* sugar as 
well as decreases on applying 3 cwt. and 6 cwt. sodium 

chloride.



There is some evidence that the variations were 
greater where large quantities of sodium chloride were 
applied. Adams (21), applying 1,8 cwt. sodium chloride, 
obtained increases in sugar weight in every experiment 
except one. In the Rothamsted experiments carried out 
between 1929 and 193^ (?)9 applications of between 1.0 
and 1.8 cwt. sodium chloride per acre produced consis
tent increases in weight of roots per acre. This can 
be contrasted, with the large variations obtained when 
three and five cwt. sodium chloride were applied, although 
there may be other explanations for these variations.

There are also large variations in the responses 
between different districts. The large differences 
between the mean response to five cwt. salt in Scotland 
and in England have already been referred to, the res
ponses of the Sugar Beet Research and Education Committee 
being twice that of the Edinburgh and Ea^t of Scotland 
College of Agriculture. There were also different 
responses between various factory areas in England (W, 

the responses to 5 cwt. sodium chloride in the absence 
of potassium varying from 2.2 to 6.6 cwt. sugar per acre. 
The responses also varied according to soil type, 
varying from a positive response to 9 wt. sodium 
chloride of 7-7 cwt. per acre on sands to a positive 
response of h-.l cwt. sugar per acre on heavy loams and



a positive response of 2.1 cwt. sugar per acre on fen 
soils. The responses varied from season to season, the 
mean responses to 5 cwt, sodium chloride varied from 
Hah- cwt, sugar per acre in 19^5 to 6 A cwt. sugar per 
acre in 19^ (8),

Another explanation for these variations in 
responses to salt was provided by Holmes et al. (6?) 
who found that responses varied according to the level 
of available potassium in the soil. He observed that 
the response to 5 cwt. sodium chloride was 1.8 cwt. 
sugar per acre when the soils were high in available 
potassium. On the other hand the response to 5 cwt. 
sodium chloride was 6.7 cwt. sugar per acre when the 
soil potassium was very low and 5 A cwt. sugar per acre 
when the soil potassium was moderate. These results 
are based on only three centres where the soil potassium 
was very low and four centres where the soil potassium 
level was moderate and the soil samples were not always 
taken before ths experiment was commenced. The Sugar 
Beet Research and Education Committee (8) provide 
■confirmation, having obtained large responses where the 
soils were low in exchangeable potassium and smaller 
responses where the soils were high in exchangeable 
potassium. And the 19^0 report stated that the responses 
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in soils which were medium to high in exchangeable 
potassium occurred where the potassium remained a small 
fraction of the total exchangeable bases. Although the 
method employed in the extraction of potassium was 
important in 19^-6, it was unimportant in other years. 
Adams (21) observed that responses varied according to 
the exchangeable potassium which was extracted by NAO 
nitric acid.

Holt and Volk (16) ascertained that the response 
of sugar beet to sodium decreased when increasing quan
tities of potassium were applied. Lehr (11) also 
considered that sodium was very important where insuffi
cient potassium was present, although he stated that a 
fair quantity of sodium was always necessary even though 
a sufficient quantity of potassium was present. Lehr 
also quoted Van Schreven who obtained beneficial effects 
from applying sodium where there was a distinct shortage 
of potassium and Morani who ascertained that sodium 
chloride produced highly significant increases in sugar 
weight both with and without added potassium. In the 
summaries by Willis (30) Hoffman obtained increases in 
sugar beet on all types of soil on applying salt, where 
only light potassium applications had been made but Van 
Sohr even and Scharrer, Schreiber and Kuhn found that/^iv^ 
sodium chloride was of no benefit where the soil powssiumW 



was high. Harmer, Benne, Laughlin and Key (25) stated 
that soil composition affectbd the response to sodium 
chloride and Leonard and Bear (17) obtained increases in 
the yield of table beet on applying sodium chloride, 
except where the soil potassium level was very high.

The Sugar Beet Research and Education Committee 
(8), (U3), the Edinburgh and East of Scotland College of 
Agriculture (9), (^9), Holmes et al. (67), the Rothamsted 
Experimental Station Reports (7), Boyd, Garner and Haines 
(10) and Adams (21) reported that the responses to sodium 
applied to sugar beet were much less where potassium was 
also applied. Dorph-Petersen and Steenbjerg (22) obtained 
similar results with fodder beet. Boyd, Garner and Haines 
(10) in 190 experiments on mineral soils where nitrogen 
and phosphorus were also applied, found that the response 
to 5 cwt. sodium chloride was 5.01 cwt. sugar per acre in 
the absence of potassium and 2.M-3 cwt. sugar per acre 
where two cwt. potassium chloride was also applied. Adams 
(21) in seventeen experiments using 1.0 cwt. nitrogen and 
0.5 swt. phosphorus per acre observed that the response 
to two cwt. sodium chloride was ^.5 cwt. sugar per acre 
in the absence of potassium, but was 2.1 cwt. sugar per 
acre in the presence of two cwt. potassium chloride. 
Holmes et al. (M-9), (67) also observed that the responses 
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to five cwt. sodium chloride in the presence of nitrogen 
and phosphorus was 2.97 cwt. sugar per acre where
potassium was not applied and 0.9 cwt. sugar per acre where 
two cwt. potassium chloride was also applied? these are 
the mean results for twenty experiments.

These results are not always exactly the same 
but would indicate that applications of two cwt. potassium 
chloride reduced the response to sodium chloride by at 
least half, indicating that potassium and sodium have 
similar functions. There are no completed experimental 
series with higher dressings of potassium so it is not 
possible to say how great the response to sodium would 
be along with the maximum dressing of potassium.

Despite the claims of Adams that sodium was more 
effective than potassium, there is no evidence for this, 
because only one series of experiments used sodium and 
potassium chlorides at chemically equivalent rates? the 
series referred to (Rothamsted 1929-3^) (7) did not give 
results in terms of sugar weights. Results quoting main 
effects, where unequal quantities of nutrients were used, 
are not conclusive evidence.

The uncompleted series of experiments of the Sugar 
Beet Research and Education Committee (h-3) would indicate 
that there may be a nitrogen-sodium interaction in sugar 
beet manuring.



Neither Adams nor Holmes et al. (67) found that 
there was any relationship between available or 
exchangeable sodium in the soil and the response to 
sodium applied as a fertiliser. The Sugar Beet Research 
and Education Committee found that correlations between 
sodium fertilisation and soil sodium were low except in 
one group of five soils which were moderate in potassium 
and low in sodium and where responses were obtained after 
salt was applied. Willis (30) summarised the experiments 
of Decoux, Vanderwaeren and Simon who obtained large 
increases where the soil was deficient in sodium. Truog, 
Berger and Attoe (70) ascertained that increases due to 
sodium chloride applications were small where the 
exchangeable sodium content was high and Bower, Moodie, 
Orth and Gschwend (88) noted that sugar beet yields 
were correlated with exchangeable sodium. The responses 
on low sodium soils are smaller than the responses on 
low potassium soils, so it is not easy to obtain 
consistent responses which can be correlated with the 
soil sodium content.

There is some evidence that the responses obtained 
by sodium chloride on sugar beet were due to an increase 
in plant population, particularly on low potassium soils. 
Adams (21) found that the increase in plant population 
was positively correlated with response to sodium, but 
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the increase in plant population was small (460 plants 

per acre). Holmes et al. (6?) Sound that sodium 
chloride applications increased the plant population and 
this increase varied according to the level of available 
potassium in the soil. They observed that sodium 
chloride, applications increased the plant stand at two 
centres which were very low in available potassium by 
1,950 plants per acre? whereas salt increased the plant 
population at two centres which were moderate in 
available potassium by 1,700 plants per acre, the 
increase at eight centres which were high in available 
potassium was only 400 plants per acre. Holmes et al. (67) 

concluded that responses caused by sodium chloride 
applications were partly explained by plant population 
responses, although these results were based on very few 
experiments. On the other hand, the Sugar Beet Research 
and Education Committee (8) noticed that most of the 
increases in weight of sugar per acre on applying sodium 
chloride were due to heavier root weights, because the 
increases in plant population only varied between 0 and 

1,000 plants per acre.
Another factor which may be considered is the method 

of application of salt. The Sugar Beet Research and 
Education Committee (8) carried out a supplementary 
series between 1944 and 1946 to test whether there was



any difference in results obtained by broadcasting salt a 
few weeks before drilling, broadcasting after winter 
ploughing and ploughing in during the winter. There app
eared to be little difference between the three treatments, 
although ploughing in during the winter was most beneficial 
in 19^6. The Edinburgh and East of Scotland College of 
Agriculture reports (9) would indicate that the number of 
days elapsing between applying salt and sowing sugar beet 
maH.e no difference to the results obtained.

Varietal differences.

Lehr (36) (122) stated that there were varietal 
differences in the response to sodium. The response to 
sodium was greatest in fodder beets and less in"E type 
sugar beet, still less in ”Nn type sugar beet and least 
in ”Z” type sugar beet. Harmer, Benne, Laughlin and Key 
(2?) found that the Michigan State College sugar beet 
produced a lower response to sodium chloride than Kuhn P 
or Schreiber’s S.S, sugar beet although the yields quoted 
were higher and the dry matter lower. Lehr (3$) quoted 
Morani who obtained no difference in the responses of two 
varieties, Pontelongo and Corn, to sodium chloride applica
tions. But it is doubtful whether the differences in
British, experimental results are due to any varietal 
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differences as in sixteen out of eighteen experiments where 
the variety was listed in the experiments conducted by the 
Edinburgh and East of Scotland College of Agriculture (9) 
”E’! varieties were used, Lehr (11) postulated that the 
responses were due to the variations in dry matter between 
different varieties, stating that sodium can take over some 
of the functions of potassium, but only where the dry 
matter is low. Whether or not this is true, the widespread- 
use of ”EH varieties in experiments would have caused any 
varietal difference to be small.

Weather.

Changes in climatic conditions can account for many 
of the variations in response to fertilisers. With regard 
to response to sodium chloride, Harmer, Benne, Laughlin and 
Key (25) observed that responses were greatest in wet 
seasons if the drainage was good. Adams (21) obtained 
the greatest response in the single wet season in three 
years experimentation, while Lehr (^1) obtained a poor 
response in 19^7 which was an exceptionally dry year. 
Potassium responses are also greatest in a wet season.

Sugar percentage and noxious nitrogen.

While most of the increases in sugar weight are due 
to increased root weights, increases or decreases in sugar 
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percentage may influence sugar weight.
In the Rothanisted experimental station experiments (7) 

where equivalent quantities of sodium chloride and potassium 
chloride were applied, the applications of sodium chloride 
raised the sugar percentage by 0.3^. The Sugar Beet 
Research and Education Committee (8) inereawed the sugar 
percentage by 0.2^ with applications of five cwt. sodium 
chloride. The Sugar Beet Research and Education Committee 
in their supplementary series 19^3 to 195+6 (8) obtained 
increases in sugar percentage of 0.17^ and 0.2M on applica
tions of three and six cwt. sodium chloride. Holmes et 
al. (6?) obtained a response of 0.13^ on applying five cwt. 
sodium chloride and Crowther and Garner (M-0) noted that 
five cwt. sodium chloride increased the sugar percentage 
by 0.2^. Willis (30) summarised the experiments of Decoux, 
Vanderwaeren and Simon who observed that sodium chloride 
applications increased the sugar percentage. Lehr (11) 
quoted Van Schreven and also Morani (36) who both obtained 
increases in sugar percentage when they applied sodium. 
Leonard and Bear (17) found that there was little change in 
sugar content when, they applied sodium fertilizers.

On the other hand Lill, Byall and Hurst (37) found 
that sodium chloride applications decreased the sugar content 
of sugar beet and Harmer and Benne obtained no appreciable 
change in sugar percentage by applications of sodium chloride.
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While opinion on the effect of sodium chloride 
applications on sugar content is not unanimous, yet 
most authorities found that sodium chloride increased 
the sugar percentage by about 0.2&

The Sugar Beet Research and Education Committee (8) 
observed that noxious nitrogen content was closely 
allied to sugar percentage, but did not find that sodium 
chloride applications caused any appreciable change in 
noxious nitrogen content.

Most authorities agreed that in a series of results, 
applications of sodium chloride increased root weight, 
sugar percentage and sugar weight per acre. There have 
been large individual variations and one definite reason 
for this has been the variations in potassium status 
of the soils. There is sufficient evidence that the 
responses to sodium chloride are greatex’ where the soil 
potassium is low and where no potassium chloride is 
applied as a fertilizer. Hot all authorities agree 
that sodium response is correlated with levels of sodium 
in the soil and the evidence would indicate that available 
soil potassium in indicating i^esponses to sodium. There 
are insufficient experiments which use low rates of sodium 
chloride and there is insufficient data to enable a 
response curve to be constructed or to suggest the 
optimum dressing of sodium chloride.
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The Effect of Sodium Chloride 
on the Yield of Sugar Beet Tops

A large number of experiments have been carried 
out which indicate that sodium chloride applications 
affect the weight of sugar beet tops. The Rothaiasted 
experiments of 1929 and 1930 (7) , the Sugar Beet Research 
and Education Committee reports (8), Crowther (M>), the 
Edinburgh and East of Scotland College of Agriculture 
reports (9), (M-9), Holmes st al. (67) and Adams (21) in 
Britain*and Harmer and Benne (6) and Harmer, Benne, 
Laughlin and Key (2?) in America obtained increases 
in the weight of tops where sodium chloride was applied. 
Lehr (11) quoted Van Schreven who claimed that sodium 
chloride and sodium sulphate both increased the weight 
of tops. Larson and Pierre (5^) observed that sodium 
chloride applications increased the yield of fodder 
beet tops.

Despite the favourable results summarised above, 
the individual responses to sodium chloride applications 
were variable. Adams (21) obtained an increase of 1A 
tons tops per acre on applying 1.8 cwt. sodium chloride 
in the absence of potassium. The Sugar Beet Research 
and Education Committee (8) obtained a response of 1.32 
tons tops per acre on applying five cwt. salt, yet the 
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responses of Crowther 0+D) were only 0 and 0.5 tons 
tops for the same dressing of sodium chloride and the 
responses obtained by the Edinburgh and East of Scotland 
College of Agriculture <9)? 0*9) were 0.32 tons tops per 
acre in the absence of potassium and a negative response 
of 0.0U tons tops in the presence of potassium where 
five cwt. sodium chloride was applied.

