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EFFECTS OF INUNDATION ON SIX VARIETIES OF TURFGRASS

Frederic H. Erbisch and Karen L. Stark

INTRODUCTION

The development of the Chena River Dam was necessary to prevent the

type of flooding that occurred on 13 August 1967 in Fairbanks, Alaska. The

dam has been built to temporarily retain Chena River flood waters and to

slowly dissipate these waters over a ten-day period. The area immediately

behind the dam has been cleared and graded to allow the trapped flood

waters to flow properly. The cleared and graded flood plain is to be

vegetated to prevent erosion and to maintain the proper grade. Woody

vegetation, while able to stabilize the soil, would, because of its size,

change the planned flow pattern of the flood waters. Therefore, the most

suitable vegetation for this plain is a turfgrass, because its tight root

structure prevents soil erosion and its herbaceous vegetative body does not

impede the flow of water.

While various research groups have determined the suitability of

various grasses in cold regions, none has presented data on survivability

during and after inundation. Thus, the selection of a grass for flood

plain planting is difficult. Many grasses could survive the harsh climate

of the area but may not be able to survive a ten-day inundation period.

The death of a grass would allow erosion to take place, which then could

severely damage the flood plain.

Consequently, a laboratory study was initiated to determine the sur-

vivability of six cold-adapted grasses after a ten-day inundation period.

In addition, a physiological analysis was done in an attempt to find an

indicator test which could be used to determine the condition of a recently

submerged grass.

Before the beginning of the study an extensive literature search was

done to find other relevant studies (Appendix A). It was found that no

in-depth physiological studies had been done with inundated grasses. Many

of the papers simply described the survivability of grasses after various

periods of inundation.
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Next, turfgrass experts at several universities were contacted. They

could not provide any information relating to physiological studies of

inundated grasses.

Because of the lack of information on the physiological effects of

inundation, the experiment was based on physiological systems that are

affected by other types of stress, such as drought, mineral nutrient ex-

cess, and high temperatures. These include peroxidase, alic dehydro-

genase, and acid and alkaline phosphatase enzyme systems.

MATERIALS AND METHODS

Grasses

Six grasses were used in the study: manchar brome, meadow foxtail,

durar fescue, boreal red fescue, nuggpt Kentucky bluegrass and sydsport

bluegrass. They were started in 4.5-inch plastic pots on 3 October 1978 at

the Cold Regions Research and Engineering Laboratory in Hanover, New

Hampshire. Sydsport bluegrass, boreal red fescue and durar fescue were

reseeded during the week of 6 November 1978. Five of the grasses were

planted on coarse gravel soil and topsoil; sydsport bluegrass was planted

taken near the flood control project in North Pole, Alaska (latitude

64*47'47", longitude 147°11'56"). A 1.2-cm layer of Ottawa sand was placed

on the bottom of each pot, and the remainder of the pot was filled with

either gravel or topsoil. Just before seeding, each pot was fertilized

Table 1. Planting regime for grasses used in the inundation study. Twelve

pots of each soil type were planted for each type of grass.

Soil Rate of seeding

Grass Topsoil Gravel (lb/acre) (g/pot)

manchar brome X X 100 0.10

meadow foxtail X X 120 0.11

durar fescue X X 160 0.15
I

boreal red fescue X X 160 0.15

*nugget Kentucky bluegrass X X 120 0.11

sydsport bluegrass X 120 0.11

2
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with 15-15-15 fertilizer at the rate of 533 lb/acre or 0.43 g/pot.* The

grasses were transported to Houghton, Michigan, on 11 December 1978 and

placed in the greenhouse at Michigan Technological University. In addition

to the grasses listed above, twelve pots of turfgrass (common Kentucky

bluegrass and pennlawn red fescue) were sent to use in developing test

procedures. This grass was taken from sod plots established at CRREL on 2

September 1977.

On 12 January and 15 June 1978 all pots were refertilized (15-15-15)

at the rate of 0.43 g/pot. Because of bad weather, access to the green-

house was blocked for several days, and many of the plants dried out.

Several pots of meadow foxtail and manchar brome did not recover; these

pots were reseeded on 13 January 1978.

Stress treatments and survivability analysis

Two 30-gal. garbage cans were used as dark chambers and two as inun-

dation chambers. The inundation chambers were filled with tap water and

allowed to stand for several days until the temperature stabilized. Then

plants were placed in the water-filled chamber. The water level was

approximately 60 cm above the top of the pots. During the ten-day inunda-

tion period each of the chambers was aerated to prevent anaerobic condi-

tions from developing. The inundation chambers were illuminated for 18

hours per day with a bank of eight fluorescent GroLites. The illumination

period was chosen as an average daylength during the time when flooding

might occur.

The temperature of the water in these experiments was approximately

10*C, which is similar to that of a summer flood. The grasses, which were

actively growing, also approximated summer conditions. Actively growing

grasses covered with warm water are much more susceptible to inundation

damage than are dormant grasses covered by cold (1-5*C) water (Bolton and

McKenzie 1946, Kramer 1951, Beard 1973).

