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INTRODUCTION

Saline soil is characteristic of much of the South
west and there is need for plants that can establish, de
velop, and maintain themselves under saline soil conditions. 
Low rainfall in conjunction with high temperatures, which 
prevented adequate leaching of soluble salts, have caused 
accumulations of salts in the soil. High water tables 
generally found along streams may also cause an accumulation 
of salts in the upper soil horizons„ Accumulation of salts 
in the plant root zone may affect seed germination and plant 
growth. Germination and emergence may be critical in plant 
establishment on saline soils since adequate stands are 
often determined during this period.

Some investigations indicating differences in salt- 
tolerance among species have been conducted; however, in
formation is lacking on intraspecific variation to salt- 
tolerance. The intraspecific variability could be rather 
extensive in heterozygous populations and should warrant 
study.

Variability in morphological characteristics is 
present in blue panicgrass (Panicum antidotale Retz.) and 
bermudagrass (Cynodon dactylon (L.) Pers.). If the
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variability for saIt-to1eranoe is comparable to the vari
ability for morphological characteristics, then selection 
for salt-tolerant accessions should be possible.

Information is seriously lacking on the genetic 
variation present within and among species of grasses. This 
information would aid in the selection and breeding of plants 
that are capable of producing seed that will germinate under 
high salt concentrations.

Salt-tolerance as used in this study is defined as 
the relative performance of a seed accession at a given 
level of salinity as compared to the performance of other 
accessions and will be termed "germination salt-tolerance" 
when pertaining to the germination phase of plant growth.

The objectives of this investigation were:
a. To evaluate the salt-sensitivity of the
■ two species during germination
b. To evaluate the salt-sensitivity of

accessions within species of blue 
panicgrass and bermudagrass.



REVIEW OF LITERATURE

Research on the salt-tolerance of growing or mature 
plants Is found throughout the literature. Little work has 
been reported on germination salt-tolerance of most plant 
species. Germination salt-tolerance research is lacking on 
grass species and particularly on the variation within 
species of grasses (13/ 14, 15). Genetic variation for 
salt-tolerance has been studied in some crops (2, 3» 13) 
and found to be rather extensive, while other crops 
(5) 7, 8) showed little variation.

A saline soil is defined (20, 29) as a non-alkali 
soil containing soluble salts in such quantities that they 
interfere with the growth of most crop plants. The con
ductivity of the saturation extract is greater than 4 
millimhos per centimeter at 25° C., the exchangeable- 
sodium-percentage is less than 15, and the pH of the 
saturated soil is usually less than 8.5.

The concentrations of soluble salts in the soil can 
be caused by several factors, some of which are (a) a rela
tively high water table such as is found along many of the 
stream channels and on the river flood plains, (b) high 
temperatures in conjunction with low amounts of rainfall
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causing inadequate leaching of salts from the plant root 
zone, and (c) salty irrigation water, lyerly (24) stated 
that salt added to the soil in irrigation water can only be 
removed by leaching. Therefore, irrigation water containing 
1 ton or 750 ppm. of salt per acre-foot would require ap
proximately 14 percent of the water to pass through the root 
zone to maintain top cotton yields.

Soil moisture stress at any given moisture level in
creases with increased soil salinity, and at any level of 
salinity soil moisture stresses in turn should, be reflected 
in (a) an increase in emergence time, (b) a decrease in the 
percent of seed which germinates, or (c) both of these.

Two main groups of forces must be overcome for. 
plants to obtain water from the soil. These are the surface 
force action and the osmotic force action. The surface 
force action of the soil particles accounts for the moisture 
retentative properties of the soil and is usually referred 
to as soil moisture tension. -The osmotic force action is 
due to the dissolved materials in the soil solutions.

Successful agriculture on saline soils requires the 
use of crops capable of producing a satisfactory yield under 
moderate intensities of salt accumulations (20). The salt- 
tolerance of a variety or a species of plant may be evalu
ated in three ways (20) . (a) Salt-tolerance may be looked
upon as the capacity to persist in the presence of increas
ing degrees of salinity, A given species may make little or
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no growth at the higher levels of salt accumulations, hut it 
does survive. (to) Salt-tolerance may be regarded from the 
standpoint of productive capacity at a given level of salin
ity. For example, a number of strains of a given species 
may be tested in a medium having a certain degree of salini
zation and the highest yielding strain may be selected as 
the most salt tolerant, (e) The relative performance of a 
species at a given level of soil salinity as compared to its 
performance on a comparable nonsaline soil may be used as a 
criterion of salt-tolerance.

Salt-tolerance of a given species depends upon three 
attributes (20) . These attributes are the capacity or 
ability of the species to increase the osmotic pressure of 
the tissue fluids to compensate for increases in the osmotic 
pressure of the substrate; the inherent ability of the 
protoplasm to resist deleterious effects of accumulated 
ions, and the capacity to regulate the intake of ions so as 
to bring about the increase in osmotic pressure and yet 
avoid an excess accumulation of ions.

Under saline conditions, germination and seedling 
growth are critical since the ability of a given variety to 
germinate and establish the seedling is frequently the limit
ing factor in crop production (l, 9). Ayers and Hayward (4) 
found that detailed information is needed on the sensitivity 
to salinity of germinating seed of various crops in order 
to adjust field management practices adequately so as to



secure an economic stand of plants on lands subject to 
salinization. There are two ways in which salinity may af
fect germination (3)• There may be enough soluble salts to 
build up the osmotic pressure of the solution to a point 
which will retard or prevent intake of necessary water, and 
certain constituent salts or ions may be toxic to the embryo 
and seedlings. Uhvits (27) found alfalfa seed absorbed 
water at lowered rates as the osmotic pressure of the sub
strate increased, but there was an associated increase in 
accumulation of chlorides within the seed. Physiochemical 
effects upon seed result in a slower rate of emergence of 
seed which germinate and a lower germination percentage. 
Ayers (l) stated the decrease in rate and percentage of 
germination, as a.result of moistening the seed with either 
Nad or mannitol, can be ascribed to the osmotic effect of 
the solution upon the entry of water into the seed. Severe 
reductions in germination percentage that result from the 
use of Nad can be attributed to injury caused by the ac
cumulation of toxic amounts of chloride within the seed (l).

The effect of high osmotic pressure of the salt so
lution was investigated in early work by Buffurn (11, 12), 
who concluded "the retarding effect of a salt solution on 
the germination of seed is in direct proportion to its os
motic pressure when the solutions are strong„" Slosson and 
Buffurn (25) and Stewart (26) found that if the osmotic 
pressure was high enough, no germination occurred; but, it



was noted that at a given salt concentration, various 
species of agricultural plants exhibited differential salt- 
toleranee with respect to germination.

Lomanitz (22) found the,yield of alfalfa increased 
over the check in five out of six solutions containing NaCl 
in varying amounts from 0.0 to 0.6 atmospheres osmotic 
pressure. Brown and Hayward (10) grew six alfalfa varieties 
in salinized plots for three years using a 50°50 mixture of 
NaCl and CaClg at concentration levels of 0, 3,000, 6,000, 
and 9,000 ppm. The percent survival for all varieties was 
88 in the control, 95 in the low salt treatment, 94 in the 
intermediate salt treatment, and 90 in the high salt. All 
varieties had a lower mortality in the low and intermediate 
salt treatments than in the control plot, and only one 
variety had a greater mortality in the high salt treatment 
than in the control.

