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Growth and Development of Meadow Plants as Affected by Environmental Variables'
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ABSTRACT

The low production of seasonally flooded meadows is
a problem in many locations throughout the world. An
understanding of the effects of environmental factors on
the growth and production of the meadow species will
aid in developing practices to increase forage production.
Controlled studies were undertaken to determine the ef-
fect of soil meisture, temperature, irradiance, and soil
fertility on the phenological development and growth of
slender sedge (Carex praegracilis W, Boott), beardless
wildrye (Elymus triticoides Buckl), Nevada bluegrass
(Poa nevadensis Vasey ex Scribn.), and reed canarygrass
(Phalaris arundinacea L.). Potted plants were grown in
growth rooms under various environmental conditions:
temperatures of 15 and 30 C, irradiances of 4.2 and 42.0
W/m? soil moisture levels with amounts of moisture add-
ed approximating the volume of water that the soil would
retain at 0, 0.3, and 10 bars; fertilizer-N at rates equiva-
lent to 0, 110, 220. and 440 kg/ha. Plant responses were
evaluated by number of leaves per stem, number of stems
per plant, leaf area per plant, plant height, and herbage
vield at the end of three growth periods. In the con-
trolled-study conditions, mortality of bluegrass plants was
high when grown with 42 W/m* Phenological develop-
ment progressed faster and plant growth-rate increased
when the irradiance received was increased to 42.0 W/m?2
Canarygrass, however, continued in a vegetative stage re-
gardless of temperature or light treatments. Increasing
temperature from 15 to 30 C increased the rate of growth
for plants receiving 42.0 W/m? but the increased tem-
perature also increased the mortality of all species re-
ceiving 4.2 W/m? Fertilizer rates and soil-moisture levels
generally had no significant effect on plant-growth para-
meters when plants, except for canarygrass, were grown
at 15 C or with 4.2 W/m®. The greatest rate of growth
was produced when plants were grown at 30 C with 42,0
W/m® Under these conditions, yields tended to increase
with fertilizer, and yields from canarygrass increased as
fertilizer rates and soil-moisture levels increased.

Additional index words: Slender sedge (Carex frraegra-
cilis. ' W. Boott), Beardless wildrye (Elymus triticoides
Buckl.), Nevada bluegrass (Poa nevadensis Vasey ex
Scribn.), Reed Canarygrass (Phalaris arundinacea L.),
Leaf area, Yield, Phenology, Irradiance, Soil moisture,

Temperature, Fertilization.
TI—IE complex and interacting effects of environ-
mental variables on growth and development of
native meadow plants are not well known. Hay pro-
duction from native meadows varies considerably from
year-to-year and differs among locations. Production
of seasonally flooded meadows is notably low through-
out the temperate zones of the world, averaging 1.5
to 2.5 metric tons/ha (3, 8, 9, 12, 15, 16, 20, 21).
Several authors have reported the effects of environ-
mental factors on the production of meadow plants.
Keefe (7) and Bernard (1) reported decreased pro-
duction as altitude and latitude increased, and Gor-
ham (6) showed a positive correlation between the
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temperature of the warmest month and production of
sedge meadows. Mornsjo (10), Rumburg and Sawyer
(14), and Walker and Wehrhahn (17) found that wa-
ter depth and duration of flooding determine the
productivity of meadows and the dominant species.
Rumburg and Sawyer (14) observed that the density
of rushes (Juncus spp) increased but density of sedges
{Carex spp) and grasses decreased with increased depth
of flooding and increased length of the flooding period.
When rushes and sedges were the major species, hay
yields increased with length of flooding at flooding
depths less than 12 cm. Flooding depths over 12 cm
for longer than 50 days decreased production.

Fertilization of meadows with N has proven effective
in increasing forage production on flood meadows.
The efficiency of the N depends on the botanical com-
position of the sward and the rates of fertilization ap-
plied (3, 9, 13).

The objective of this study was to determine the
effect of the major environmental factors: soil mois-
ture, temperature, irradiance, and soil fertility on the
phenological development and growth of four major
species: slender sedge (Carex praegracilis W. Boott),
beardless wildrye (Elymus triticoides Buckl.), Nevada
bluegrass (Poa nevadensis (Vasey ex Scribn.), and
reed canarygrass (Phalaris arundinacea L.).

MATERIALS AND METHODS

The study was conducted in a growth room where irradiance,
temperature, and soil moisture were controlled.

