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ABSTRACT

Sugarbeets (Beta vulgaris L.) are commonly grown, in 
regions of irrigated agriculture when soil salinity is a 
problem. Relatively high salt tolerance of sugarbeets dur
ing later stages of growth is well known. However, early 
plant growth may be stunted at high salt concentration.

For this investigation 24 columns of soil were set up 
with tensiometers, temperature gauges and means to collect 
drainage water. Seeds were planted on 12 of them; trans
plants (8 weeks old) were planted in the other 12. Four treat
ments of water differing in EC (5, 10, 20 and 40 mmhos/cm) 
were used in triplicate. Salt solutions were prepared with 
deionized water, NaCl, and CaCl^- The experiment in the col
umn was conducted for 90 days. Drainage water as well as soil 
samples were analyzed for salinity at the conclusion.

Seeded plants at highest level of salinity failed to 
survive and replanting did not help. Increasing salt con
centration decreased percentage of germination. Also, fresh 
and dry weight of plants were decreased by increasing the 
salt concentration. There was a 4.52 tons/ha mean differ
ence in wet root and a 0.82 tons/ha mean difference in sugar 
between transplanted and seeded sugarbeets. Storage roots 
of transplanted beets were relatively shallow, globular and 
showed some strangling.

x



INTRODUCTION

The accumulation of.excessive amounts of soluble 
salt in soil is a characteristic of arid and sub-arid re
gions , although, not entirely limited to such areas. Rain
fall in these areas is inadequate to remove salts released 
by weathering of rocks or initially present in the soil 
forming materials. Often salts are transported from short 
distances, and because of poorly developed surface drainage, 
accumulate in depressions. The washes in North Africa 
carrying rainwater through salt affected areas into shallow 
depressions salinize these areas in the same way. Sea 
coasts, even in humid regions, may be saline because of 
tidal action of highly saline ground water close to the 
surface. Localized salty spots caused by saline springs 
represent another condition, especially in arid and semi- 
arid lands, and lands under moderate climate with poor 
natural drainage closed basins, delta area, and alluvial 
terraces (44).

We use the term saline for soils whose electrical 
conductivity of the saturation extract is higher than 4 
mmhos/cm at 25° C, and their exchangeable sodium capacity 
is less than 15 percent. Saline soils may be soils having 
distinctly developed profile characteristics or



undifferentiated soils such as alluvium. The chemical 
characteristics of saline soils are determined by the kind 
and amounts of salts which are present = The amount of 
salts present controls the osmotic pressure of the soil 
solution. Cations in these soils are: sodium, calcium,
magnesium, and potassium. The chief anions are: sulfate,
chloride, bicarbonate, and nitrate.

On the other hand, the term alkali is used for 
soils whose electrical conductivity of the saturation ex
tract is less than 4 mmhos/cm at 25° C, and whose exchange
able sodium capacity is higher than 15 percent (7).

Factors contributing to the salinity problem are as
follows:

1. Restricted drainage (high ground water table),
2. Unfavorable soil texture,
3. Low permeability of the soil, and
4. Existing of a silica hard pan, clay pan, or caliche.

High rates of evaporation of water from the soil.
surfaces are very important in the salinity problem in arid 
and semi-arid zones (58).

The source of soil salinity may be either from the 
amount of soluble salts in the soil, or from the quality of 
water used for agricultural irrigation. Irrigation water 
may contain from 0.1 to 5 tons of salt per acre foot of 

water (25 ) «
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The increasing demand for agricultural products 

will lead to a greater need for utilizing salt-affected 
soils and poor quality water„ The management and improve
ment of salt-affected soils for crop production will be 
necessary to have the projected need for agricultural 
products.

There are evidences that salinity and excess sodium 
have been responsible for the reduction in productivity of 
over one-fourth of the thirty-three million acres of the 
irrigated lands in the United States, and have limited the 
possibility of developing some new areas for farming (7).
On the other hand, about 10% of the soil is saline in the 
Soviet Union, and the area of saline and swampy soils in 
some districts of Central Asia covers 89% of the total 
irrigated areas (62).

The choice of a crop to be grown in salt-affected 
areas is very important since crops vary in their responses 
to salinity. Some Crops which are quite sensitive during 
germination, period may be quite salt tolerant during lat^r 
stages of growth (8).

The germination of sugarbeet seed can be inhibited 
in soils containing high salt concentrations. Sugarbeet 
seedlings are also sensitive to salinity conditions. There
fore, the sugarbeet plant must be well established in the 
soil to tolerate high salt concentrations.



' This research was conducted to:
1. Compare the yields of seeded and transplanted sugar- 

beets when dealing with salinity problem.
2. Determine the movement of soluble salts through the 

soil profile according to.applied water.
3. Determine the tolerance of sugarbeet (Beta vol- 

garis L.) to the salinity after transplanting.
The above objectives were studied to test the hypothesis 
that sugarbeets can be grown under severe salinity condi
tions if planted in the field as transplants rather than 
seeds.



LITERATURE REVIEW

Sugarbeet Agronomy
Sugarbeets were developed in Europe at the end of 

the eighteenth century from white fodder beets. It is a 
biennial plant which stores up reserves in the root during 
the first growing season so that it is able to survive 
winter and produce flowering stems and seed in the follow
ing summer.

Sugarbeets can be grown below sea level at loca
tions such as the Imperial Valley in California, or at 
alpine elevations such as the San Luis Valley in Colorado. 
Therefore, the sugarbeet is a most remarkable plant. From 
the point of length of growing season, sugarbeet is a very 
adaptable plant. It is produced in regions which have a 
very short growing season (125 days) such as the Red River 
Valley of Minnesota and North Dakota, and the area whose 
growing season may be eight or nine months such as the 
Imperial Valley of California (3).

In Arizona, the beet seed is planted in September 
through October, and the plants are thinned in November 
through December. They continue to grow during the winter 
months and are ready for harvest in May and June. At the 
higher elevations, beets may be planted from February to



early April after the danger of frost has passed, and har
vested in October and November.

Sugarbeet plants need considerable amount of nitro
gen for vegetative growth. The optimum rate of nitrogen 
is different for different fields. Soil, previous cropping 
history, nitrogen in irrigation water, and other factors 
can affect this rate. The rate can vary from zero to 
ninety kilograms or more of nitrogen per acre.

Phosphate at the rate of zero to twenty-seven kilo
grams of per acre at planting time is used depending
on soil test, previous soil history and other factors.

No response from applications of fertilizers has 
been observed other than nitrogen or phosphate in Arizona.

A uniform stand of sugarbeet plants is 120 and 180 
plants per 100 feet of row (7 - 10 inches between plants). 
Therefore, more than this amount should be thinned.

The consumptive water-use for sugarbeets in Arizona 
is about 3-1/2 feet (105 cm) of water when grown for the 
whole season (13, 14).

Sugarbeets are an important part of the agricultural 
industry of the United States and are now produced in 25 
states. In comparison to other countries, the U.S.A. is 
the third largest producer of beet sugar in the world.
About one-third of the present requirement of sugar in the 
United States is produced from sugar beets, and leading
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states according to the production of sugarbeets are: 
California, Colorado, Idaho, Minnesota, Michigan, and 
Washington, respectively (12).

Sactars yield and production of sugarbeets in 
Arizona from 1967 to 1975 are presented in Table 1.