Lipman et al. (21) found, in studying the effects of 
a wide range of concentrations (0-15,000 ppm.) of NaCl in 
solution on the growth of wheat, barley, and peas, that con
centrations from 500 to 1,000 ppm. may depress growth par
ticularly in the early stages, but higher concentrations may 
stimulate it. The concentration of NaCl at which most 
marked depression occurred.is about 8,000 ppm. Yields of 
coastal bermudagrass and Rhodesgrass have been significantly 
increased with irrigations of salty water according to 
Gausman (19). Grasses were clipped and yields determined as



pounds of air dry forage per acre. Compared with the check 
• (900 ppm.) Increased yields of statistical significance oc
curred with coastal bermudagrass when Irrigated with 4,500 
ppm. of salty water. The yield of Rhodesgrass was sig
nificantly Increased when irrigated with 1,500 ppm. salty 
water. '

Wiggans and Gardner (30) studied the effects of 
NaCl in various osmotic pressure concentrations on the 
germination and seedling growth of radish and sorghum.
Their procedure was to place 25 seed on blotters saturated 
with varying concentrations of the solute in covered petri 
dishes. Each treatment was replicated 4 times. The petri 
dishes were placed on open tables in a room illuminated 
with north light and maintained at a temperature of 
70° t 2° p. Germination counts were made at 24, 48, 72, and 
96 hours. Concentrations of 5 atmospheres of NaCl almost 
completely inhibited germination and radicle growth of 
both sorghum and radish. Concentrations of 10 atmospheres 
or more greatly reduced or even completely inhibited ger
mination.

Hayward et al., as quoted by Hayward and Wadleigh (20), 
studied the effects of NaCl, CaClg, and mixed chlorides on 
Marsh grapefruit grown in sand cultures, with solutions ad
justed to 0.5 (control), 2.5, and 3.5 atmospheres osmotic 
pressure. At the highest level of salt concentration, 
vegetative growth was reduced to 45 percent of the control
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with mixhd chlorides, 3̂- percent with NaCl, and 22 percent 
with CaClp•

Fryxell (18) in reviewing European studies reported 
that selection for high osmotic pressure of the germinating 
seed resulted in rather astounding yield increases and im
proved agronomic characteristics of the selected material. 
Germinating seed in solutions of varying osmotic strength 
and basing selection on the results obtained was the general 
method used for selection. Three methods advanced by Fryxell 
for selection from a genetically heterogeneous seed-lot were 
(a) use a single solution and select those seed which germi
nate most quickly, (b) use several strengths of solutions 
and base selection on the pattern of germination encountered, 
and (c) use a single solution and vary the concentration 
over a period of•time. Seed.which could readily imbibe 
water from the solution and germinate would have a higher 
osmotic value than those which.did not grow or were retarded 
during growth. Measurements of germinating seed avoid the 
masking effects of environmental agencies and of physio
logical changes due to plant growth in assessing the genetic 
potential with regard to osmotic value. Investigators have 
found that “osmotic selection" results in enhanced resist
ance to adverse conditions, including cold, drouth, and 
salinity of the selected material (18).

Doneen and MacGillivray (16) conducted an experiment 
in which seed of different vegetable crops were placed in
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two prepared soils at various moisture contents and germin
ated at constant temperature In closed containers. Two con
clusions which may be arrived at from their results were 
(a) seed germination was progressively delayed as the ini
tial soil moisture percentage was decreased, and (b) germin
ation percentage of some crops was lowered as the soil mois
ture was decreased toward the wilting percentage. However, 
germination percentage was not influenced when the soil 
moisture was above the wilting percentage for many crops.

Ayers (2) tested 30.varieties of barley for salt- 
tolerance. The criteria used in classifying the varieties 
with respect to relative salt-tolerance were the calculated 
osmotic pressures of the soil solution which caused a 50 per
cent decrement in the percentage of seed emerging 10 days af
ter planting, and the osmotic pressures which inhibited all 
emergence for 10 days, The tests showed that there were some 
very marked differences in the germination of barley varieties 
in saline soils. The effect of salinity in increasing the 
time required for emergence and in decreasing the percentage 
of seed emerging is in line with other findings (l, 2, 11,
12, 20, 27). There were also significant differences of 
possible agronomic importance in the salt-tolerance of the 
varieties tested, but there was no clear correlation between 
the ranking and different areas of origin (2).

Dewey (13) conducted a study on germination with 25 
strains of Agropyron, representing 14 species. NaCl and
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CaGlg were used in such proportions to maintain a constant 
sodium absorption ratio (SAH) near five at all salinity 
levels in order to maintain suitable soil structure and 
permeability. Four levels of salinity were chosen?

a. Irrigation water without added salt.
b. Irrigation water plus 6,000 ppm. of NaCl

and CaClg at the ratio of 30 me. of
NaCl?77 me. of CaOlg per liter, SAR 4.8.

e. Irrigation water plus 12,000 ppm. of NaCl
and CaClg with a ratio of 43 me. of
NaCl?17S me. of CaClg per liter, SAR 4.6.

d. Irrigation water plus 18,000 ppm. of NaCl
and CaClg with a ratio of 55 me. of
NaCl?276 me. of CaClg per liter, SAR 4.6.

Grass seed were planted in petri dishes filled with 
soil that had been oven-dried and then brought to field 
capacity with the appropriate salt solution (13). Each dish 
was divided into five sections to accommodate five strains. 
As the seedlings emerged, they were counted and removed 
daily from the dishes. Germination was allowed to continue 
for. 15 days after planting, when virtually all germination 
had ceased. Data were recorded as the number of seedlings 
emerging and the time required for them to emerge. Germina
tion tests were greatly influenced by the age and condition 
of the particular seed lots under study. To somewhat 
equalize initial differences among seed lots, germination



was expressed as a percent of the germination of the same 
strain in unsalinized soil. As the salt concentration was 
increased, germination percentage decreased and germination 
time increased. Both the decrease in germination percent 
and the.increase in germination time were strongly linear 
with a significant quadratic effect. At the 6,000, 12,000, 
and 18,000 ppm. levels, germination time was 146.1, 200.4, 
and 281.3 percent, respectively, of the germination time in 
the unsalinized check. Germination percent at 6,000,
12,000, and 18,000 ppm. salt levels was 88.4, 65.8, and 34.1 
percent of germination at 0 ppm. Dewey found that many 
strains within species differed. Differences among strains 
within species would strongly indicate that selection for 
salt-tolerance within a species might isolate the strains 
with greater salt-tolerance (13).

Lunt et al. (23) studied the effect of soluble salt 
levels on the germination of four grass speciesj Poa 
pratensis, Agrostis palustris var. seaside, Festuca 
arundinacea, and Agrostis tenuis var. highland. Seed were 
germinated on filter paper in petri dishes moistened with 
various salt solutions. Germination was determined after 10 
days and only those seed showing development of the coleop- 
tile were counted as germinated. Treatments were (a) nutri
ent solution, (b) nutrient solution plus 30 me. NaCl per 
liter, (c) nutrient solution plus 60 me. NaCl per liter,
(d) nutrient solution plus 30 me. CaClg per liter, and
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(e) nutrient solution plus 66 me. CaClg per liter, ffestuca 
arundinacea was the most tolerant while the other three 
species were about equal in the range studied. NaCl con
sistently had a greater depressive effect than an equivalent 
concentration of CaClg, The studies indicated that germina
tion is reduced about 25 percent or less by salt concentra
tions up to 74 me. per liter in the species studied.