Plant plugs (6 cm diam. % 6 cm long) of slender sedge,
beardless wildrye, Nevada bluegrass, and reed canarygrass were
cut from the meadow in October, 1971 and refrigerated at 2 -
C until placed in pots to commence growth, One plant plug
was placed in each pot (15 3 15 x 15 cm) and filled with 2.5
kg of coarse sand. Irradiance was controlled with banks of
flourescent and incandescent lights programmed for 16 hours of
light per day. Temperature was controlled by heat from lights,
auxilary heat source, fans to circulate the air. and ventilation.
Soil-moisture levels were maintained by adding water to ap-
proximate the desired moisture regime. Water was applied
by pouring 100 cc of water every 2nd day into pots of the
medium moist regime and 100 cc of water every 4th to 6th day
in pots of the dry regime. Water was added to water-tight con-
tainers as necessary to keep the soil of the saturated regime thor-
oughly saturated for the duration of the study.

The following levels of contrel were imposed:

1. Air and soil temperatures of 15 C=+3 and 30 C+9. Tem-

peratures of air and soil were similar. Fluctuations were

associated with dark and light periods of night and day
changes.

. Irradiance of 4.2 and 42.0 W/m?* The lower light treat-
ment was shaded from direct lighting. Irradiance was de-
termined by converting photometric flux in the 400-700 nm
waveband by the factor W/m?/ Klux — 3.9 as determined
from conversion factors for incandescent (4.57) and cool
white fluorescent (3.38) light sources.

3. Nitrogen fertilier at 0, 180, 360, and 720 mg N/pot. These
rates were equivalent to 0, 110, 220, and 440 kg N/ha
determined for surface area.

. Soil moisture of low moisture (approximately 10 bars),
medium moist (approximately 0.3 bar), and saturated (0
bar), Moisture tensions were approximated from pressure-
chamber values and water content of soil samples selected
from moisture treatments. The exact moisture tension

ra
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Fig. 1. Growth rate and phenology of meadow plants grown
with 42.0 W/m*® as affected by temperature. Each value is a
mean of threc soil moisture levels, four rates of fertilizer-N,
and three replications.

experienced by the plant was not known because the soil
of the intact plug was finer textured than was the sur-
rounding potted soil.

Plant responses determined at the end of growth periods were:

L. Phenological stage at 15, 30, and 45 days when grown at
30 C; and at 45, 65, and 85 days when grown at 15 C.

2. Rate of growth as determined by leaf-surface area, plant
height, number of leaves per stem, and number of stems
per plant. )

3. Oven-dry weight yield of herbage.

Pots were arranged as incomplete blocks with three replica-
tions per treatment. Treatments were stratified for tempera-
ture by time as the major whole-block and for irradiation by
location within the growth room as first-order treatment. Mois-
ture treatments were stratified within irradiance treatments.
Species were arranged randomly within moisture treatments
and fertilizer treatments were randomly allotted within species.
Yield data were analyzed in accordance with the split-split-split
plot design. Because of missing data due to mortality of blue-
grass and wildrye, statistical analyses of other plant data con-
sisted of t-tests and calculation of standard errors of means.

RESULTS AND DISCUSSION

Phenological Development. New growth was ob-
served on plants 3 days after being placed in the growth
room when they received 42.0 W /m?, but those receiv-
ing 4.2 W/m? did not show new growth until the 4th
day. Plants receiving 4.2 W/m? continued to grow
at a reduced rate but none developed beyond the
vegetative stage.

When native meadow plants were grown at 15 G,
growth rate and phenological development were re-
tarded. In most respects, plant development at 15 G
for 45 days and 85 days was similar to that of plants
grown at 30 C for 15 and 45 days, respectively (Fig.
1). Slender sedge, Nevada bluegrass, and beardless
wildrye, grown at 15 C developed most of their leaves
in the first 45 days, and reed canarygrass continued to
add leaves after that date, Phenological development
of all species progressed when they received 42.0 W/m?.
Sedge matured seed within 60 days, whereas bluegrass
flowered and wildrye headed in 85 days. Canarygrass
did not head by the end of the study. The number
of leaves produced per stem by a species was statisti-
cally similar at the two temperatures regimes, but all
species produced more leaves with 42.0 W/m? than
they did with 4.2 W/m? regardless of temperature

(data not shown). Bluegrass was the species least toler-
ant of low irradiance, and many plants died. Mortality
was more severe with 4.2 W/m? when plants were
grown at 30 C than when grown at 15 C. Neither soil
moisture level nor fertilizer rate affected phenological
development of any species (data not shown).
Apparently, the physiological processes which bring
about cell differentiation were accelerated at the high-
er temperature, but dry matter production lagged be-
hind phenological development. When vyields were
compared at 45 days of growth, plants grown at 30 C
generally yielded more than those grown at 15 C. This
was especially the case with reed canarygrass but not

with slender sedge. This correlation of temperature

with the increased production of dry matter in grasses
is consistent with tEe findings of Weihing (18).