Three pots of each grass on each soil type were placed in the inunda-

tion chambers. Corresponding sets of plants were placed in the dark cham-

bers to determine the stress effects of darkness. The control plants,

which were placed around the outside of the inundation chambers, received

18 hours of artificial light per day. The remainder of the plants were

*Personal communication with S. Bigl of CRREL.
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kept in the greenhouse. Water and air temperatures were taken at the

beginning of the experiment. Thermocouples were placed on acrylic strips,

so that temperature measurements could be made at the base of the pot and

every 15 cm above the pots up to 60 cm.

After ten days the stressed plants were removed from the chambers,

examined and returned to the greenhouse. These plants were observed over a

ten-week recovery period. The control plants were used for comparison

throughout the observation period.

The leaves of some of the stressed and control plants were trimmed to

about 5-6 cm. Periodically, measurements of the leaves were made to deter-

mine the effect of the treatments on leaf growth.

The visual observations of the plants account only for the survival of

the leaves. To determine if the rhizomes (the underground stems) survived,

half of the plant and soil was removed from half of the pots. The holes

were filled with commercial potting soil. If the rhizome had survived, new

growth would eventually extend into the replacement soil and produce new

leaves. These observations were made over a ten-week period.

Anatomical analysis

Root and leaf samples were taken from stressed and control plants and

examined microscopically. Tissues were frozen and sectioned at 10 PM with

a freezing microtome. Root and leaf sections were mounted in a drop of

water, examined microscopically and photographed. Observations included

general configuration, chloroplastid number and distribution, amount of

melanin or brown pigment formations and cell disintegration.

Physiological analysis

It was decided to examine several enzyme systems to determine if any

of these systems might provide an indication of inundation stress. The

enzyme systems were picked because they had been shown to be affected by

stress (peroxidase), are part of an essential metabolic pathway (malate

dehydrogenase), or are important in maintaining certain balances within a

cell or tissue (acid or alkaline phosphatase).

Because of the amount of time needed to do the analyses, fresh

materials could not always be used. Therefore, root and leaf tissues were

frozen in the appropriate buffer and stored at -20*C until needed. Approx- 4
imately 0.5 g of tissue was placed in 1 mL of buffer. (Earlier in-house

studies had shown that freezing had no detrimental effect on isoenzymes.)

4
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The plant materials were prepared f or analysis by thawing them and

placing then in a 1O-mL mortar with a pinch of Ottawa sand; the mixture was

crushed and ground with a pestle. To prevent denaturat ion of the enzymes,

the mortar and the enzyme solution were placed in an ice bath until need-

ed. No phenol inhibitor was added to the enzyme solution.

The leaf and root extract samples were analyzed by starch gel electro-

phoresis. This method was chosen because of its sensitivity and its abili-

ty to separate different forms of an enzyme system. Although overall enzy-

matic activity may be the same af ter a stress, the composition of the sys-

tem, may be different.

In the electrophoresis technique an enzyme-containing solution is

applied to one point on a starch gel. Then a low-amperage electric current

is passed through the gel. The enzyme, which is a charged molecule,

migrates along the electrical gradient toward either the cathode or the

anode, depending on its charge. Due to differences in their charges, mole-

cules migrate at different rates in the electrical field.

The gel is removed from the field and placed in a specific enzyme sub-

strate solution. The enzyme in the gel acts on the substrate, which is

combined with a dye, and a colored deposit is formed at the site of theI
enzyme. Then the gel is placed In a fixative solution, which deactivates

the enzyme and preserves the gel. The number of colored bands on the gel

indicates the different form of the specific enzyme complex. Variations

in band number can indicate either genetic differences or adjustment

reactions to other factors. In this study, where the strains of plants

were uniform, the differences would be due to non-genetic factors (i.e.

water and dark stresses).

Electrophoretic separations were performed in a 121 starch gel with a

tris-citric-acid buffer system at pH 7. The gel was prepared by adding 200

4L of boiling gel buffer to 100 mL of cold gel buffer with 36 g of starch

(Scandalioe 1974, Strielemsn 1979). The mixture was shaken vigorously and

aspirated for approximately 15 seconds to remove trapped air. Then the gel

was quickly poured into a shallow electrophoretic mold and allowed to set.

After the gel had solidified, It -ra cut so that the enzyme solution

could be added. Filter paper wicks, which were approximately 3 x 10 ME
pieces of #3 Whatman filter paper, were soaked in the prepared leaf or root

solutions. The excess solution was removed by blotting them on a paper

towel, and they were inserted in the cut on the gel (Fig. 1). The prepared

5 A



Figure 1. Diagram of an electrophoretic
starch gel. The upper portion of the dia-
gram represents a gel on which the various
components of an enzyme complex have been
separated and stained. The lower portion
of the diagram represents a gel just prior
to separation. The cut is the origin,
where the enzyme-soaked wicks were
placed.

gel was placed in the refrigerated electrophoresis chamber (4*C), and

electrodes were attached. A 25-mA current was passed through the gel for

three hours. Then the gel was cut into two or three thin slices, and each

slice was placed in a staining solution. After 2-24 hours the gels wereI
placed in a fixing solution, and the results were recorded. Each test was

run a minimum of three times on different samples for each plant and stress

treatment.