In summarization, the literature contains evidence 
that various species of agricultural plants exhibit differ
ential salt-tolerance with respect to germination. Slower 
rate of emergence and lower germination percentage occurs 
with increased amounts of salts. However, some salts have 
been shown to increase yields of alfalfa, coastal bermuda- 
grass, and Rhodesgrass, but usually yields decreased with an 
increase in salt concentration.



MATERIALS AND METHODS

Fifteen seed-lot accessions of blue panicgrass and 
thirteen seed-lot accessions of bermudagrass were used and 
are identified by accession numbers in Tables 1 and 2, 
respectively. These seed sources constitute a wide range of 
genetic variability in the two species.

termination tests were conducted in a laboratory 
germinator according to procedures presented by U . S. 
Department of Agriculture Handbook No. 30, Manual for test
ing agricultural and vegetable seeds (28). Petri dishes 
measuring 100 mm. in diameter by 20 mm. in depth served as 
the germination chambers. Two filter papers were placed in 
each dish and used for the substrata. The petri dishes and 
filter papers were then sterilized in a Simplex Instrument 
Sterilizer. The substrata was moistened with 6 ml. of the 
appropriate salt solution (Table 3)• The electrical con
ductivity of the solutions are given in Table 4. Four 
replications of 100 seed per petri dish were tested at each 
level in each salt.

Determination of salt levels was derived from data 
of a preliminary study. In this study, seed from commercial 
lots were placed in salt levels of 6,000, 12,000, 18,000,

14



Table 1« Blme' paniegrass,seed let aceessions evalaated for germination 
saltftoleranoe ?...'..........................

leeession me. , Fo I? . ... ... Origin. and remarks

Commercial

242

271

510

593

217239

215644

Originally from A-13#, standard for
C53* 0 £> o

4-130.
Sidney, Australia.
A-I49O6; Texas, T-H5.
Survived very dry conditions at Reese** 
velt, Oklahoma. Flanting approximately 
5 years old| originated from commercial 
seed.
India.
India.
India.
Vegetative collection from Desert Tank 
on Santa lita Range, Arizona.
Unknown.
India. '

Seed from parent plants which survived 
drouth conditions (1942-56) on New 
Mexico Sbate University' Ranch. Original 
seed probably from A-13©.
Survived salinity plots at Brawley, 
California.
Bulk selected plants from Australia 
introduction. Received from IF. S. 
Kneebome, Woodward, Oklahoma.
Originally from commercial seed. Seed 
collected from individual plant on 
Snyder Ranch, Wellton, Arizona. Saline 
. site ....   :..... ... .......



IS
Table 2« leismdagraes seed let accessiens evaluated for germination

no.  ....    ,....    ©nigia, and,Remarks.

Goumereial If Si seed from commercial common
bermmdagrass seed field.
Giant (IK-37)° Commercial seed lot.
Seed from 1-3 stolons. Commercial seed 
lot.
Seed collected near Tombstone? Arizona, 
(giant).
Seed collected near $es Moohis, Mexico.
Seed collected near Wellton $ Arizona.
Oklahoma experimental niamber 1.
Received from W. E. Kheebone, .Woodward, 
Oklahoma.
Seed collected eh **IslandM near Yuma, 
Arizona, (lark seed| giant).

:S-2 ©pen pollinated progeny of Gene Tift.
138-1 Open pollinated progeny of Bmnswick.

"5 Open pollinated progeny of seed
collected near.Tombstone, Arizona.
Open pollinated progeny of seed collected 
near Culiacan,.Mexico.

=2 ©pen pollinated progeny of seed from salt
. .  ......   ,.......     study. at.,.Br;awley,:, California     ....
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Table 3« .Salt solutions used. in. gemination, salt-toleranee tests.. .

1. Gontrol.̂
2. 63000 ppm. MaGl.
3° 123©@© ppm. laGl.
4. 18 3 ©©©ppm.

A AAA YSYsm
Ia©l.
A q AI

6.
7«

12,©©© ppm. 
18,©©© ppm.

vavjLg °o
CciGX̂) o

S. 1,©§© ppm. MgGl2.
S>e 2,©©© ppm. %©l9.1©. 4s©©© ppm. %G12.
11. 6,©©@ ppm. HaGl + GaOlg.*
12. 12,©©© ppm. MaGl 4 GaGlg.
13 o it AIa MaGl + GaGlg.
14. 6,0©© ppm. laGl +  ig012.
15. 12,0#© ppm. laGl t MgCl2=
16= 18,©©© ppm. SB1 t MgGlg.
17. 6,®©@ ppm. 0aGl2 t MgGlg.
18. 12,©©@ ppm. GaGl2 + lgGl2.
19. 18,©0© ppm. 0a012 t MgGl2o
.2©= 6,©©© ppm. laGl -b GaGlg +  MgGl2
21. 12,©©© ppm. laGl f GaGl2 t %Glg
22. IS,®®© ppm. laGl +• GaGlg +  MgGlg,

^Mstilled water .
till salts and salt mixtures were by weight and were added, t© 

distilled water.
* Salt mixtures were of equal parts by weight. The + symbol 

dees not mean that ©me salt is added t© another la the order given, but 
that each is present in the solution.

SSolutions containing these three salts are designated as 
Tri-Salt.



Table 4° Electrical conductivity of salt solutions at the six salinity levels used in 
germination salt-toleranee tests«

Salts 1000 2©©© 12©©© ISO©©

laG l

CaClg

H ad "t* Cad^ 

Ha61 i  MgOlg 

aCl« +
H ad ^ GaClg + Mgdg

2=3

Electrical conductivity 
1)
9.3 
9=3

4=3 7=5
9=1
9=4
9=1
1©=©

19=©
19=©

19=5
2©=©
21=©

19=1

28=2
2? = ©

25=2
28=9
28=5
28=2

%
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24.000, and 30,000 ppm. of each of the seven salts. Germina
tion did not occur in salt levels exceeding 18,000 ppm., and 
did not occur in MgClg at 6,000 ppm. Additional levels of
1.000, 2,000, and 4,000 ppm. MgClg were tested and found to 
decrease germination but not completely inhibit it. From 
the preliminary study data it was assumed that levels of
1.000, 2,000, and 4,000 ppm. MgClg could be included with 
levels of 6,000, 12,000, and 18,000 ppm. of the other salts. 
It was concluded that the salt level need not exceed 6,000 
ppm. for MgGig and 18,000 ppm. for the six other salts.

The temperature was alternated between 20° and 30°
0. and between 20° and 35° C. for the blue paniegrass and 
bermudagrass, respectively. Alternations of 16 hours of 
dark at the lower temperature and 8 hours of light at the 
higher temperature were maintained in the germinator.

;Seed of each accession were treated with an excess 
of Gaptan 50-W nonmercuric fungicidial dust. The excess 
fungicide was sieved off, and each seed lot received ap
proximately the same amount of the powder.

Treated, seed were put into petri dishes. ©overs 
were placed on the dishes, then petri dishes were put into 
the germinator. The number of germinated seedlings were 
counted and removed weekly from the dishes. in order to be 
considered germinated both plumule and radicle had to be 
five mm. long for blue paniegrass and three mm. long for 
bermudagrass. Germination was continued for a period of
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three weeks. This time period was determined adequate from 
results obtained in a preliminary study in which seed were 
left in germinating media for four weeks. At the end of 
three weeks virtually all germination was completedj there
fore three weeks was selected as an adequate germination 
period.