Table 1, Summary of hectars, yield and production of 
sugarbeets in Arizona from 1967 to 1975.

Year
Hectars

Harvested
Production

Metric Tons/Hebtar Total Metric Tons
1967 469.27 35.87 170550.7
1968 6839.06 GO W 306628.4
1969 12464.08 40.35 505301.9
1970 7931.69 31.38 253104.5
1971 4330.05 47.08 205930.9
1972 4572.86 49.32 226796.2
1973 5260.81 51.56 265805.1
1974 4208.65 53.80 224074.6
1975 6879.53 49.32 332029.6



Seed Germination under Saline Conditions
The ability of given species or varieties of plant 

to germinate and establish seedlings is frequently the 
limiting factor in crop production. Under saline condi
tions, germination may be the critical one. Seed germina
tion is a developing period in which the plant resumes its 
life cycle. The factors that can influence germination 
are: temperature, age, light, moisture, and toxic sub
stances such as salts. Salts affect seed germination by 
limiting the rate and total moisture absorption, and by the 
entry of ions that may become toxic (42).

It has been obvious that seed germination is re
tarded due to presence of soluble salts in the plant root 
zone; this is due to the high osmotic pressure of the soil 
solution. As osmotic pressure of the soil solution in
creases, the percentage of germination decreases.

Ayers and Hayward (6) found that the toxic effect 
of the absorbed ions and increment of osmotic pressure of 
the soil solution were the main determental factors of 
salinity.

Harris and Pittman (33) studied the toxicity of 
certain ions on the germination of different seeds, and 
found that chloride salts were most toxic on germination, 
sulfate salts less, and carbonate salts the least. Also, 
Harris (32) found that quantity of produced dry matter.



plant height, percentage of seed germination, and number of 
leaves of several crops were affected by salinity problem.

Germination studies on different seeds and differ
ent varities have been investigated by many researchers, 
and they have concluded that there is a decrease in the 
rate of emergence with increase in salinity (1, 14, 47, 70).

Ayers (5) studied the effect of salt concentration 
on the germination of barley seeds. He added 0,05 to 0.4 
percent NaCl to the nonsaline soil, given a range of the 
osmotic pressure for the saturation extracts from 12 to 20 
atmospheres. He found that the germination did not occur 
above 16 atmospheres. Also he found that the salinity de
creased the percentage of plant emergence and increased the 
time required for emergence of barley seeds.

According to the effect of NaCl on germination and
plant development due to the effect of osmotic and specific
ions, most saline environments are specified by high NaCl.
Greenway (30) believed that at least in three ways plants

— >can be affected by high contents of Na and Cl . First, 
the higher osmotic pressure of the plant environment brings 
a higher water suction in plant cells. Second, the presence 
of certain ions might affect (inhibit or stimulate) the up
take of other ions. And, finally, accumulation of the 
salts within the plant might bring a toxic effect on the 
plant cell protoplasm.
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Interaction of temperature and salinity on sugar- 

beet was studied by Francois and Goodin (27). The inter
action was highly significant. At 10° C and 15° C, salinity 
had little effect on germination but as temperature in
creased from 25° C to 40° C , the effect of salinity was 
increasingly inhibiting. At 25° C, germination was maximum 
with low salinity whereas at 45° C, it was almost completely 
inhibited with all salinity levels (from 0 to 8.3 rnrnhos/cm).

Durrant, Draycott, and Payne (21) incubated sugar- 
beet seeds on dampened fluted filter paper which was soaked 
with equal aliquots of sodium chloride saturation for 10 
days. The number of germinating seeds and the extent of 
seedling growth was determined. They found that soaking 
sugarbeet seed in 1.0 M sodium chloride solution killed 6 . 
percent of the seeds, but the remainder germinated when 
transferred to more dilute (< 0.28M) solutions. Also Lyles 
and Fanning (48) reported similar conclusions.

Khatib (42) studied the effect of NaCl, CaClg and 
MgCl2 individually and in all possible combination on the 
germination of Medicago sativa and Trifolium alexandrinum L. 
He found that for single salts MgC^ reduced germination 
more than NaCl and C a C ^ . Also, in general, the combined 
salts were less toxic to germinating seeds than single 
salts. By increasing the salt concentration, the total 
percentage of seeds germinating was decreased. Studies on
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germination of vegetable crops (Doneen and MacGiHivary,
17) and safflower seeds (Makonnen, 50) came up with similar 
conclusions.

Parsa and Karimian (54) studied the effect of 
sodium chloride on seedling growth of Iranian Pistachio 
(Pistachio yera L.). They germinated seeds by putting them 
in an incubator at 30° C for four days. After planting 
germinated seeds, they kept them at field capacity with 
distilled water until emergence was completed after approxi
mately three weeks. Then, solutions of sodium chloride 
with conductivities ranging from 0 - 224000 micromhos/cm 
were used to maintain the soil at field capacity. The 
overall results showed that the application of sodium 
chloride had a definite growth-reducing effect On the seed
lings of the Pistachio varieties which were studied.

Ishag (39) studied the effect of sodium chloride on 
the germination and seedling development of various cotton 
varieties. He found that the higher the concentration of 
sodium chloride of the substrate, the lower the germination 
percentage and the slower the rate of germination of cotton 
seed.

The effect of all combinations of 4 salt concentra
tions and 6 temperatures were studied by Franc1 and Dennis 
(26). Germination was accomplished by saturating filter 
paper in distilled water containing 0, 2, 4, and 6 g/1 of
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CaClg and NaCl in equal, proportion by weight, that could pro
duce salinity concentration of 0, 2000, 4000, and 6000 ppm 
respectively. Filter paper was placed below and above sugar- 
beet seeds in petri dishes. Dishes were then incubated, 
sealed and kept in darkness with constant temperatore for 10 
days. Results showed that major deleterious effects occurred 
when temperatures exceeded 25° C. Seeds having a high germi
nation percentage at 20° C and 0 ppm also performed best 
when subjected to temperatures and salinity stress.

The effect of soil salinity (EC range 2 - 9
e

mmhos/cm) on the growth of barley, sugarbeet and broad beans 
was investigated by Hamid and Talibudeen (31). From the 
germination standpoint, the barley sugarbeet and broad 
beans showed varying degrees of tolerance to salinity during 
germination. At germination, barley is clearly most toler
ant to salinity and broad beans least. At high salinity 
levels, a delay of 2 - 3 days in germination was observed in 
all crops.

Salinity and Plant Growth 
Salinity problems seem to be increasing everywhere.

In West Pakistan, because of salinization, 100,000 acres 
per year are going out of production. In India about 15 
million acres have gone out of production because of high 
salinity. There are about 25 million acres of salf-affected 
lands in Iran, of which the majority are irrigated. In
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Syria, more than 50 percent of the soils are salt-affected. 
We can find the same type of data for Afghanistan, Cyprus, 
Iraq, Yemen, Somalia, Jordan, Kenya and Turkey. Also in 
South Africa, salt-affected areas are a continuing problem. 
According to the U.S. Salinity Laboratory, 25 - 30 percent 
of the irrigated lands in the U.S.A. suffer from salt- 
caused yield impairment (10).

As an example, the present salinity of the Colorado 
River in the lower basin and the Southern California water 
service area is calculated to cost $16,000,000 annually.
If development of planned water resources is completed and 
if no salinity controls are implemented, the loss will 
raise to $28,000,000 in 1980 and $51,000,000 in 2010 (IQ).

