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ABSTRACT

Seeds of gopherweed (Euphorbia lathyris) were tested 
under laboratory conditions at The University of Arizona, 
Tucson in 1980. The initial experiment was the determina
tion of the optimum temperature for germination. Germina
tion counts and respiration rate measurements were made on 
a daily basis through the sixth day after sowing. A seed 
was considered germinated When the radicle attained a 
length of 3 mm. The optimum temperature range for germina
tion occurs between 23 and 25 C. Above and below this 
range, germination is significantly reduced. Germination 
closely followed the respiration rates measured.

Salinity and drought tolerance were measured by 
testing the ability of Euphorbia lathyris seeds to germinate 
in osmotically active media. The per cent germination 
decreased with increased solute concentration following the 
trend of respiration, in addition the increased salinity 
levels delayed germination. The types of salts used did not - 
differentially affect seed germination.



INTRODUCTION

One of the main problems in agriculture is that of 
insuring proper germination of seeds and their subsequent 
establishment as seedlings.

In order to become established, crops have to over
come a number of critical stages. First, the seeds have to 
be viable and healthy. . Secondly, they must be able to 
survive storage with a minimum amount of deterioration. 
Finally, once sown in the soil, they should germinate 
quickly, fully, and if possible, simultaneously. Emerging 
seedlings should unfold their photosynthesizing organs in 
order to proceed to a new growth stage. From the third 
stage on, temperature, water availability, and their 
interaction play a vital role.

Infrequent and irregular rainfall in arid regions 
enhance the difficulties of seed germination and establish
ment. The soil surface is only intermittently moist and 
the rate of evaporation high. In addition, many arid type 
soils have a tendency to form hard crusts after drying 
which prevents proper aeration and hinders the emergence of 
the seedling.

Cultivation in semiarid and arid regions frequently 
faces high salt conditions in the soil.. This happens 
because the soil is saline to begin with or because of the
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high content of salts in the irrigation water. Soil 
salinity may be due to three main causes: (1) inadequate
leaching and transport of salts, (2) restricted drainage
caused by low soil permeability or presence of high water 
tables, (3) high rates of evapotranspiration. It is 
therefore very important to determine the salt tolerance 
of a crop to be grown in semiarid or arid regions. However, 
it should be noted that most crops vary their response 
toward salinity with age and that tolerance during later 
stages may be quite different than that found at the 
germination stage.

Research involving the water relations of germinat
ing seeds is usually carried out with the aid of osmotic 
media. This is done to avoid using soil which is a non- 
homogeneous medium and the results are difficult to translate 
into other soil types. Work with osmotic media assumes a 
total equivalency between osmotic due to salt concentrations 
and the matric potential of the soil. This situation is 
not entirely true as there are problems with distinguishing 
metric, effects from toxic effects.

Temperature is perhaps the most important environ
mental factor affecting germination and seeding growth.
Under field conditions temperature strongly interacts with

'

soil moisture, and these two factors and their interaction 
become important in determining the effect of salinity on 
germination. The further apart the temperature is from the



optimum for germination, the, more pronounced the effects of 
drought and salinity.

Each species of seed appears to have a defined 
temperature range for optimum germination. Outside this 
range germination drops quickly. At low temperatures, 
germination is delayed; the lower the temperature, the 
longer the delay. At temperatures above the optimum, per 
cent germination decreases. In arid environments the soil 
surface tends to dry quickly following the infrequent rains 
The germination rate and the initial seedling growth become 
critical factors in determining the stand of crop. Tempera 
ture plays important roles in defining such rates and 
growth.

The purpose of this study was to determine the 
optimum temperature for germination of Euphorbia lathris 
and to measure its salt tolerance under various concentra
tions of sodium chloride, potassium chloride, calcium 
sulfate, magnesium sulfate, and polyethylene glycol. The 
responses obtained were monitored by respiration measure
ments . Salt tolerance was also measured by germination in 
salt-mixture solutions simulating irrigation water of two 
locations in Arizona.