Germination data of accessions in the salt solutions 
were expressed as a percentage of the germination of the 
same accessions in an unsalinized solution and termed the 
adjusted germination percentage. Expression of germination 
under saline conditions as a percentage of germination in 
the absence of salinity should at least partially reduce the 
confounding of seed viability and salt-tolerance. It was 
assumed there was no interaction between number of germin- 
able seed and germination percentage in any saline treatment.

Accessions served as main plots and salts as sub
plots in the split-plot arrangement. A replication included 
100 seed from each accession in each of the seven salt solu
tions. Because of its large size, the entire experiment 
could not be run at the same time. Therefore germination of 
seed-lot accessions was divided into seven time periods with 
each time period containing all accessions in' one salt. It 
was assumed that no differences occurred in the germinator 
during the different time periods.



RESULTS AND DISCUSSION

Early in the conduct of these investigations, the 
data showed considerable variability in the germination 
percentages among accessions when germinated in distilled 
water. Part of the differences might be attributed to age 
of seed, storage conditions, or environmental conditions 
peculiar to the locality where the seed lots were collected. 
Blue panicgrass seed lot accessions 642 and 1004 were from 
i960 seed while others were from 1959 seed. Bermudagrass 
seed lot accessions 298, 318, 325, 329, and 350 were from 
1959 seed while the others were from 1961 seed, All ac
cessions were germinated in an unsalinized solution 
(Table 5) and subsequent germination in salinized solutions 
was adjusted in an attempt to estimate true saline effects.

Blue Panicgrass 
Accessions 534 and 242 showed a high degree of 

salt-tolerance during germination at all three levels of 
salt concentration (Fig. l). The accession means were 
highly significant and ranged from 45.1$ (accession 435) to 
101.3$ (accession 534) at the 6,000 ppm. level (Table 6), 
thus indicating a wide variation in germination salt- 
tolerance of accessions at this concentration. The range
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Table 5« Aetmal germimatiom percentages ©f bis® paaiegrass aad bemuda- 
 ...... , grass, inan. vt .

. .Blme.paaiegrass,  ..

i,eeessiom
. a©o.

Commercial
35

Hermiaatiom

32.5
31.5 
4©.©
57.5 
53.®
4̂.®
39.5 
43.®
27.5
63.®
34.0
33.5 
46.®
74.3
94.3

Accession
 BO. ... -

Commercial

313

lo~2 
-1 

317-5 
326™6 
339-2

dermimatiem
 s  .

73.3
33.5
53.5
39.5 
53.®
23.®
89.5
92.0 
66.®
45.3
71.5 
7®,©
77.5



Fig. 1. A graphic comparison of the mean adjusted 
germination percent of each of the 15 ac
cessions of blue panicgrass at three salt 
concentration levels. 
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fable 6« Adjusted, germination percentages of blue paniograss in 6,0©© ppm. 
salt solutions. HgGl̂  at 1,@@@ ppm. ■

. ' '■ Salt solutions 1......
Accession

mo. CaClg MaCl+
CaCl2

C aGlo+ 
MgCl2

laCl-i-
HgGl2

HaCl Tri- 
■ Salt

MgCl2 Mean

534 79-3 102.3 109-0 104-5 .99-3 84-6 130.3* 101.3 t
642 91-3 108.8 98.3 109.3 94-® 105-8 89-8 99-6
242 91-5 79-5 81.5 96.0 92.3 102.8 92.5 90.9
1004 88.0 88.5 94-3 81.5 80.5 89-9 95-0 88.2 1
85 68.3 77-3 75-0 84-0 81.5 91-5 82.8 80.®
249 69-3 63-0 94-3 68.0 72.8 69.2 89-8 75-2
90 51-3 64-5 60.8 72.8 79-8 104-4 89-5 74-7

Commercial 58.3 69-8 51-3 82.3 77-5 83-4 90.8 73-3
518 55-3 70-0 77-0 71-0 61.0 68-7 97-3 71-5
133 42-5 52.0 56.0 82.8 79-8 80.2 77-0 67-2
250 52.8 57-0 41-@ 60.3 67-3 56.3 84-8 59-9
593 36-3 51-8 51-8 55-5 50.0 52.7 77-0 53-6
271 49-5 51-8 43-0 50-3 42.5 60=9 74-5 53-2
592 47-8 27-8 40.0 38.8 56.8 60-3 77-0 49-8
435 '23-3 34-8 '41-5 35-8 74-0 48.2 58-3 ..45-1

£©.3 66.7 #.6 7S.f ' 77-2 ' 87.1 72-3
* Accession X Salt . , ....... Low >-D. ' . .

-Comparisons - Standard Error 6 05 . 601
Salts within Accession 5-87 16.26 21-43
Accessions ■within Salt 0.03 0.08 0-11
* Accession means opposite the same vertical line indicate no significant 
difference at the 5% level according to ©uncan®s multiple range test. 
Standard error for comparing means was 1.97-
*Significant difference among salt means at the $% level according to 
luncanWs multiple range test. Standard error for comparing means was 0.02.
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for accession means at 12,000 ppm. and at 18,000 ppm. was 
from 24.1$ (accession 593) to 61.5$' (accession 242) and from 
8.1$ (accession 642) to 23.5$ (accession•242), respectively 
(Tables 7, 8).

Accessions 534 (101.3$) and 642 (99*6$) were signifi
cantly higher than the remaining accessions at 6,000 ppm. 
Following in order were accessions 242 (90.9$) and 1004 
(88.2$) which were significantly higher than the remaining 
accessions, but were not significant from each other.

At the 12,000 ppm. level accessions 242 (61.5$), 642 
(57.8$), and 534 (57.1$) were significantly higher than the 
other accessions, but were not significantly different from 
each other. Accession 90 (43.3$) and accession 435 (42.3$) 
were numerically higher than accessions 518 (40.9$), 249 
(39.0$), 133 (38.5$), and 1004 (37.0$) but not significantly 
different.

Accessions 242 (23.5$), 534 (18.1$), and Commercial 
(16.9$) were numerically higher than accession 90 (l4.6$), 
but not significantly different from it at 18,000 ppm. There 
was no significant difference between accession 534 (l8,l$) 
and accession 642 (8.1$) which had the lowest number of seed 
germinating at 18,000 ppm. (Table 8).

The lack of significance is probably caused by the 
very low percent of seed germinating in the higher concen
trations which in effect did not give a sufficient range of 
values. The accessions were distributed over a rather broad



Table 7= Adjusted germination percentages of blue panicgrass in 12,00# 
• • ppm0 salt solutions a MgGlg at 2,000 ppmo.....  - ■ ■

.... , ■ Salt solutions•-..
Accession
■ ■ no.

laCl

1
1 lad*

"CaClg ’
GaCl9+ 
MgCl| • '

OaClg Tri- 
' Salt

igd2 Mean

242 60,0 S© ,8 37=5. 44=3 67=0 74=© 87=3* 61,5 t
642 20,8 40,5 55=5 53=©' 77=8 74=5 .82,5, 57=8
534 31,0 35 °3 30,0 51=5 79=5 . 73=3 91,® 57=1
90 14°5 27=8 18,3 38,5 57=© 63=3 84=0 43=3
435 1,0 39 °3 6@,@ 55=3 33=0 35=5 72=3 42=3
518 13=5 25=5 4@=5 58,5 43=3 37=8 67=5 4®=9
249 27,0 22,8 20,8 44=5 40,8 45=8 63=3 39=0
133 22,5 28,0 23=8 26,8 43=3 52,5 72=8 38,5
1004 11,0 15 °8 29=8 39=0 37=8 35=3 f 0=3 37=©
85 21,8 18,5 26,8 22,0 25=0 59=5 64=5 34=©
592 2,3 24=3 20,3 32,0 43=3 30=8 66,3 31=3
25© 0,8 20,8 35=8 44=5 19=8 31=5 58,5 30=2

Commercial 23,8 20,8 22,5 22,0 17=3 51,0 47=5 29=3
271 11,5 7,0 19=8 32,5 25,® 2600 62,0 26,3
593 3*3 ■ 18 *©• • ■15=8.. • - 25,8 • • -23°©'' 27=5 .55,5■ - - ■ 24,1'

Mean* • • ■ • 17,6- 27°® '31=5 ■ " 39=3 42 i2 47=9 71=0 ' 39=5
Âccessions."X.Salt     ...  ioSolo.. .