Eaton (22, 23) studied the effects of salt concen
tration and toxicity of ions on the growth of plants. He 
concluded that the limit of tolerance for any plant appears 
to be an intangible concept, since death takes place slowly 
over a range of concentrations and on especially warm days 
plants growing in saline solutions may die rapidly.

Hughes, Butler and Sunks (37) germinated five grass 
species and grew them in plastic potted soils containing 
0, 5,000, 10,000 and 20,000 ppm NaCl on an oven dry soil 
weight base. Pots were carefully watered with distilled 
water to prevent excessive leaching. They found significant
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decreases in forage yield of all grasses treated with NaCl. 
The maimum reduction was greater than 40 percent.

Patel, Wallace, and Wullihan (56) studied the in
fluence of salinity and N-P fertility levels on mineral 
content and growth of sorghum in sand culture. They trans
planted six uniform sorghum seedlings (10 days old) in each 
plastic container. Plants were grown to maturity in a 
sand culture at two levels each of N and P and each sub
jected to added Ca-Na chloride salinity levels zero, medium 
(EC = 10 mmhos/cm) , and high (EC = 20 mmhos/cm). They con
cluded that vegetation growth was decreased to about 50% of 
control at both medium and high salinity, while grain pro
duction was depressed to about 35% at medium salinity and 
to about zero at high salinity.

The effect of salinity caused by Na salts when 
water is not limiting is related, not only to plant species, 
but also to their stages of growth (31).

The results of 216.field experiments with sugarbeet 
testing K and Na fertilizers were re-examined by Durrant 
and Draycott (20). They considered that there were only 
small increases in yield with K or Na on peat or peaty 
mineral soil but on mineral soil 100 kg of K per hectar 
without Na increased sugar yield by about 0.4 ton/ha and 100 
k of Na per hectar without K increased yield by 0.7 ton/ha.
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General Effect of Salinity on 

Physiology of Plant
Salinity effects on plants may not be always promi

nent, Plants which are affected by salinity problems are 
usually stunted and have small dark green leaves. Other 
phenomena such as succulence and thick, waxy cuticles (that 
result in decreased.leaf extensivity) leaf scorch may ap
pear, Also, the top/root ratio decreases, and the plant 
becomes more sensitive to moisture stress. Leaf-burn symp
toms are associated with the effect of specific toxicity 
(62)

When plants are grown under saline conditions, as 
soon as new cells start their elongation processes, the 
excess of salts modifies the metabolic activities of the 
cell walls causing deposition of various materials which 
limit cell wall elasticity. . Secondary cell walls appear 
sooner, cell walls become rigid and as a consequence, the 
turgor pressure efficiency in cell enlargement is decreased. 
This process may cause plants to remain small. Such mor
phological changes in the plant modify all physiological 
processes. Leaf area is reduced several-fold, decreasing 
the amount of products photosynthesized. The transpiring 
surface is also decreased as well as the amount of water 
transpired per plant. These changes also decrease cell 
permeability to water and solutes, causing changes in the 
plant water potential components. Stomatal resistance to
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water diffusion is increased and the amount of dry matter 
produced per plant is also decreased (10).

The magnitude of Cl accumulation around roots of 
corn (Zea mays L.) plants exposed to high, medium and low 
transpiration rates was studied by Sinha and Singh (60).
They used Tulewal loamy sand salinized to Ec of 3 and 6 
mmhds/cm with sodium chloride. The results showed that 
transpiration rate decreased as soil salinity increased 
from 3 to 6 mmhos/cm. Transpiration rate also decreased 
with reduction in moisture content at both salinity levels.

Plants growing in high salinity condition may ac
cumulate mineral salts in their tissues in considerable 
quantities, sometimes to 50% of dry matter. High salinity 
in intolerant plants brings a diminution of chlorophyll and 
starch. Presence of salts in the cells brings a high osmo
tic pressure and causes the reduction of plant respiration. 
The osmotic pressure of the solution bathing the root will 
increase with addition of salt to the system, therefore the 
greater the amount of salt in the soil, the less the water 
which can penetrate into the plant (10, 65).

Kleinkopf and Wallace (43) studied the physiological 
responses of Tamarix ramosissima ledeb to salinity effect, 
and determined yield, mineral composition, and gas exchange 
rate per CO^ and H^O levels of NaCl of 10 to 200 meq/1 
tended to depress yields of leaves, stems and roots.
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Sodium was accumulated in large quantities when present in 
high concentration in the nutrient substrate, and Na ap
peared to decrease uptake of both K and Ca. The sodium 
concentration in roots and stems was much lower than in 
leaves.

To increase the temperature seems to decrease the 
plant salt tolerance. This may be from increased transpi
ration rates which quickly create plant water deficits.
All in all, in salt-affected plants, the transpiration 
rates are lower. By increasing humidity which results in 
decreasing transpiration, we can relieve the plant moisture 
deficit and allow transpiration and absorption to equili
brate. In this case, crop growth with saline irrigation 
waters can be successful if there is maintenance of a high 
relative humidity (10). There is little information and 
data in the literature concerning the relationship between 
salinity level and respiration of plants during all stages 
of growth. Therefore, it is difficult to state a general 
rule and say that as the salinity level increases, respira
tion also increases or decreases. Takaoki (63) studied . 
some relationships between respiration and osmotic poten
tial in a few groups of plants. He concluded that, increas
ing the salinity caused a decrease in respiration of 
halophytes. Also, George and Williams (29) studied the 
effect of salinity on respiration of barley, strawberry
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clover, and ladino clover during seed germination„ Salt 
solution of NaCl, CaClg and NagSO^ were used with osmotic 
pressure ranging from 1 to 16 atmospheres. They found 
that as salinity levels increased, respiration of barley 
seeds decreased, a slight increase was shown in strawberry 
clover seeds, and a considerable increase in respiration 
was noticed in ladino clover seeds. Therefore, the higher 
tolerance of barley to salinity during germination was 
associated with lower respiration rates.

Osmotic Pressure 
The first process which takes place during germina

tion is water uptake by the seed. The most important factor 
to initiate this process is the availability of moisture in 
the soil. Water availability in the seed environment will 
be determined by osmotic factors and binding forces of the 
soil Colloids.

The effect of saline and alkali soils on plant 
growth is related to the increased osmotic pressure of the 
soil solution which results in a decreasing in the physio
logical availability of water to the plant, and the accumu
lation of toxic quantities of various ions within the 
plant as a result of the increase of those ions in the 
more concentrated soil solution (65).

The proportionality of plant growth reduction to 
the osmotic stress of the growth medium is a universal
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determination. A low water potential in a soil is due to a 
high osmotic pressure of that soil, and thus there will be 
a low water potential gradient between soil and plant.
Many plants can take up ions into their root and adjust 
internal osmotic pressure to the Soil environment, and re
store the driving forces. Most of the workers that use 
electrical conductivity (EĈ ) at saturation extract which is 
directly proportional to the osmotic pressure except this 
assumption (10, 27, 28, 34, 49, 53).

It is extremely important that the soil solution be
of suitable composition, and hence well balanced.. This is 
an essential consideration which must be taken into account. 
Childs and Hanks (11) showed that the only salinity effects 
needed to be considered are osmotic potential.