The recipes for the enzyme stains and buffers were developed by Shaw

and Praaad (1970) and Selander et al. (1971). The recipe constituents and

staining procedures are shown in Table 2.

Germination and seedling survivalZ

In addition to the tests on mature plants a seedling survival test was

done for each type of grass. First, a seed germination test was run, where

100 seeds vere placed on filter paper vetted with distilled water. The

plates were placed in a 250C incubator and examined periodically for germi-

nation. This test was repeated a minimum of three times.

Then, seeds of each grass were placed on fine-grained Ottawa sand, 100

in each pot with six pots for each species. After the seedlings reached a

length of 6-8 cm, half of the pots were placed in an inundation chamber for

15 days. The remainder of the plants served a controls. After inunda-

tions all of the seedlings were put Into the greenhouse and observed.

6



Table 2. Recipes for starch gel electrophoresis enzyme stain and buffers (Shaw
and Prasad 1970, Selander et al. 1971).

ACID PHOSPHATASE ALKALINE PHOSPHATASE

Stain buffer i-naphthyl Na phosphate 50 mg
Fast blue RR 50 mg

Na acetate-3H2 0 6.8 g MgSO.7H2 0 123 mg
HC1 (iN) 14.8 mL H20 100 ML
H2 0 to 1.0 L Incubate at 37°C until blue

Adjust pH with 0.1N HCI to 5.0 bands appear
Wash and fix

Stain
MALATE DEHYDROGENASE

Na a-naphthyl acid
phosphate 100 mg Stain

Stain buffer 100 ML
Black K salt 100 mg 0-diphosphopyridine (NAD) 50 mg

Nitro blue tetrazolium 30 mg

Incubate gel at 37°C until bands appear Phenazine methosulfate .2 mg
Wash and fix 1 M Na L-malate, pH 7.0
Gel slices should be soaked in the acid (substrate) 10 mL

buffer before staining 0.5 M tris-HCl (pH 7.1) 15 mL
H2 0

PEROXIDASE 0.1M NaOH 70 mL
5 mL

3-amino 9-ethyl carbazole 50 mg
Dimethyl formamide 5 mL Substrate
0.05 M Na acetate (pH 5.0) 92.5 mL
0.1 M CaC12  2 mL L-malic acid 13.4 g
3% H2 0 2  0.5 mL 2 H Na2 CO3 oH20 (248 g/L) 49 mL

H20 1000 ML
Dissolve 3-amino 9-ethyl carbazole in

dimethyl formamide before adding other Incubate at 370C in the dark

ingredients for 1 hour
Add the 3% H202 just before staining. Wash and fix
Incubate gel in cold room until bands

appear GEL BUFFER (pH 7.0)
Wash and fix

Dilute 66.7 mL of electrode
ELECTRODE BUFFER (pH 7.0) buffer to 1 L

Tris 16.35 g FIXING SOLUTION
Citric acid 9.04 g
H20 1 L Acetic acid 10 mL

Methanol 50 mL
Water 50 mL

7. .



Table 3. Summary of survival, growth, rhizome
regeneration and leaf transverse section data for
six grasses given ten-day stress treatments.
(Soil type: S - topsoil, G - gravel; Treatment:
C - control, D - dark, I - inundation; Develop-
ment: w.d. - well developed, p.d. as poorly -

veloped.)
Growth,

Appeowic of lws of Rhizome Leaf transverse sectior doff
Soy agi- aftW er n lures ,nomegn- Dewelap- Section Ctsrltitd

G. W ff ImmdialyJJ 10 weeks (c) wd, mant form color

S C normal normal 1s yet VAd. Intact green

S D dilorolic poor Is no VAd. broken light Bree
condition

I s I normal dead* 1st Yes VA. Intac lightuf

S G C normal normal is no VAd. Intact wreen

G 0 hid dead* 1St yet PA. broken brown

all now
G I dilorotic growth, 18 no PA. broken lit puan

normal
S C norMal normal 20 Yes VAd. intact preen

S 0 chlbraown dead 0 no PA4. broken lit preen

S I normal noma 3 Yes WAd. Intact gren

G C normal normal 15 no wd. Intact gree

G D Choli fair is Yes wd. intact lih grein
~ G D to bra"n condition

G I slgt dead* ISt no VA4. Intact IWOt paindilorosis

S C normal normal I1 I Yea VA. Intact green

S D chlortk chdorotlc 11 no VA. Intact fit puen

I s I normal dead* 0 Ye w. Intact gmre11
G C normal normal 7 no VAd. Intact gren

G D brownish dead 0 no pA. Intact antibow

G I dulorttc dead 0 no VA. Intact ligtBeen

S C normal normal 9 yes VA. Intact puen
recoverig.