Comparisons . Standard Error <,05- . o©l
Salts mtMn Accession 5 <>33 14=77 19=58
Accessions %ithin Salt ©<,©3 ' 0,09 0,11
tAccession means opposite the same vertical line indicate no significant 
difference at the jgfc level according to Btaneanws multiple range test. 
Standard error for comparing means was 2=37°
* Significant difference among salt means at the $% level according to 
luncan̂ s multiple range test. Standard error for comparing means was @,01,



fable 8, Adjusted, germination percentages of blue paniegrass in 18,00© 
ppm. salt solutions° MgGlg at 4,©0© ppm.

gait solutions
Accession
' - m o . ' ' '

laGl NaCl + CaGlg +■ Had* Tri=
Mgei2; ■ 'MgClg :' Ga012;'Salt'

CaOlg 2 Mean

4o0 
0.8

Gemmercial ©.3
9© ©o8

0.0 
0.5 
1.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
■ ©0© •

2.0
0.8
0.0
2.0
1.0
1.5 
1.3 
0.8
2.5 
0.5 
0.5 
0.0 
2.8 
0.0
■ 0.5'

21.5
15.0
1.3
5.3 
4,5 
0.3
5.8 
O.O
2.8
5.0
6.0 
1.0 
1.0 
4»8

"168*

31.0
12.®
5.8 
13.8
5.8 
0.8
11.3
0.0
8.8
3.0 
3.3
8.0 
0.0 
2.5

■ ■ ©6©

31.3 
13.5
5.8
15.3
4.0 
3.3
5.8 
0.8
5.0
4.0 
5.5 
0.5
9.0
6.8

■ • 4&3'

28.0 
8=3 • 
60.0
5.8 
11.0
0.8
7.8
3.0 
6.5
1.0 
6=0
3.8 
6=3
5.8 
3̂ 5 '

76=3
45.3
59.8
57.0 
73.® 
40.5
68.0 
44»0 
55.® 
47.®
54.8
44.8
42.3 
47.0

23.5 
18.1
16.9
14.6
11.9
11.4
10.5 
10.4
9.9
9.8
9.8 
9.7 
9.1
8.9 

• 8 si
0.5 1.1 5il“  7.1" ; ■ 7®6■ *10.5 • 53.4 12.2

Âccession, X; Salt.

Salts' within Accession 
Accessions within ■ Salt

Standard Error
XoSoDo

>01
8.560.05 23:71

0.13 0.17

tAccession means opposite the same vertical line indicate no significant 
difference at the 5% level according to Buncan®s multiple range test. 
Standard error for comparing means was 3=43. .
Ŝignificant difference among salt means at the level according to 

Buncan̂ s multiple range test. • Standard error for comparing means was 0.02.



range in the low and intermediate salt concentrations. How
ever, the significant differences in germination salt- 
tolerance found among some accessions would he of agronomic 
importance

Accession was highly salt tolerant at 6,000 ppm. 
and 12,000 ppm., but was significantly lower than the top 
accession at 18,000 ppm., indicating possibly a salt- 
tolerance limit had been reached somewhere between the
12,000 ppm. and 18,000 ppm. level.

There was a significant, difference in the adjusted 
germination percent of accessions among salts at all three 
concentration levels (Tables 6, 7, 8).

Some variability existed in the ranking of salt so
lutions at different concentration levels (Fig. 2). CaClg 
influenced germination most at the low level (60.30), while 
at 12,000 ppm. (17.60) and 18,000 ppm. (0.50), Had caused 
the greatest reduction in germination.

The double-salts. Had + Oadg, Had + MgClg, and 
CaOlg,+ Mgdg were the next most restrictive to seed 
germination at all three levels. The mean adjusted germina
tion percentages for Had + CaClg at 6,000 ppm., 12,000 
ppm., and 18,000 ppm. were 66.70, 31.50, and 7.10, res pec-: 
tively. Mean adjusted germination percentages for Had + 
Mgdg at 6,000 ppm., 12,000 ppm., and 18,000 ppm. were 
72,80, 27.00, and 1.10 and for CaClg + Mgdg were 67.60, 
39.30, and 5.10, respectively.



Fig. 2. Comparison of the mean adjusted germination 
percentages of 15 accessions of blue panic
grass in seven salts at three concentration 
levels. MgC12 tested at 1~000 ppm.~ 2,000 
ppm., and 4,000 ppm. 
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The mean adjusted germination percentages for Tri- 

Salt were higher at all concentration levels, JJ.2%, 47.$^, 
and 7.6$ when compared with those for the double-salts.
CaClg became less restrictive when compared with the other 
salt solutions as the salt concentration was increased from
6.000 ppm. (60.3$)j to 12,000 ppm. (42.2$) to 18,000 ppm. 
(10.5$). CaClg when ranked with the other salt solutions 
was last, reducing.germination the most at 6,000 ppm., third 
at 12,000 ppm., and second at 18,000 ppm.

Although the data in Tables 6, 7> and 8 indicate 
blue panicgrass was highly tolerant to EgClg, it must be re
membered that the concentration levels for MgClg were 1,000 
ppm., 2,000 ppm., and 4,000 ppm. while the other salt concen
trations were at 6,000 ppm., 12,000 ppm., and 18,000 ppm.
The reason for using different concentration levels for 
MgClg than was used for the other salts was that no germina
tion occurred at 6,000 ppm. in a preliminary study using a 
commercial accession.

The analysis of variance (split-plot design) for
6.000 ppm., 12,000 ppm., and 18,000 ppm, is presented in 
Tables 9, 10, and 11, respectively. The interaction (salts 
x accessions) was highly significant at all concentration 
levels. The mean squares and ^-values of salts and ac
cessions were much greater than the interaction. It was 
concluded for germination within and among salts and salt 
combinations at the three concentration levels, that
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fable fo Analysis ©f variance of germination percentage ©f blue panic- 
grass seed sources (15) influenced by salt concentrations of 
I,,©©© ppmo (lp©©0 ppoio MgClg) in the germination mediao lata 
■were calculated as percent of tetalo

Source of Begrees of Sum of Mean E-value
variation... .... freedom- '' ■ squares * • ,''squares

Replications 3 4.47# 1*492
Accessions 14 1232*698 88*©49 8l*2S**
Error (a) 42 45=567 1*©84
Salts S 266*646 44=441 32*20**
Salt s 3C 
Accessions S4 365*844 4=355 3=16**
Error (b) 17© 372*625 1*38©

Standard error for comparing:
Accessions ' lotbS
Salts ©0©15
Salts tdtlain a given accession 5=S73
Accessions -within a given salt Go©3©

* 16 Exceeds l/j» level*



Table 100 iaalysis ©f variance of germination percentage of blme panic- 
grass seed somrees (if) influenced by salt comeentrations ©f 
12900© ppn.0 (2,000 ppm<> MgGlg) in the germination media = Data 
■were calculated as percent of - totalo -

Source of 
Variation. .. .,.