According to Long's (45) idea, salt injury to plant
may be the result of the two effects: first, when the
osmotic pressures of substrate go up, the water tension in 
plant tissues goes up, too, which may be detrimental; and 
second, salt in contact with absorbing membranes of root 
cells, or accumulated salt within the plants may bring in
jurious effects on the protoplasm directly. Also, a reduc
tion in the rate of uptake of water and the nutrient ions 
occur due to the addition of sodium chloride to the culture 
solution.
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Effect of varying degree of P fertility versus 

mixed salinity on the growth and Ca, Mg, Na, and Cl concen
trations in tomato (Lycopsersion esculentum L.), corn (Zea 
mays L.), and sudan grass (Sorghum sudannese stuff piper) 
were studied by Patel and Wallace (55)„ They concluded 
that yield of all crops decreased continuously as salinity 
was increased. High salinity masked effects of phosphorous 
fertility, but less so with sudan grass than with the 
other two crops. Salt level effects on yield may be the 
result of low osmotic potential and excess salts might 
affect every aspect of cell metabolism. From this study, 
it can be postulated that responses may be obtained even 
with moderate amounts of salinity for semi-tolerant crops. 
At high salinity levels, however, fertilization may not 
give responses even if the amount of available P was low 
because salinity would be the limiting factor.

Everado :A., Stolzy, and Mehuys (24) studied the in
fluence of soil osmotic potential produced with two differ
ent salt species on plant water potential, growth and grain 
yield of wheat. They found that high salinity in the root
ing medium reduced transpiration and grain yield, and 
increased leaf resistance to water diffusion. Leaf total 
water potential and osmotic potential were decreased with 
increasing soil salinity.
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George and Williams (29) observed a 50% reduction 

in average germination for white clover (Trifolium repens 
Lo) at 3.3 atmosphere., for strawberry clover (Trifolium 
fragiferum L.) at 4.3 atmosphere> and for barley (Hordium 
vulgare L.) at 8.3 atmosphere. They concluded that during 
germination, the biggest tolerance of barley to salinity 
was associated with a lower respiration rate and a highest 
reservoir of respiratory substrate. The rate of respira
tion of germinating seedlings in barley was decreased with 
increasing osmotic pressure, whereas for strawberry clover, 
there was a little increase in the rate of respiration and 
for white clover there was a substantial increase in the 
rate of respiration with increasing osmotic pressure.

Toxic Effect
The nature and intensity of the effects of a toxic 

substance vary with the nature of the substance and its 
degree of concentration in the external.solution. Even the 
elements essential to vegetable life are toxic in over- 
concentrated solutions. The causes of toxication are 
difficult to ascertain and several may be operative simul
taneously, while the condition may equally well result from 
the penetration into the cell of the ionized toxic substance 
or from the fact that such penetration is difficult or im
possible (65) .
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Bower and Wadleigh (9) showed that the activities 

of calcium, magnesium, and potassium decreased as the ex
changeable sodium percentage of the substrate increased, 
but it was opposite for sodium. In their experiment, the 
least sensitive were the species which accumulated large 
quantities of sodium in the tops, whereas with roots, the 
most sensitive species tended to have the greatest degree 
of sodium accumulated.

When toxic accumulations of ions occur, the damage 
to the crop by leaf burn and defoliation is generally addi
tive with the growth-reducing osmotic effects of salinity. 
Even the toxic effects of the vapor of some metallic ele
ment can be harmful to the top part of the plants. With 
this idea, Waldron and Terry (69) studied the effect of 
mercury vapor on sugarbeets. In this experiment, whole 
young sugarbeets were exposed to air containing vapor of

3metallic mercury at vapor densities of 0.28 to 15.5 mg/m
for periods of 1 to 12 hours. Exposures as brief as one

3 3hour at 2.15 mg/m and five hours at 0.28 mg/m produced
visible damage to leaves.

Ahi and Powers (2) reported that soluble salts may 
cause injury to plants in different ways. They mentioned 
that soluble salts can cause abnormalities in soil physical 
conditions or can prevent plants from absorbing water by 
inhibiting biological activities. Seeds may germinate in
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saline soilsbut before finishing the seedling stage, they 
may die from the high and changing concentration of soil 
solution.

Soil acidity sometimes causes excessive uptake of 
some metal ions, particularly manganese resulting in a 
characteristic chlorosis and stunting of affected plants.
The laminae and petioles are uniformly pale yellowish green 
and the plants have an upright appearance with the leaf 
margins rolling inwards (19).

Influence of aluminum ions on developmental mor
phology of sugarbeet roots was studied by Keser, Neubauer, 
and Hutchinson (41). They found that high concentration of 
aluminum in low pH soils are toxic to sugarbeets. In a 
test to determine the effect of increased concentrations on 
seedling development, 4, 8, and 12 ppm aluminum nutrient 
culture caused significant reduction of root and hypocotyl 
growth. Lateral roots emerged as small outgrowths on the 
primary root axis and developed abnormally.

Harris and Pittman (33) found that wheat germination 
was reduced greatly by sodium chloride in concentrations 
above 3,000 ppm, and it stopped at about 6,000 ppm. Mag
nesium chloride stopped germination above 4,000 ppm concen
tration and appeared to be the least toxic of the chlorides 
tested. Germination reduced greatly with about 10,000 ppm 
of sodium sulfate or sodium carbonate, and over 50% of the
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seeds germinated at a concentration of 30,000 ppm of mag
nesium sulfate. As a final conclusion, salt concentration 
up to 1,000 ppm were beneficial, whereas 1,500 ppm concen
tration and greater were increasingly toxic.

According to Talsma and Philip (64) salinity is a 
hazard to many organs of plants. High osmotic pressure of 
the substratum destroys plants' water exchange and also 
salts exercise a direct toxic effect on the protoplasm. 
Sodium and chloride are the most damaging factors to plants 
in saline soils. Salinity damage according to this ions 
may be described as growth or yield decrement, leaf damages, 
and succulence.

A general stunting of plant growth is the most com
mon salinity effect. Also, the salt-affected plants may 
have darker green leaves which are thicker and more succu
lent. Toxic accumulation of Cl or Na may cause leaf burn, 
necrosis, and defoliation in plants (23)..

Salt Tolerance 
Because of surface evaporation and the capillary 

rise of salts, seeds tend to be in a more saline environ
ment than the roots of established plants. Because of this 
phenomenon, plants are considered tg be more tolerant to 
salinity in advanced stages of growth than at germination.

There are differences among seeds in their ability 
to tolerate salinity during germination. These differences
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occur among seeds of different species as well, as of dif
ferent varieties of species. Ayers and Hayward (6) tested 
alfalfa, barley, red kidney beans, corn, onions, and sugar- 
beets at different levels of salinity with ranges from 0.05 
to 0.4 percent NaCl on a dry soil basis. They found that 
no seeds germinated at. the 0.4 percent level, but barley 
(California marrioutt) and alfalfa gave 80% germination 
with 0.31 and 0.11 salt level respectively. The germina
tion of sugarbeets was reduced 50% at the 0.08% added salt.

Vegetable crops have a wide variation in salt 
tolerance, but most of those tested do not appear to be 
able to withstand conditions of high salinity. For example, 
table beets, asparagus, and tomatoes have shown very good 
salt tolerance, while cabbage, cauliflower, broccoli, 
lettuce, onions, and some of the cucurbits show moderate to 
fair salt tolerance. Beans and radishes are very sensitive 
to salt (66).