There were considerable variations in the responses 
at individual centres and in different years in those 
experiments. The Sugar Beet Research and Education 
Committee (8) obtained significant responses in only 
two years out of ten and the Edinburgh and East of 
Scotland College of Agriculture (9) obtained significant 
responses in only two out of twenty experiments. Yet 
Adams (21) who used only 1.8 cwt. sodium chloride 
obtained responses (not all significant) in all experi
ments except one. There is insufficient evidence to 
ascertain whether results were more consistent at lower 

rates of salt fertilisation.
In an endeavour to explain the variations in the 

responses, Holmes et al. (M)) ? (67) classified the 
results according to the potassium status of the soil. 
The response to sodium chloride application in the 
absence of potassium was 0.6 tons tops on the soils 
which were low in available potassium, 0.5 tons tops on 
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the soils which were high in available potassium and 
there was no response where the soils were moderate in 
available potassium* The exclusion of results where 
dung was applied altered the results slightly from 
those given above.

Harmer, Benne, Laughlin and Key (2p) noted that 
applications of sodium chloride produced responses, in 
yield of tops which varied according to the variety. 
Salt reduced the yield of tops in M.S.C. muck beet and 
in Kuhn P but increased the yield of tops in Schreiber’s 
S*8* beet•

The data indicates that applications of sodium 
chloride usually increase the weight of sugar beet tops. 
Experimental results have been variable and have as yet 
provided no explanation for the variations. Because tops 
respond greatly to available nitrogen which can vary 
greatly in a single experimental site and these variations 
in yield cannot easily be correlated with nitrogen content 
of the soil, it is not surprising that responses to sodium 
chloride are variable.
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The Effect of Sodium Chloride
on the Composition of .the Sugar Beet Plant

Several investigators have observed that applica
tions of sodium chloride not only affected the yield of 
sugar beet, but also altered the composition of th® 
sugar beet plants. Comparisons have also been made 
between the effect of the addition of sodium chloride 
and of the addition of potassium chloride to the soil 
and the subsequent effects on the composition of the 
sugar beet plants.

Harmer and Benne (6), the Sugar Beet Research and 
Education Committee reports for 19^ to 19^5 (8), Adams 
(11) and Harmer, Benne, Laughlin and Key (2?) noted that 
sodium chloride applications increased the sodium content 
of sugar beet roots. The Sugar Beet Research and 
Education Committee reports for
19^0 to 19^5 (8), Adams (11), Harmer, Benne, Laughlin 
and Key (2?) and Larson and Pierre(53) observed that 
applications of sodium chloride increased the sodium 
content of the tops. This is important in animal, 
nutrition (62). Although applications of sodium 
chloride increased the sodium content of sugar beet 
roots, this increase was only a very small percentage 
of the total, sodium (8), (25) •



Both Adams (20) and Harmer, Benno, Laughlin and 
Key (2?) noted that the second increment of fertilizer 
did not produce as large an increase in sodium content 
as the first increment. Adams (20) ascertained that 
the concentration of the elements fell during the 
growing season and there was a difference between the 
concentrations of the elements in the lamina and in the 
petiole; Harmer and Benne (6) discovered that applica
tions of sodium chloride increased the sodium content 
of the plant as the crop reached maturity*

Despite the conclusions of several authorities (32), 
($3) that sodium chloride applications increased the 
potassium content of the soil, the evidence for this 
theory is rather doubtful. If this theory is incorrect, 
sodium cannot increase the potassium content of the 
plant, through an indirect soil action. Harmer and Benne 
(6), Lehr (11) and Harmer, Benne, Laughlin and Key (2 5) 
concluded that sodium chloride applications/reduced

decreased the potassium content of sugar beet, particularly the 
roots. Leonard and Bear (17) and Harmer, Benne, Laughlan and 
Key (¿5) concluded that sodium chloride applications /

Sugar Beet Research and Education Committee (8) found 
that there was a higher potassium content in sugar beet 
which had received applications of sodium chloride, but 
as these plants had received a higher potassium dressing



Both Adams (20) and Hamer, Benne, Laughlin and 
Key (2^) noted that the second increment of fertilizer 
did not produce as large an increase in sodium content 
as the first increment. Adams (20) ascertained that 
the concentration of the elements fell during the 
growing season and there was a difference between the 
concentrations of the elements in the lamina and in the 
petiole । Harmer and Benne (6) discovered that applica
tions of sodium chloride increased the sodium content 
of the plant as the crop reached maturity.

Despite the conclusions of several authorities (32), 
(63) that sodium chloride applications increased the 
potassium content of the soil, the evidence for this 
theory is rather doubtful. If this theory is incorrect, 
sodium cannot increase the potassium content of the 
plant, through an Indirect soil action. Harmer and Benne 
(6), Lehr (11) and Harmer, Benne, Laughlin and Key (2^) 
concluded that sodium chloride applications/redueed 

the potassium content of sugar beet foliage. Adams (20) 
stated that he observed no changes in the potassium 
content, of sugar beet on applying sodium chloride. The 
Sugar Beet Research and Education Committee (8) found 
that there was a higher potassium content in sugar beet 
which had received applications of sodium chloride, but 
as these plants had received a higher potassium dressing 
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in addition, it is possible that the effects which they 
obtained were not due to the applications of sodium chloride.

Larson and Pierre (5^) observed that sodium chloride 
applications reduced the potassium content of fodder 
beet except at the lowest potassium level.

Cope, Bradfield and Peech (55) stated that the 
effect of sodium on potassium absorption varied according 
to the plant and conditions, but the effect was usually 
small. The Sugar Beet Research and Education Committee 
(8) found that the reduction in potassium absorbed by 

the tops was equivalent to the increase in the potassium 
level of the roots when sodium chloride was applied, 
Adams (20) noted that dressings of 2.5 cwt. sodium 
chloride increased the potassium content of the petiole, 
but decreased the potassium content of the lamina. 
The 7.5 cwt. dressings consistently decreased the 
potassium percentage in the lamina, but no consistent 
results were obtained for the petiole. There was also 
a. seasonal effect, whereby the potassium percentage 
decreased early in the season, but increased later in 
the season.

The results would indicate that sodium chloride 
fertilization changes the potassium percentage only 
slightly; there is a decrease in the potassium content 
of the lamina and an increase in the potassium content 
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of the petiole, but there was no consistent evidence 
regarding an increase or decrease in the roots.

Harmer, Benns, Laughlin and Key (25) ascertained 
that sodium chloride applications increased the chlorine 
percentage in the roots and except for a single result 
also increased the chlorine percentage in the tops.

Harmer and Benne (6) showed that in the presence 
of potassium, applications of sodium chloride decreased 
the percentages of calcium and magnesium in the roots 
and also in the tops; the results were different where 
no potassium was applied, but as the results in this 
ease were extremely low, they could not be taken as 
providing a true indication of what happens without added 
potassium. Although sodium chloride applications reduced 
the percentages of calcium and magnesium, the greater 
crops ensuing from applications of salt increased the 
total weight of calcium and magnesium absorbed. The 
Sugar Beet Research and Education Committee reports 
for 19^1 and 19^3 (8) confirmed that sodium chloride 
applications reduced the calcium and magnesium percentages 
of roots and tops. Cope, Bradfield and Peech (50) also 
stated that sodium fertilisation decreased the calcium 
and magnesium absorption of the sugar beet.

Harmer and Benne (6) ascertained that sodium chloride 
applications increased the phosphorus content of the
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i-oots, but decreased the phosphorus percentage of the 
tops and also the phosphorus percentage of the whole 
plant. The sodium chloride applications did not affect 
the weight of phosphorus removed by the sugar beet crop.

Harmer and Bonne (6) also stated that sodium 
chloride fertilization reduced the percentage of nitro
gen in both roots and tops in both dry and green 
material. On the other hand, the Sugar Beet Research 
and Education Committee (8) stated that sodium chloride 
applications increased the nitrogen content of the roots, 
yet slightly reduced the nitrogen percentage in the 
tops, leaving the total nitrogen percentage of the whole 
plant unchanged. As soil nitrogen contents vary greatly 
a full explanation must await new methods of determining 
soil nitrogen.

The Sugar Beet Research and Education reports for 
19^1 and 19^3 (8) and Hale, Watson and Hull (b-7) stated 
that sodium chloride increased the manganese content 
of the plant, the farmer observing the effect on both 
roots and tops, and the latter on tops only. The Sugar 
Beet Research and Education Committee report for 19^3 (8) 
found that sodium chloride along with nitrogen, reduced 
the boron deficiency symptoms.
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Summarising, sodium chloride applications increase 
the sodium, chlorine and manganese percentages of both 
roots and tops, decrease the percentages of calcium and 
magnesium in both roots and tops, decrease the phosphorus 
percentage of the tops but increase it in the roots and 
do not affect the percentage of potassium» There is 
insufficient evidence to draw conclusions of the effect 
on nitrogen and boron content.
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The Influence of the^Chlorine in Sodium Chloride 
on the Jhitrition of Sugar Beet

In our previous discussion, we mainly considered 
the effect of the sodium in sodium chloride, although, 
in many cases, the results were obtained from applica
tions of sodium chloride. But Lehr (hl) remarked that 
most of the agricultural investigations into the effects 
of sodium on plants used sodium and observed
that chlorine was an active element under certain 
conditions. Therefore we must also consider the effect 
of chlorine on plant growth.

Historical»

The first references to chlorine are taken from a 
review by Lundblad (28). He quoted Nobbe who in 186? 
was able to show that chlorine was indispensable to 
plants. Soderbaum was also quoted as discovering from 
pot experiments in 1911, that the chlorine in sodium 
chloride was beneficial to plant life. Tottingham (6?) 
who carried out experiments in 191? with mangolds and 
sugar beet showed that chlorine was beneficial to these 
plants. Tottingham reached this conclusion by showing 



that sugar beet crops dressed with sodium nitrate, 
dicalcium phosphate and potassium chloride produced 
greater yields than sugar beet cro^s dressed with sodium 
nitrate, dicalcium phosphate and potassium sulphate.

Lipman (130) in 1938 ascertained that buckwheat 
and peas which received chlorine obtained a benefit and 
concluded that chlorine whs important for higher plants. 
Selman (27) also in 1938 stated that chlorine was 
essential also for maize and quoted an experiment on an 
un-named crop where ammonium chloride produced an 
increased yield of the crop compared with that produced 
by ammonium sulphate.

Lundblad (28) also quoted Hommik who in 195? found 
that chlorine was indispensable to a number of plant 
species, but that certain species were very susceptible 
to excess chlorine. Nommik had discovered that even 
species which were affected by excess chlorine, showed 
a definite chlorine requirement and from this concluded 
that chlorine was an essential element for higher plants. 
Lundblad also quoted Tullin who in 1955 found by another 
series of pot trials that both sodium and chlorine were 
active elements in sugar beet nutrition» Ozanne, Woolley 
and Broyer (93) proved the value of chlorine to tomato 
and clover plants. Ulrich and Ohki (95) quoted Raleigh 
who observed enhanced growth of table beet in a solution 
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supplied with ammonium chloride as compared with ammonium 
sulphate. They also quoted Eaton who obtained signifi
cant responses in tomatoes and Kretschner et al., who 
obtained significant responses in fruit on applying chlo
rine. Johnston, Stout, Broyer and Carlton (125) tested 
ten. plants for responses to chlorine in 1957 and obtained 
several responses while Broyer, Carlton, Johnston and 
Stout (126) concluded that chlorine was an essential 
Mwonutrient element for higher plants.

In view of these observations and of the work of 
Woolley, Broyer and Johnston (133) referring to deficiency 
symptoms it would appear that, since 1955-8? chlorine has 
been shown to be essential for higher plants.

Effect on sugar beet.

Haas (66) reported that sugar beet was very tolerant 
to chlorine and Lamm (5M stated that chlorine may have 
an influence on sugar beet. Johnston, Stout, Broyer and 
Carlton (125) supplied chlorine to sugar beet plants and 
obtained increases in weight of leaf blades, petioles 
and roots.

Deficiency symptoms.

Lundblad (28) mentioned that plants grown in nutrient 
solutions suffered from a chlorosis with premature dying 
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of the leaves where chlorine was deficient 5 in serious 
cases, a necrosis developed in the leaves. Ozanne, 
Woolley and Broyer (93) stated that chlorine deficiency 
was characterised by leaflet wilting and chlorosis.
Ulrich and 0hki (95) in pot experiments obtained symptoms 
of chlorine deficiency. The first symptoms on sugar 
beet plants, on young and recently matured plants appea
red, through transmitted light, as a netted mosaic 
pattern with the green veins forming the netting. The 
interveinal areas appeared as smooth, flat depressions, 
light green to yellow in colour, and there was a stubbly 
growth of the secondary roots. As the sugar beet plants 
became older, symptoms could be seen on the high-pot as sium 
low-chlorine plants. Johnston, Stout, Broyer and 
Carlton (125) observed that chlorine deficient sugar 
beet plants wilted readily and that roots short of 
chlorine had a club root xaorphology with many branched 
laterals as contrasted with fibrous root development 
when chlorine was sufficient. Storage root development 
was repressed when chlorine was limited.

Sffect on Plant growth.

Selman (27) stated that some crops including mangolds 
resist desiccation when treated with chlorine. He 



observed that chlorine was most abundant in th© succulent 
parenchymatous tissue and stated that at the (unspecified) 
limits of tolerance chlorine nay increase the cell 
thickness two and a half times. Wallace (1) stated that 
chlorine had been show to increase the water content 
of tobacco. Russell (^9) ascertained that the effect 
of chlorine was to increase leaf temperature on hot days 
and so influenced water relationships that under con
ditions of drought, chlorine appeared to prevent desic
cation of leaf tissue». Excess chlorine may induce a 
great increase in the water content of the tissue so 
that th© carbohydrate metabolism may be disturbed.
Broyer, Carlton, Johnston and Stout (126) noted that 
chlorine may be a regulator of osmotic pressure of the 
cells and may act as a balance to the cations in the 
cell sap and the plant cells.

Wallace (1) observed that chlorine may affect the 
carbohydrate metabolism leading to starch accumulation 
in the leaves. Osanne, Woolley and Broyer (93) quoted 
Warburg and Luttgens who proposed that chlorine was a 
coenzyme in photosynthesis. Ulrich and Ohki (99) 
ascertained that chlorine was necessary for top and 
root growth in the sugar beet and was associated with 
sugar formation rather than with sugar utilisation, 
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observing, that sugar beet roots which were deficient 
simultaneously in chlorine and potassium were higher in 
sucrose concentration than non-deficient plants were, 
whereas a deficiency of either potassium or chlorine alone 
resulted in a decrease in sucrose concentration. Chlorine 
depressed the sucrose concentrations, but did not depress 
root sis®.