Degrees of 
,....freedom..

Bum of 
. , squares, .... .

Mean 
... ..sfmares...

E-value

Replications
Accessions

3
14

5.34©
521.508

1.78©
37=250 23.66**

Error (a) 
Salts

42
6

68.12© 
106©.765

1.574
176.794 155=61**

Salts X 
Accessions 84 382.556 4=554 4.©1^
Error (b) 27© 3©6.958 1=136

Standard error for comparings
Accessions 1*371
Salts % 0.014
Salts 'within a given accession 5.331
Accessions •within a given salt ©.©31

* * Exceeds 1% level.
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Table lie. Analysis of variance of germination percentage of blue panic- 

grass seed sources (15) influenced by salt concentrations ©f 
10)000 ppm0 (4)000 ppm.p HgOlgX in the germination aedia. lata 
were calculated as percent oftotal»

Source, of 
Variation

Degrees of 
freedom

Sum of 
squares

Mean
squares

E-value

Replications 3 0.162 @=©54
Accessions 14 71«7®S 5=122 15=5)1̂ ^
Error (a) 4a is-m 0=332
Salts 6 1235ol34 205=855 702=59
Salts X 
Accessions S4 219=373 2=611 8=91̂ ^
Error (b) 27© 79ol23 ©=293

Standard, error for comparing 5
Accessions 3 <>43©
Salts Oo022
Salts within a given accession $a0©

Accessions within a given salt ©<>@47

* ̂Exceeds 1% level o
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accessions differed in germination salt-tolerance.

Bermudagrass
Accession 35© was highly salt tolerant at all three 

levels (Fig, 3), ranking as the highest accession at 6,000 
ppm. ( 9 8 and 18,000 ppm. (20.7̂ )3 and second at 12,000 
ppm. (84.30) (Tables 12, 13, 14). Although accession 35© 
was the highest at 6,000 ppm. there was no significant dif
ference between it and accessions 295 (88.10), 353 (87.40), 
126-2 (86.80), 339-2 (85.10), and 318 (84.90). The adjusted 
germination means ranged from 98.20 (accession 350) to 62.90 
(accession 325) at the 6,000 ppm. level (Table 12). The ac
cession means ranged from 97.40 (accession 325) to 30.00 
(Commercial) and from 20.70 (accession 350) to 0.60 (Commer
cial) for 12,000 ppm. and 18,000 ppm., respectively (Tables
13/ 14) .

There was a remarkable increase in germination for 
accession 325 in relation to the other accessions, it was 
lowest at 6,000 ppm. and highest in germination at 12,000 
ppm. Accession 325 (97.40). and accession 350 (84.30) were 
significantly different Individually as well as from all re
maining accessions at 12,000 ppm. Accessions 317-5 (65.80) 
and 298 (56.90) were not significantly different; however, 
there was a significant difference between accession 317-5 
(65.80) and accessions 329 (54.00), 326-6 (53.60), 138-1 
(53.60), and 126-2 (50.40) (Table 13).



Fig. 3. A graphic comparison of the mean adjusted 
germination percent of each of the 13 
accessions of bermudagrass at three salt 
concentration levels. 
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Table 12, Adjusted germination percentages of bermmdagrass in 6,000 ppm, 
. ...... salt solutions', MgGl2 at 1,000 ppm.   ' ' ,

Accession 
mo, •

' Salt soluticms '
3̂ C12. MaGl + 

MgGlg
OaOl-t 
MgOlf

0aCl2

1
! laGl Tri- 

; :,4' §alt
Mean

33© 32,a 99=0 100,3 103=0 103=0 99=5 99=7* 98.2 t

295 79=5 81,3 90=5 95=0 94=0 99=3 77=0 88.1
353 82,0 80,5 92,8 93=8 95,3 82,® 67=4 87=4
126-2 1,8 99,0 96,8 105 =© 1®4=8 :100,0 100,0 86,8
339-2 3=3 97=3 98,5 101,® 93=8 99=3 102.6 85=1
318 79,8 74=5 97=3 74=3 87=8 99=3 81.4 84=9
326-6 9=5 93=8 89=5 101,5 97=o :100,0 80,0 81.6

Goimaercial 8,3 97=3 94=8 95=0 84=3 99=8 79=7 79=9
298 26,3 69=5 65=5 65=3 67=0 99,0 122.7 73=6
329 32,3 31=3 25=8 26,8 45=5 99=8 205.3 66.7
317-5 1,3 71=8 68,3 77=5 72,5 91*3̂ :15=7 66.6
138-1 14=0 73=3 61,0 76,3 7©=8 :100=5 60.6 65.2

'' 325 .. 2®;8''23i8' 39=5"' ’43=5 ""45;©" 2®;8 167=9 62.9 -

Mean* ’' 29,5' 66,1 ''68,0 '..70,5 86.0 ‘ 88.0 ''

êeessibm.X Salt.. . . . .       ,
Comparisons . , Standard Error ," ,05 -,01

Salts -within Accession 4=22 11,69 15=40
Accessions mthim Salt • 0,@6 0,17 0,22

tAccession means opposite the same vertical line indicate no significant 
difference at the 5% level according to Buncan̂ -s multiple range test. 
Standard error for comparing means was 5=43= ,
* Significant difference among salt means at the 5% level according to 
Buneam'Ss multiple range test. Standard error for comparing means was 0,04,
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Table 13= Adjusted germlnatlen pereentages of bemudagrass la 12,#0® 

..... ppm. salt solutionso 1MgGIg at - 2,000 ppm.

Accession
1 1 " H© o ' ' *

Sal  ̂ ©ms • • .... > r •
Sad -t"
KgOlg- -

NaGl HgCl2 GaGlg Tri-
' ’Mg03bg' ; *'■" #a63.̂  " 4

Mean

325 64.3 63.0 16.3 99-3 128-8 153-© 157-5̂ 97-4 +
350 72.© 72.© 72.3 76.3 100.3 100.0 97-3 84-3
317-5 47-5 82.0 66.0 51-0 55-3 78.0 80.5 65-8
298 31-8 15-0. 19-0 64.8 76.8 95-0 95-8 56-9
329 19 08 12.5 16.0 34-8 54-3 125-8 115-i 54-0
326-6 27.3 60.5 29-3 44-8 70.0 63-5 80.3 53-6
138-1 34-0 64-8 59-3 52.5 61.8 44-® 59-@ 53-6
126—2 19-8 55-5 29-3 43-0 60.3 67-0 78.3 50=4
318 1-3 3-8 60.8 33=5 78.3 68.0 65-0 44=4
339-2 16 08 41-3 27-5 42.5 54-3 57-5 7©-5 44-4
295 10.8 6.3 71-0 44-0 5©-© 60.3 53-0 42.2
353 5-5 26.0 59-3 19-0 43-0 56.5 5@-5 37-1

Commercial ,. 9-0,. 9-5 35-8. .34-5.. . .24-0.. 47-3 . 50-3 JO-O. .