According to the review of Hayward and Wadleigh (35)
.salt tolerance of individual species or varieties increases 
with their capacity to absorb salt from the nutrient medium 
and decreases with their sentivity to the salt that has 
been as stimulated internally.

Henkel (36) and Strogonov (61) emphasized that the 
important adaptation reaction of plants to chloride salinity 
is composed of the attachment of the chloride ions to the



protein structures. Also, Strogonov (61) noted that high 
salinity leads to break up the plant proteins and to accumu
late ammonia which is an additional toxicity due to the 
salts.

According to Kearney and Scofield (40) , a good 
stand of sugarbeets cannot be expected if the soil around 
the germinating seeds and the roots of the young seedlings 
contain more than about 0.5 percent of salts. Experienced 
beet growers find that a heavy irrigation before planting 
often makes it possible to obtain a stand on saline land on 
which, without this precaution, could not be successfully 
started. The subsequent return of the salts to the surface 
of soil may not injure the plants since after the seedling 
stage is past; sugarbeets are much more tolerant of salin
ity. Also, they mentioned that sugarbeets may be expected 
to produce a good yield of roots where the salinity is not 
more than medium. Even Where the salinity is medium strong 
or strong, a suitable yield for sugar manufacture Can some
times be grown if favorable moisture conditions are main
tained and the soil is hot too sandy.

Doughty (18) concluded that sugarbeets showed a 
high degree of tolerance to chloride but not to sulfate 
salts. Yield reduction from 50 milliequivalents of sulfate 
salts was greater than reduction from 150 milliequivalents 
of chloride. In comparison of the toxicity of chloride and
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sulfate salts to dwarf milo, alfalfa, and cotton, the toxi
city of chloride was about twice as great as the toxicity 
of sulfate. Navy beans withstood three to four times as 
much as sulfate salts as chloride salts. Beets, on the 
other hand, were about as sensitive as alfalfa to sulfate, 
but they withstood high concentrations of chloride with 
little injury.

Wadleigh, Ayers, and Bower (68) studied the effect 
of saline and alkali soils on growth of sugarbeets and 
found that the growth of the beets on the plots which had 
ECe values of 10 - 20 millimhos/cm was sufficient to corre
spond to a yield of 30 ton per acre. During the major part 
of the growing seasons, the high salt tolerance of sugar- 
beets is in evidence. Most of the crop plants cannot sur
vive such a level of salinzation.

Feasibility of Transplanting 
There are.different mechanical transplanters which 

have been used for transplanting young plants such as: 
tobacco, sweet potatoes, cauliflower, broccoli, cabbage, 
strawberries, tomatoes, lettuce and nursery stock.

Basically, machines are designed to open a furrow, 
place dry fertilizer beside the row or run liquid fertilizer 
around the plant roots, and then firm soil around the root 
system. The plants must be placed in the machine by hand.
In other words, transplanting machines are mechanical aids
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to hand planting. The design modifications are mostly in 
the method by which the plants are held by the machine 
and transferred by hand to the permanent place in the soil.

In recent years, some companies have made differ
ent machines which can do all the steps automatically.
These mechanical planters can irrigate plants and give 
them a quicker and stronger start without any loss of water 
between the plant spaces. It is also possible to obtain 
accurately and in mere seconds practically any plant spac
ing distance which is needed.

For many years mechanical transplanters have been 
used for transplanting young sugarbeets in Germany, France, 
Japan and Belgium (52).

The only problem with using a transplanter for young 
sugarbeet plants may be tangled roots, which may prevent 
normal functioning of the root as a storage resevoir for 
sucrose. Also, they are not favored for processing. Ac
cording to Ludecke studies (46) , if we can transplant the 
young plant with some soil left on the roots, it might pre
vent them from root tangling. Also, he mentioned other 
causes for root tangling such as: hard soils, peat soils,
soils with not well mixed and distributed nutrients (ferti
lizers, manures and green manures), nematodes, gravelly 
lands, changing of soil pH at different depth, very wet or 
very dry soil layers, and genetic properties of some seeds.
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Dillon, McCasin and Schmehl (16) studied the effect 

of transplanting and plastic cover (seeded) on the seasonal 
growth and yield of sugarbeets = They found that recover
able sucrose increased from 5.89 ton/ha for the control to 
8.49 ton/ha for the plastic cover, and 8.70 ton/ha for the 
small transplant treatments. Also, they observed the roots 
from large transplanted treatments were severely strangled 
with numerous small taproots extending randomly from the 
base of the bulb, whereas the roots from the small trans
plant treatment were not severely strangled.

Humphries and French (38) observed an increasing 
photosynthesis due to increasing of net assimilation rate 
of sugarbeet leaves by transplanting.

According to Progress Report (57) in Quebec, trans
planted sugarbeets yielded 15.85 tons per acre compared 
with 8.13 tons per acre from the drilled beets. trans
planted roots were very rough and prongy and were not 
favored for processing. Similar results were obtained by 
Anderson et al. (4). They studied transplanting of sugar- 
beets in Southern Alberta were increased by 4.24 to 9.2 tons 
per acre because plots were not well shaped and had a 
tendency to pronginess, but a mechanical harvester did a 
satisfactory job of topping and cleaning the root from the 
transplanted beets.
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Scott and Bremner (58) studied a series of three 

field experiments, concerning the effects on growth, devel
opment and yield of sugarbeet when the growing season was 
effectually extended by transplantation during 1962 to 1964. 
They found that the leaf area of transplants was consider
ably greater than that of field sown beet in the early 
stages, and maintained through most of the growing season. 
Also, the advantage of transplanting over field sowing 
ranged from 4 to 10 tons washed beet per acre. The root 
shape of transplants were more globular, and were frequently 
fanged.

According to the studies of Moraghun and Torkelson 
(51), the final yield advantage of transplanted beefs was 
approximately one ton per acre which was an average increase 
in transplant storage root yields over that of correspond
ing field sown beets. The storage root of transplanted 
beets was relatively shallow, globular and displayed numer
ous fangs.



MATERIAL AND METHODS

The experiment was conducted on a Comoro loam soil 
which was taken from 0 - 2 0  cm depth from a farm located 
northwest of Tucson (T. 123 - R. 12 E-Sec 16) and had 
enough nitrate, phosphate, and potassium so there was no 
need to apply fertilizers. Detailed data concerning the 
soil analysis are as follows:

sand 45%
silt 41%
clay 14%
pH 7 .6
EC x 103 16.02
soluble salts 11,214 ppm
N 512 ppm

P 9 ppm
Na 19.49 meg/1
K 9.42 meq/1
ESP 5

The research was done at the greenhouse of the Department 
of Soils, Water and Engineering, University of Arizona, 
Tucson, Arizona, in 1977 (from May to December)„ The seeds 
used were American H9 (lot number 3043, germination 80%, 
purity 97%, other crops 1%, inert 2% and weeds 0%).

31
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The transplanted seedlings were raised for approxi

mately eight weeks in 150 ml paper cups containing a green
house soil mixture. A small amount of nitrogen fertilizer 
was mixed with soil to insure satisfactory greenhouse 
growth. Two or three seeds were sown in each pot on May 
16th and watering was done daily. Shortly after emergence, 
which occurred 7 - 1 0  days from sowing, the seedlings were 
thinned to one per pot.