Hussell (d?) ascertained that chlorine could in
crease ths absorption of magnesium by the plant.

Changes in chlorine .concentration*

Ulrich and Ohki (95) stated that chlorine concen
tration in the leaf blades remained fairly constant, but 
the concentration in the petioles increased with the age 
of the leaf. For plants which were well supplied with 
chlorine, the concentrations of the element within the 
upper blade tissues of the leaf were less than one tenth 
of the concentrations in the corresponding petioles. 
Chlorine decreases were thought to be associated with 
absorption barriers. Woolley, Broyer and Johnston (133) 
found that chlorine was re translocated from regions of 
high chlorine concentration to regions of low chlorine 
concentration and was concurrent with a decrease of 
chlorine concentration to all plant parts.
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Chlorine availability.

Russell (^5) stated that chlorine was added to the 
soil through rainfall, and ascertained that the amount 
of chlorine added in this way varied from 10 lb. to 
2^ lb* per annum at Rothamsted. Wallace (1) noted that 
chlorine moved readily through the soil solution, from 
where it became available to plants. Johnston, Stout, 

Broyer and Carlton (12^) observed that plants needed 1 lb. 
of chlorine per 10,000 lb. dry matter produced; chlorine 
is replenished from drainage waters. Ozanne, Woolley 
and Broyer (93) stated that bromine may substitute for 
chlorine but cannot replace it, while Broyer, Carlton, 
Johnston and Stout (126) also ascertained that bromine 
may partially substitute for chlorine at ten times the 
required chlorine levels.

Modern work, which has shown that chlorine is 
essential to plants, has complicated the effect of adding 
salt to the soil. It is not possible to say whether 
the supply of chlorins is adequate or not for maximum 
yields so some of the inconsistencies of results on 
applying salt to the soil may be due to the added 
chlorine.
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EXPERIMENTAL WORK

From the previous summary of work on the effect of sodium 
chloride on the sugar beet crop, the weight of experimental 
evidence would indicate that sodium chloride has a. beneficial 
effect on the sugar beet crop. While this evidence cannot 
be ignored there is a considerable variation in experimental 
results. The following experimental work is an attempt to 
explain these variations in results.

In considering the design of the experiment most of the 
previous experimental workers had chosen five cwt. of sodium 
chloride as the only rate used as a fertilizer dressing, but 
these workers did not advance any reason for selecting this 
rate. Modern experimental workers use two rates of ferti
lizer dressing compared with no fertilizer in almost all 
fertilizer experiments and past experimenters studying salt 
dressings did not work on these lines. In consequence, two 
and four cwt. of both sodium and potassium chlorides were 
compared with no fertilizer in the trials reported on here.

A centre was chosen where the soil potassium level was 
high. One of the reasons for this was to test the theory 
that sodium chloride only gives a response where the soil 
potassium level is low and another reason was to ascertain 
whether the sugar beet responds to sodium because of a need 
for that element alone or whether sugar beet has a general 
need for monovalent cations.
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EtfstYe^r's teperimegt. A&O

Method,

For the first year’s experimental work a site was 
chosen on a field at Elmwood Agricultural and Technical 
College, Cupar.

The field chosen was situated on the Cupar-Auchter- 
muchty road and had a north facing elevation. The field 
had a slight slope but not serious enough to affect the 
fertility. An area in the field approximately acre 
in extent was chosen for the site of the experiment.

The field had a previous cropping history as follows?
1959 sugar beet.
1958 barley.
1957 wheat.
1955 potatoes. 
195!? sugar beet.

As the field had previously been in sugar beet, it was 
in excellent physical condition for sowing sugar beet and 
was almost weed-free.

The field was ploughed during the winter. Cultiva- 
tions were undertaken during the spring andKthe field was 
rolled. Two soil samples were taken from the whole 
experimental area and these were subsequently analysed 
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for pH level, lime requirement, and available phosphorus 
and potassium content. The plots were then measured 
off according to the diagram in table 1. Each plot 
consisted of ten drills of sugar beet, each drill being 
twenty-six inches wide. The length of each plot was 
twenty-five feet and the width twenty-one feet eight 
inches. Thus the whole experimental area consisted of 
ten drills 3^0 feet long and ten drills 325 feet long.

The basal fertilizer dressing was applied on the 
20th April 1961. It consisted of four cwt. sulphate of 
ammonia (20.8^ N) per acre and four cwt. superphosphate 
(19^ per acre.

It would have been advisable to take all the soil 
samples for available sodium, potassium and phosphorus 
before the application of fertilizer but this was not 
possible and samples were not taken from each individual 
plot until April 22nd, which was before the sodium and 
potassium were applied, bht after the nitrogen and 
phosphorus ware spread. The results are in agreement 
with the samples taken before the nitrogen and phosphorus 
were applied except that the pH levels were lower in the 
later sampling.

Later On the 22nd April and on the 23rd April 
applications of three rates of sodium chloride and three 
rates of potassium chloride in all combinations were
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0 cwt. salt and 0 cwt. muriate of potash.
0 cwt. salt and 2 cwt. muriate of potash.
0 cwt. salt and cwt. muriate of potash.
2 cwt. salt and 0 cwt. muriate of potash.
2 wt. salt and 2 cwt. muriate of potash.
2 cwt. salt and cwt. muriate of potash.

cwt. salt and 0 cwt. muriate of potash.
cwt. salt and 2 cwt. muriate of potash.

4 cwt. salt and cwt. muriate of potash.
The layout of the combinations which were made at random 
is given in table 1. Each treatment was replicated 
three times.

The drills were ridged up on the 23rd April i960 
and the sugar beet seed variety Sharps Klein E, was sown 
on the 2h-th April i960 by a precision seeder at the rate 
of 5 lb. per acre. 15 ik

The results of the soil samples which were taken 
on the 22nd April I960 and on the 17th November i960 

are shown in tables 2 and 3» “She methods of analysing 
these samples were as stated below.

The available sodium, potassium and phosphorus were 
determined by using an ammonium acetate-acetic acid 
solution at pH This was prepared by taking a 
twenty litre flask, adding firstly MJOO ml. of distilled
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water and secondly, with continual stirring, 1200 ml.
of glacial acetic acid* Another flask was taken and 
5^ ml. of ammonia solution of specific gravity 0.88 
were dissolved in 1^60 ml. of distilled water and the 
flask was shaken while the ammonia solution was added. 
With continual stirring, the dilute ammonia solution 
was added to the acetic acid solution. The solution 
was allowed to cool and 12 litres of distilled water

were added. stUWï \v5\
10 gm. of the soil were taken and placed in a shak

ing bottle and JO ml, of the acetic acid-ammonium acetate 
solution were added. The bottle was then shaken for 
thirty minutes and the solution was filtered through a 
Whatman No. 3 (11 cm. diameter) filter paper into a 
conical flask. The filtrate was then used to determine 
the available sodium, potassium and phosphorus in the 
soil,

Sodiums The sodium was determined by the flame 
photometer.

Potassiums The potassium in the extract was also 
determined using the flame photometer. A comparison 
was made with a standard potassium solution. This was 
made by dissolving 1.9068 gm. of potassium chloride in 
distilled water and making the volume up to one litre 
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with distilled water. (This stock standard contained 
one mg. of potassium per litre). Volumes from one to 
ten ml. of this stock standard were taken and made up 
to one hundred ml. with distilled water. Thus a range 
of stock solutions were made.

The available potassium results were finally 
calculated in lb. per acre.

Phosphorus? 5" ml. of the filtrate previously 
mentioned was placed in a small beaker and one ml. of 
a molybdate reagent was added from an automatic pipette 
and was immediately mixed with it. The molybdate 
reagent was prepared by dissolving 3° gm* of ammonium 
molybdate [(WiPgeMoyOg^A HgQ] in 600 ml. of distilled 

water and to which 1000 ml. of concentrated hydrochloric 
acid of specific gravity 1.18 was added, the mixture 
being shaken. Wen the solution was cool, U00 ml. of 

distilled water was added.
The filtrate-ammonium molybdate mixture was mixed 

with three drops of a stannous chloride solution. This 
was prepared by dissolving a half gram of stannous 
chloride [SnCl2.2 H2°J in. ?0 ml. dilute hydrochloric 
acid prepared by diluting 200 ml. of concentrated hydro
chloric acid, of specific gravity 1.18, with 1800 ml. of

distilled water.
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The mixture of stannous chloride, the ammonium 
acetate-acetic acid and the filtrate was used to deter
mine the available phosphorus using the E.E.L. absorpto- 
meter. A reading was taken after 10 minutes and the 
instrument was set to zero using distilled water.

The standard phosphorus solution was made up by 
dissolving 0.0928 gm. of ammonium dihydrogen phosphate 
in the acetic acid-ammonium acetate extracting solution 
and the volume was made up to 1 litre with the 
acetic acid-ammonium acetate extracting solution. (Thus 
the stock solution contained 25 mg. of phosphorus per ml.). 
Volumes of between one and twenty ml. of this standard 
solution were made up to 100 ml. with the ammonium 
acetate-acetic acid solution and were used as standards.

The reading of the phosphorus on the scale was 
converted to lb. per acre.

pH determination? The soil samples were tested for 
soil pH and the results are shown in table 6. This was 
determined in water using a glass electrode and a soil 
to water ratio of one to two and a half was used.

The lime requirement was determined, where the pH 
v/as below 6.5} by shaking 20 gm. of soil with 50 ial. of 
0.0133 normal calcium hydroxide Ca(0H)g and leaving 
overnight, while another 20 gm. of soil was shaken with



83

JO ml, of 0.0233 normal calcium hydroxide and also left 
overnight. On the following day the pH of each suspen
sion was determined and the lime requirement, expressed 
as cwt. of calcium carbonate per acre, was interpolated 
on a three point curve.

The sugar beet plants brairded satisfactorily in 
the spring. The first plant population counts were 
taken on the 17th May 1950, before the crop was singled. 
The method of taking these counts was to use a four-foot 
garden bamboo cane. The exact length of this cane was 
carefully checked. The cans was then thrown down in 
the plot at random so that it lay parallel to the drills. 
A mark was made and the cane, was lifted and laid again 
end on towards the mark; this was repeated a. third time 
and the direction was arranged so that the three cane 
lengths remained inside the plot length. This was re
peated three times in each plot so that three drills and 
twelve feet of each drill were sampled in each plot. 
Counts of all the sugar beet in each twelve-foot length 
were made and the results were converted to number of 
sugar beet plants per acre. The final results are shown 
in table

Also on 17th May, samples of soil were taken from 
the surface of each plot^nd the electrical conductivity 
o« d Wi<t, s»> q«
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of the soil (the pC level) liras determined. The results 
are shown in table 5«

The sugar beet crop was singled on the 30th and 
31st May, i960, by two singlers. Considerable care was 
taken to ensure that the same number of drills in each 
plot were singled by each singler, and that the singling 
was carefully carried out.

Counts were taken for damage by the mangold fly 
(Pegomyia hyoscyami V. beta© Cur.) on June 3^d i960. 
The results were obtained by throwing a cane at random 
and talcing three cane lengths and repeating this three 
times, as in talcing plant population counts, except 
that the counts were stopped when forty plants had been 
counted. This procedure was adopted to give a fixed 
number of plants taken at random. The results are shown 
in table ?. As the intensity of damage was slight, 
spraying with DDT or dieldrin to eradicate the mangold 
fly was not considered worth while. The infestation 
cleared up soon afterwards.

On June 3rd i960 counts were made of the plant 
population after singling. The method used was similar 
to that for the plant population before singling except 
that -six lengths of drill were taken in each plot. 
These lengths were chosen from adjacent drills so that 
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three drills of sugar beet singled by each singler was 
chosen. The figures were used both to calculate the 
plant population after singling in terms of plants per 
acre and also to compare the numbers of plants left by 
each of the two singlers.

The results of the counts in terms of the comparison 
between the two singlers are shown in table 8 and the 
general results of plant population after singling are 
shown in table U.

During June and July a slight infestation of black 
aphis (Doralis fabae Scop.) became apparent. A few 
plants were affected but these were mainly situated in 
the outside row. Damage was slight so no protective 
spraying was carried out over the trial area.

No differences in the colour, habit or general 
appearance were noted. A small amount of damage by 
rabbits was apparent and a post and wire-netting fence 
was erected.

Virus yellows began to appear during late August 
and early September. Again it was decided not to spray, 
as the infestation was late. Observations were made of 
the amount of virus yellows and the damage in the plots 
was classified as severe damage, slight damage, or no 
damage at the date the observations were taken (?th Sep
tember, I960). There appeared to be no consistent 



86

pattern of damage , except that the virus yellox^s seemed 
to come from various sites of infection. Detailed 

observations are given in table 9.

Harvesting? The plots were harvested on the iMth to 
17th November by hand. The whole area was measured off 
into the Individual plots and the six centre drills alone 
were harvested, the outside two drills on either side 
being discarded. In each plot nineteen feet of each 
drill was harvested and three feet lengths of sugar beet 
at each end of every drill in each plot were not harvested. 
After topping the sugar beet the roots and tops were 
weighed separately.

A sample consisting of 30 roots was selected at 
random from each heap of weighed roots and ths samples 
were placed in a jute bag. Later the hag of unwashed 
beet was weighed and the weight of washed beet was 
determined and the sugar percentage, noxious nitrogen, 
sodium content and potassium content were ascertained.

The method af analysis was to weigh the sacks con
taining ths dirty sugar beet. This was carried out 
immediately prior to washing. The roots were then 
tipped into a rotary spray type washer and the weight 
of the empty sack was obtained. By deduction of the 
empty sack weight, the weight of dirty beat was ascertained 



37

After passing through the washer, the beet were reweighed 
to give clean weight and by difference "dirt tare”.

The clean roots were put through a multiple saw- 
machine which cut the roots in a random manner to produce 
a fine pulp (brei). 26 gm. of the brei was thoroughly 
shaken with 177 of basic lead acetate solution 
prepared from de-ionised water so that it had a very low 
sodium and potassium content. The mixture was allowed 
to stand for ten minutes after which time it was again 
shaken and then filtered to give a water-white transparent 
filtrate. The polarisation of this filtrate was ascer
tained using a Bendix-Ericsson electronic saccharimeter 
with a 20 mm. cell (or the older optical instruments with 
a ^00 mm. tube). Since it was assumed that 26 gm. of the 
sample contains 23 ml. of water, we were, in effect, 
examining a half normal solution. By employing a 20 mm. 
cell (or a hOO mm. tube), the reading obtained in terms 
of the International Sugar Scale gave sugar content 
directly as a percentage of the original beet.