S D chlorotic 01=ti 9 Yet wA. Intact lit Wreen

S nrml oral 9 Yea VA. Intact paeen

normal normal 20 no wVA. Intact pun

yesA broen sobrown

G i litiee dd* 20 Yes VAd. broken not green

S C normal normal 17 Yea VAL Intact green

di clorotic nocoerig, 7 n
to brown pran

S I normal normal 17 yet VA. Intact puen

S G C normal normal 14 no VA. Intact Vreen

X G D browns moeldead 14 no PA. brokn brw

G C normal normal S yes wA. Intact Veen

G D clo~rotlc normal a yen VA. = lih grmen

G I normal normal S yes WAd Intact green
*The leWe were deed at die" eno.fih gwwek obeegreation Peiod, but new le-ve were produced aft
Vale petd
t Meet of One Move we dead; die meuueem edeem dif igro MOf OmN few Wsvlb leesee.1"

8
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RESULTS AND DISCUSSION

Survival and growth

The results of the survival study are shown in Table 3. Nugget

Kentucky bluegrass exhibited the best survival and growth of any of the

topsoil-grown grasses; meadow foxtail was the second best and manchar brome

the third. Sydsport bluegrass had the best survival and growth on gravel

soil. Nugget Kentucky bluegrass was the only other grass to do well on

gravel soil. Neither of the fescues did well on either of the soils.

Rhizomes, the underground stems of these grasses, grow through the

soil. As they grow, roots and leaf buds are produced. Under normal

conditions, the buds will produce the leaves, which grow through the soil

and emerge into the atmosphere. If the rhizome is adversely affected by

some agent such as inundation, bud and leaf production will also be

adversely affected. The visible manifestation of this effect could be a

decline of the mature leaves; leaves would become chlorotic and could die

if the effect was severe enough. New leaf production would be limited or

nonexistent. In this series of experiments the detrimental effects of the

inundation were evidenced by the leaves; however, the effects on the

rhizomes were not seen directly, but indirectly through the production or

lack of production of new leaves (Table 3).

Nanchar brome, nugget Kentucky bluegrass, and the fescues appeared to

have initially survived the inundation treatment quite well, but within

several weeks the leaves of these grasses had died. However, new leaves

were produced by these plants, indicating that the roots and rhizomes had

survived. If this had happended at the Chena Dam flood plain, these

grasses would have prevented soil erosion, though the original leaves were

dead.

Water-saturated soil has little oxygen in it, and this lack of oxygen

adversely affects the roots (Childers and White 1942). This lack of soil

oxygen may also affect the growth of the whole plant, as explained by

Treshow (1970): "When the pore spaces of the soil are filled with water

the plant root suffocates. The immediate effect of suffocatiom is suppres-

sion of growth. Plants may survive brief periods of oxygen deficiency

where as little as 0.51 02 is available in the soil, but roots need 2-81

for optimum growth. Bslow this, leaves become chlorotic, growth ceases, no

new roots develop, shoots die back, and death ensues. This decline and

9



Sa. Control root.

b. Dark-stressed root.

C. Inundation-stressed root.

Figure 2. Transverse sections of durar fescue roots.
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death may take place in a few days in some plants, or months or even years

in others."

Anatomical analysis

Several hundred transverse sections of roots and leaves were exam-

ined. No significant differences were seen in any of the roots (Fig. 2),

even in those plants where the leaves had eventually died. Perhaps no

differences were seen because the sections were made too soon after the

stress treatment.

Differences were seen in leaf sections that were made immediately

after the stress treatment. Those leaves that were chlorotic or brown had

fewer chloroplastids in the mesophyll cells, and these chloroplastids were

light green to brown (Table 3, Fig. 3). Although the leaf sections did

show differences, this would not be a good diagnostic technique for assess-

ing inundation damage, because the internal damage paralleled the external

leaf appearance.

Physiological analysis

A shortage of plant material limited the number of tests and repli-

-7 cates that could be done. Because the acid and alkaline phosphatases did

not show any significant differences, these tests were not run on all of

the material or were not replicated. Differences in banding patterns were

noted in the peroxidase and malic dehydrogenase tests. The results of

these tests are shown in Figures 4 and 5. These results are the averages

of the enzyme migrations for at least three replicate tests, with each test

having three sets of enzyme runs.

Peroxidase catalyzes a reaction between hydrogen peroxide and many

kinds of substrates. Under certain conditions peroxidase will react with

compounds other than hydrogen peroxide, such as indoleacetic acid, phenyl-

pyruvate, serine, alanine and tryptophane (Fric 1976). The physiological

activity of peroxidase is not fully understood because of its wide range of

activities. Also, the enzyme is found in many parts of the cell (nucleus,

mitochondria, ribosomes and systems associated with cell wall formation),

making it difficult to assign a specific role or activity for this enzyme

(Fric 1976, Hahlbrock and Grisebach 1979). However, this enzyme system was

felt to be important in this study because of its reactions to stress (Rare

1964, Gerloff et al. 1967, Ku et al. 1970, Krasnuk et al. 1975, Strieleman

1979). A reaction to stress is generally shown as either the addition or

loss of a band or bends in the electrophoretic gel pattern. t



a. Control leaf.

b. Dark-stressed leaf. The
cells of this leaf had few-
er chloroplastids than did
the control leaves.

c. Inundation-stressed leaf.
The cells of this leaf had
no chloroplastids.

Figure 3. Transverse sections of grass leaves.
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Figure 4. Leaf and root peroxidase isoenzyme banding pat-
terns from control and stressed grasses.. (+ = anode,
o = origin, - = cathode, C = control, D - dark-stress
treatment, I - inundation-stress treatment, S = topsoil,
G - gravel.)