LITERATURE REVIEW

Germination is the resumption of metabolism and the 
growth of a partially differentiated embryo after a period 
of quiescence. The entire process is genetically pro
grammed and environmentally regulated. The dry seed is 
characterized by a low level of metabolism, a direct 
consequence of its low hydration status. Seeds placed in 
water, however, show an immediate rise in respiration as 
shown by Mayer and Poljakoff-Mayber (1975). This rise in 
respiration is the first easily observable metabolic event. 
The second easily observed event is the breakdown of the 
reserve materials (Palmiano and Juliano, 1972; Ching, 1966). 
When water is imbibed at a suitable temperature under 
aerobic conditions, the enzymes and organelles that were 
formed during, seed maturation become activated and the 
partially developed embryos resume their course of develop
ment.

Seeds are self sufficient with respect to their food 
and energy supplies (Ching, 1972), but the major food 
reserves need to be hydrolyzed and transformed in order to 
be transported and utilized for growth. These processes 
require energy and this energy comes from respiration. 
Woodstock (1967) points out that when overall metabolic 
activity is related to growth, a close association between
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respiration and growth is to be expected. Seeds have pre
existing enzymes, organelles, and readily utilizable 
substrates to initiate the respiratory process as shown 
by Abernethy, Wright, and Matsuda (1977), However, they 
are not complete or in sufficient quantities to carry out 
the developmental pattern programmed by the genome. 
Furthermore, there exists a continuous degradation and re
synthesis of enzymes and organelles which contribute to 
maintain an optimum level of activity. The sequential 
events following imbibition rely on metabolic coordination 
as pointed out by Ching (1972). The elimination of any one 
enzyme, substrate, or changes in the oxygen concentration, 
water supply, and temperature will alter the course of 
normal germination.

Seeds exhibit differences in their morphology, 
developmental determination, chemical nature of reserves, 
and physiological maturity. Because of this, major 
metabolic events are not .the same for all species of seed; 
however, there, are basal activities common to all seeds 
during germination. Woodstock and Pollock (1965) charac
terized the "awakening period" into three phases. The 
first phase consists of the rapid uptake of water by 
biocolloids in the dry seed and a concomittant rise in 
respiration attributable to the activation, synthesis, and 
hydration of mitochondrial enzymes. Next is a lag during 
which preexisting systems are synthesizing substrates for



the biogenesis of new enzymes, mitochondria, plastids, 
membranes, etc. At this stage Spragg and Yemm (195 9) found 
evidence, of respiration being limited by oxygen supply.
The third phase is initiated by a burst in respiration due 
to the puncturing of the seed coat by the swelling of the 
storage tissue and the organelles. The activity of newly 
synthesized mitochondria and enzymes also contributes to 
the enhanced respiration.

Seed respiration constitutes a very dynamic step. 
Mayer and Poljakoff-Mayber (1975) reported an almost 
instantaneous oxygen uptake upon wetting seeds. Moreland 
et al. (1974) showed changes in adenosine phosphates and 
oxygen consumption within hpurs after imbibition. Obendorf 
and Marcus (1974) reported similar findings in wheat. This 
led Ching (1973) to suggest that adenosine phosphate levels 
could be useful as biochemical indicators of seed vigor.

Respiration constitutes the oxidative breakdown of 
certain organic seed constituents as sugars, triglycerides 
and starch to provide energy in the form of adenosine 
triphosphate (ATP). In general the higher the respiration 
rate shown by an organism, organ, cell, or mitochondrion 
under normal circumstances, the faster the metabolic 
activity (Woodstock, 1-967; Woodstock and Grabe, 1967). The 
supply of ATP in germination is in most cases not the 
limiting factor under adequate oxygen supply and a suitable 
temperature range. However, at low temperatures or
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anaerobic conditions ATP supply would become limiting and 
germination arrested (Ching, 1972).

Another product of respiration comes in the form 
of reducing compounds. Nicotinamide adenine dinucleotide 
(NADH) or nicotinamide adenine dinucleotide phosphate 
(NADPH). These reducing compounds are in particular demand 
for growth of new cells and tissues as reported by Yamamoto 
(1969). Effer and Ranson (1967) found that the amount of 
these reducing compounds and their dependent dehydrogenases 
and transhydrogenases were highly influenced by the oxygen 
concentration, temperature, and hormone levels.