An aliquot of the above filtrate was used to 
determine the noxious nitrogen colorimetrically by the 
method of Stanek and Pavlas in which the intensity of the 
blue complex formed with cupric iron was compared with 
known standards prepared from sodium glutamate.
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A further aliquot of the filtrate was used to 
determine sodium and potassium flame photometrically 
using an E.E»L. flame photometer and the results were 
corrected for residual sodium and potassium in the 
original lead acetate solution. The correction was 
very small and any increase was taken to indicate that 
the base exchange column required regenerating.

The dirt tare was calculated by subtracting the 
weight of clean beet in the sample from the weight of the 
dirty beet in the sample. The dirt tare results in 
pounds were converted to a percentage by dividing by 
the weight of dirty beet in pounds and multiplying by 
100. The weight of clean beet roots in each plot could 
then be calculated by Multiplying by 100 minus the dirt 

tare and dividing by 100.
We also had the results of the analysis of the sugar 

beet giving the individual sugar percentages. By multi
plying the weight of clean sugar beet roots by the sugar 

percentage we obtained the weight oi sugar per acre.
The results for sugar weight, root weight, and top 

weight were all expressed as lbs. par plot. The results 
were multiplied by 1^ to give weight per acre and the 
results were finally calculated as tons or cwt. par acre.

The Individual plot results are shown in table 10. 
The results for uptake of sodium and potassium in the roots 
are shown in table 12 and the noxious nitrogen results 
in table 11 •
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TABLE 1. Experimental layout 1960

H 23

22 F I 2U
ok« «> «»S ■W* nw «ew =ws« *K<a

21 G A 25

«M* -AM» •MU»» »W SKA' »W ISW -¡••*» wa* -ssmo

20 c E 26
- ... ~ ~ n
19 B D 27

II E 15
«*■» «W- —
13 F G 16

— — — — =-*=**««-*
12 C

-J
I 17

11 B D 18

10 A I 5

U C 6
*** «M» ««OM »<W K=?SB «»A» •waw »*»s4 mat»

3 E B 7
«1« a«* .-»»J wm a»>4 «m

2 H A 8
nat wm ®WM» «MM «*• «aaw ~w<t» ~asai ==«» «»«

1 D G 9

salt mrj^te_of 
potash

A 0 ewt a 0 cwt.
B 0 wt# 2 cwt.
C 0 cwt. k cwt*
D 2 cwt. 0 cwt.
E 2 cwt. 2 cwt.
F 2 cwt. if cwt.
G h- cwt. 0 cwt.
H 4 cwt. 2 cwt.
I if cwt. cwt.
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TABLE 2. Ayailable,potassium and sodium I960

Plot Treatment Available K
22 April 

in 
lb. per acre

Available K 
17 November 

in 
lb. per acre

Change in 
K status 
in lb. 

per acre

1
. 2

I

9
10
11
12

il

17
18
19
20
21
22

25
26
27

K^Nao 
KhW? 
Ma© Maf 
»
An tap 
Mak 
Va0

<kNa© 
Ma©
V 
s&> 

KqAHi, 
MaE 
Mai 
» 
52ja2 
^«»0

165 
225 
253
253 
22 5 
283 
150 
15o 
2^0 
200 
200 
200 
128 
253 
253 
213 
2 53 
200 
b-45 
300 
375 
263
213 
173 
2^0
225 
225

320

233 
253 
20 5 
1^5 
290 
213 
118 
180 
165 
21i 
185 
350 
283 
325 
»+80 
193 
165 
200 
35§ 
358 
180 
253 
253

+ 155
+ 170
- 5
- 20
+ 28
: 3
+ 1^-0
- 27
- 82
- 20
X ill

+ 137
+ 30
+ 125
+ 35
- 107 ;
- 210
- 63
+ 1^5
+ 185
~ 60
+ 28
+ 28

Results are expressed as lb. of available potassium per
acre.

Available sodium (22 April) = 11 mg. sodium per 100 gm.
soil (average result).
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results.

K
0 2 U mean

0 296 299 2'43 279
la 2 168 229 32^ 2k0

197 239 298 2^5

mean 220 256 288

SE of a marginal mean = - 31
SE of an internal mean = - 53

Change, in analysis K lb, per acre
K

0 2 mean

0 +31 +103 -33 . +37
Na 2 -28 * 15 +93 +17

«3 + 15 +81 +lh-
mean -17 + 3^ +47

SE of a marginal mean = i 35-9
SE of an internal mean = - 62
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TABLE 3. Available phosphorus i960

Plot Treatment Available P Available P Change in22 April 17 November P statusin in in lb.lb. per acre lb. per acre per acre

1
2 17

17
16 
lb-

- 1
3 2 5* 17KoNaij. W M

 
W© 13? Ki^ah 15 00 2 16 16 0Kn^p 15 1^ - 10 go;H 1? 1718

09 15 + 310 18 Ih- <M* «!-
n 5:0^2 17 16 - 112 A, S 18 16 - 213 KpNau 16 1U- - 2i^- KpaZ 2? 15 -1015 KpNa5 15 16 + 116 W 11 20 + 9
17 12 20 + 818 12 20 + 819 Ko^ 18 17 — 120 W 17 17 021 Kf^ao 16 15 - 122 19 18 - 123 
2M- Ke 17

17
18
17

+ 1 
025 BoBao 15 15 026

2.7
MaZ
KgNaQ

£>-CO 
H
 ri 15

18
— 2

0

Results are expressed as lb. per acre of available
phosphorus.
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s... of.the available JP results

H^l^aêJ^es_P_lb ». per acre
K

0 2 If mean

0 16 18 18 17
Na 2 15 16. 16 16

If 1? 16 17 16
mean 1? 1? I?

S3 of a marginal mean = *0.6
SE of an internal mean = * 1.06

Change in analysis P lb. per acre
K

0 2 mean

0 «2 +2 A +1
W 2 -1 +3 «If -1

h -3 -1 +3 0
mean »2 4-1 +1

SE of a marginal mean - *1.3

SE of an internal mean = - 2.3
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TABLE 4. Plant population figures I960

Plot 
number

Treatment Before 
singling

After 
singling

At 
harvest

17/5/60 3/5/60 16/11/60
1 4^,900 23,500 23,900
2 K4Na2 35?ioo 23,500 21,000
3 K2Ia2 55,6oo 24,000 22,300
4 41,600 22,700 22,600
5 V»4 55,600 24,800 23,100
6 44,800 25,100 22,600
7 K0Na? 64,300 25,100 23,800
8 KqUsq 45,900 25,400 23,900
9 47,000 24,300 23,900

10 51,800 23,000 23,100
11 ^0^a2 48,900 24,800 22,900
12 ^0^a4 42,100 23,500 23,100
13 K2M4 .50,200 23,500 2.3,900
14 k4^ 55?ooo 25,700 23,600
15 KpHa@ 53,500 0 22,300
16 I^Na0 48,900 25,100 24,100
17 52,900 25,400 23,100
18 K2Ia0 50,200 24,800 23,000
19 KqUSa 62,600 25,400 23,600
20 KqIH 52,900 25,100 22,600
21 KuNa0 62,600 24,800 24,400
22 54,500 25,900 23,500
23 51,800 24,600 22,500
24 54,000 24,300 22,300
2? KoNao 55,600 25,900 23,600
26 K?Na? 60,500 24,000 23,000
27 K2%

i .... -... ..

58,300 25,700 24,600
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Before singling
K

SE internal mean - i 4830
SE marginal mean = ~ 2790

0 2 4 mean
0 51,100 51,500 52,800 800

Na 2 58,600 56,500 >7,300 54,100
4 45, 500 49,800 45,200 49,800

mean 51,700 52,600 51 >00

After singling
K

0 2 1F mean
0 24,800 24,700 2>,700 2^,700

Na 2 25,100 2^600 2U>00 2% 800
4 23,800 24,800 2^,800 24,500

..mean 24 >00 2^,700 21,700
SE internal mean = t 580
SE marginal mean = - 340

At harvest
K

0 2 4 mean
0 23,500 23,800 24,100 23,800

Na 2 23,400 22,500 22,400 22,800
4 22,800 23,300 22,800 23,000

mean 23,200 23,200 23,100
SE internal mean = J 380
SE marginal mean = - 220
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TABLE pC levels I960
(negative logarithm of electrical conductivity)

Plot number Treatment PC

1 K^Wq 3^

2 K^Nag 3A
3 Kg Nag 3.4
4 V&4 3A5
? 3 A
6 3.4?
7 3.45
8 KqNsq 3.45
9 3.3

10 Kq^O 3A5
; 1 3.45
12 3.45
13 V*4 3A5
14 3.3
15 Kg Nag 3.4
16 K^IISq missing
17 K^Na^ 3.4
18 KgNao 3.4
19 ^Nag 3.4
20 Kq^ 3.45
21 3A5
22 KgNaij. 3 A
23 K^Nag 3.4
24 3.3
25 K0^a0 3.'+5
26 KgNag 3.3
27 K2Na0 3.3

j
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Summary of pC levels

K
0 2 3 mean

0 3A9 3.38 3.38 3.^
Na 2 3.37 3*37 3.39

3^5 3.32 3.37 3 Al
mean 3»W 3.39 3.37

SE of an internal mean = i 0.031
SE of a marginal mean ” - 0,018
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TABLE 6. pH levels I960

Plot 
number

Treatment aH
22 Apr. I960

nil
30 Nov. i960

Change 
in pH 
status

1 5.6 6.3 +0.7
2 K^a2 5.7 6 A +0.7
3 KpHa? 5.9 6A +0|5
U K0W^ 5.8 6.7 +0.9
5 5.6 6.3 +0.7
6 5A 6 A +1.0
7 K0Ha? 5.7 6A +0.7
8 Ma0 5.8 6.3 +0.5
9 5.6 6 A +0.8

10 K0Na0 6.0 6.8 -i-o.8
11 K0Na2 5.8 6.5 +0.7
12 KgNa^ 5.8 6.5 +0.8
13 K2Ha^ 6.0 6A +0 A

A^Ma2 5\9 6 A +0.5
1? K2Na2 5.6 6 A +0.8
16 K^Hag 5*6 6.3 +0.7
17 K^Nau 5.6 8.3 +0.7
18 K2Ha0 5.9 6 A +0.5
19 K0Ka2 5*9 6.6 +0.7
20 ^giia^ 5.8 6 A +0.6
21 K^Iao 6,0 6.3 +0.3
22 ^2-W 5.8 6 A +0.6
23 K^Nap 6.0 8.3 +0.3
2^ Ki^Na^ 5.8 6.2 +0 A

" 25 KgNao 5.6 6A +0.8
26 K2Na2 5.6 6.3 +0.7
27 K2Nag 5.5 6A +0.9

... i
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Summaries of the pH results

Mean final pH level. 
K

0 2 mean

0 V
a« 
\0 6 A 6.3 6*^-

Na 2 6.5 6A 6^ 6.U

M- 6*6 6A 6.3 6.5

mean 6*5 6 A 5.3

SE of a. marginal mean = i 0.037

SE of an internal mean = - 0.Oâ^

Mean change in pH level
K

0 2 h. mean

0 +0.7 +0.7 +0.6 +0.7

Ha 2 +0.7 +0.7 +0.5 +0.6

U +0.8 +0.7 +0.6 +0.7

mean +0.7 +0.7 +0.6

SE of a marginal mean = - 0.066

SE of an internal mean = - 1.13
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TAHLE 7• Mangold fly counts

Plot 
number

Treatment No. of affected 
plants per ^0 plants

1 K2% 2
2 K^Nag k
3 K2Na? 3
b- K0Maij. 1
? K^Na^
6 Kg Nai}. 2
7 KoNag 2
8 Kq^O 3
9 K^q 5

10 K0Ha0 1
11 Kq Na2 2
12 ^Na^ 10
U Kg Nai}. 7
1^ K^Nag 3
1? K2Na2 2
16 Ki,.Na0 1
17 1
18 KgN^ 8
19 K0Na2 l}.
20 KoNa^ 2
21 %Na0 2
22 KgNa^ 6
23 K^Nag 2
2^ K^Na^, 1

. 25 ■ . K0Wa0 1
26 KgÄag 2
27 KgNaQ 2
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SWiary of jaangol d fly count s

Numbes of affected plants per UP plants
K

C
M 

ca ‘ mean

0 5 12 8 8
Na 2 8 7 9 8

“r 13 15 6 11
mean 9 11 8

SE of a marginal mean = - 0.8
SE of an internal mean = - 1A
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Comparison of Singling Numbers i960TABLE 8.

Plot Treatment Nos. of plants in 36 ft. of row

Single? 1 Single? 2
1 K2Na0 h2 1+5
2 K^Nap >41+ ^3
3 KpNag 1+4
1|. Uo 1+1+

Kij.Na^ M+ M-8
6 kpNa||. L.?'.
7 K0Na2 1+1+ 1+9
8 K0Na0 ui+ 50
9 K^Nsq ^2 U8

10 KqNsq M)
11 KqN&2 i+7
TN K0Nai+ ui+
13 K2Nai+ U3 1+1+
iu K^Nag h6 1+9
15 K2Na2
16 K^Nsq i+ii. 1+9
17 K^Na^. 1+7 ^7
18 K2Nao i+i+ 48
19 K0Na2 1+9
20 K0Na^ 1+1+ 1+9
21 K1+Na0 1+5 ^7
22 K2 Nah. 4-9
23 Kl+Na2 Uh. ^7
2^ IMaii. ^3 ^7
2? K0Na0 1+5 51
26 KpNap M+ '^5
27 Kg Nsq h7
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Singler It Mean.effects. No. of plants in 36 ft, of row.

K
mean0 2

0 hX

Na 2 ’+5
u U2 H6 UH

raean *5 iiii.

«1«SE of a marginal mean = -1.3
SE of. an internal mean = ~ 2.3

Singler 2t Mean effects. No. of plants in 36 ft. of row.

K
0 2 H mean

0 U9 ^7 U8 U8
Na 2 U8 M *7

U6 U6 1-7 H6
mean b7 H7

SS of a marginal mean = »0.77
4"SE of an internal mean = - 1.33
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Virus yellows infestationTAELE 9.

Plot number
■ " " ■ ..