+

Figres 05. Lm ftols
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Figure 5. Leaf and root malic dehydrogenase isoenzyme

banding patterns from control and stressed grasses.
(+ anode, o - origin, - - cathode, C - control,
D = dark-stress treatment, I - inundation-stress treat-
meat, S - topsoil, G - gravel soil, -- darkly stained
band, ... lightly stained band.)

In the series of tests with the stressed grasses, peroxidase banding
pattern differences were noted (Fig. 4). The inundation treatment affected

the leaf peroxidase patterns of manchar brose on soil and gravel; boreal

red fescue, durar fescue and nugget Kentucky bluegrass on gravel; and

meadow foxtail on soil. Differences for roots were only shown by nugget

Kentucky bluegrass grown on gravel. Dark stress treatments also affected

the peroxidase banding, but not always in the same way as did the inunda-

tion stress (e.g. sanchar brome on soil).

alic dehydrogenase is the enzyme responsible for the conversion of

mlic acid to oxaloacetic acid and for reducing nicotinamide adenine dinu-
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cleotide (Devlin 1975). This reaction io Important in the production of

biological energy. If this enzyme system is not functioning, the produc-

tion of energy is severely limited; the energy reduction causes growth to

stop and if severe enough, results in the death of the organism. Cytoplas-

mic malic dehydrogenase is also important in anabolic pathways such as

gluconeogenesis.

The stressed grasses did exhibit differences in malic dehydrogenase

patterns (Fig. 5), as well as differences in staining intensity. A lightly

stained band indicates lower enzymatic activity than one that is darkly

stained. All grasses except manchar brome exhibited some differences

between control and stressed leaves, either in staining intensity or in the

position of the bands. Some differences were seen in roots also, but only

in staining intensity, not in band position. Differences in stain intens-

ity were seen in the roots of manchar brome and durar fescue grown on soil

and meadow foxtail grown on gravel.

Several correlations can be made between the enzymatic data and the

survival data. First, the malic dehydrogenase complex is generally affected

by the stress treatments given the grasses; however, there is no corre-

lation between the survival of leaves and the enzyme variations. For

example, similar isoenzyme differences were found in the leaves of meadow
foxtail and durar fescue, but the leaves of durar fescue died while the

leaves of meadow foxtail did not. Second, the effects of the stress treat-

ments on root peroxidases appear to be insignificant with regard to the

survival of the grasses. Third, peroxidase differences seen in banding

patterns of leaves can be correlated with leaf survival in all cases except

for meadow foxtail. Banding differences were noted in manchar brome,

boreal red and durar fescues, and nugget Kentucky bluegrass, and the leaves

of these plants died. When the leaves were analyzed for peroxidase acti-

vity, all were alive and at worst exhibited a slight chlorosis. Later, the

leaves on some of these plants died. It is not known what relation exists

between the change in banding pattern and the subsequent death of the leaf;

further testing would be needed to ascertain this relation. It would

appear, however, that an analysis for peroxidase activity could indicate

the survivability of a grass after prolonged inundation. Determination of

the electrophoretic pattern of peroxidase of non-inundated and inundated

grasses m be a diagnostic technique in the survival assay of grasses.
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Germination and seedling survival

Initially grass seeds were planted on sand, watered and set aside

until seedlings reached 4-5 ca (approximately ten days after germination).

However, only a few seeds of boreal red fescue, meadow foxtail and sydsport

bluegrass germinated, so few seedlings were produced. To determine if this

poor germination was due to the seed or the technique, a series of seed

germination tests were carried out. The results of the tests (Table 4)

indicated that the problem was due to the seed. Probably the length of

storage or the improper storage of these seeds caused the decline in seed

germination (Taylorson and Hendricks 1977).

When the experiment was set up again, a larger number of boreal red

fescue and meadow foxtail seeds were added to each pot to compensate for

the poor germination. Sydsport bluegrass seed was not used.

The poor germination suggests that seedling vigor may also have

declined. The response of these seedlings to the inundation stress, then,

may not be representative of those from fresher seed.

Seedlings from the five types of seed that were used survived the

inundation treatment. The leaves remained green, but the plants tended to

deteriorate over the 30-day observation period. In all cases the leaves

became slightly chlorotic. Also, the leaves did not grow in length nor

were new leaves produced. Perhaps if the experiment had been continued,

these stressed seedlings would have died.

Table 4. Summary of the seed germination experiments. The numbers represent
the averages of three tests.

Seeds germinated (2)

Days after experiment initiation
Grass Total

2 6 16 30

manchar 18 67 2 0 87

boreal red fescue 0 6 7 2 15

durar fescue 8 71 9 0 88

nugget Kentucky bluegrass 0 33 38 8 79

meadow foxtall 5 22 6 2 35

s,deport bluegrass 0 1 0 1 2
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CONCLUSIONS

The grass that exhibited the best survivability after being inundated

for 10 days was nugget Kentucky bluegrass. Both topsoil- and gravel-grown

plants survived the stress treatments. However, sydsport bluegrass grown

on gravel appeared to resist the stress treatments better, but its surviv-

ability on topsoil is unknown. Meadow foxtail and manchar brome did well

on topsoil when stressed, but did poorly on gravel soil. Neither of the

fescues, boreal red and durar, responded well to the stress treatments.