Twenty-four lysimeters were constructed from con
crete pipes which were three feet high and one foot in 
diameter. These pipes were painted inside with fiberglass 
resin (polyester resin with styrene monomer) and surrounded 
first with fiberglass insulation and finally with aluminum 
foil to prevent lateral movement of water, solar radiation 
and controlled heat. Boards, 16" x 16" were used as the 
bottom of the lysimeters and were sealed to the concrete 
pipes around the connection with caulking compound and 
fiberglass resin. A central hole was drilled through the 
board to provide drainage. The lysimeters were filled with 
small gravel to about five centimeters, then successive ten 
cm layers of Comoro loam soil were lightly compacted into 
the lysimeters using a large wooden pestile (Figure 1). All 
the lysimeters were equipped with the hanging tensiometers, 
Figure 2, which were calibrated weekly. Planting of trans
plants took place when the third pair of three leaves were
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Figure 1. Lysimeters in place.
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Figure 2. Hanging tensiometer.
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beginning to expand. At planting, the pots were removed 
and the resulting soil blocks placed in holes in the soil 
which was then compacted around them.

Sugarbeet seeds were planted in twelve of the lysi- 
meterSf 3 seeds each, and transplants, about eight weeks 
old, were planted in the other set of twelve. Four treat
ments of water differing in electrical conductivity (5, 10, 
20 and 40 mmhos/cm) were used in triplicate as a two-way 
factorial design.

Salt solutions were prepared from deionized water 
in the, laboratory. The salts used in this experiment were 
reagent grade NaCl and CaClgf both were used as a mixture 
to provide a constant SAR = 5 where

The amount of different salts for the four treatments of 
irrigation water (g/1) is as follows:

Treatment CaClg NaCl
(EC x 103) (g/D (g/i)

5 2.00 1.24
10 4.55 1.87
20 10.06 2.78
40 21.57 2.08
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The plants were irrigated daily and soil moisture 

tension at the 30 cm depth maintained at 280 cm of water 
for about 75 days; then decreased to 76 cm of water to in
crease leaching. The drainage water as well as soil samples 
from every 10 cm depth were analyzed for salinity at the 
conclusion of the experiment. Harvesting was done on 
October 11.

Data collected included germination results, volume 
of the applied and drained water, soil temperature (using 
temperature guages at different depths— 10, 15 and 30 cm—  
(Figure 3), number of leaves, fresh and dried weight of 
top and root, and percentage of sugar (using refractometer). 
All of these were measured, collected and considered.
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Figure 3. Electrothermometer to measure soil temperature.



RESULTS AND DISCUSSION

The transplants were grown for approximately eight 
weeks. Before eight weeks, roots are weak and susceptible 
to salinity hazards. Other researchers have used six to 
seven week old sugarbeet plants for transplanting (4, 51).
It is reported that when longer periods are used, strangling 
and root pronging occur (16).

Percentage of survival, number of leaves, produced 
wet and dry matter, and sugar percentage are given in Tables 
2 to 8 respectively. Soil analysis for different treat
ments are given in Tables 9 and 10.

Percentage of germination was affected by salinity 
at and above 20 mmhos/cm electrical conductivity in the 
irrigation water (Table 2). At the highest salinity treat
ment, the germination percentage in each replicate, R, were 
R1 = 33.31%, R2 = 66.6%, and R3 = 33.3%. However, none of 
the plants survived past a ten-day period (Table 2). Re
planting took place but no germination occurred, possibly 
due to an increasing salinity of the soil solution. The 
concentration in soil solution may be higher than the plant 
in the seedling stage can withstand. Thus, the plant will 
die due to lack of water. In the case of replanting, it 
seems that the concentration of soil solution was too great,

38
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Table 2. Germination percentage at different salinity 
levels for seeded sugarbeets.

Repli
cation
(R)

Treatment
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 103 

40
1 100. 0 66.6 33.3

*
0

2 100.0 100.0 0* *
0

3 66.6 100.0 66.6
*

0
Mean 88.8 88.8 ooLO *

b

*Seeds germinated (R^ = 33.31%, = 66.61%, R, = 33.31%)
but after 10 days they died.
#Seeds germinated but died after 18 days.



Table 3. Number of leaves per plant for transplanted and seeded treatments at each
salinity level.

Transplanted Seeded
T EC x 103 EC x 103 EC x 103 EC x 103 EC x 103 EC x 103 EC x 103 EC x 103

R 5 10 20 40 5 10 20 40
1 41 29 27 20 22 23 20
2 34 42 30 17 35 25 — — — —

3 33 31 27 18 28 29 17
Mean 36.00 34.00 28.00 18.33 28.33 25. 66 18.50

o



Table 4. Wet top weight (g) per plant for transplanted and seeded treatments at
each salinity level.

Transplanted  _____   .   Seeded
T

R
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 103 

40
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 

40
1 318 250 132 54 247 169 70 —

2 306 250 124 35 366 187 -- --

3 351 281 94 13 290 154 25 --

Mean 325 260 116 34 301 170 47.5



Table 5. Wet root weight (g) per plant for transplanted and seeded treatments at
each salinity level.

Transplanted Seeded
T

R
EC x 103 

5.
EC x 103 

10
EC x 103 

20
EC x 103 

40
EC x 103 

5
EC x 

10
103 EC x 103 EC x 103 

20 40
1 173 119 41 10 38 28 13
2 155 140 71 8 90 10

3 225 173 28 4 43 68 4

Mean 184.33 144.00 46.66 7.33 57.00 35. 33 8 e 50 ——

K)



Table 6. Dry top weight (g) per plant for transplanted and seeded treatments at
each salinity level.

Transplanted Seeded
T

R
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 103 

40
EC x 103 

5
EC x 103 

10
EC x 103 EC x 103 

20 40
1 36.21 33.61 16.94 8.90 22.49 18.65 9.58

2 35.47 29.17 17.91 6.09 36.56 19.22 — -

3 32.81 34.50 15.52 3.04 33.52 17.98 3.29

Mean 34. 62 32.43 16.80 6.43 30.85 18.61 6.43 ——

to



Table 7. Dry root weight (g) per plant for transplanted and seeded treatments at
each salinity level.

T
R

Transplanted Seeded
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x IQ3 

40
EC x 103 

5
EC x 103 

10
EC x IQ3 

20
EC x 103 

40

1 29.13 24.11 9.38 2.30 7.63 6.45 2.57 --

2 27.35 26.37 15.88 1.54 17.32 2.19 — — --

3 40.72 36,66 6.12 0.31 8.62 13.79 0.69 — —

Mean 32.40 29.05 10,46 1.38 11.19 7.50 1.63 -

•£»it*



Table 8. Percentage sugar per plant root for transplanted and seeded treatments
at each salinity level.

• , Transplanted Seeded
T

R
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 103 

40
EC x 103 

5
EC x IQ3 

10
EC x 103 EC x 103 

20 40
1 15.0 16.2 20.0 23,0 15.0 18.5 18.5

2 18.2 18.0 19.8 22.9 15.0 12.9 -----

3 15.5 19.0 22.8 — — 16.0 17.0 17.9
Mean 16.23 17.73 20.86 22.95 15.33 16.13 18.20

in



3Table 9„ Electrical conductivity (ECex 10 ) of saturated extract from different 
soil depths related to transplanted treatments.