Treatment Degree of Infestation

1 slight
2 K^Nag nil
3 Kg Mag slight

KoNau serious (one drill only!5 ■ ' / - ‘ serious
5 K2Wah slight
7 K0W? nil
8 KqNr^ nil
9 K^Nao nil

10 KoNao serious
11 K0Nag nil
12 KoNai|. nil
13 KgNaif. slight
iA K^Nag nil
15 K2Na2 nil
16 £^1'% slight
17 K^Naii. nil
18 K2Na0 serious
19 EgNOg nil
20 K0NaU serious
21 Kl^O serious
22 KgNai,. nil
23 serious
2^ serious
25 : nil
26 KgNa2 nil
27 KgNaQ nil
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Yields per acre I960TABLE 10.

Plot 
number

Treatment Root wight 
tons/acre

Sugar % Sugar wt. 
cwt/acre

Top wt.
Tcns/acxe

1 18.8 14.6 54.9 13.5
2 K^Nag 20.6 14.9 61.3 14.0

' 3 Kg Nag 20.7 15.0 62.2 14.4
4 Kg Nai*. 20.fi 15.0 61.5 14.4
5 18.4 14.3 52.6 15.3
i KgNak 19.? 14.6 56.9 16.3
7 Kg Nag 19.6 15*4 6o .4 15.1
8 Kg Nag 20.? 15.3 62.7 14.1
9 Kl-Nso 19.1 15.1 57.5 14.0

10 KoNag 21.9 14.7 64.4 15.7
11 Kq Nag 20.9 15.2 63.4 15.0
12 KgNal|. 20.7 15.3 63.4 15.4
13 KgNa^ 20.6 15.0 61.7 13.8
14 ®+Nag 20.7 14.9 61.7 14.2
15 Kg Nag 20.2 15.2 61.4 13.6
16 K^Na0 18.4 14.4 52.9 13.55
17 Ki^Na^ 20.4 14.8 60.2 16.2
18 Kg Nag 18.1 14.7 56.0 14.6
19 Kg Nag 21.7 15.0 64.6 16.0
20 KgNa^ 19*3 14.7 56.6 14.9
21 K^Nag 19*6 14.7 57^7 153
22 KgNa^ 19* 4 15.3 59.4 14.1
23 I^Nag 18.9 15.0 56.7 15.2
24 K^Nai^ 18.7 14.5 54.5 15.5
25 Kg Nag 19.4 14.8 57-4 15.3
26 KgNag 21.3 15.2 64.5 17.3
27 Kg Nag 20.6 14.8 60.9 15.0
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Summary of results.

Sugar cwt» 
per aere 0 2

K
4 mean

0
Na 2
4__

61.5 57.
62.8 62.

.__ 604 59»
0 oxo

 
ko pxU

> 
Vxlrxlrx 

coo-,
 no

58.3
61.8* 
58-5mean

SB of
SB of 
cv =

Sugar per- 
cenbu/e ______

oi.o 59.8 57.2*
a marginal mean = - 1.0 
an internal mean = t 1,7 
5^.

K
0 2 4 1 mean

0
Na 2 Ij»

14.9 14.7 14.7
15.2 15.1 14.9
15.0 15.0 14.5

14.8
15.I
14.8mean

SE of
SE of
CV =

Tops tons
per acre __ ___

15.0 14*9 14,7
4“a marginal mean = - 0.09 

an internal mean = ¿ O.15 
1.8^.

K
2 4 mean

0
Na 2

4
15.0 14.4 14.3
15.4 15.I 14.5
14.9 14.7 15.7

14.6
15.0
15.Imean

SE of 
SE of 
CV =

Boots tons 
per acre

15.1 1477 ~. 14.8..
4*a marginal msan=- 0,31

an internal mean = ¿0/54
6.34

K
0 2 4 mean

0
Na 2

4
‘ 20.

20.
20.,

4 19.4
7 20,9
1 19.8

19.0
20.0
19.1

19.6
20.5 
19-7mean

SE of 
SE of 
CV -

\rA ‘Cod'S Ç, TkcA
X TA \ V Lei <</ C A 4a,

Sv C\a I \ Lit-A CL À

20.4 2070 I9.4
a marginal mean ~ ~ 0-337
an internal mean = - £1583
5.1% »

W > 44“^ ■ - t cl-

o4 tw Ax

AV S ° Í O M •

d \> X
>4<xC.\4 d
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12gloag^nitro.gen results I960TABLE 11.

Plot number Treatment Noxious nitrogen 
mg. per 100 g. sugar beet

1 V«b 20
2 20
3 K^Na^ 20

30
5 30
6 M-0
7 20
8 10
9 50

10 Ko^o 30
11 '0 2 k)
12 Kq Nau 30
13 Ig Na^ 30
19 ?
15 Uo
16 30
17 30
.18 Kg T% 20
19 1 r : ■: • ■ 10
20 Kq^ 20
21 K^Nsq 20
22 KgHa^ 10
23 K^Kag 20
2\ 20
25 30
26 K2Na2 ^0
2? 30
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nitrogen contents

sugar beet)

0 2 U mean

0 23 23 33 27
Na 2 23 33 20 26

U 27 27 27 27
mean. <3 28 27

SE of a marginal mean = ~
SE of an internal mean - - 7.75
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Eg.ycQntages sodium and -potassium 
in the roots

TABLE 12.

Plot number Treatment sodium, (as Na20) *
1 Kg Nao 0.020 0.23
2 K^Nag 0.020 0.2U
3 KgNa^ 0.02^ 0.23
H- KoNai^ 0.02*4- 0.21
5 0.032 0.23
6 KpNaj^ 0.032 0.22
7 KqN^ 0.026 0.17
8 KoHao 0.022 0.17
9 0.018 0.21

10 Kq^O 0 .022 0.19
11 Kq Nag 0.020 0.21
12 KqN^ 0.028 0.22
13 Kg Nau 0.020 0.21
1^ ' ïa2 0.022 0.2*4-
15 K2Na2 0.02*4- 0.22
16 K^Nsq 0.026 0.2*4-
17 K^Na^ O.O3O 0.26
18 KpNaQ 0 .02^- 0.22
19 ^N®g 0.022 0.26
20 0.026 0.21
21 0 .02^ 0.21
22 KpNa^ 0.020 0.22
23 Va? 0.02*4- 0.2*4-
2^ Ki,Nau 0.028 0.2*4-
29 0.022 0.19
26 KpNap 0.020 0.18
27 KgNaQ 0.016 0.20



is s uptakes pf potaasd^^

Uptake of potassium in the root (as % KgO)

K
0 2 mean

0 0.15 0.22 0.22 0.20
Na 2 0.21 0.21 0.2^ 0.22

U 0.21 0.21 0.2U 0.22
mean 0.19 0.21* 0.23 *

SU of a marginal mean = » 0.00? 
SE of an internal mean = * 0.012 
CV » 9.6^. I

Uptake of sodinia in the root (as % NagO)

K J 
mean0 2 1+

0 0.022 0.02Q 0.023 0.022
Ma 2 0 .023 0.022 0.022 0 .022

h- 0.026 0.02h- o .030 O.O27*

mean 0.02h- 0.022 0.025

SE of a marginal mean = - 0.0012
SE of an internal mean - ± 0.0021
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Discussion of Results

The application of potassium chloride lowered 
pC level in a linear manner, while the application of 
sodium chloride had no consistent effect. None of the 
results are below the critical level, which previous 
workers have stated to be pC 3.0.

Soil, analysis.
The pH, lime requirement, available phosphorus and 

available potassium levels were determined before 
sowing and after harvesting the sugar beet. There was 
a rise in pH level between the results from the soil 
samples taken inNautumn. This rise was about 0.6 to 
0.7, and appeared to be a seasonal difference. Neither 
sodium chloride nor potassium chloride applications had 
any consistent effect on pH levels. Potassium chloride 
applications lowered the final pH level in a linear 
manner but the differences were non-significant at the 
5^ level and were not reflected in the changes in pH levels.

Sodium chloride applications reduced the level of 
available phosphorus in the soil, while potassium chloride 
applications increased the level of available phosphorus 
in the soil. The differences were not significant at 
the 5% level.
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Applications of sodium chloride reduced the level 
of available potassium in the soil while applications 
of potassium chloride increased the level of available 
potassium in the soil. Again the differences in 
potassium levels were not significant at the level.

Singlers.
A comparison was made of the number of plants left 

by each of the two singlers, as singling may affect the 
plant population. The singlers left different numbers 
of plants, and these differences were significant at 
the % level. As each Ringler thinned exactly half of 
each plot, this would tend to cancel out any differences 
between the work of the two singlers.

Health.
The various treatments had no effect on the number of 

plants attacked by mangold fly, nor upon the incidence of 
virus yellows in the sugar beet crop.

Yield of„sugar•
The results for yield of sugar, for percentage of 

sugar and for weight of roots had coefficients of 
variation of J.O^, 1.8# and 5*1# respectively. Thus 

the results were extremely accurate and indicate that a 
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consistently even experimental site had been obtained.
The main effects of sodium and potassium fertili

zation were both significant at the 5% level (by the 
F test). The first two wt# of sodium chloride increased/ 

i 
the yield, of sugar by 3.5 cwt, per acre and. this result was 
significant at the 5X level. The second. 2 cwt. of sodium 
chloride increased./

The first two cwt. of muriate of potash reduced 
the yield of sugar by 1.8 cwt. per acre and the second 
two cwt. of muriate of potash reduced the yield of sugar 
by h-.M- cwt. per acre compared with the control. The 
total reduction in yield of sugar of M-A cwt. per acre 
was significant at ths 1X level, but the two individual 
results were not significant. The sodium-potasslum 
interaction was not significant.

Tops.
The coefficient of variation for the yield of tops 

was 6.3^ which is a good result although higher than 

the coefficients of variation for sugar weight, sugar 
percentage and root weight. This again indicated that 
the experiment was carried out on an even soil.

The application of two cwt. sodium chloride 
increased the yield of tops by OA cwt. per acre and the 
application of four cwt. sodium chloride increased the 
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consistently even experimental site had been obtained.
The main effects of sodium and potassium fertili

zation were both significant at the 5% level (by the 
F test). The first two wt. of sodium chloride increased 
the yield of sugar over the control by 0.2 cwt. per acre, 
which was a reduction in 3.3 cwt. per acre over the 
level obtained by the first two cwt. sodium chloride.

The first two cwt. of muriate of potash reduced 
the yield of sugar by 1.8 cwt. per acre and the second 
two cwt. of muriate of potash reduced the yield of sugar 
by hA cwt. per acre compared with the control. The 
total reduction in yield of sugar of 4 A cwt. per acre 
was significant at the 1M level, but the two individual 
results were not significant. The sodium-potassium 
interaction was not significant.

Tops.
The coefficient of variation for the yield of tops 

was 6.3^ which is a good result although higher than 
the coefficients of variation for sugar weight, sugar 
percentage and root weight. This again indicated that 
the experiment was carried out on an even soil.

The application of two cwt. sodium chloride 
increased the yield of tops by 0A cwt. per acre and the 
application of four cwt. sodium chloride increased the 



yield of tops by 0.5 cwt. per acre over the control. 
These results were not significant at the 5% level. 
Applications of potassium chloride decreased the yield 
of tops but again the decreases were not significant 
at the 5- level.

Sugar, percentage and root weight.
The results already given included the results for 

sugar percentage and root weight. Applications of two 
cwt. sodium chloride increased the sugar percentage by 
O.h/s but applications of four cwt. sodium chloride did 
not affect the sugar percentage. The effect of two cwt. 
per acre sodium chloride was not significant at the % 
level.

Applications of two and four cwt. sodium chloride 
increased the yield of roots by 0.9'fohSi per acre and 
0.1 ichs per acre respectively. These increases were 
not significant at the level.

Applications of two and four cwt. muriate of potash 
decreased the sugar percentage and weight of roots but 
the decreases were not significant at the 5^ level.

Uptake of sodium and potassium by the root.
Applications of two cwt. sodium chloride had no 

effect on the content of sodium in the root, but applica
tions of four cwt. sodium chloride increased the content 
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of* sodium in ths root by 0.005^ and this increase was 
significant at the level. Applications of two and 
four cwt. potassium chloride had no consistent effect 
on the sodium content of the root. The mean percentage 
of sodium in the root over all treatments was 0.02^ 
compared with a range of 0.01?^ to 0.0^ in the 
experiments of the Sugar Beet Research and Education 
Committee 19^0-5*

Applications of two and four cwt. sodium chloride 
increased the potassium content of the root by 0.02$ but 
this increase was not significant at the 5$ level. 
Applications of two and four cwt. potassium chloride 
increased the potassium content of the root in a linear 
manner and the increases were significant at the 5$ level. 
The mean percentage of potassium in the root, averaged 
over all treatments, was 0,21$ compared with a range of 
0,15$ to 0.5$ in the experiments of the Sugar Beet 
Research and Education Committee

Noxious nitrogen.
Neither sodium chloride nor potassium chloride

applications had any effect on the noxious nitrogen 
content, although the noxious nitrogen content where no 
potassium was applied was lower than any of the other 

results.
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Plant population.
Although the plant population figures do not agree 

with one another, there was a reduction in standard 
error as the season advanced, indicating that as the 
sugar beet grew, the plants could be counted more easily 
and thus the standard error would be large just after 
brairding and small when the plants were full sized.

The results taken before singling indicated that 
the treatments had no significant effect at this stage. 
The counts taken immediately after singling also produced 
no significant differences at the level, but the counts 
taken at harvest time reveal decreases in plant population. 
Applications of both two and four cwt. sodium chloride 
reduced, the plant population by 1000 and 800 plants per 
acre respectively, and this reduction was significant at 
the level. Applications of two and four cwt. potas
sium chloride had no significant effect.

There is no indication why sodium chloride had 
reduced the plant population but this reduction is 
confined to sodium chloride and it occurred between the 
time of the second plant population counts (three days 
after singling was completed) and harvest time.
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SECOND YEAR’S EXPERIMENT 1961

MeWod.

For the second year’s experimental work, a site 
was chosen on a field at Elmwood Agricultural and 
Technical College, Cupar, not far from the site of the 
first year’s experiment.

The field chosen was situated at the back of 
Elmwood and had a north facing elevation. The field 
was flat at the south end but sloped gradually towards 
the north end. At the east and north ends of the field 
there was some shading by trees, but most of the sugar 
beet affected was outwith the experimental area. The 
whole field approximately f acre in extent was filled 
with sugar beet but the end drills and a small part of 
the ends of each drill acted as guard areas for the 
sugar beet experiment..

The field had a previous cropping history as follows? 
i960 : carrots.
1959 » beetroot.
1958 : cabbage.
I951+-7 • various market garden crops.

previous to 1953 : old pasture.
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The field was in a high state of fertility following 
ths carrots, but there were many weeds in particular 
Chenopodium album and Urtica urens.