The complexity of the interrelations of temperature
and light was shown by Went (19) who concluded that
weak light and high temperature affect plant growth
similarly, resulting in stem elongation and pale green
leaf color. The reduced growth or death of plants
when they were grown with 4.2 W/m? was apparently
the result of light deficiencies. Without the necessary
irradiance to drive photosynthesis, carbohydrate pro-
duction would have been minimal. Under this low
irradiance level, high temperature would be expected
to increase the respiration rate, and much of the car-
bohydrate reserve would be lost through respiration.
Chlorohpyll formation also would be reduced as was
evidenced by the pale green color. As a result, many
plants died. The mortality of these plants was assumed
to be the result of an unbalanced photosynthesis-respi-
ration (P-R) ratio. This conclusion is compatible with
the work of Deinum (4, 5) and Murata (11). They
found that when the P-R balance was disrupted by
shade or a low irradiance level, carbohydrate produc-
tion was decreased and respiration reduced the carbo-
hydrate reserve. As a result, shade decreased yield,
protein-N, and water-soluble carbohydrates.

Bickford and Dunn (2) suggested that the upper
temperature limit for growth of most plants is about
35 to 40 C, and within the growth limits of a plant,
photosynthesis will usually increase with rise in tem-
perature. In this experiment, plants growing with 42.0
W/m? at 15 C probably were fully utilizing the light,
but at 30 C many plants of bluegrass, wildrye, and
canarygrass could have been light-deficient for photo-
synthesis, Undoubtedly, the respiration rate at 30 C
was greater than that at 15 C, and more of the photo-
synthesized carbohydrates were utilized in respiration.

It appears that under the temperature and irradiance
conditions of this experiment, sedge and bluegrass
have definite limitations of the number of leaves
that will be produced per stem. When grown at 15 C,
they approached their limit at about 45 days. At 30 C,
phenological development progressed more rapidly.
Sedge reached its limitations of leaf numbers at about
15 days, and bluegrass reached it at about 30 days.
In contrast, wildrye and canarygrass may not be as
strictly limited to leaf numbers. At 15 C, with 4.2
W/m?, phenological development of these plants pro-
gressed so slowly that the leaf development was inade-
quate to initiate those physiological processes required
for formation of the seed head. When wildrye was
grown with 42.0 W/m? phenological development
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Table 1. Developmental response of meadow plants growing in medium moist soil at two temperature regimes and two irradiance levels.t

Developmental responses at two levels of irradiance (W/m?)

Tiller-stem Plant height Leaf area Yield
Temperature
Species regime 4.2 42.0 4.2 42.0 4.2 42.0 4.2 42,0
Cc — No./plant — cm cm?® g/plant
Slender sedge 16 7.3 9.4 27.6 38.6 0.97 2.09 0.17 0.86
30 3.7 5.0 19.8 23.1 0.563 0.80 0.13 0.21
Nevada bluegrass 15 3.6 8.8 12.4 34.9 0.16 ~ 151 0.04 0.66
30 4.0 8.9 16.0 24.2 0.22 0.63 0.22 0.27
Beardless wildrye 15 4.5 6.4 24.5 57.3 0.53 4.68 0.07 1.09
30 2.2 a.5 22.7 35.5 0.49 0.99 0.08 0.33
Reed canarygrass 16 3.6 4.7 39.6 61.0 2.99 6.11 0.18 1.53
30 28 4,1 25.5 39.3 0.92 3.76 0.16 0.59
t Each value is a mean of four fertilizer rates, three growth periods, and three replications.
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Fig. 2. Leaf area of meadow plants as affected by soil moisture
and fertilizer rate after 45 days of growth at 30 C with 42.0
W/m’. Each value is a mean of three replications.

advanced to the seed-head-formation stage. Since
canarygrass remained vegetative and continued to pro-
duce more leaves, this species apparently had light and
photoperiod requirements not met in this study.

Number of Stems. More stems were produced when
plants in medium-moist soil were grown with 4.2 W /m?
at 15 G than at 30 C (P<0.01), and the greatest num-
bers of stems were produced when plants were grown
with 42.0 W/m? at 15 C (P<0.01). Canarygrass, how-
ever, was less responsive to variations in temperature
and irradiance than the other species (Table 1).