Temperature and Germination 
Temperature is the best known and most important 

environmental variable in biological systems. Its 
quantitative aspects in controlling survival and rate of 
development are easily measured. However, it also has many 
subtle quantitative effects as in the control of physio
logical dwarfing of peach seedlings (Pollock, 19 62).

In the field, temperature is the most important 
factor interacting with both matric and osmotic potential. 
This interaction is strong (Hobbs and Obendorf, 1972; Evans 
and Stickler, 1961) and extremely deleterious for emerging 
seedlings at the high temperatures normally found in arid 
regions.



Every species of seed appears to have a definite , 
temperature requirement for germination. Upper high null, 
and low null temperature limits exist, outside which 
germination of seeds will not occur. Between these limits 
the optimal temperature is found at which the best germina
tion is obtained. Very low temperatures do not kill seeds, 
provided that the temperature is not lowered too abruptly.
On the other side, seeds also tolerate high temperatures 
as those found in forest fires. In both cases Levitt (1972) 
has found, the more resistant the seed, the lower its water 
content is.

At temperatures higher than the optimum, germination 
per cent drops, but growth rates keep rising. Gulliver and 
Heydecker (1973) have suggested that at high temperatures 
the rates of many germination processes are likely to 
increase. However, if the temperature exceeds a certain 
point, the processes break down. The sequence of events 
is consistent with the concept of heat injury in lettuce 
seeds suggested by Porto and Siegel (19 60). Sosebee and 
Herbel (1969) also pointed out that even if germination 
occurs at high temperatures, survival is generally poor.
Some possible causes for high temperature injuries can be:
(1) decreased availability of gases, (2) accelerated

\breakdown of metabolites, (3) rate imbalances decreasing 
the coordination of interrelated systems, (4) lack of 
adaptive enzymes, and (5) reversible and irreversible heat



inactivation of enzymes. These meohanisms are discussed in 
a review by Langridge fl963)_ .

. At low temperatures, germination is delayed but not 
depressed as at high, temperatures. In general the lower 
the temperature the longer the delay (Ellern and Tadmore, 
1966; Pollock and Toole, 196 6). The reason for this 
phenomenon may be explained by enzyme behavior at low 
temperatures. It is frequently found that at temperatures 
below the optimum, the enzyme possesses an apparent activa
tion energy higher than expected (Maier, Tappel, and Volman 
1955). In addition this shift in activation energy can be 
either sudden or gradual. This concept agrees with enzyme 
inactivation by an increase in the intramolecular hydrogen 
bonding. Drost-Hansen and Neil (1955) measured changes in 
the water viscosity at small temperature intervals, 
reporting abrupt changes at 5 and 15 C. These changes were 
due to alterations in the water molecule configuration.
They speculated that complex physiological processes could 
be altered at such temperatures. Alterations in membrane 
elasticity at low temperatures was suggested by Pollock, and 
Toole (1966). They explain that at low temperatures, 
respiratory rates are too low to supply the energy needed 
for orderly physiological stretching of the membranes.

Morinaga (1926) showed that a large number of plant 
species require alternating temperatures for a favorable 
germination. Stotsky and Cox (1962) suggested that
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alternating temperatures were needed for the destruction 
of inhibitors and the synthesis of germination stimulators. 
The continuous alternation of temperatures would also 
maintain a favorable balance of intermediate metabolites 
required for germination. Thompson (1974) proposed that 
enzymatic thermodynamics altering the concentrations of the 
reactants as a possible mechanism. He further added that in 
altering temperatures the minimum temperature difference was 
important and that the time spent in each phase was 
critical.

Salinity and Germination
Saline soils are commonly found in the arid and 

semiarid regions of the world and are common in irrigated 
lands. Salinity represents a .serious problem to crop 
production on the irrigated lands of the western United 
States.

The effect of salts on a plant varies according to 
the stage of development of a plant. It is critical at the 
germination stage (Hadas, 1976) since it affects the crop 
stand density and yields under arid conditions. Therefore 
it is important to determine the salt tolerance of a given 
species during this phase of growth. In order to 
characterize the drought and salinity resistance of a 
species a common practice is to measure its ability to 
germinate in osmotic solutions. For this purpose aqueous.
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solutions of salts and other chemicals have been widely 
employed (Heydecker, 1977). to provide standardized condi
tions for water stress.