The field was ploughed during the winter and was 
left for some time. In spring the field was grubbed 
three times, twice in a north-south direction and once 
in an east-west direction. A double harrowing was given 
in a north-south direction and the land was drilled in a 
north-south direction for sugar beet on the 27th April.

Soil samples were taken from each individual plot 
on Uth April 1961, before the land was grubbed or 
harrowed. The plots were measured off according to the 
diagram in table 1 and applications of sodium chloride 
and potassium chloride were made on the flat on the 
7th April T ea<s

-o V> » \ a i f \*5 X A $ f

The applications of three rates of sodium chloria® 
and three rates of muriate of potash were made in all 
combinations as under

0 cwt. salt and 0 cwt. muriate of potash.
0 cwt. salt and 2 cwt. muriate of potash.
0 cwt. salt and U cwt. muriate of potash.
2 cwt. salt and 0 cwt. muriate of potash.
2 cwt. salt and 2 cwt. muriate of potash.
2 cwt. salt and cwt. muriate of potash.
U cwt. salt and 0 cwt. muriate of potash.
h- cwt. salt and 2 cwt. muriate of potash,

cwt. salt and cwt. muriate of potash.
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The layout of the combinations which were made at 
random is given in table 1. Each treatment was replicated 
four times. The experimental, area consisted of 36 plots 
arranged in four blocks of nine plots each. Each plot 
was eight drills, each 26 inches wide and twenty-two 
feet long, therefore each plot measured 22 ft. X 17 ft. ^in. 
Each block consisted of eight drills 193 feet long.

Applications of the basal fertiliser treatments 
were also made before ridging. The nitrogenous basal 
dressing, which consisted of ? cwt. per acre nitrochalk 
(containing 21^ N), was applied on the 12th April and 
the phosphorus basal dressing consisting of 5 cwt. per 
acre superphosphate (containing 20^ ^2®^ ws aPP^e^ 
on the l^th April.-

The drills were ridged up on the 27th April and 
the sugar beet seed variety Sharps Klein E was sown 
with a precision seeder at the rate of ? lb. per acre.

The soil samples, which had been taken for analysis 
before the fertilizers were applied, were then analysed 
for pH level, available sodium, available phosphorus 
and available potassium. The methods used were identical 
to those employed in I960 and have already been described. 
The results of the analyses in each individual plot are 
shown in tables 3, ? and 6.
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The sugar beet plants brairded satisfactorily in 
the spring* The field was visited on the 2hth May when 
samples were taken in order to determine the electrical 
conductivity of the soil (pC level). KVThe results are 
shown in table 8. \o WoA

On the 31st May 1961, plant population counts were 
mads. These were obtained by using a four-foot bamboo 
cane to measure the rows and then taking counts. The 
method was similar to that employed in I960 where the 
cane was thrown down at random and three cane lengths 
measured in one drill, but this procedure was repeated 
four times instead of three in order to increase the 
accuracy of the experiment. Thus forty-eight feet of 
drill were measured and the results, calculated as 
numbers of plants per acre, are shown in table 2.

The sugar beet crop was singled on the 1st, 2nd and 
6th June 1961. The first three blocks were singled by 
one singler but the last block was partly singled by the 
same singler and partly by a second singler. The results 
of the number of plants left by the singlets are shown 
in table 7«

Counts were not taken for mangold fly damage, as no 
plants were observed to be affected by mangold fly in 1961.

Owing to a small amount of damage by hares, a post 
and wire fence was erected around the plots on 27th and
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28th Juns 1961* Ths damage by hares and rabbits was 
greatly curtailed.

On 13th July 1961 plant counts were again made.
It was decided that a different method should be adopted 
in order to try to reduce the error. The procedure was to 
take the centre six drills and to count all the plants 
in these drills in each plot except for the three feet 
at either end which was measured off by a bamboo cane.
Ths length of drill counted thus approximated to the 
area to be harvested.

During the latter part of July and during August, 
there was an infestation of black aphis (Doralis fabae 
Scop.). The infestation was only serious on a few 
plants, and it was decided that it was not worth while 
spraying.

The weed infestation, particularly of Urtica ureas, 
was so serious in August that it was necessary to pull 
the weeds out by hand on the 16th, 17th and 18th August.

Virus yellows were first seen in the sugar beet on 
the 16th August. It developed slowly so that by the 25th 
August it was only noticeable in plot % block 1 (treat
ment Ki^Na^) although there were plants slightly affected 
by virus yellows in nearly all plots.

The sugar beet crop was harvested on 23rd, 2^th and 

25th October. Six centre drills in each plot were 
harvested and a length of sixteen out of twenty-two feet
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was taken. The sugar beet was pulled, topped end 
heaped and the weights of roots and tops were taken 
separately. Samples of between twenty and twenty-five 
roots were placed in bags and analysed for tare weight, 
sugar percentage, noxious nitrogen, sodium content and 
potassium content. The method used was identical to that 
employed in I960 and has already been described.

While the sugar beet roots were weighed, they were 
also counted and the lumbers of plants per acre were 
calculated.

Soil samples were taken on the 1st December 1961 
and were analysed for pH level, lime requirement, avail
able phosphorus, available potassium and available sodium. 
Two general samples were taken, one from the i960 experi
mental site and one from the 1961 experimental site and 
were analysed for organic matter by determining the loss 
on ignition. The soil analysis results are shown in 
tables 3? ^5 5 and 6.

Results for root weight, sugar weight, top weight 
and sugar percentage are shown in table 9, while results 
for noxious nitrogen content are shown in table 10 and 
results for uptake of sodium and potassium by the root 
are shown in table 11. The plant population counts at 
harvest are given along with the other plant population 
counts in table 2.
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TABLE 1. Layout of plots 1961.

9 
Kipiap

10
KpHai^

27 
KpHag

28
KoMa2

8
KgNa^

11
K2Na0

26
Kipia2

29

7
^oNao

12
KqI^rj^

2^
K0Na2

30
K0Na0

6 
^Na^.

13 
KgNag

2U
K^Nag K^Nag

1^ 23 
KQNai4

32 
KgNai.

K2Na2
15 r 

K-gNap
22

KgNa^.
33

K2Ma0

3 K äHä«

16 23
£oNao

3^+ 
KgKau

2
K^Oq

17 20 35 
KoNa«

1 .
Kgi^ag

18 = 
K||Nâg

19
Kg Nag

'M l— HT XÄmiSils«

36 
K^Na2

I II Ill IV



121

TABLE 2. Plant population counts 1961.

Plot Treatment Before 
singling 
31/5/61“

After 
singling 
13/7/61

At 
harvest 
2kA0/61

1 Kg Nap 1295k70 21,900 22,780
2 12k,630 23,600 26,120
3 KgHaQ 110,110 23,100 25,080
k K2Na2 111,320 21,200 2k,860
5 105,270 21,900 22,990
6 K^a^. 75,020 22,100 23,610
7 Wa0 71,390 21,600 21,730
8 KgLa^ 70,180 22,500 2ktk50
9 Via2 81,070 20,300 21,520

10 ■ 12k,630 23,100 23,610
11 K2Na0 83,170 22,700 23,610
12 KoNai,. 85,910 21^0 22,370
13 Kg Nag 9k, 380 22,700 25,280
Ik 90,750 23,800 25,500
15 K_Na^2 2 83,k9O 23,100 25,080
16 KgNag 8k,700 2k,500 2k, 2M

17 10k,060 2k,900 25,500
18 Va2 90,75«) 20,300 21,310
19 83,k9O 23,200 23t610

to 110,110 25,100 26,550

$0^0 88,330 26,koo 27,160

22 8k,700 26,500 26,330

23
«o^. 82,280 27,300 2k,860

2k M®0 81,070 28,000 28,000

25 Kq Nag 87,120 26,000 26,330

26 100,k30 25,100 25,910

27 Kglao 89,5ko 2k, 500 22,780

28 KoNa2 68,970 2k,000 2k,k50

29 K^Ha^ 83,k9O 25,k00 25,910

30 KoNao 75,020 2k,900 25,910

31 Kl^ao 78,650 2k,200 25,080

32 KqN^ 91,960 2k,700 25,080

33 K2NaQ 89,5+0 25,600 2k,2k0,

3^ K2Na4 87,120 26,500 2k,660

35 KpNa? 81,070 2k, 500 23,820

36 K^Nap 102,850 2k,300 2k,030
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Sumaaries-^plant population counts

Before singling
K

SE of a marginal mean - - 4700
SE of an internal mean = ~ 8140 CV = 17.8^.

0 2 4 mean
0 82,280 93,090 97,100 90,820

Na 2 22,570 89,843 93,780 92,060
4 82,580 92,870 97,410 90,950

mean 85,810 91,930 96,100

After singling
K

0 2 4 mean
0 23,900 24,000 25,200 24,4oo

Na 2 24,100 23,000 22,500 23,200-
4 24,000 24,550 24,0 50 24,200

mean 2^,000 23,800 23,900
SE of a marginal mean = ~ 3°0
SE of an internal mean = 1 53° 
CV =

At harvest

SE of a marginal mean = - 380
SE of an internal mean = - 06O 
cv = 5.M.

0 2 4 mean
0 25,020 23,930 26,170 25,o4o

Na 2 24,450 24,3^0 23,190 23,660
lx. 24,190 2^,550 25,240 24,660

mean ^ 550 - 24.270 24,870
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TABLE 3. pH levels 1961,

Plot Treatment pH W61 pH 1/12/61 Change in pH

1 Vs 6A 6.5 + 0.1
2 K^a0 6A 6,6 + C.2
3 ^0 6*3 6,7 + 0.U
U 6.2 6,7 + 0.5
5 6.1 6.5 + °
6 6 A 6.6 + 0.2

1 7
1 K0Na0 6.2 6.3 + C.l

8i K0ö% 6 A 6.5 + 0.1
9 6.1 6.5 + Ojr

10 K2Nau 6.0 6A + 0
11 6.1 6.5 4- oA
12 K0K% 6.3 6.6 * 0.3
13 ^o^ao 6.3 6.5 + 0.2
1W ' 6A 6.7 + 0.3

KgNag 6.3 6.9 + 0 »6
16 K0Ha2 6.1 6.8 + 0.7
17 K^o 6.7 6.8 + 0.1
18 K^Nag 6.1 6.7 + 0.6
19 Kg Nag 5.9 6.9 + 1.0
20 6.1 7^ +1.3

21 j KqNHq 6.1 7.1 + 1.0

22 V% 6.2 6.9 + 0.7

23 V% 6.0 6.9 + 0.9 A.
2U Vao ' 6.0 6.9 + 0.9

25 Va2 5.8 ] 6.7 + 0.9
26 Va2 5.8 - 6.6 + 0.8

27 K2% 5.9 6A + 0.5

28 K0Hag 5.8 6.8 + 1.0

29 V% 5.7 6,8 + 1.1

30 K0NaQ 5.6 6.9 + 1.3
31 Vao 5.7 6.6 + 0.9
32 Kgla^ 5.7 6.5 + 0.8

33 K2Na0 6.1 6.7 + 0.6
ÿv K^a^ 6.2 6.8 + 0.5

35 KgNa2 5.8 6.8 + 1.0
36 । 5.9 7.1 + 1.2
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Mean results

Final pH
K

._ 0 2 mean
0 6.7 6.6 6.7 6.7

Na 2 6.7 6.8 6.7 6.7
h- 6.6 6.7 6.9 6.7

mean 6.7 6.7 6.8

SE of a marginal mean = t 0.08
SE of an internal mean = ■t 0.10

Change in pH
K

0 2 mean
0 + 0.7 + 0.7 + 0.7 + 0.6

Na 2 + 0.7 + 0.8 + 0.8 + 0.8
+ 0.5 + 0.7 + 0.8 + 0.6

mean + 0.6 + 0.6 + 0.7

SE of a marginal mean = t 0.06
SE of an internal mean = t 0.096

Loss on Ignition 1961-2

I960 site - 6.7
1961 site - 7.2
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§pil„analysis results?
K in lb« ner acre

TABLE 4

Plot. treatment Available K 
4A/61 Available K 

1A2/61 Change in 
K status

1 kok‘2 1238 462 - 776
2 935 503 - 4.32
3 750 425 * 325
4 K2Ea2 750 386 - 364
5 695 386 - 309
6 ■ 750 386 - 364
7 Ko^aQ 935 282 - 653
8 Va4 775 246 - 529
9 K^Na9 750 322 - 428

10 K2N% 750 313 • 437
11 K2Wa0 750 289 - 461
12 ^q^&4 695 24o - 455
13 ^0N®0 775 386 - 389
14 750 462 - 288
15 ^2^ 750 503 - 247
16 KnI^0 2 775 750 - 25
17 775 1238 + 463
18 K^lag 1125 750 - 375
19 935 690 - 245
20 1238 1238 ’ nil

21 K0Na0 1238 545 - 693
1 22 KglSa^ 750 425 - 325
23 K0Sa^ 5® 386 - 364
24 KuKa0 5® 5M - 8
25 Kol\ 518 425 - 93 '
26 K^g 553 386 - 16?
27 600 386 * 214
28 K0Na2 695 5+5 - 150
29 K^Nai.' 5181 462 - 56
30 ^0^*0 643 640 - 3
31 K^a0 643 425 - 218
32 750 386 — 364
33 K2Na0 750 462 - 288
34 KgNa^ 750 590 - 160
35 K2na2 750 503 - 24?
36 1^2 750 690 - 60



129

Mean results

Available K at harvest time
K

0
Na 2

4
mean

0
>+63 
5M 
315 
44o

2
391
521
429
W7

4
678
537

637
617

mean
511
534
460

SE
SE

of
of

a marginal
an internal

mean =
mean =

1” 62
± 107

Change in K
K

0
Na 2

4
mean

0
- 435
- 261
- 428
- 375

2
- 322
- 276
- 322
- 307

4
„ 49
- 2 58
- 163
- 357

mean
- 269
- 265

- 304

SE
SE

of 
of

a marginal mean = 
an internal mean -

+ 57
± 98
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Soil analysis results:
available Na in mg. per 100 gm. soil

TABLE 5.