Generally, fertilizer rates and soil-moisture levels
had little effect on the number of stems each plant
produced, except when grown at 30 C with 42,0 W/m?
(data not shown). Under these high temperature and
irradiance conditions, more tillers were produced in
saturated than in unsaturated soils.

Plant Height. All species were taller when grown
with 42.0 W/m? than with 4.2 W/m? (Table 1). Plants
were also taller when grown with 42.0 W/m? at 15 C
than at 30 G (P<0.01).

Most plants grown at 30 C attained 60-809, of their
maximum elongation within the first 15 days of
growth (data not shown). Wildrye and canarygrass
were also taller in 15 days with 42.0 W/m? than they
were in 45 days with 4.2 W/m?2. Sedge was the least
responsive to differences in temperature and irradia-
tion.

FERTILIZER-N, kg/ha

Fig. 3. Yield of meadow plants grown in medium moist soil
with 42,0 W/m? at 15 C as affected by fertilizer rate. Each
value is a mean of three replications.

Generally, fertilizer did not affect the height of
plants when they were grown in low-moisture soils.
However, when grown in saturated soil, canarygrass
increased in height with the 220 and 440 kg/ha rates
of N (data not shown).

Leaf Area. The surface area of leaves of plants
grown at 15 G with 42.0 W/m? was twice as great as
that of plants grown under the lower irradiance (Ta-
ble 1). When grown at 30 C, the leaf-surface area in-
creased with the higher irradiance, but except for
canarygrass, the difference was not as pronounced.

Soil moisture and fertilizer levels appeared to have
little effect on leaf area of plants grown at 15 C (data
not shown), but when canarygrass was grown in satu-
rated soil at 30 C with 42.0 W/m?, its leaf area in-
creased sharply at rates of N above 110 kg/ha (Fig. 2).

Herbage Yield. Herbage yields reflect the combined
effects of environmental factors as they influenced
other growth characteristics. Statistical analyses of
yield data indicate the highly significant influence of
irradiance and stage of development. They also indi-
cate the significant, interactive influence of tempera-
ture and irradiance.

When plants were grown in medium moist soil, ca-
narygrass had the greatest yield (Fig. 8). Bluegrass
and sedge yielded the least. As a group, the meadow
plants grown at 15 C and 42.0 W/m? yielded more
at 85 days of growth than they did at less mature stages.
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Fig. 4. Yield of meadow plants grown in medium moist soil
with 42.0 W/m* at 30 C as affected by fertilizer rate. Each
value is a mean of three replications.
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Fig. 5. Yield of meadow plants at 45 days of growth as affected
by soil moisture and fertilizer rate when grown with 42.0
W/m* at 30 C. Each value is a means of three replications.

To the contrary, plants grown with 4.2 W/m? yielded
more at 45 days of growth, and yields decreased at more
mature stages (data not shown). Because of the slow
or poor growth of plants at 15 C and 4.2 W/m?, yield
differences due to fertilizer rates and soil moisture
were not significant.

Plants grown at 30 C in medium-moist soil yielded
more at the end of the study than at less mature stages
(Fig. 4), and they yielded more when grown with 42.0
W,/m? than with 4.2 W/m? (average yields are shown
in Table 1). Yields tended to increase with fertiliza-
tion levels, but except for canarygrass, the magnitude
of the increase was small and only statistically signiti-
cant between fertilized and unfertilized treatments
(Fig. b). Yield diftferences among species were also
significant, mainly because of the greater growth of
canarygrass. Herbage yields of canarygrass increased
as fertilizer rate and soil-moisture level increased, and
plants grown with the 440 kg/ha rate of N in saturated
soils yielded the greatest amount.

CONCLUSIONS

The lower temperature (15 C) regime of the con-
trolled study relates to early-spring field conditions
experienced in the temperate zones world-wide. In

early spring, flood-meadow soils generally contain suf-
ficient moisture to support plant growth and irradi-
ance is high. Because temperature is relatively low,
however, one would expect plant growth to be retard-
ed. As the season progresses and the air and soil tem-
peratures increase, plant growth and development
progress more rapidly. Long, cold spring periods,
however, would delay phenological development.
The most rapid rate of growth of these cool-season
plants occurs in mid-spring when the soil is moist or
saturated and before the temperature rises to the up-
per threshold for meadow species. High temperature,
even when soil moisture and fertility are adequate,

© appears to be detrimental to their growth and pro-

duction. Most of the plant growth in the North Tem-
perate Zone occurs by early July before air and soil
températures are high, soil moisture is depleted, and
irradiance under the plant canopy is low due to shad-
ing. All of these conditions associated with the nor-
mally dry summer period are unfavorable for optimal
growth but favor maturation.