The plants either died or had severely retarded growth.

No damage assessment could be made from root transverse sections taken

soon after the stress treatment. Leaf transverse sections did show

stress-related damage. Chloroplastid coloration and leaf configuration

after sectioning were the most obvious differences. Adversely affected

plants had either yellow (chlorotic) or brown chloroplastids and these

leaves were usually broken during sectioning. Plants that were not

affected had green chloroplastids and remained intact when sectioned.

Because the changes seen in the sectioned leaves paralleled those of the

whole leaf, sectioning and microscopic examination are not necessary for

determining stress damage.

Rhizome growth and new leaf generation were found in some of the

stressed plants. The original leaves of several of these plants died,

giving the appearance that the whole plant had died; however, the roots and

rhizomes survived and were able to produce new leaves (in manchar brome,

durar fescue, and nugget Kentucky bluegrass).

Malic dehydrogenase banding patterns of roots and leaves varied but

could not be correlated with any of the stress treatments. Dark-treated

and inundated plants exhibited similar enzyme banding patterns. Peroxidase

banding patterns from roots did not appear to be significantly related to

stress damage. Leaf peroxidase banding patterns did appear to be signifi-

cantly related to inundation stress. The differences in banding appeared

before damage could be visually observed. This mst nay prove to be a

diagnostic tool for assaying inundation damage to plants.

Although seedlings survived a 15-day inundation period, the results of

the test were inconclusive because of the suspected poor condition of the

seeds.

16

V _7



LITERATURE CITED

Beard, J.B. (1973) Turfgrass: Science and culture. Englewood Cliffs,

N.J.: Prentice-Hall, Inc., 658 p.

Bolton, J.L. and R.E. McKenzie (1946) The effect of early spring flooding

on certain forage crops. Science in Agriculture, vol. 26, p. 99-105.

Childers, N.F. and D.G. White (1942) Influence of submersion of the roots

on transpiration, apparent photosynthesis and respiration of young

apple trees. Plant Physiology, vol. 17, p. 603-618.

Devlin, R. (1975) Plant Physiology, 3rd ed. New York: D. Van Nostrand,

Co., 600 p.

Fric, F. (1976) Oxidative enzymes. In Physiological Plant Pathology

(R. Heitefuss and P.H. Williams, eds.) Berlin: Springer-Verlag, p.

617-631.

Gerloff, E.D., M.A. Stahman and D. Smith (1967) Soluble proteins in alfalfa

roots as related to cold hardiness. Plant Physiology, vol. 42, p.

895-899.

Hahlbrock, K. and H. Grisebach (1979) Enzymatic controls in the biosyn-

thesis of lignin and flavonoids. Annual Review of Plant Physiology,

vol. 30, p. 105-130.

Hare, R.C. (1964) Indoleacetic acid oxidase. Botanical Review, vol. 30,

p. 129-165.

Kramer, P.J. (1951) Causes of injury to plants resulting from flooding of

the soil. Plant Physiology, vol. 26, p. 722-736.

Krasnuk, M., G.A. Jung and F.H. Witham (1975) Electrophoretic studies of

the relationship of peroxidases, polyphenol oxidase, and indoleacetic

acid oxidase to cold tolerance of alfalfa. Cryobiology, vol. 12, p.

62-80.

17



Ku, H.S., S.F. Yang and H.K. Pratt (1970) Inactivity of apoperoxidase in

indoleacetic acid oxidation and ethylene formation. Plant Physiology,

vol. 45, p. 358-359.

Scandalios, J.G. (1974) Isozymes in development and differentiation.

Annual Review of Plant Physiology, vol. 25, p. 225-258.

Selander, R.K., M.H. Smith, S.Y. Yang, W.E. Johnson and J.B. Gentry (1971)

Biochemical polymorphism and systematics in the genus Peromyscus, I.

Variations in the old-field mouse (Peromyscus polionotus). The Studies

in Genetics VI. University of Texas Publication 7103, p. 49-90.

Shaw, C.R. and R. Prasad (1970) Starch gel electrophoresis of enzymes, a

compilation of recipes. Biochemical Genetics, vol. 4, p. 297-320.

Strieleman, P.J. (1979) An anatomical and isoenzymatic study of alfalfa

(Medicago sativa) roots in relation to development in copper tail-

ings. Unpublished M.S. thesis, Michigan Technological University,

Houghton. 85 p.

Taylorson, R.S. and S.B. Hendricks (1977) Dormancy in seeds. Annual Review

of Plant Physiology, vol. 28, p. 331-354.

r
Treshow, N. (1970) Environment and plant response. New York: McGraw-Hill

Book Co., 422 p.

16K- /i----- -I



APPENDIX A: SELECTED BIBLIOGRAPHY OF INUNDATION-RELATED PAPERS.

Aaron, F. (1968) Flood problems down the drain. Golfdom, vol. 42, p.

50-52.

Anonymous (1969) 1969 turf research and irrigation annual. Park Mainte-

nance, vol. 22, p. 17-36.