Treatment 
(EC x 103)

Soil Depth in cm.
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80

5 6.24 7.92 7.43 6.73 9.41 9.41 11.88 14.36
10 10.40 14.36 12.38 12,38 13.61 14.85 15.35 19.31
20 16.34 19.31 19.80 19.80 19.80 19.80 23.76 28.71
40 22.30 29.70 24.75 20.30 25.25 29.21 29.21 35.64



3Table 10„ Electrical conductivity (EC0x 10 ) of saturated extract from different 
soil depths related to seeded treatments <,

Treatment 
(EC x 103)

Soil Depth in cm.
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80

5 3.08 4.16 3.18 4.04 3.91 4.40 4.89 10.52
10 4.65 5.26 5.02 5.02 5.32 5.50 6.60 8 .80
20 7.70 7.09 7.46 7.46 7.46 9.78 10.39 12.23
40 18.60 24.24 25.72 16.82 14.40 17.50 21.50 20.30
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thus destroying the viability of the seeds due to the tox
icity effect of salts (10, 45, 59).

Results from the experiment showed that as the con
centration of irrigation water increased, number of leaves, 
wet and dry matter, and plant growth were decreased in both 
seeded and transplanted treatments (Tables 3, 4, 5, 6, 7 
and 8). All observations are consistent with other studies 
(1, 2, 5, 22, 23, 32, 37, 49, 53, 55, 56, 59).

Stunting was more severe at high salinity levels 
(treatments with EC = 20 and 40 mmhos/cm in both seeded 
and transplanted treatments. Also some thick, waxy cuticles 
leaf appeared at treatment. EC = 10 mmhos/cm of. the seeded 
sugarbeets. The deposition of waxy material causes cell 
walls to be rigid and as a consequence, the turgor pressure 
efficiency in cell elongation decreases. The plant remains 
small, leaf area decreases several times, and a decrement 
of the amount of. products photosynthesized occurs. Also 
presence of salts in cells bring a high osmotic pressure 
and cause a reduction of plant respiration. Therefore, the 
transpiring surface decreases as well as the amount of 
water which transpires per plant. Cell permeability changes 
due to these changes and finally, as a result, the plant 
water potential components will change. On the other hand, 
salts exercise a direct toxic effect on the protoplasm and 
break up the plant proteins and form some ammonia which is
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an additional toxicity of the salts„ Also the total osmo
tic pressure of the substrate is a primary factor limiting 
water absorption by plant roots (10, 34, 45, 60, 61, 64,
65) .

Toxicity condition was shown by leaf burn in all 
plants of treatment which was irrigated by the water with 
EC of 40 mmhos/cm. This may be a result from the penetra
tion of the ionized toxic substances into the cell, wall or 
from the fact that such penetration is so difficult. This 
evidence of toxicity may be directly related to the concen
tration of sodium chloride in the irrigation water (23, 64, 
65, 69) .

The moisture requirement of transplanted sugarbeets 
was greater than that of seeded ones by an average of 5.61 
cm (2.2"). Since they covered the soil surface for a longer 
time, they had greater evapotranspiration (Table 11 and 
Figure 4). The drained water and leaching requirement were 
greater for transplanted beets and as the salinity level of 
irrigation water increased, the amount of drained water and 
leaching requirement also, increased too for both seeded and 
transplanted (Table 11). With increasing salinity, there 
was a decreasing of water uptake by plant and a better phys
ical situation for soil permeability to drain water as shown 
in Figures 5 and 6 (51, 58, 67).



Table 11. The depth (in cm) of applied, drained and evapotranspirated water for 
different treatments of transplanted and seeded sugarbeets.

Transplanted Seeded
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 103 

40
EC x 103 

5
EC x 103 

10
EC x 103 

20
EC x 103 

40
Applied
Water 34.64 32.48 28.59 26.99 27.40 25.57 21.08 17.95
Drained
Water 1.72 3.84 4.91 5.38 0,71 2.23 2.99 1.66

Evapotrans- 
piration 32.92 28.64 23.68 21.61 26.69 23.34 18.09 16.29
Mean
Leaching*
Requirement 0.0496 0.1181 0.1716 0.1992 0.0259 0.0873 0.1417 0.0927
Dd/DI
*Dd = depth of drained water.
DI = depth of irrigated water.
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Figure 4. Applied water of transplanted and seeded
lysimeters using various salinity levels in 
irrigation water.
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lysimeters using various salinity levels 
in irrigation water.
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The values of total soluble salts in the satura

tion extract of the soil suggested that in both seeded and 
transplanted treatments, the soluble salts were leached by 
the irrigation water (Tables 9 and 10, Figures 7 to 10).
As we can see, the amount of soluble salts in saturation 
extract is higher for transplanted lysimeters than seeded 
lysimeters in all treatments which may be due to higher 
evapotranspiration by transplanted sugarbeets *

Soil temperature had some fluctuation during the 
period of the experiment and decreased with soil depth.
The average soil temperature was 27.35° C, 26.92° G, and 
24.91° C at 10 cm, 15 cm, and 30 cm respectively (Figure 
11) .

Plants from transplanted treatments were larger and 
more vigorous than those from seeded treatments. Analysis 
of variance showed this difference significantly for plant 
fresh and dry weight,especially root weight (Tables 12 - 
23 and Figures 12 - 17). This may be a result of trans
planting. There was 4.52 metric tons/ha mean difference 
in wet root between transplanted and seeded (Table 24), and 
0.82 metric tons/ha mean difference in sugar between trans
planted and seeded plants (Table 25 and Figure 18). The 
storage roots of transplanted sugarbeets differed sharply 
from those of the seeded. This is well illustrated by com
paring them in Figures 19 and 20. The storage roots of the
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Table 12. ANOVA for wet top weight.

Source d.f. SS MS F
Total 16 167100.12

S 1 15421.49 15421.49 14.95**
T 2 143558.65 71779,33 69.57**

S x T 2 3423.51 1711.76 1.66
Error 11 11349.83

**0.01 level of significance.

Table 13. Means of wet top weight (g/plant)»

Treatment Seeded Transplanted

T1 301a 325a

T2 170c 260b

T3 48e 116d

LSD 0.05 = 40.80.
LSD 0.01 = 57.49.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 14„ ANOVA for wet root weight.

Source d.f SS MS F
Total - 16 74416.23

S 1 38057.15 38057.15 48.98**
T 2 27160.78 13580.40 17.50**

S x T 2 5724.21 2862.10 3.68
Error 11 8546.50

**0.01 level of isignificance.

Table 15. Means of weight (g/plant).

Treatment Seeded Transplanted

T1 57.00c 184.33a

- T2 35.33c 144.00b

T3 8.50c 46.66c

LSD 0.05 = 35.40.
LSD 0.01 = 49.88.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 16. ANOVA for total wet weight.

Source d.f. SS MS F
Total 16 407210.94

S 1 101930.60 101930.60 35.85**
T 2 294522.73 147261.40 51.80**

S x T 2 5648.11 2824.05 0.99
Error 11 31274.67

**0.01 level of significance.

Table 17. Means of total wet weight (g/plant).

Treatment Seeded Transplanted

T1 358.00b 509.33a

T2 205.33c 404.33b

T3 56.OOd 163.33c

LSD 0.05 = 67.72.
LSD 0.01 = 95.43.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 18. ANOVA for dry top weight.

