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Forage Kochia Germination Response to Temperature, Water Stress, and Specific Ions!

James T. Romo and Marshall R. Haferkamp?

ABSTRACT

Forage kochia [Kochia prostrata (L.) Schrad.] may be useful for
revegetating salt affected soils. This study was designed to quantify
the effects of temperature, water stress, and specific ions on the
germination of ‘Immigrant’ forage kochia. Fruits and seeds were
germinated at 10, 20 and 30°C in solutions of polyethylene glycol
(PEG) with osmotic potentials ranging from —0.52 to —2.32 MPa.
Seeds were also germinated at 20°C in PEG solutions containing 0
to 53 640 pmol L' potassium chloride (KCI-PEG) and 0 to 68 480
pmol L' sodium chloride (NaCl-PEG) with osmotic potentials
ranging from —0.3 to —2.2 MPa. Germination was reduced by de-
clining osmotic potentials. Total germination was highest at 20°C
and lower at 10 and 30°C. Germination in NaCI-PEG and KCI-PEG
solutions was primarily reduced by low osmotic potentials; percent
germination was not affected by increasing NaCl concentrations but
was reduced by increasing KCI concentrations. Number of days to
50% final germination was similar in both salts, increasing as os-
motic potential declined and salt concentration increased. Forage
kochia appears moderately tolerant of NaCl and KCl during ger-
mination and growth and may be well suited for revegetating salt
affected soils in the Intermountain Region. Fruits are recommended
for planting because abnormal germination was less than with seeds.
Forage kochia should be sown prior to periods when soil tempera-
tures are in the 10 to 20°C range, and cultural practices that extend
the period of high soil osmotic potentials should be used to maximize
seed germination.

Additional index words: Kochia prostrata (L.) Schrad., Range seed-
ing, Fruits, Seeds, Potassium chloride, Sodium chloride, Polyeth-
ylene glycol.

FORAGE kochia or prostrate kochia [Kochia pros-
trata (L.) Schrad], a half-shrub of the Chenopo-
diaceae family, appears useful for revegetating grease-
wood (Sarcobatus vermiculatus (Hook.) Torr.]
communities in the Intermountain Region (McArthur
et al., 1974; 1978). The species is salt tolerant (Fran-
cois, 1976; McArthur et al., 1978), drought resistant
(Blauer et al., 1976), and produces high quality forage
(Davis, 1979; Welch and Davis, 1984). When forage
kochia i1s used for revegetating extensive tracts of
rangelands, direct seeding will probably be necessary
due to the higher cost of propagating and planting bare
root stock or container grown transplants. Forage ko-
chia establishes well from container grown transplants
(Van Epps and McKell, 1983), but reports on estab-
lishment from direct seeding show inconsistent suc-
cess (Keller and Bleak, 1974; Blauer et al., 1976; Ste-
vens and Van Epps, 1984). To maximize establishment
of forage kochia from direct seeding into salt affected
soils of greasewood communities (Rollins et al., 1968),
germination requirements must be understood.

Soils of greasewood communities usually have high
concentrations of sodium, and potassium concentra-
tions may also be high (Shantz and Piemeisel, 1940;
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Gates et al., 1956; Rickard, 1965; Wallace et al., 1973;
Roundy, 1984). Salinity can decrease germination and
growth by reducing osmotic potential of the soil so-
lution, modifying concentrations of toxic ions, or pro-
ducing imbalances of soil nutrients (Hayward and
Bernstein, 1958; Ungar, 1982). The effect of ions on
germination varies with species or cultivars, environ-
mental conditions, and osmotic potential (Dewey,
1960; Ayers, 1962; Redmann, 1974; Ungar, 1978). De-
pending on the specific ions, germination may be stim-
ulated, depressed, or unaffected (Choudhuri, 1968;
Hyder and Yasmin, 1972; Ungar, 1978; Roundy et al.,
1985).

The purpose of this research was to quantify the
effects of temperature, water stress, sodium chloride,
and potassium chloride on the germination of ‘Im-
migrant’ forage kochia.