Collis-George and Sands (196 2) have shown that 
osmotic solutions have at least three effects: Cl) truly
osmotic, where semipermeable membranes do not allow solutes 
to diffuse; (2) overall water potential.lowering, where 
solutes may diffuse into the organism until an equilibrium 
is established (the absorbed solute may or may not be used 
as a nutrient); and (3) toxic. In the last two cases the 
solute is not a suitable osmotic.agent as defined by 
Manohar (1966). However, as Ayers (1952) points out> 
biological systems do not have perfectly semipermeable 
membranes that totally exclude the solutes from the living 
cells and tissues. In addition, the use of "unsuitable" 
solutes as chlorides- and sulphates for simulating true 
drought is justified because of the high salt content 
normally found in arid soils (Stone, Marx, and Dobrenz, 
1979). Sharma (1973) provided evidence that polyethylene 
glycol (PEG) serves as a convenient and satisfactory medium 
for studying true drought effects as compared to inorganic 
salts. Mexal et al. (1975), however, show that even at 
moderately low water potentials oxygen availability may 
become a limiting factor in PEG solutions.

Seeds behave in specific ways to isotonic solutions 
of different chemicals. Variations in response (McWilliam



and Phillips, 1971; Read and Beaton, 1965) are in a large 
measure due to differences in seed coat permeability and 
internal seed characteristics. The response of seeds to 
isotonic solutions of inorganic and organic compounds is 
well documented. An extensive review is given by Mayer and 
Poljakoff-Mayber 119 75) , Several generalizations can be 
given for germination under salt stress conditions: (.1)
increasing concentrations progressively delay and reduce 
germination (McGinnies, I960; Parmar and Moore, 1968;
Redman, 1974; Sharma, 1973); (2) the decrease in germination
with increasing salt concentrations varies according to a 
characteristic pattern for each salt (Younis and Hatata, 
1971) ; (.3) seed respiration decreases with increasing
salt concentration (Kidd and West, 1918; Younis and Hatata, 
1971); and (.4) there exists an interaction between osmotic 
potential and temperature ('Ungar, 1967; Stone et al. ,
1979) •

Physiologically, the delay in germination with 
increasing salt concentration appears to be correlated with 
the interference of.translocation as shown by Prisco and 
Viera (1976). Reduction in respiration due to a suppression 
of enzymatic activity has been suggested by Hadas (1976).
Greenway and Osmond (1972) proposed that differences in

\ ■ response were due to a difference in the degree to which
ion concentrations can be regulated within the cell
compartments; however, added that no clear explanation



existed. Though salt solutions may only delay, rather than 
suppress germination, growth in such solutions is greatly 
depressed. Durrant, Draycott, and Payne (1974} have shown 
that in sugar beets small differences in salt concentra
tions affected water uptake, germination, and seedling 
size which greatly enhanced crop variability. Rozema 
(.1975) found that halophytes behave like non -ha lophy t e s 
during germination, and that for both types of plants 
increased salinity lowers germination rate. Nevertheless, 
there is no clear relationship between salt tolerance during 
germination and subsequent growth (Ayers, 1952); Rozema, 
1975). If any relationship is found it will certainly be 
complex (Durrant et al., 1974).



MATERIALS AND METHODS

Germination of Euphorbia, lathyris (Chico 2) was 
measured at 15, 20, 23, 25, 27, and 30 C ± 1 C. All the 
experiments were conducted under dark conditions in growth 
chambers set at the given temperatures. The temperatures 
were additionally monitored by two thermometers placed 
within each growth chamber.

Germination tests were carried out in 100 x 15 mm 
Optilux plastic disposable petri dishes supplied with 
covering lids. Filter papers (Whatman No. 2) were fitted 
inside the dishes, two on the bottom and one covering the 
seeds. Ten milliliters of distilled water were added to 
each dish, pressing the top paper to remove air pockets. 
Fifty seeds were placed in each dish and each treatment was 
replicated three times. All the seeds were sterilized with 
a 10% chlorox solution for 3 min.