Source d.f. SS MS F
Total 16 1709.60

S 1 358.20 358.20 24.85**
T 2 1216.60 608.30 42.20**

S x T 2 77.81 38.90 2.70
Error 11 158.50

**0.01 level of significance.

Table 19. Means of dry top weight (g/plant).

Treatment Seeded Transplanted

T1 30.85a 34.62a

T2 18.62b 32.43a

T3 6.43c 16.80b

LSD 0.05 = 4.82.
LSD 0.01 = 6.79.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 20. ANOVA for dry root weight.

Source d.f. SS MS F
Total 16 2481.20

S 1 1330.94 1330.94 39.40**
T 2 812.45 406.23 12.02**

S x T 2 135.31 67.66 2.002
Error 11 371.80

**0.01 level of significance.

Table 21. Means of dry root weight (g/plant)-

Treatment Seeded Transplanted

*1 11.19b 32.40a

T2 7.50b 29.05a

T3 1.63b 10.46b

LSD 0.05 = 7.38.
LSD 0.01 = 10.40.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 22. AISTOVA for total dry weight.

Source d.f. SS MS F
Total 16 7334.20

S 1 3070.01 3070.01 52^43**
T 2 3995.03 1997.51 34.11**

S x T 2 184.80 92.40 1.58
Error 11 644.07

**0.01 level of significance.

Table 23. Means of total dry weight (g/plant).

Treatment Seeded Transplanted

T1 42.05b 67.02a

T2 26.09c 61.50a

T3 8.06d 27.25c

LSD 0.05 = 9.72.
LSD 0.01 = 13.70.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Figure 12. Wet top weight of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.
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Figure 13. Wet root weight of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.



We
t 

who
le 

wei
ght

 (g
ram
 

Per
 P

lan
t)

68
600r

500-

400-

300

200

100

5 10 20 40
Different level of salinity in irrigation w a te r  

(m mhos/cm )

Figure 14. Wet whole weight of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.
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Figure 15. Dry top weight of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.
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Figure 16. Dry root weight of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.
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Figure 17. Dry whole weight of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.
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Table 24. Amount of wet root weight in each treatment 

(metric tons/ha).

Treatment 
(EC x 10 3) Seeded* Transplanted* Difference*

5 3.66 11.84 8.18
10 2.27 9.25 6.98
20 0.55 3. 00 2.45
40 0 0.47 0.47

Mean 1.62 6.14 . 4.52

*Extrapolating from a number of 64240 sugarbeets per hectar.

Table 25. Amount of sugar 
tons/ha).

in each treatment (metric

Treatment 
(EC x IQ3) Seeded* Transplanted* Difference*

5 0.56 1.92 1.36
10 0.37 1.64 1.27

20 0.10 0.63 0.53

40 0 0.11 0.11
Mean 0.26 1.07 0.82
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Figure 18. Amount of sugar of transplanted and seeded
lysimeters using various salinity levels
in irrigation water.



74

Figure 19. All treatments of seeded sugarbeets.



Figure 20. All treatments of transplanted sugarbeets.
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transplanted beets were relatively shallow, globular and 
showed some strangling. But the storage roots of the 
seeded ones in contrast had the normal shape. These re
sults agree with other studies (4, 16, 38, 58). Root 
strangling and deforming was not severe which can be a 
result of well mixed and compacted soil and absence of 
other factors which were mentioned in feasibility of trans
planting (46).

The experiment showed that only treatment number 3 
(EG = 20 mmhos/cm) from transplanted beets had a signifi
cant difference for the concentration of sugar (Tables 26 
and 27, Figure 21). Similar results were obtained by other 
researchers where they did not get significant differences 
on percentage of sugar between all treatments (4, 58).
Also, there was not a significant difference in number of 
leaves between treatments for transplanted and seeded 
(Tables 28 and 29, Figure 22).

Whereas plants at the highest level of salinity for 
seeded treatment failed to survive, for the transplanted 
beets, all plants were alive and viable, except for some 
that were stunted and had some leaf burn. This confirms 
that after the seedling stage is past, sugarbeets are quite 
tolerant to salinity, and if a stand can be obtained, 
sugarbeets have good salt tolerance (40, 59, 68). Salt 
tolerance can increase with the capacity to absorb salt
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Table 26, ANOVA for percentage sugar.

Source d.f. SS MS F
Total 16 92.60

S 1 11.50 11.50 3: 80
T 2 41.53 20.77 6.87*

S x T 2 2.09 1.04 0.35
Error 11 33.23

*0.05 level of significance

Table 27. Means of percentage sugar per plant.

Treatment Seeded Transplanted

T1 15.33b 16.23b

T2 16.13b 17.73b

T3 18.20b 20.86a

LSD 0,05 = 2.20.
LSD 0.01 = 3.11.
Means followed by. the same letter are not sifnificantly 
different at 0.05 level.
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Table 28. Anova for number of leaves.

Source d.f. SS MS F
Total 16 730.00

S 1 298.37 298.37 13.14**
T 2 220.78 110.39 4.86*

S x T 2 2.26 1.13 . 0.05
Error 11 249.83

*0.05
**0.01

level
level

of significance, 
of significance.

Table 29. Means of number of leaves per plant.

Treatment Seeded Transplanted

T1 28.33a 36a

T2 25.6 6a 34a

T3 18.5b 28a

LSD 0.05 = 6.05.
LSD 0.01 = 8.53.
Means followed by the same letter are not significantly 
different at 0.05 level.
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from the nutrient medium and decreases with their sensi
tivity to the salt that has been accumulated internally.
On the other hand, the important adaptation of plants to 
chloride salinity is due to the attachment of the chloride 
ions to the protein structures (35, 36, 43). Also, since 
there is surface evaporation and a capillary rise of salts, 
seeds tend to be in a more saline environment than the 
roots of established plants. Therefore, plants are con
sidered to be more tolerant to salinity in advanced stages 
of growth than at germination and seeding period.



SUMMARY AND CONCLUSION

Salinity hazard is a serious problem to crop pro
duction in arid regions. In addition to maintenance and 
management practices to reduce this hazard, which are 
usually expensive, growing salt tolerant species and vari
eties can be a solution. Transplanted sugarbeets may be 
considered as a salt tolerant crop.

The following conclusions can be drawn from this
study:

1. The percentage of seed germinating was decreased by 
increasing the salt concentration of irrigation 
water.

2. The fresh and dry weight of plants were decreased 
in both seeded and transplanted by increasing the 
salt concentration of irrigation water.

3. The transplanted sugarbeets used 5.6 cm more water 
than seeded sugarbeets.

4. Since transplanting has potential advantages in 
addition to increased yields it is, probably, worth 
consideration as a commercial proposition. Much 
depends on whether seedling production and trans
planting could be completely mechanized and whether

82
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the tendency of transplants to produce globular and 
displayed fangs can be overcome.

5. After seedling stage is past, sugarbeets are toler
ant to a salinity level of 20 mmhos/cm electrical 
conductivity of the saturation extract.

6. The storage roots of the transplanted beets were 
relatively shallow, globular and showed some strang
ling.

7. There was a 4.52 metric tons/ha mean difference in 
wet root weight between trahsnplanted and seeded, 
and a 0.82 metric tons/ha mean difference sugar 
between transplanted and seeded.

8. Transplanting can increase survival of sugarbeet 
plants and decreases the. salinity hazards. Increas
ing length of growing season, which is necessary for 
more yield in cold areas, also comes by transplant
ing.
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