MATERIALS AND METHODS

Fruits (utricles) of Immigrant forage kochia were har-
vested during 1981 and 1982 from plants grown near
Ephraim, UT. Harvested fruits were sent to the Eastern Or-
egon Agricultural Research Center near Burns, OR, and stored
in a laboratory for approximately 180 days before germi-
nation was tested. All studies were conducted with fruits
sorted by air to reduce variation in size; the heavier one-
half of each seed lot was studied.

Experiment 1 was conducted to determine the influence
of seed appendages on germination of the 1981 seed lot at
three temperatures and six osmotic potentials. Two classes
of seeds were used: fruits with seeds fully enclosed by bracts,
and naked seeds whose bracts had been removed by gentle
hand rubbing.

Osmotic solutions were prepared by adding polyethylene
glycol (PEG) (MW 6000) to distilled water as described by
Michel and Kaufmann (1973). Osmotic potentials were de-
termined the sixth and twelfth day of the study for filter
paper discs placed in each Petri dish with a Wescor® HR-
33T microvoltmeter and a Wescor® C-52 sample chamber
psychrometer (Wescor, Inc., Logan, UT) after calibration
with standard NaCl solutions. Osmotic potentials were sim-
ilar between dates of determination. Thus, they were aver-
aged for analyses. Osmotic potentials ranged from —0.56 to
—2.32 MPa at 10°C, —0.52 to —2.10 MPa at 20°C, and
—0.56 to —2.10 MPa at 30°C.

Twenty-five fruits or seeds were incubated on a #4
Whatman? filter paper disk (Whatman, Inc., Clifton, NJ)
underlain by germination blotter and moistened with 25 mL
of osmotica in each Petri dish.. Dishes were covered and
sealed in plastic bags to prevent desiccation and arranged in
incubators in a randomized complete block design with four
replications per seed class and osmotic potential. Seeds were
incubated at 10, 20 and 30°C without light for 14 days.
Germination was recorded daily for the first 10 days and at
2-day intervals through 14 days. Seeds were considered ger-
minated when the embryo was completely uncoiled and the
hypocotyl arch was raised (Young et al., 1981). Germination
was recorded as abnormal for seeds in which the embryo
uncoiled but the hypocotyl arch was not raised. The number
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Fig. 1. Total percent germination of forage kochia fruits and seeds
as affected by water potential at constant temperatures of 10, 20,
and 30°C. Each symbol represents the means of eight replications.
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Fig. 2. Days to 50% of final germination of forage kochia fruits and
seeds as affected by water potential at constant temperatures of
10, 20, and 30°C. Each symbol represents the mean of eight rep-
lications at 10 and 30°C. At 20°C, each symbol represents the
mean of four replications.

of days to 50% of final germination was used to quantify
germination rate.

In Experiment 2, the effects on germination of five levels
of water stress combined with five concentrations of sodium
chloride (NaCl) or potassium chloride (KCl) were examined
with naked seeds from the 1982 seedlot. Osmotic solutions
were prepared by adding PEG (MW 20000) to distilled water,
and solutions were buffered to pH 8.0 with Tris [tris-(hy-

droxylmethyl)amino-methane] buffer. Each solution was di-
vided into 9 aliquots, and, as needed, NaCl or KCl 2 mol
L' solutions were added to bring solutions to 0, 8 560,
17 120, 34 240, and 68 480 umol L ' for NaCl and 0, 6 705,
13 410, 26 820, and 53 640 pmol L' for KCl. The addition
of NaCl and KCl should have reduced the osmotic potential
of PEG solutions, but differences in osmotic potentials be-
tween salt concentrations were not detected using psychro-
metric procedures. Osmotic potentials averaged —0.3, —0.7,
—1.2, —1.6,and —2.2 MPa for the respective concentrations
of NaCl and KCIL

Petri dishes were prepared as described above, and 50
seeds were placed in each dish. Seeds were incubated in dark
incubators at 20°C, and germination was recorded at 2-day
intervals up to 14 days. In Experiment 2, treatments were
applied factorially in a randomized complete block design
with two replications in each of three blocks. Time was used
as a blocking factor with experiments repeated at approxi-
mately 2-week intervals.