Slender sedge, Nevada bluegrass, and beardless wild-
rye grow better and yield more when the soil is moist
than when it is saturated. Reed canarygrass, however,
grows better and yields more when it is grown in satur-
ated soil. These data suggest that the greater pro-
duction could be obtained from meadows dominated
by reed canarygrass by keeping the soil saturated dur-
ing the active growing period. The data also indicate
that reed canarygrass is most efficient in utilizing fer-
tilizer-N when the soil is saturated. When slender
sedge, Nevada bluegrass, or beardless wildrye dominate
the native meadow, greater production might be ob-
tained if the water is controlled sufficiently to prevent
long-time saturation periods. The data also suggest
that production response from fertilizer-N may be
small and relatively inefficient, especially when large
amounts of N are applied.

LITERATURE CITED

1. Bernard, J. M. 1973. Production ecology of wetland sedges:
the genus Carex. Polski Arch. Hydrobiol. 20:207-214.

2. Bickford, E. D., and S. Dunn. 1972, Lighting for plant
growth. The Kent State Univ. Press. 221 p.

3. Cooper, C. 5. 1955. More mountain meadow hay with fer-
tilizer. Oregon Agric. Exp. Stn. Bull, 550. 7 p.

4. Deinum, B. 1966. Climate, nitrogen and grass. Research
into the influence of light intensity, water supply and nitro-
gen on the production and chemical composition of grass.
Meded. Landb. Hogesch. Wageningen 66:91 (Herbage Abstr.
37:1376).

5. ———.} 1971. Climate, nitrogen and grass. 3. Some effects
of light intensity on nitrogen metabolism. Netherlands
J. Agric. Sci. 19:187-188. (Herbage Abstr. 43:114).

6. Gorham, E. 1975. The relationship between standing crop
in sedge meadows and summer temperature. J. Ecol. 62:487-
492,

7. Keefe, C. W. 1972, Marsh production: a summary of the
literature. Contri. Mar. Sci. 16:163-181.

8. Larin, I. V. 1973. Natural hayfields and grasslands in the
USSR and methods of improving them. Herbage Abstr. 44:
1495,

9. Lewis, R. D. 1957. Mountain meadow improvement in
Wyoming. Wyoming Agric. Exp. Stn. Bull. 350. 19 p.
10. Mornsjo, T. 1969. Studies on vegetation and development

of a peatland in Scania, south Sweden. Opera Bot. No. 24.

11. Murata, Y. 1969. Physiological response to nitrogen in
plants. p. 235-239. In J. D. Eastin,, F. A. Haskins, C. Y. Sulli-
van, and C. H. M. Van Bavel (eds.). Physiological aspects
of crop yield. Am. Soc. of Agron., Madison, Wis.



12.
13.

14.

15.

16.

Rumburg, C. B. 1961. Fertilization of wet meadows. Ore-
gon Agric. Exp. Stn., Misc. Paper 116. 31 p.

, and C. S. Cooper. 1961. Fertilizer-induced changes
in botanical composition, yield, and quality of native mea-
dow hay. Agron. J. 53:255-258.

—, and W. A. Sawyer. 1965. Response to wet-meadow
vegetation to length and depth of surface water from wild-
flood irrigation. Agron. J. 57:245-247.

Ryswyk, A. L. Van, and A. H. Bawtree. 1971. Management
and improvement of meadows on organic soils of interior
British Columbia. Victoria, Canada. British Columbia Dep.
Agric. 11 p. (Herbage Abstr. 43:1738).

Sanderson, H. R. 1967. Herbage production from Wyoming
mountain meadows. Wyoming Agric. Ext. Serv. Bull. 44].

4 p

17.

18,
19.

20.

21.

1065

Walker, B. H.,, and C. F. Wehrhahn. 1971. Relationship
between derived vegetation gradients and measured environ-
mental variables in Saskatchewan wetlands. Ecology 52:85-95.
Weihing, R. N. 1963, Growth of ryegrass as influenced by
temperature and solar radiation. Agron. J. 55:519-521.
Went, F. W. 1957. The experimental control of plant growth.
Chronica Botanica Co., Waltham, Mass. 343 p.

Willhite, F. M., A. R. Grable, H. K. Rouse, and E. G. Sie-
mer. 1957. Improving mountain meadows results in greater
beef gains. Colorado Agric. Exp. Stn. General Ser. No. 665.
22 p.

Yurkevich, I. D., and N. A. Burtys. 1969. Surface improve-
ment of seasonally flooded meadows of the Nemar River.
Herbage Abstr. 39:1302.