The experimental design was a completely randomized 
block. An analysis of variance was conducted on the per 
cent germination. Counts on germinated seed were done 
daily. Seeds were considered germinated when the radicle 
protrusions exceeded 3 mm.

14
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Respiration Measurement 

Respiration of the germinating seed was determined 
by CO2 evolution. Measurements were taken every 24 hours 
for a total period of six days. At each respiration period 
the dishes were transferred from their growth chamber to a 
watertight plexiglass container. Before placing the dishes 
in the container, the lid and covering paper were removed. 
The container was then closed and kept watertight by means 
of three clasps. It was then introduced into a water bath 
at the same temperature the seeds were germinating^ Five 
minutes were allowed for the system to equilibrate.

The plexiglass container was connected to the sample 
imput of the infrared gas analyzer (Beckman model 865) in a 
closed continuous-flow fashion. The CO^ evolved was 
recirculated by means of a small pump. Nitrogen gas was 
circulated through the standard imput. Each measurement 
lasted 5 minutes.

The respiration rate was simultaneously being 
plotted by a recorder (Leeds and Northrup Speedomax XL) 
connected to the infrared gas analyzer. Immediately after 
the measurements, the sample was returned to the growth 
chamber. After the sixth measurement (14 4 hours), the seed 
samples were removed, weighed, and placed in a dry oven at 
70 C for 15 hours. Dry weights were determined and the 
respiration rate expressed as parts per million CO^ per 
hour per gram of dry weight.
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Germination Under Osmotic Drought

Drought was simulated by osmotic solutions of 
sodium chloride (NaCl), potassium chloride (KC1), calcium 
sulfate (CaSO^), magnesium sulphate (MgSO^), and 
polyethylene glycol 6000 (PEG). Isotonic solutions of 0, 
0.25, 0.50, 1, 2, 3, and 5 bars were used. The salt 
content.for the osmotic potentials of the inorganic 
compounds were taken from the USDA Agriculture Handbook No. 
60. The PEG content from tables given by Michel and 
Kaufmann (1973). Below 1 bar the aqueous solutions were 
prepared according to Van't Hoff's Law.

In addition tri-salt solutions simulating the 
irrigation waters used at the Campbell Avenue Farm and 
Safford were prepared according to Dutt and McCreary (1970).

Germination tests were performed in identical 
fashion to the temperature germination experiments, except 
the temperature which was set at 25 C. Germination per 
cent and respiration rate were measured at the end of six 
days. The experimental design was a completely randomized 
block with three replications. An analysis of variance 
was conducted on both germination per cent and respiration 
rate.

A final study involved the germination of Euphorbia 
lathyris seeds at 15, 20, 25, 30 C ± 1 C using the threshold 
osmotic potential values of the least and most toxic 
osmotic solutions found from the previous experiments.
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Germination tests were done in identical fashion as 
previously described.



RESULTS AND DISCUSSION

Temperature Response
a  ’

Data in Table 1 show the average per cent germina
tion of Euphorbia lathyris seeds at the six temperatures. 
From an analysis of variance study three distinct tempera
ture groups were formed. The optimum temperature range for 
germination is found in the first group. There is a narrow 
range between 23 and 25 C. Germination sharply drops above 
and below these temperatures. The average per cent germina
tion found at 20 C was slightly higher than that at 27 C. 
These two temperatures form the second group which showed 
a germination significantly lower than that found in the 
optimum range. The third group is formed by the highest 
arid lowest temperatures' studied. Germination at both 15 and 
30 C is severely affected. However at all temperatures 
below 2 3 C, germination is only delayed. The lower the 
temperature the longer the delay. At 15 C, germination 
required 12 additional days to reach its final value. On 
the other hand, at temperatures above 25 C germination is 
suppressed, and in analogous fashion the higher the tempera
ture the more intense the suppression.

The results agree with the published literature 
regarding germination (McGinnies, 1960; Rozema, 1975;
Mayer and Poljakoff-Mayber, 1975).

18
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Table 1. Average per cent germination and respiration of 

Euphorbia lathyris six days after sowing at six 
different temperatures '—  Respiration rates are 
in ppm CX^/hr/gr.