Within experiments, osmotic potentials were not signifi-
cantly different from final potentials; osmotic potentials re-
corded on each date of determination were averaged for sta-
tistical analyses. Data from experiments were initially
analyzed with a factorial analysis of variance (Snedecor and
Cochran, 1980). Polynomial response curves were developed
for the seed appendage study, and multiple linear regression
was used to develop response surfaces for the water potential
and specific ion experiment. Counts were transformed with
arcsin \/p (Snedecor and Cochran, 1980) for analysis of var-
iance; untransformed data were used in regression analyses.
All statistical tests were conducted using P = 0.05.

RESULTS

Effects of Osmotic Potential, Temperature, and Seed
Appendages on Germination

Total percent germination was similar for fruits and
seeds (data not shown), but the osmotic potential X
temperature interaction was significant (P=0.05).
Thus, data were analyzed with regression analyses
within temperatures. Total percent germination was
lowest at 10°C and higher at 20 and 30°C (Fig. 1). As
temperature increased, the coefficient of determina-
tion between osmotic potential and germination per-
centage decreased (Fig. 1).

Seeds and fruits incubated at 10°C germinated at
osmotic potentials greater than —2.0 MPa (Fig. 1). At
20°C, germination occurred at osmotic potentials
above —2.1 MPa (Fig. 1); germination was observed
at all osmotic potentials tested at 30°C (Fig. 1). Var-
iation in observed germination was high at 30°C, and
percent germination was linearly related to osmotic
potentials; higher order models were not significant
(P=0.05).

At all temperatures, osmotic potential and the num-
ber of days to 50% of final germination were linearly
related (Fig. 2). Germination was fastest at 30°C and
slowest at 10°C. At 20°C, seeds germinated faster than
fruits, but at 10 and 30°C, fruits and seeds germinated
at similar rates.

Although germination percentage was similar for
fruits and seeds, abnormal germination was greater in
seeds (Table 1). Significantly (P=0.05) more seeds than
fruits germinated abnormally at 10 and 20°C but not
at 30°C.
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Table 1. Mean percent abnormal germination of forage kochia
averaged over water potentials within temperatures. Values in
parentheses are 95% confidence limits.

Seeds

Incubation temperature (°C) Fruits

Abnormal germination (%)

10 16.8 (7.9) 3.0 (1.6)
20 17.2 (7.5) 6.7 (2.8)
30 8.3 (3.9) 4.0 (2.0)

Effects of Osmotic Potential, Sodium Chloride, and
Potassium Chloride

Total germination and abnormal germination in
NaCl-PEG solutions were related only to osmotic po-
tential (Table 2); as osmotic potential declined, total
germination decreased and abnormal germination in-
creased (Table 2). Number of days to 50% of final
germination was related to osmotic potential and the
interaction of osmotic potential and NaCl concentra-
tion (Table 2). As osmotic potential decreased and salt
concentration increased, days to 50% of final germi-
nation increased.

In KCI-PEG solutions, total germination and days
to 50% of final germination were related to osmotic
potential and KCl concentration (Table 2). As osmotic
potential declined and KCI concentration increased,
total germination decreased, and it took longer to reach
50% of final germination. Osmotic potential was the
only significant factor (P=0.05) affecting abnormal
germination (Table 2); abnormal germination in-
creased as osmotic potential decreased.

DISCUSSION

Fruits of forage kochia should probably be planted
instead of seeds. Total germination of fruits and seeds
was not significantly different, but more seeds than
fruits germinated abnormally at all temperatures and
osmotic potentials tested. Sowing seeds during periods
of high soil moisture may give rapid establishment,
but attrition of the seed and seedling populations may
be high under transient moisture conditions.