Anonymous (1967) Flood tolerant grasses. Turf-Grass Times, vol. 2, p. 20.

Anonymous (1967) Turf annual-grasses. Park Maintenance, vol. 20, p. 28-32.

Anonymous (1966) Turf annual-forward, disease, fertilizer, grasses,

insects and pests, irrigation, management, and weeds. Park Mainte-

nance, vol. 19, p. 17-40.

Anonymous (1965) Turf grass review-diseases, fertilization, grasses,

insecticides, irrigation, management, and weeds. Park Maintenance,

vol. 18, p. 17-44.

Arikado, H. (1964) Studies on the development of the ventilating system in

relation to the tolerance against excess moisture injury in various

crops. 13. Difference between Italian ryegrass and oats in the

tolerance against excess-moisture injury. Proceedings of the Crop

Science Society of Japan, vol. 32, p. 353-357.

Baumgardner, T.M. (1969) Living with the problem-greens. 40th Inter-

national Turfgrass Conference and Show Proceedings, p. 66-67.

Beard, J.B. (1963) Causal factor in the winter injury of turfgrasses.

Agronomy Abstracts, p. 117.

Beard, J.B. (1963) Low temperature injury to the lower portion of Poa annua

crowns which occurred in the spring of 1962. Michigan Turfgrass

Research Reports, vol. 1, p. 8.

Beard, J.B. (1963) 1963 turfgrass research report. Department of Crop

Science, Michigan State University, 10 p.

19



Beard, J.B. (1964) Effects of ice, snow and water covers on Kentucky

bluegrass, annual bluegrass and creeping bentgrass. Crop Science,

vol. 4, p. 638-648.

Beard, J.B. (1964) Turf stress-cool and cold conditions. Proceedings of

Midwest Regional Turf Conference, p. 22-27.

Beard, J.B. (1965) Winter damage of turfgrasses. Proceedings of the 19th

Annual Northwest Turfgrass Conference, p. 38-51.

Beard, J.B. (1966) Direct low temperature injury of nineteen turfgrasses.

Quarterly Bulletin, Michigan State University, vol. 48, p. 377-383.

Beard, J.B. (1966) Selected turfgrass variety evaluations. Michigan Turf-

grass Research Reports, vol. 3, p. 7-9.

Beard, J.B. (1966) Winter injury. The Golf Superintendent, vol. 4, p.

24-30.

Beard, J.B. (1967) Winter injury and prevention. Turf Bulletin, vol. 4,

p. 8-11, 20-21.

Beard, J.B. (1968) 1968 turfgrass research summary. Department of Crop

Science, Michigan State University, 27 p.

Beard, J.B. (1969) Winter injury of turfgrasses. Proceedings of the First

International Turfgrass Research Conference, p. 226-234.

Beard, J.B. (1971) Turfgrass research review. Golfdom, vol. 45, p. 30, 39,

42-43.

Beard, J.B. (i972) Low temperature turfgrass kills. Weeds, Trees and Turf,

vol. 11, p. 14-15.

Beard, J.B. and D.P. Martin (1968) Submersion tolerance of creeping

bentgrass, Kentucky bluegrass, annual bluegrass and red fescue as

affected by water temperature. 1968 Agronomy Abstracts, p. 62.

20

..... i I I III I



Beard, J.B. and D.P. Martin (1970) Influence of water temperature on

submersion tolerance of four grasses. Agronomy Journal, vol. 62, p.

257-259.

Beard, J.B. and C.R. Olien (1963) Low temperature injury in the lower

portion of Poa annua L. crowns. Crop Science, vol. 3, p. 362-363.

Beard, J.B. and P.E. Rieke (1967) 1967 turfgrass research summary.

Department of Crop and Soil Science, Michigan State University, 23 p.

Bennet, O.L. and B.D. Doss (1960) Effects of soil moisture level on root

distribution of cool-season forage species. Agronomy Journal, vol.

52, p. 204-207.

Berggren, F. (1952) MRTF turf researchers freeze-test Joysia. Midwest

Turf-News and Research, vol. 6, p. 3.

Bolton, J.L. and R.E. McKenzie (1946) The effect of early spring flooding

on certain forage crops. Scientific Agriculture, vol. 26, p. 99-105.

Broadbent, F.E. and T. Nakashima (1970) Nitrogen immobilization in flooded

soils. Soil Science Society of America Proceedings, vol. 34, p. ji

218-221.

Carroll, J.C. (1943) Effects of drought, temperature and nitrogen on

turfgrasses. Plant Physiology, vol. 18, p. 19-36.

Committee on Crop Terminology (1962) Summary of terms. Crop Science, vol.

2, p. 85-87.

Dahl, A.S. (1934) The relation between rainfall and injuries to turf-season

1933. The Greenkeeper's Reporter, vol. 2, p. 1-4.

Davis, A.G., and B.F. Martin (1949) Observations on the effect of

artificial flooding on certain herbage plants. Journal of the British

Grassland Society, vol. 4, p. 63-64.

21



Davis, D.L. (1967) Changes in soluble protein fraction during cold

acclimation plus the effects of certain nutrients and stress

conditions on winterkill of Cynodon spp. Ph.D. thesis, North Carolina

State of the University of North Carolina at Raleigh.