Temp G R
30 C 14.7 c 140 b
27 C 62 b 352.8 a
25 C 86 a 328.7 a
23 C 84 a 312.5 a
20 C 67.3 b 155.6 b
15 C 0.6 c 58.34 c

Values followed by the same letter within a column are not 
significantly different at the 5% level according to the 
Student-Newman test.

In Figure 1 the effect of temperature on the rate 
and final value of germination can be seen. At 30 C , 
initial germination rate was the highest but the total 
per cent germination dropped as compared to the lower 
temperatures. The final germination at 30 C. was the lowest 
except for that at 15 C. These results support those of 
Gulliver and Heydecker (.1973) . At the third day, germina
tion simultaneously occurred at 25 and 27 C. By the last 
day the per cent germination at 25 C was significantly 
better than that at 27 C. At temperatures below 2 3 C, 
germination began to be delayed. At 15 C germination began 
the day the experiment concluded. There are several
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physiological causes for the observed delay in germination. 
Langridge . (1963) pointed out enzymatic behavior while 
Pollock and Toole (1966) and Ching (1972) stressed membrane 
anomalies.

Respiration Response to Temperature 
Germination is an energy requiring process and is 

therefore dependent on the respiration of the seed. As • 
seeds take up water, there is an increase in the gas
exchange as shown by Moreland et al. (1974), This increase
can be enhanced if the temperature is raised to a certain 
point; thereafter, respiration sharply drops as shown in 
Figure 2. These results are in agreement with those of 
Mayer and Polj akoff-Mayber (19 75). The highest respiration 
rates measured were those at 2 7iC; however, at this tempera
ture germination was significantly lower than at 25 C as 
shown in Table 1. This particular result can be explained 
by assuming that the seeds germinating at 27 C had higher
metabolic rates than those at either 23 and 25 C and this
was reflected in higher respiration rates. On the other 
hand it could also indicate an uncoupling of respiration 
from growth processes, thus providing conflicting evidence 
to Woodstock (1967). . The initial respiration rate at 30 C 
was the highest of all the six temperatures tested.
However, it steadily declined as Langridge (1963) and Porto 
and Siegel (19 60) contend due to enzymatic breakdown. A
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small rise was seen at the fourth day, which coincides with 
the initiation of germination at this temperature. Sharp 
rises in respiration were also seen at 23, 25, and 27 C 
closely matching the rise in germination (Figures 2 and 3). 
As pointed out by Mayer and Poljakoff-Mayber (19 75), though 
germination as defined did not occur, the rupture of the 
seed coat removes a significant barrier to oxygen diffusion 
and a rise in respiration rates soon follow. On the fifth 
day respiration rates dropped at 30 and 15 C (Figure 3).
At 30 C the drop could be due to the effects of high 
temperatures on enzymatic processes a s 'pointed out pre
viously. Respiration rates at 15 C were very low and 
irregular. According to Pollock and Toole (196 6) low 
respiration rates result from reduced enzymatic activity. 
Respiration is therefore unable to supply sufficient energy 
for the physiological processes involved in germination.

Germination and Respiration Response to 
Drought and Salinity

Results from germination and respiration at differ
ent osmotic pressures are given in Tables .2, 3, and 4 and 
Figures 3 and 4. Increased concentrations progressively 
reduced germination; the decrease was characteristic for 
each compound tested (Figure 3). Similar results were 
reported by Younis and Batata (1971).

For the inorganic salts except CaSO^, concentra
tions beyond the -2 bar level significantly reduce
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Table 2. Average per cent germination and respiration of Euphorbia lathyris at
different osmotic potentials in five osmotic media —  Respiration rates 
are in ppm C02/hr/gr.