Mean* 27-7 '39-4 43-2 49.2 65-9 78-1 81;0 • 54-9

* Accession.2.Salt... .XoSoBo ’
Comparisons Standard Error <>05 - oil

Salts mthin Aeeesslbn 6.S5 19.12 25.16
Accessions within Salt Q.©4 ©oil 0.15

Âccession means opposite the same vertical line indicate me significant 
difference at the 5% level according to Bancan®s multiple range test. 
Standard error for comparing means was 3°©1° „
fSignificant difference among salt means at the 5$ level according to 
lunean®s multiple range test. Standard error for comparing means was 0o02<=



fable 14. Adjusted genniaatien. percentages ©f bemmdagrass la
ppm= salt solutionso EgGlg at.4,000 ppmo  ........

  • Salt-' solutions > • • • • • •.....  ■
Aceessiea SaGlt- MaGl 6a61e

a©o

8—1

126—2

. 318 
Commercial

IgCl, 0aCl_+
••;̂ '.MgCl| -

Tri-
Salt

laGlt 
CaGl0 ■

1=0
0=5
0=0
0=0
0=3
0.0
0=0
0=0
0=0
0=0
0=0
0=0
0=0

1=0 
12=8 
6=8 
5=® 
8=3 
1=5 
0=0 
0=0 
2=3 
0=0 
1=0 
0=0 

. . 0o0

2=5
9=5
8=0
l@=5
8=0
6=3
> 5  
0=0 
5=3 
3=3 
0=5 
1=0 
• 3=8

54=8 24=0
0=0 16=3
0=0 31=0
0.® 5=8
0.0
0=0
50=3
0=0
0=0
1.3=3
4=3
9=0

• ©=®

1=5 
3 =8 
0=5 
0̂=0 
3=5 
0=5 
0=0 
0=0 

«0=0 ,

22=3 
49=5 
26=8 
25=0 
13=3 
13=3 
0=8 
0=0 
8=0 
1=0 
10=8 
0=3 

. 0=0

39=5 * 
54=© 
47=3 

.23=8 
23=0 
25=3 
7=0 
0=0 
17=8
2=3
#=©
4=8

• 0=3

Heaa

20=7
20=4
17=1
10=0
7=8
7=1
6=0
5=7
5=3
2=9
2=4
2.1

Eeaa* 0=1 3=0 4=8 8=6 ••• 9 < 13=1 18=9 8=3

Âccession X Salt. t=So!=

Salts' mthin Aeeesslom 
Aeeessioas within Salt

Standard Error
7=94
0=04

=01
21=99 28=980=11 0=15

means opposite the same vertical line indicate no significant 
difference at the 5% level accerding to Buneaâ s multiple range test. 
Standard error for comparing means was 2=79=
Ŝignificant difference among salt means at the 5% level according to 

lumean®s multiple range test. Standard error for comparing means was 0=02=



At : l8_,()00 ppm . aeeession 325 (17 • 1̂ ) ranked third 
highest, but there was no significant difference between It 
and accession 317-5 (20.4$) or the highest ranking accession 
350 (20.7$). There was not a significant difference between 
the third (accession 325, 17.1$) and fourth (accession 
138-1, 10.0$) ranked accessions nor one between accession 
138-1 (10.0$) and those remaining except for Commercial 
(0.6$) (Table 14)

•The relative salt-tolerance of accession 317-5 in
creased as the concentration of salts became higher, ranking 
eleventh at 6,000 ppm., third at 12,000 ppm., and second at
18,000 ppm. Accession 138-1 showed an increase in salt- 
tolerance while accessions 126-2 and 318 decreased relative 
to the remaining accessions. This indicates that some ac
cessions have a greater ability to withstand a higher salt 
concentration during germination, Commercial bermudagrass 
was very low in germination at all concentration levels 
compared to the other accessions, apparently being more 
susceptible to the salt solutions under the conditions im
posed by this study.

Significant differences in germination salt-tolerance 
between accessions of bermudagrass are of agronomic impor
tance. Differences between the salt-tolerance of barley 
varieties and between wheat.and barley varieties have been 
recognized previously (2,3).

There was a significant difference among the seven



40
salts at all three levels •when tested using Duncan's (17) 
multiple range test (Tables 12* 13, 14)„ MgClg reduced 
germination most at the lowest level (29.5$) while NaCl + 
MgClg was most restrictive at 12,000 ppm, (27,7̂ ) and at
18.000 ppm. (0.1^).

The ranking of salt solutions varied somewhat 
between concentration levels (Fig„ 4) , Germination range 
was from 29,5% (MgGig,) to 88.0% (Tri-Salt) at the lowest 
level, from 27.7% (NaCl + MgClg) to 8l.0% (Tri-Salt) at
12.000 ppm. and from 0.1$ (NaCl + . MgClg) to 18.8$
(NaCl + CaClg) at 18,000 ppm.

The Tri-Salt was less restrictive than the other 
salts at 6,000 ppm. and 12,000 ppm. and ranked second 
(13.1%) to NaCl + CaClg at 18,000 ppm. NaCl + CaClg ranked 
second (78.1%) to Tri-Salt at 12,000 ppm,-.

Germination in MgClg was low compared to the other 
salt solutions even though concentration levels of this 
salt solution were less than those for the other salt solu
tions. The position of MgClg in relation to NaCl + MgClg, 
NaCl and CaClg at 18,000 ppm, can probably be attributed to 
the high germination of accession 350 in MgClg. Although 
MgClg became less restrictive with an increase in concen
tration, NaCl showed opposite effects by reducing germina
tion the most at the higher concentrations, but becoming 
less restrictive at the lower concentration levels in com
parison with the other salt solutions. It was also noted



Fig. 4. Comparison of the mean adjusted germination 
percentages of 13 accessions of bermudagrass 
in seven salts at three concentration levels. 
MgC12 tested at 1,000 ppm., 2,000 ppm., and 
4,000 ppm. 
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that MgClg reduced radicle elongation quite severely in all 
cases as compared to other salts, however only a compara
tively small effect was observed on plumule growth.

The analysis of variance (split-plot design)'for
6,000 ppm., 12,000 ppm., and 18,000 ppm. is presented in 
Tables 15, 16, and 17, respectively. The interaction 
(salts x accessions) was highly significant at all con
centration levels. The mean squares and F-values of salts 
and accessions were much greater than the interaction. It 
was concluded for germination within and among salts and 
salt combinations at the three concentration levels, that 
accessions differed in gemination salt-tolerance. .

Blue panicgrass and Bemudagrass
Adjusted germination percentages are presented in 

Tables 6, 7, and 8 for blue panicgrass and in Tables 12,
13, and 14 for bermudagrass. Bata are shown for all levels 
of the seven salt solutions. As the salinity level in
creased there was a pronounced decrease in germination as 
presented in Figures 5 and 6. The adjusted mean germina-" 
tion percentages of.all accessions of blue panicgrass and 
bermudagrass at 6,000, 12,000, and 18,000 ppm. were 72.3$5 
39.5^ 12.2$, and 6§.4$, 54.9$, 8.3#, respectively,
(Figs. 7, 8). Germination of bermudagrass was higher than 
blue panicgrass in salts other than MgClg. However a high 
germination percentage in MgClg increased the mean adjusted 
germination percentage of blue panicgrass over bermudagrass
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Table 15 o Analysis ©£ variance ©f germination percentage .©£ bermuda- 

grass seed sources (13) influenced by salt eeneentratiens ©£ 
Ss©©§ ppm0 (1,000 ppm. .MgCl̂ ) in the germination media. Data 
were calculated as percent of total.