Higher abnormal germination for seeds than for
fruits reflects a change in the structural or functional
integrity of seeds associated with bract removal. Al-
though it is possible seeds were damaged by bract re-
moval, no physical damage was observed. Fruit bracts
may be important in mineral nutrition during early
phases of germination of halophytes. In another hal-
ophyte, Sarcobatus vermiculatus, seed appendages are
a source of sodium for seedlings (Eddleman and Romo,
1987). Endogenous calcium and magnesium in fruit
bracts of Eurotia lanata are important for germinating

seeds and for hypocotyl growth of seedlings (Booth,
1985). The presence of calcium is paramount for main-
taining membrane structure, enzyme activity (Ban-
gerth 1979), ion transport, and ion balance (Rains,
1972). Calcium deficiencies can cause abnormal root
and shoot growth (Marinos, 1962; Helms, 1971; Idris
and Aslam, 1975) similar to that observed for forage
kochia in this study. The role of fruit bracts in mineral
nutrition of germinating seeds of forage kochia should
be evaluated.

Forage kochia seeds and fruits germinated over a
broad range of temperatures and osmotic potentials.
Germination was closely related to osmotic potential
at 10 and 20°C; at 30°C, the relationship between os-
motic potential and germination was weak. This weak
relationship at 30°C implies that temperature-im-
posed limitations on germination were greater than
osmotic effects at 30°C. These data agree with the find-
ings of Young et al. (1981) that seed vigor of prostrate
kochia is low when incubated at 30°C and higher. Since
effects of osmotic potential on germination were more
predictable at 10 and 20°C, seeding should be done
earlier in the season prior to occurrence of tempera-
tures in this range. Seedbed temperatures of 10 to 20°C,
in combination with high soil osmotic potential, should
yield good germination. In the Intermountain Region,
this combination of conditions usually exists in fall or
spring.

Francois (1976) concluded that mature prostrate ko-
chia plants were salt tolerant. Results of this study
confirm that forage kochia was also moderately tol-
erant of high NaCl and KClI concentrations during ger-
mination. Tolerance of a wide range of salt concen-
trations has been reported for Kochia americana
(Clarke and West, 1969), Kochia scoparia (Everitt et
al., 1983), and several other halophytes (Ungar, 1962;
Workman and West, 1967; Clarke and West, 1969;
Romo and Eddleman, 1985). Of the ions common in
saline soils, sodium is the usually the least toxic to
germination of halophytes (Ungar, 1978); germination
of halophytes is generally reduced more by osmotic
potential than specific ions (Ungar, 1982). Similarly,
germination of forage kochia was primarily reduced
by declining osmotic potentials, but germination in a
small proportion of the population was reduced by
increasing KCl concentrations. The neutral effect of
NaCl on total germination and abnormal germination
is particularly important because Na* is often abun-
dant in soils on western rangelands (Shantz and Pie-
meisel, 1940; Gates et al., 1956; Hayward and Bern-
stein, 1958; Roundy, 1984). Since osmotic potential
reduced germination more than did NaCl or KCl,

Table 2. Regression equations and coefficients of determination for total germination, days to 50% of final germination, and abnormal
germination for forage kochia seeds incubated 14 days in NaCl-PEG and KCI-PEG solutions in Experiment 2.

Regression equationst

NaCl-PEG KCI-PEG
Dependent variable Equation R? Equation R?
Total germination (%) Y = 90.60 — 575X, — 21.48X} 0.95 Y = 95.03 + 6.08X, —15.11X} + 0.0001X X, 0.94
Days to 50% of final
germination Y =191 - 1.57X, + 0.75X} — 0.00001X X, 0.76 Y = 1.75 — 232X, + 0.51X} - 0.00001X,X, 0.90
Abnormal
germination Y = 1.06 — 741X, + 7.73X; 0.85 Y = 066 — 7.69X, + 7.78X} 0.84

T X, = Osmotic potential (—MPa). X, = salt concentration (zmol L™).
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seedbed treatments should be selected to maintain high
soil moisture. Cultural practices that extend the period
of high soil osmotic potentials should be applied to
maximize establishment of forage kochia from direct
seeding.
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