Plot 1 reatment Availabl e Na 
4/4/61

Available Na 
1A2/61

Change in 
Na status

1 r,
 

o p M 6.0 10.3 + 4.3

2 Va0 4.8 14.5 + 9.7

3 K2ra0 6.5 11.5 + 5.o
if. 1 5.o 14.5 + 9.5
5 | 3.8 16.3 4-12.5

6 5.3 16.0 +10.7
i 7 1 KnNan 0 0 i 6.0 13.0 + 7.0

o Q VH 1 5*5 13.0 + 7^

9 Va2 3.3 14.5 •410.7

L io K2^®4 5.0 14.5 4 9.5

| 11 K2^a0 5.o 13.8 4 8.8

12 Va4 4 .o 13.5 4 9«5

13 Ma0 5.o 13.8 4* 8.8

14 K^Na^ L o 17.0 413*o

15 ^2^a2 3.8 16.0 +12.2

16 j^Na^ 5.o 9 } +17.5

17 K^Hq 10.0 13.8 + 3.8

18 K^llag U.5 15.0 +10.5

19 i ¿6 d.
6 ,o 14.5 + 8.5

1 20 
i • ^.5 16.0 i +11.5

’ 21

l 3.8
15.0 ; +11.2

I 22 K2Na4 3-81 15-5 +11.7
i
| 23 VH 5.3 20.0 +14.7
i 24 $4% U.8 17.0 +12 »2

25 KQNa2 5.3 13.8 + 8.5

! 26 K^Na^ 3*8 14.5 +10.7
| 27 Va0 ^.8 11.5 + 6.7

28 KnNao o ¿. 5.0 18.0 i +13.0

29 l+.o 14.5 +10.5

30 KQWa0 3.8 12.0 + 8.2

Vao ^.3 1^.3 +10.0

1 32 3.8 15.5 +11.7

33 K2Na0 h-.8 14.5 + 9.7
I 34 >+.3 17.0 +12.7
\ 35

K2Na? ^.0 15.5 +11.5
\ I 36 H*5 1 17.0 +12.5
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Mean results.„»■¡fr. ■--«

Final, available Ila ,stains 
K

0 2 u J mean

0 13.5 12.8 1X9 13.7

Ka 2 16.2 15.1 15.3 15.5

15.5 15.8 16.0 15.8

mean 15.1 1M 15 A

S3 of a marginal mean - 
SE of an internal mean ~

t 0.66
t 1.15

Change in Na^stat^.

0 2 mean

0 + 8.8 + 7.6 + 8.9 + 8 .U

Na 2 + 10.8 + io .U * 11.1 + 10.8

if + 10.9 + 11.2 4- 11.9 + 11.3

mean ~ + 10.2 + 9.7 + 10.6

SE of a marginal mean = - y.^o 
SE of an internal mean ~ - l^
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TABLE 6. Soil analysis results»
Available phosphorus in lb» ner acre

Plot :treatment Available P 
4A/61 Available P 

1/12/61
Change in 
P status

1 Va2 22 32 + 10
2 Vao 13 3-3 + 30

3 K2% 8 38 + 30
4 8 14 + 6
5 K^Na^ 14 25 + 11
6 KoNav¿2 'T 6 26 + 20
7 K0Ka0 11 23 + 12
8 19 23 + 4

9 Va2 22 22 nil«,
10 3 24 + 21

i 11 k2m0 2 26 + 24
i 12
! 13 2 5 + 12

13 4 28 + 24
1 1U 8 4o + 32

15 5 200 +195

16 KoNa2 6 110 *104

17 Vao 3 110 +107
18 Va2 9 130 +121

19 K2Na2 12 180 M68
20 11 130 +119

i
21 Va0 14 180

i
+166

22 K2N% 8 90 + 82
23 If 42 + 27
24 Vao ¿2 ^3 + 21
25 Va2 37 37 nil.
26 Va2 13 44 * 31
27 Va0 31» 29 - 5
28 Kolfe2 11 36 + 25
29 4 42 + 3ß
30 Ko^ao 4 110 +106
31 Vao 35 39 + 4
32 Kos% 15 37 + 22
33 7 37 + 30
34 KA2 4 25 23 - 2
35 K2Na2 20 23 + 3
35 Va2 9 22 + 13
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Mean Results.

Available P at harve st.._ time
K

0 2 ____ ____ mean

0 85 33 59 59

Na 2 io’-^ 55 71

U 32 M. 59 hh-

mean 1 57 59 58

SE of a marginal mean " - 1^
SE of an internal mean - - 2^.5

Change fa P.

0 2 mean
-—— -- ”-i_

0 + 77 + 20 + Ml + U6

fa 2 + 35 + 93 •I* M. + 56

u + 16 + 30 + 50 * 32

mean + ^-3 + U8 1

SE of a marginal mean ~
SE of an internal mean =

t m
i 25
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TABLE 7. Comparison of singling numbers

\ *

How 1
Singler A

Row 2
Singler B

Row 3 
Singler A

Row H 
Singler A

H 30 27 26 30
E 30 26 26 33

F 31 25 31 29

D 27 30 29 30

C 25 29 27 29

G 30 31 25 26

A 31 31 27 2U

I 31 28 2? 27

n 2? 23 27 2U

Total numbers of sugar beet plants in one drill of

the plot.

Singler At S3 of a marginal mean ~ - 0.79
SE of an internal mean = * 1.36



13?

pC levels taken 2^th. May 1961TABLE 8.

Plot Treatment pC Plot Treatment pC

1 3.1 19 % 3.05
2 V®o 3.05 20 K^Na^ 2.9
3 Kg Nao 3.1 21 KoNsq 3.05
h. Mg 3.0 22 KgNa^ 3.0
5 2.9 23 KqN^ 2.9
6 IK ;,^s 2.8 2^ 3.0

7 3.1 2?. 3.2
8 KqW, 3.0 26 3.05

9 K^Nag 3.15 27 Kg Nao 3.2
10 KgNa^ 2.9 28 KoNag 3.1?

11 Kg Nao 3.0? 29 Kl^ 3.2
12 K()H 2.95 30 KoNao 3.3
13 3.05 31 KV% 3.1
1W KuNsk 2.9 32 KgNa^ 3.2

15 ■ 2.9 33 KpNaQ 3.2
16. KoNag 2.95 3M- K2Na^ 33
17 2.9 35 Kg Nag 3.0?
18 K^Kag 2.95 36 Kij.Nag 3.15
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Mean Results

K

0 2 U means

0 3.13 3.1^ 3<oi 3.09

Sa 2 3.10 3.00 3.08 3.06

3.02 3.oo 2.98 2.99

means 3.08 3.0? 3.02

SE of a marginal mean = - 0.01H- 
SE of an internal mean = ~ 0 «0^ 

CV = 2.^.
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1AM 9 Harvest, weights

Plot Treatment Hoots 
tons/aere Sugar % Sugar wt. 

cwt/acre
Top 
tons/acre

1 14.0 15.8 44.2 21.8
2 E4Nao 18.7 15.6 58.3 24.6
3 Va0 16.6 15.5 51.4 20.8

1 4 18.5 16.1 59.7 21.3 •
5 16.3 15.5 50.7 19.8
6 K2HaU 16.0 16.3 52.1 17.6
7 ^0Na0 13.5 15.9 42.8 18.0
8 13.7 15.8 ^3.3 18.1
9 Va2 10.2 15.9 32.3 15.0

10 K2W4 10.0 15.7 31.3 17.4
11 11.7 16*0 37.3 15.8 ■
12 Va4 15-0 16.7 50.2 ■ 18.9
13 KoHao 14.8 15.8 46.7 19*3
14 18.0 15.6 56.1 21.5
15 fJaA2 2 j 17.5 15.8 55.4 24.2
16 17.6 15.4 54.2 21.6
1?. V»o 18 >6 14.8 55.0 24.0
18 K^Ka^ 15.8 15.8 M.9 | 20.7
19 K2^a2 14.3 1^.5 41.6 | 24.8
20 Va>t 17*9

•
14.3 51.1 33 A

21 V*0 14.3 15.2 ^3-3 22.0
22 K2Na4 14.7 15.4 45.4 28.0
23 «oH ■ 14.8 15.5 45.8 18.1
24 14.9 15.8 46.9 28.2
25 Ke% 13.4 15.6 41.9 23.0
26 4%. 12.8 15.2 38.8 24.6
27 V80 9.2 15.1 27.6 18.9
28 7.3 14.9 21.7 14.6
29 V% 8.7 15.1 26.3 16.5

30 Vo 8.8 14.6 25.7 14.6

31 Vo 12.0 15.1 35-3 21.0

32 V% 10.0 15.9 31*9 18.6

33 Vo 10.6 14.9 31.4 17.3
34 v% 11.2 14.7 32.8 19.8 '
35 Vi 13.1 15.2 39.8 16.4
3$ Va2 12.8 15.8 40.6 17.4 

*■ .1 .. ■> ■—



Summary of results

Roots tons 
• fi§£acre .

K
1 0 2 4 ____mean

0 12.9“ 12. 0 16.1 13.7
Ka 2 13.1 15.9 12.9 14.0

4 13.4 13.0 - 13.9
mean 134 13.6. . 14.7

SE 0.68
1.17

cv
of a marginal mean 
of an internal mean

Sugar per 
centage

K
0 2 4 __ mean

0 ~ 1
Na 24

15.4 '15.4 154
15.4 15.4 15.7
16.0 15.5 154

15.4
15.5
15.5

mean
SE of
SE of
CV “ '

1576 15.4 15.4
a marginal mean = 0.11
an internal mean = - 0.20 
?.7^. ।

Sugar cwt. 
per .acre

Ha 2
__ 4
mean

SE 
SE 
cv

0_39.6

4T70”

Tops tons, 
ner acre J 0

0 18.5
Na 2 20.3

4 18.4
mean 19 4

of a marginal 
of an internal 
- 17^.

K
2 4 mean
36.9 49.1 41 «9
49.1 40.4 43*3
40.4 46.1 43.1
42.1” 45.2'

mean = t 2.10
mean - t 3.64

K
2 4 mean
18.2 24.5“ 20.4
21.7 19.4 20.5
20.7 22.8 20.6

0

SE of a- m<xtqvnal mean = 
SE of anidgtnal mean - 
CV = 14.2^.
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TABLE 10. Noxious nitrogen: mgm. per 100 beet.

... ..r
Plot Creatment Noxious 

nitrogen
Plot 'treatment Noxious 

nitrogen

1 Va2 30 19 K2Ba2 HO

2 Vao M 20 IL Ha*¡+ q. 30

3 Vao Uo 21 v% 30

U k£&2 l+o i 22 v% 30

5 K. Ha, 4 4 1 ?3 K Na* 0 4 30

1 $ KJTa*2 4 30 2U 30

I 7 Va0 Uo 25 K0Ha2 30

! 8 V% 30 26 Vs 20

1 9 Va2 30 27 Vao 20

10 30 28 Ko“a2 20

11 X2% 30 29 v% 20

12 v% Uo 30 KoHao 30

13 Vao UO 31 K* Na_4 0 30

| 1^ v% Uo 32 Ko!% 30

15 Va2 33 K2Ka0 30
1 16

VS Ho 3^ 30

17 Vao Ho 35 K2Ha2 30
| 18

Va2 30 35 Va2 30



Noxious nitrogen suwaary.

K

■ 2 1+ 1 mean

0 35 30* 35 33

Na 2 30 38 28* 32

33 30* 33 32

mean 33 33 32

SE of a marginal mean - -1*3 
SE of an Internal mean = * 2A

CV = 1^.7%.
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Moot corpositionTABLE 11.

■ .. ...
Plot Treatment % Sodium 

(as Na^O)
% Potassium 
(as K?0)

1 0.022 0.33
2 0.020 0.33
3 Vao o .017 0.29
* 0.023 0.31
5 ft. 029 0.36
6 ^2^ab <\0b6 0.33
7 Vao 0.027 0.33
8 K0K% $.029 O.26
9 Va2 0 .022 0.27

10 Vab 0.022 0.27
11 K2% 0.01 J 0.2b
12 K0H% o.oi6 ' 0.26
13 Vo o .017 0.29
lb- o .018 0.33 i
15 &2^a2 0.017 0.32
16 Va2 o .017 0.32
17 Vao 0.016 0.38
Mt*

Vag o .018 ■ 0.33
19 Va2 0 .025 O.b2
20 v% 0 .029 - O.38

21 KoHao Q .0b6 O.b2i
22 V\ O .029 0.38
23 V*b 0.037 O.i.
2b Vao 0.035 0*37
25 K Na0 2 O .028 0.35
26 K Kab 2 0 .021 0.39
27 K Na2 0 0 .023 0.37
28 K Na„0 2 Q.025 0.37
29 V% O.030 0.39
30 KoIiao 0.030 1 0.35

31 Vao 0.023 0 .b2
32 KM 0 b 0.033 O.bl
33 K Na„2 0 $.028 o.bo
3b- V\ $.037 O.b5
37 K Na2 2 0.035 O.b7
35 K Nab 2 0.029 O.b5



Sodium percentage in the root (^N^gO)

K

0 2 k mean

0 o.o 30 0.021 0.02k O.O25

Ha 2 0.023 0.025 0.023 o .02k

k 0.029 O.O33 ^027 o .030 r

mean 0.027 0.026 0.025

SE of a marginal mean - - 0.0015
SE of an internal mean ~ - 0.0028
CV « 21.3^. t

Potassium percentage in the root Kgu)

K

0 2 k mean

0 0.3? 0.33 0.38 0.35

Ha 2 0.3k 0.38 0.36 O.36

h. » 0.32 0.36 0.37___ Q.35

■ k jaean 0.3k 0.36 0.37

SE of a marginal mean = * 0.009 
SE of an internal mean » ~ 0.016
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D1scussion of Results

gCi- Applications of two rates of sodium ©hlorid« 
and of potassium chloride lowered the pC 1^1" » 
linear manner. Ths results were o«\l significant „and in 
only one treatment (that of four cwt. salt plus four cwt. 
muriate of potash) did the level fall below, the critical 
level 5 according to other experimenters this level is 

3.0. Sven in this single treatment, it is un . y 
that the pC level was critical as 0.01 of a unit is not 

important, considering the sampling error.

Soil Analysis-

Loss on ignition!- The mean results for loss on 
ignition are shown but provide no important data.

jH:- Applications of sodium chloride and potassium 
chloride had no effect on the pH of the soil. The sodium 
potassium Interaction on the difference In pH levels 
between the results of the soil samples taken before 
sowing the fertiliser and after harvesting the crop was 
Significant at the level but this was likely to be a 
chance effect. The mean change in pH between the two 
dates of sampling was ♦ 0.6 which was similar to that 



obtained in i960. It is probable that this rise is 
seasonal and is unaffected by fertilizer treatments.

Available Phosphorus;- Applications of sodium 
chloride did not affect the level of available phosphorus 
in the soil by a significant amount. The differences 
in phosphorus content of the individual plots varied 
considerably, but was unaffected by the treatments, 
except to a very small extent and this was probably due 

to sail variations.