Source of 
Variation freedom

Sum of 
squares

lean
squares

E-value

Replications
Accessions

3
12

1.7EL
3432.268

©.567
286=02© 345-85**

Error (a) 3S6 - •29.791 0.827
Salts 6 1343-419 8 1 314-47**
Salts X 
Accessions 72 2246.508 ' 31.201 43-82*58
Error (b) 234 . 166.585 0.712

Standard error for comparing& 
Accessions 
Salts
Salts within a given accession 
Accessions within a given salt

* ”Exceeds 1% level.

5-43©
0.037
4.220
®«®Sl



Table 16 „ Malysis of variance of germination percentage of bermuda- 
grass seed sources (13) influenced by salt concentrations of 
12,000 ppm, (2,000 ppm., MgGlg) in the germination media, lata 
were calculated as percent of ...total,

■ < '

Source of 
Variation.....

Degrees of 
freedom

Sum of 
• squares '-■•

Mean
squares •

E-value

Replications • 3 - 32,763 10,921
Accessions 12 1158,291 96,524 37,98**
Error (a) 36 91,491 2,541
Salts 6 1296,384 216,064 115,06**
Salts X 
Accessions . 72 1164,916 16,179 8,62**
Error (b) 234 439,402 1,877

3»@12 
@,@19 
6,851 
0,040

Standard error for comparing 
Accessions 
Salts
Salts within a given accession 
Accessions within a given salt

Exceeds 1% level.
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fable 17• Analysis of variance of germimatiom pefeentage of beramda-

grass seed sources (13) influenced by salVconcentrations of 
135,000 ppao (4,000 ppmA HgGl_) in the germination media, lata 
were calculated as percent ox,-total.

Source of 
fariation. .

Degrees ©j 
...freedom,..

? Sm of 
.... squares..

Mean 
... squares.

E-value

Replications 3 1.7©7 0.569
Accessions 12 138.217 13-184 60.75**
Error (a) 36 7-823 0.217
Salts 6 126.884 21.147 83-87* *
Salts X 
Accessions 72 345-72© 4-802 19-05**
Error (b) 234 59-085 0.252

Standard error for comparing:
Accessions 2=79©
Salts ©.©22
Salts within a given accession 7<>94©
Accessions within a given salt 0.041

w * Exceeds 1% level.



Fig. 5. Blue panicgrass accession 85. 
A comparison of seed germi
nating in a Tri-Salt solution 
after two weeks. A, 0 ppm.; 
B, 6,000 ppm.; C, 12,000 ppm.; 
and D, 18,000 ppm. 

Fig. 6. Bermudagrass accession 298. 
A comparison of seed germi
nating in a Tri-Salt solution 
after two weeks. A, 0 ppm.; 
B, 6,000 ppm.; C, 12,000 ppm.; 
and D, 18,000 ppm. 





Fig. 7. Comparison of the mean adjusted germination 
percent of 15 accessions of blue panicgrass 
influenced by salt concentrations of 6,000 
ppm., 12,000 ppm., and 1$,000 ppm. (1,000 
ppm., 2,000 ppm., and 4,000 ppm.,respectively 
for MgC12). Curve fitted to three points. 

Fig. 8. Comparison of the mean adjusted germination 
percent of 13 accessions of bermudagrass in
fluenced by salt concentrations of 6,000 ppm., 
12,000 ppm., and 18,000 ppm. (1,000 ppm., 
2,000 ppm., and 4,000 ppm., respectively for 
MgC12). Curve fitted to three points. 
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in the low and high salt concentrations„ According to 
Bernstein (6) most plants show a progressive decline in 
growth and yield with increasing salinity except for the 
most tolerant crops ,which are not damaged by low or moderate 
salinity levels„ If this statement is applicable during 
germination, the observations from this study indicate that 
bermudagrass is more salt tolerant during germination than 
blue- panicgrass. Although no data are presented, it was ob- . 
served that there was an increase in time required for seed 
to germinate with an increase in salt concentration. The 
effect of salinity in increasing the time required for ger
mination and in decreasing the percentage of seed germinating 
is in line with previous findings (l, 2, 11, 12, 20, 2 7)«

Selections of germination salt-tolerant material for 
possible future studies should be made from, the highest con
centrations in which germination occurs. Selections made 
would then consist of only the most salt-tolerant plants,
Also human bias possibly would affect any selections made at 
lower concentrations since more seed would be germinating 
from which to make salt-tolerant selections,



SUMMARY

Fifteen seed lot accessions of blue paniegrass and
r

thirteen seed lot accessions of bermudagrass were tested for 
germination salt-tolerance. Germination tests were con
ducted in a laboratory germlnator„ Petri dishes 100 mm. in 
diameter by SO mm. in depth were used to germinate seed.
Two filter papers were used as substrata and moistened with 
6 ml. of the appropriate solution. Seed were germinated at 
concentration levels of 6,000 ppm., 12,000 ppm., and 18,000 
ppm. in single salt solutions of Had, Cadg and in mixtures 
of Had, Cadg, and EgClg. Seed germination was tested at 
levels of 1,000 ppm., 2,000 ppm., and 4,000 ppm. in MgClg.

Germination temperature was alternated between 20° 
and 30° 0. and between 20° and 35° 0. for blue panicgrass
and bermudagrass, respectively. Periods of darkness at 
lower temperatures and light at higher temperatures were 
used.

Seed lots were treated with a fungicide. Seed was 
then counted and put into petri dishes. Germinated seed
lings were counted and removed weekly from the dishes. 
Germination was continued for a period of three weeks. 
Germination data of accessions in salt solutions were

49
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expressed as a percent of the germination of the same ac
cessions in distilled water.

The bermudagrass accessions with the highest ad
justed germination percent at 18,000 ppm. were 350, 317-5, 
and 325. Accessions 242, 534, Commercial, and 9© of blue 
panicgrass had the highest adjusted germination percent at
18,000 ppm.

Significant differences occurred between each of 
the salts, which suggests that no one salt can be used for 
testing germination salt-tolerance. Selection would need.to 
be made within epch salt due to the significant difference 
that was expressed among salts.

There was a significant difference among seed lot 
accessions in both species. Selection of those which were 
significantly higher in germination should identify the more 
salt tolerant accessions„ Sufficient variability apparently 
exists within each of the two species with regard to germi
nation salt-tolerance to make genetic advance for this 
characteristic. By using a selection procedure at the 
higher salt concentration levels it should be possible to 
develop accessions of blue panicgrass and bermudagrass which 
possess superior germination qualities under high salinity 
conditions. Selection of the more salt tolerant accessions 
from the higher salt concentrations would decrease the amount 
of material that would need to be screened than if selec
tions were made in low concentrations. This would eliminate
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those accessions that apparently do quite well in low 
amounts of salts, but do not possess the ability for germi
nation at the higher concentrations =



CONCLUSIONS

The following eonelysions were made from results 
this study. ;

1. Percent germination decreased with increased 
salinity.

. S. Germination time increased with increased 
salinity.

3» There was a salt x seed lot interaction.
Therefore no one salt can be used to predict 
the germination salt tolerance of bermudagrass 
and blue panicgrass to the other salts used in 
this study.

4. Seed lots within each of the two species dif
fered for germination salt tolerance.

5. Blue panicgrass has greater germination salt- 
tolerance in EgClg than does bermudagrass.

6. Bermudagrass is more germination salt tolerant 
than blue panicgrass in all other salts studied.
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