Bars NaCl KC1 MgSC>4 CaSC>4 PEG
0 90 a 592.4 a 88.7 a 446.7 a 77.3 a 413.6 a 96.6 a 96 a 605.2 a
0. 25 90 a 589.9 a 84.7 a 489.3 a 73.3 a 327 a 96 . 6 a 70 b 354.9 b
0.5 87. 3 a 494.2 a 86.7 a 476 a 77.3 a 355.7 a 92.6 a 72.3 b 269.6 b
1 76. 7 a 458.1 a 84.7 a 473 a 64.6 a 248.3 a 93.3 a 52 c 148 c
2 75.3 a 331 b 82 a 488 a 36.7 a 145.2 a 93.3 a 46.7 c 174.8 c
3 58 b 202.2 b 16.7 b 111. 6 b 42 a 284.5 a 90 a - 31.3 d 108.7 c
5 15.3 b 84. 3’b 1:3 b ■66'. 6 b 22.7 b 125.6 a 71.3 b 6.7 e 46.61

Values followed by the same letter within a column are not significantly different 
at the 5% level according to a Student-Newman test.



Table 3. Average per cent germination of Euphorbia lathyrjs in five different 
osmotic media at the end of six days.

0 0.25 0.50 1 2 3 5
NaCl 90 a 90 a 87:3 a 76.7 a 75.3 a 58 a 15.3 b
KC1 88.7 a 84.7 a 86,7 a 84.7 a 82 a 16.7 b 1.3 b
MgS04 - 77.3 a 73.3 a 77.3 a 64.7 a 36.7 b . 42 b 22.7 b
CaS04 96.7 a 96.7 a 93.3 a 92.7 a 93.3 a 90 a 71.3 a
PEG 96 a 70 a 73.3 b 52 b 46.7 b 31.3 b 0.7 c

Values followed by the same letter within a column are not significantly different
at the 5% level according to the Student-Newman test.



Table 4. Average respiration rates of germinating Euphorbia lathyris in five
different osmotic media at the end of six days -—  Respiration rates are 
in ppm CC^/hr/gr.

Osmotic potential bars
0 0.25 0.50 1 2 3 5

NaCl 59 2.36 a 589.9 a .494.2 a 458.1 a 331 a 202.2 a 84.3 a
KCl 446.6 a 489.3 a 476 a 473.2 a 488 a 111.6 a 66.6 a
MgS04 413.6 a 327 b 355.8 a 248.3 a ■' 145.2 b 284.4. a 125.6 a
PEG 605.2 a 354.9 b 269.7 a 148.1 b 174.8 b 108.7 a 46.6 a

Values followed by the same letter within a column are not significantly different
at the 5% level according to the Student-Newman test.
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germination. This reduction is slightly more pronounced 
with MgSO^, which had the lowest germination values above 
the -2 bar level (Table 2). These results agree with those 
reported by Redman (.19 74) . The suppressive action on 
germination followed the approximate order: Mg, K, Na, and 
Ca for the isotonic solutions tested. There were no 
significant differences with the type of salt used above 
the -2 bar level. At this level germination in MgSO^ was 
sharply reduced. At -3 bars all the salts except CaSO^ 
significantly reduce germination. At -5 bars significant
effects occur in all cases (Table 3).

Germination in PEG solutions was the lowest at all 
the levels tested, though only at -5 bars was the differ
ence significant (Table 3). This low germination appears
to result from the low respiration rates measured in PEG 
solutions (Figure 4). Mexal et al. (1975) have pointed out 
that some of the effects of PEG are the result Of small 
amounts of contaminants mainly aluminum and magnesium. Yet 
to a larger extent the major detrimental effects could be 
associated to a marked decrease in oxygen solubility in 
PEG solutions as the same authors state. This would 
support Spragg and Yemm (.1959) who found respiration as the 
limiting process in germination. A

In general germination followed the same trend as * 
respiration. It is interesting to note that up to ~-2 bars, ■ 
KC1 did not have any significant effect on either
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germination or respiration (Figures 3 and 4). In fact, 
respiration rates slightly increased as the concentration 
increased. However, past this level both parameters were 
severely reduced. At an osmotic potential of -3 bars of 
MgSO^ respiration rates increased markedly, this being 
reflected in a slight increase in germination (Table 2).