Available potassium;- Applications of two and 
four cwt. sodium chloride had a small and non-* significant 
effect on the available potassium level of the soil. 
Applications of four cwt. sodium chloride reduced the 
level of available potassium in the soil at harvest time 
but increased the difference in potassium levels between 
the time of applying fertilizer in the spring and harvest 
time. These differences were very small and not signi

ficant at the level.
Applications of potassium chloride increased the 

level of available potassium in the soil, but only the 
difference in potassium levels was significant at the 

level.

Available sodium;- Applications of two and four 



cwt. sodium chloride increased the level of available 
sodium in the soil. Applications of sodium chloride 
did increase the level of available sodium in the soil 
at harvest time but this effect was not significant at 
the % level. The effect of sodium chloride on the 
difference between the two samples taken for sodium 
status was significant at the point. The effect of 
potassium chloride on the sodium status was small and 

non-significant.

Comparison between, singlets«
A limited comparison between the work of the two 

single?s was made in the fourth block only as one singler 
thinned the sugar beet in the other blocks. The difxeren- 
ces between the work of the singlers was small and could 

have made little difference to the final crop.

He^th.

Because of the relative absence of mangold fly 
damage and virus yellows, no detailed observations were 

made in 1961 as were made in i960.

miof sugar.

The results for yield of sugar and for root weight 
had higher coefficients of variation than did the 
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corresponding results in i960. The coefficients of 
variation were 17^ for sugar weight and 16.9^ for root 
weight indicating that the site of the experiment had 
a greater soil variation than did the site of the 
corresponding experiment in i960. Despite the high 
coefficient of variation, It is about average for 
experiments with sugar beet but it reduced the chance 
of obtaining significant effects for the treatments. 
The coefficient of variation for sugar at 2.7^

was very much lower.
None of the treatments had any significant effect 

(at ths level) on root weight, sugar weight or sugar 
percentage. Two cwt. per acre of sodium chloride 
increased the yield of sugar by 1A cwt. (compared with 
3.9 cwt. in i960) while a further two cwt. of sodium 
chloride increased the yield of sugar by 1.2 cwt., thus 
reducing the yield over the two cwt. application of 
sodium chloride by 0.2 cwt. Potassium chloride at the 
two and four cwt. rates increased thw weight of sugar, 
but these increases were not significant at the 5% level.

The irregularity in ths results was reflected by 
the comparatively large sodium-potassium interaction 
effect, but this was also non-significant at the $ level.



1U-7

Yield of tops.»

The coefficient of variation for top weight was 
1U.2# in 1961 , compared with 6.3^ in i960. These 
coefficients of variation are similar to those obtained 
for sugar weight and wohld provide confirmation of the 

variability of the experimental area.
The response of tops to two cwt. sodium chloride 

was 0.1 tons per acre compared with 0 A tons per acre 
in i960, while the response of tops to four cwt. sodium 
chloride per acre was 0.^- tons per acre compared with 
0.5 tons per acre in i960. None of these results were 

significant at the 5% level.
The responses of tops to two and four cwt. potas

sium chloride were 1.1 tons and 3.1 tons respectively. 
The effect of potassium in increasing yield of tops was 

significant at the 5^ level.

Sugar percentage and, , *

The results already given for sugar weight include 
sugar percentage and root weights. The results obtained 
for sugar percentage and root weight did not reveal any 
individual effects which were significant at the % level

Noxious nitrogen.

Applications of sodium chloride end potassium 



1U8

chloride did not result in any main significant effects; 
the sodium-potassium interaction was significant at the

level. At the second rate of potassium the four cwt. 
application of sodium chloride increased the noxious 
nitrogen content, but at the third rate of potassium, 
the four cwt. application of sodium chloride decreased 
the noxious nitrogen content. At the second rate of 
sodium, the two cwt. application of potassium chloride 
increased the noxious nitrogen content but the four cwt. 
application decreased it. Although these results are 
significant at the % level, no great stress could be 
placed on these results as they follow no consistent 

pattern.

Uptake Qf sodium and potass

Applications of sodium chloride did not affect the 
percentage of potassium in the root. Applications of 
two cwt. sodium chloride had no effect on the percentage 
of sodium in the root but applications of four cwt.
sodium chloride significantly increased the percentage 
of sodium in the root. The main effect of sodium 
fertilization was significant at the 5% level.

Applications of potassium chloride increased the 
potassium content of the root in a linear manner, but 
the results were not significant at the % level, although 



lh-9

they nearly reached this level. Applications of 
potassium chloride reduced the percentage of sodium in 
the root, but this reduction was not significant at the 

% level.
Ths coefficient of variation for the percentage 

of sodium in the root was very high at 21.3^ although 
the coefficient of variation for the percentage of 
potassium in the root at 9.2^ was very much less. An 
explanation for these fluctuations would lie in the 
relationship of potassium to sodium, but with our present 

knowledge it is impossible to give an explanation.
The mean results for percentages of sodium in the 

plant were similar to that obtained in I960 and the 
mean results for the four ewt< per acre potassium chloride 
application were identical in the two years. The mean 
results for potassium content were approximately 50# 

higher than the results obtained in the I960 experiment.

Plant population.

The results obtained by three plant population 
counts were similar to those obtained in I960. There 
was a reduction in standard error between the time when 
the first count was taken and the time when the second 
and third plant population counts were taken, indicating 
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that the error was reduced as the sugar beet plants 
grew. However the standard error increased between the 
■Mine when, the second count was taken and at harvest 
time. However in 1961 the second count was taken when 
the sugar beet were quite large and the harvest counts 
involved several workers and perhaps less accurate 

measurements were taken.
The results taken before singling again indicated 

that the treatments had no significant effect at this 
stage. The second counts, which were taken thirty-seven 
days after singling was completed, showed that both the 
two and four cwt. applications of sodium chloride 
reduced the plant population. The reduction in plant 
population by the two cwt. application of sodium chloride 
was significant at the level. Applications of two 
and four cwt. potassium chloride had no significant 

effect on the plant population.
Applications of two and four cwt. sodium chloride 

also reduced the plant population at harvest5 the 
reduction in plant population from dressings of sodium 
chloride was not significant at the 5^ level. Potassium 
chloride applications had no significant effect on plant 

population.
The reduction in plant population which, occurred 

after singling on applying sodium chloride was significant 
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only in the count taken thirty-seven days after singling 
and then only at the two cwt. level* This result was 
gjrHiar to the corresponding result taken at harvest 

time in I960«

DISCUSSION OF TWO YEARS* RESULTS

The experimental results were obtained from two 
experiments'carried out in I960 and 1961 at two adjacent 

fields at Elmwood. The results of these two experiments 
have a very limited validity and certainly cannot be 
claimed to be representative of a wide range of soils 
or to be valid for a number of seasons. Moreover there 
are large differences between the two results as might 
be expected on experiments carried out on two different 

sites in two different seasons.
Applications of two and four cwt. potassium chloride 

were also given in order that they would provide a 
standard by which the responses to endim chloride could 
be compared and contrasted. The sodium-potassium inter
actions also were frequently larger than average inter
actions between two nutrients. Applications of sodium 

chloride only produced significant effects on sugar 
weight (i960 only), plant population after singling an.- 
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at harvest, sodium content of the root and soditta content 
of the soil; there were also several sodium-potasslum 

interaction effects.
Applications of sodium chloride produced only slight 

differences on the pC level of the soil in I960, but 
reduced the pC levels in a linear manner in 1961, 
although the results were significant in 
Applications of potassium chloride lowered the pC level 
in a linear manner both years. The results obtained 
indicated that on these two soils at the time when they 
were sampled, sodium chloride may reduce the pC level

differences in pC levels were small 
above the critical levels so that

of the soil? but the 
and the results were
it was unlikely that any differences in plant population

ware due to changes in the concentration of
Sodium chloride and potassium chloride 

affect the plant population before singling

soluble salts.
did not
in either

on
but

season. Sodium chloride applications had no effect 
plant population three days after singling in I960, 
both the two and four cwt. appllsatlons reduced the plant 
population thirty-seven days after singling in 1961 and 
this effect was significant at the level. Again, 
both the two and four cwt. applications of sodium chloride 
reduced the plant population at harvest time In both 19 0 
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and 1961 but the effects were significant at the 5^ level 
in i960 alone. In both years the two cwt. application
of sodium chloride reduced the plant population by a 
greater number of plants than the four cwt. application 
reduced it. Also in neither year did the potassium 
chloride application affect the plant population.

It is unfortunate that there ar© no published 
records of comparable plant population counts having 
been made, so it is difficult to explain these results

fully. Under the experimental conditions, it appears 
that the treatments had no effect on the plant popula
tion before singling. But in the period of six weeks 
after singling but not as soon as three days afterwards, 
a reduction in plant population occurred. It is likely 
that any reduction in plant population would occur at 
this stage, as the sugar beet plant is very susceptible 

to unfavourable conditions at this stage.
Previous experimental work has not indicated that 

sodium chloride generally caused a reduction in plant 
population, although on several individual eases, sodium 
chloride did cause such a reduction. It has been shown 
that th. reduction in plant population was unconnected 
with a reduction in the pC level of ^e soil at Binwood 

and also that this reduction in plant population was 
caused by the sodium ion and not by the potassium ion 
A possible hypothesis for this effect may be observed.



It has been suggested that sodium chloride may alter 
the moisture status of the soil. When the sugar beet 
crop is grown in ridges under dry conditions, the 
application of sodium chloride causes a drying out of 
the soil and leads to the death of a number of plants. 
Such conditions are commonest in Scotland, particularly 
North of the River Forth, and under certain seasonal 
conditions. Only a very small number of sugar beet 
experiments have been carried out under these conditions, 
and although all Scottish sugar beet experiments have 
not been sown on raised drills, this may be a contribu
tory factor to the lower responses obtained under 
Scottish conditions. No moisture samples were taken 
because of the difficulty of determining moisture levels

Although there was a significant difference between 
the number of plants left by the two singlers in i960, 
this was unlikely to affect the plant population as the 

singlers thinned alternate rows.
Sodium chloride applications did not affect the 

colour of the sugar beet plant. Counts taken for 
mangold fly damage and virus yellows indicated that 
sodium chloride did not affect the incidence of mangold 

fly damage or virus yellows.
The of both rates of application of

sodium chloride on root weight and sugar percentage 
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were small and non-significant at the 5/* level. However, 
the results of the applications of sodium chloride on 
sugar yield in I960 showed that the two cwt. application 
increased the yield of sugar by 3.5 of sugar; this 
effect was significant at the level. Four cwt. of 
sodium chloride increased the yield of sugar by 0.7 cwt. 
These increases in sugar weight were due to smaller 
changes in both root weight and sugar percentage. In 
1961 two cwt. sodium chloride increased the weight of 
sugar by 1A cwt. and four cwt. sodium chloride increased 

the weight of sugar by 1.2 Wt; these increases were 
not significant at the & level • analysis of variance 
was calculated for the results of the two years' experi
ments according to netted of Cochran and Cox (Experi
mental Designs," Chapter 1W S over the two seasons the 
treatments had no significant effect on sugar yield and 
the season or field effect was significant at the 1M 

level. Nevertheless taking the two years' average a 
two cwt. application of sodlun chloride increased the 
yield of sugar by 2.5 cwt. of sugar and a four cwt. 
application of sodlwn chloride by 0.7 cwt. of sugar. 
And as this was obtained on a high potash soil and in 
suite of a reduction in plant population it can be con
cluded that sodium Chloride in the absence of potassium 
fertilization produces an increase in sugar weight.
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The increase in sugar weight was similar to that obtained 
by Holmes et al. (2.5 cwt. compared with 2.97 cwt. by 

Holmes).
Although there were sodium-potassium interactions, 

results in the presence of potassium did not follow any 
consistent trend. In 19o0 potassium applications reduced 
the yield of sugar and sodium responses were greater in 
the presence of potassium than in the absence of potas
sium. In 1961 which was a wetter season and thus more 
likely to produce positive potassium responses, results 
were more irregular and no consistent trend can be 
determined; although the response to sodium was less 
when applied along with cwt. potassium chloride. 
As the soil potassium was vary high, big responses to 
potassium fertilization were unlikely to occur and this 

would explain the irregular results.
Sodium chloride applications did not significantly 

affect the yield of tops, although very small increases 
in yield were obtained. As the yield of tops depends 
largely on the nitrogen level of the soil, which can be 
variable, this result merely shows the difficulty of 
measuring the effect of sodium on top weight.

Although there were various interaction effects 
obtained on noxious nitrogen content in 19^1, no 
significant effects were obtained in 19^0. It appears 
that sodium chloride applications do not affect the 
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noxious nitrogen content of the sugar beet.
Applications of sodium chloride did not affect the 

pH level of the soil in either year. Sodium chloride 
applications did not affect the phosphorus level of the 
soil in either year, nor the potassium level of the soil 
in 1?61. In I960 sodium chloride applications reduced 
the potassium level of the soil, but as the effect was 

and non-signlfleant, It was probably a chance effect. 
Sodium chloride applications increased the level of 
available sodium, but determinations were only made in 1961.

Sodium chloride applications particularly at the 
four wrt. level, increased ths sodium content of the root 
and this increase was significant at the % level. The 
potassium content of the root was unaffected by sodium 

chloride fertilization.

Summarising, the two major effects of sodium chloride 
application were an increase in sugar weight and a reduc
tion in plant population and these effects were greatest 

at the two cwt. level of application. Because of 
seasonal differences, the results were not consistently 
significant at the » level. Sodium chloride applications 
also increased the sodium content of the soil and of the 

sugar beet root and reduced the pC level.
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COHCLUSIONS

Previous literature stated that sodium chloride 
applications increased the yield of sugar per acre when 
applied to the sugar beet crop, particularly where the 
soil potassium level was low and where potassium was 
not applied as fertilizer. Early literature considered 
that the reason for this was that sodium was useful as a 
replacement of part of the potassium in the soil, but 
modern opinion considered that sodium and chlorine were 
plant nutrients. Sodium had a general function which 
could be undertaken by potassium and other alkaline earth 
elements and a specific function which could be under- 

taken by sodium alone.
Experimental work under review considered applica

tions of two and four out. sodim chloride compared with 
no salt, to two sugar beet crops during two seasons along 
with applications Of potassium chloride at identical 
rates. Sodium chloride applications Increased the sodium 
content of the soil and of sugar best roots but reduced 
the pC level of the soil and also produced small increa
ses in root weight and sugar percentage; but the appli
cations did not affect the pH, available phosphorus and 
potassium levels in the soil, potassium and noxious 

S'T-hS« 

the sugar beet plant.
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