Younis and Hatata (.1971) proposed that in studying 
germination in different salt solutions, a 10% decrease 
from the maximum value would indicate, a significant effect 
while a 50% reduction would indicate a serious effect.
From this point of view, PEG had a significant effect at 
the -0.25 bar level, NaCl and MgSO^ had a significant 
effect at the -1 bar level. Serious effects occurred at 
the -2 bar level for both MgSO^ and PEG. For KC1 it 
occurred at -3 bars and NaCl at -5 bars. From this assay 
the order in suppressive action would be MgSO^, KC1, NaCl, 
and CaSO^. i

The interaction between temperature and the salt 
solutions of CaSO^ and KC1 at toxic concentrations is given 
in Figure 5. High temperatures coupled with high salinity 
levels of either salt totally inhibit germination. At 15 C 
no germination occurred; however, some seeds responded when 
transferred to 25 C; this did not happen with the seeds 
germinating at 30 C. The best germination was measured at 
2 5 C, being slightly lower at 2 0 C. At all temperatures 
KC1 was more toxic than CaSO^. According to these results
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Euphorbia lathyris seeds may germinate under cool and moist 
conditions in the presence of high salt concentrations.

Germination of Euphorbia lathyris seeds in tri-salt 
solutions simulating irrigation waters from Safford and 
Campbell Avenue farm were not significantly different than 
those in distilled water. The average per cent germination 
was higher in Safford water (87%) than in Campbell water 
(84%). The high values of germination found for both waters 
reflects their relatively low salt content.

These results show that the effects found for both 
temperature and salinity on germination were in close 
agreement with those found for other types of plants. The 
techniques used for this study may be useful for selecting 
Euphorbia lathyris varieties with improved salt and tempera
ture tolerance during germination.



SUMMARY AND CONCLUSIONS

Gopherweed (Euphorbia lathryis) seed were tested for 
germination at 15, 20, 23, 25, 27, and 30 C. Three replica
tions of 50 seed were used at each temperature treatment. 
Germination was carried in growth chambers set at the 
appropriate temperatures and in dark conditions. Counts on 
the number of seed germinated were done on a daily basis as 
well as the measurements of the respiration rates. 
Respiration rates were quantified by CO^ evolution of the 
respiring seed by means of an infrared gas analyzer. During 
this period the seed were kept in a water bath to prevent 
their germination temperatures from varying. The experi
mental design used was a completely randomized block and 
an analysis of variance together with a Student-Newman test 
were used to determine differences among the means of both 
per cent germination and respiration.

The second part of the experiment tested for 
germination at 0.0 (control), 0.25, 0.50, 1, 2, 3, 5 bars 
of osmotic potential. Isotonic solutions of NaCl, KCl,
CaSO^, MgSO^, and PEG were prepared for each osmotic 
level. Three replications of 50 seed each were used for 
each salt level treatment. Germination was done in dark 
conditions in a single growth chamber set at 25 C. The per 
cent germination and the respiration rate were measured at

33
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the end of the sixth day. The experimental design was a 
completely randomized block. An analysis of variance 
together with a Student-Newman test were used to determine 
differences among the means. Germination tests were also 
performed in tri-salt solutions simulating the irrigation 
waters found at Campbell Avenue farm and Safford, Arizona. 
Finally a measurement of the interaction between tempera
ture and salinity was done by germinating Euphorbia lathyris 
seeds at toxic levels of CaSO^ and KC1 at four different 
temperatures.

The following conclusions can be drawn from this
study:

1. Optimum germination of Euphorbia lathryis occurs in 
the range of 23 to 25 C.

2. At temperatures above and below this range, germina
tion is rapidly reduced.

3. Low temperatures delay germination and growth, while 
high temperatures increase the germination rate but 
decrease the per cent germination.

4. Salinity and drought levels below -2 bars of 
osmotic potential significantly reduce germination.

5. No significant differences were found between the 
osmotic medium used, though germination in MgSO^ 
solutions were lower at all levels above -2 bars.

6. Germination in both temperature and salinity 
experiments closely followed the respiration rates
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observed. Therefore, respiration is an adequate 
physiological variable to monitor the germination 
behavior of Euphorbia lathryis seed.

7. Tri-salt solutions in concentrations as those found 
in Campbell Avenue farm and Safford, Arizona do not 
significantly reduce germination as compared to 
distilled water.

8. Temperature has a marked influence on the germina
tion of Euphorbia lathryis under saline conditions. 
High temperatures coupled with high concentrations 
totally inhibit germination. However, seeds may 
germinate at high salt levels if conditions remain 
cool and moist.
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