Davis, D.L. and W.B. Gilbert (1967) Changes in the soluble protein

fractions during cold acclimation of bermudagrass. Agronomy

Abstracts, vol. 59, p. 50-51.

De France, J.A. (1958) Turf fertilization developments, Part I.

Parks, Golf Courses and Sports Grounds, vol. 23, p. 769-770.

De Brunchy, J.H.B. (1937) Water fluctuation as a factor in the life of the

higher plants of a 3,300 acre lake in the Permian red beds of central

Oklahoma. M.S. thesis, Oklahoma Agricultural & Mechanical College,

Stillwater, Oklahoma, 117 p.

Deys, M.E. (1965) The Credit Island Park disaster. Park Maintenance, vol.

18, no. 10, p. 16-20.

Deys, M.E. (1965) When courses are flooded what's a little thing like

Phthium. Golfdom, vol. 39, p. 22-80.

Doss, B.D., D.A. Ashley, and O.L. Bennett (1960) Effect of soil moisture

regime on root distribution of warm season forage species. Agronomy

Journal, vol. 52, p. 569-572.

Dunn, J.H., and C.J. Nelson (1971) Chemical changes occurring in rhizomes

of three bermudagrass turf cultivars during fall and winter. Agronomy

Abstracts, p. 46.

Finn, B.J., S.J. Bourget, K.F. Nielsen and B.K. Dow (1961) Effects of

different soil moisture tension on grass and legume species. Canadian

Journal of Soil Science, vol. 41, p. 16-23.

Gamble, M.D. (1958) Inundation tolerance of bermudagrass. Agronomy

Abstracts, p. 37.

22



Gilbert, W.B. and D.S. Chamblee (1965) Effect of submersion in water on

tall fescue, orchardgrass, and ladino clover. Agronomy Journal, vol.

57, p. 502-504.

Glover, W.H. (1937) Flood waters at Shawnee C.C. Greenkeeper's Reporter,

vol. 5, p. 12-13, 38-40.

Grau, F.V. (1956) Too much water? Proceedings of the 25th Annual Penn

State Turfgrass Conference, p. 42-47.

Howell, W. (1968) Draining waterlogged grounds. The Groundsman, vol. 21,

p. 36-37, 49.

Jeannin, B. (1965) Resistance to cold in varieties of perennial forage

grasses. Fourrages, vol. 24, p. 48-75.

Kauter, A. (1933) Beitr~ge fur Kenntnis der Wurzelwachstums der Graser.

Ber. Schweig. Bot. Ges., vol. 42, p. 37-109.

Kramer, P.J. (1951) Causes of injury to plants resulting from flooding of

the soil. Plant Physiology, vol. 26, p. 722-736.

Lebeau, J.B. (1967) Soil warming and winter survival of turfgrass. Journal

of the Sports Turf Research Institute, vol. 43, p. 5-11.

McKenzie, R.E. (1951) The ability of forage plants to survive early spring

flooding. Scientific Agriculture, vol. 31, p. 358-367.

McKenzie, R.E., L.J. Anderson, and D.H. Heinricks (1949) The effect of

flooding of emergence of forage crop seeds. Scientific Agriculture,

vol. 29, p. 237 240.

Oakes, A.J. and W.R. Langford (1967) Cold tolerance in Digitoria. Agronomy

Journal, vol. 59, p. 387-388.

Parker, J.M. and C.J. Whitfield (1941) Ecological relationships in playa

lakes in the southern great plains. Journal of the American Society

of Agronomy, voi. 33, p. 125-129.

L t23



Ponnamperuma, F.N. (1972) The chemistry of submerged soils. Advances in

Agronomy, vol. 24, p. 29-96.

Porterfield, H.G. (1945) Survival of buffalo grass following submersion in

playas. Ecology, vol. 26, p. 98-100.

Radko, A.M. (1956) Hurricane damage in the northeast. USGA Journal and

Turf Management, vol. 9, p. 13-16.

Reeves, S.A. and G.G. McBee (1968) Effects of application intervals and

levels of N, P and K on cold hardiness relationships in certain warm

season turfgrasses. Agronomy Abstracts, p. 64.

Reid, D.G. (1971) Question and answer. The Groundsman, vol. 24, p. 24-25.

Reyntens, H. (1949) Onderzoek betreffende de weerstand tegen overstroming

van verschillende gras-en kloversoorten en waarde der grasflora in

Dender-, Schelde- en Durmev- allei, Mededelingen Van De Landbouw-

Hogeschool En De Opzoekings-Stations Van De Stast Te Gent, vol. 14,

p. 251-262. I

Rhoades, E.D. (1963) Grasses and flood survival. Agricultural

Engineering, vol. 44, p. 22-23.

Rhoades, E.D. (1964) Inundation tolerance of grasses in flooded areas.

Transactions of the American Society of Agricultural Engineers, vol.

7, p. 164-166, 169.

Rhoades, E.D. (1967) Grass survival in flood pool areas. Journal of Soil

and Water Conservation, vol. 22, p. 19-21.

Rooseveare, G.M. (1947) Germany: Reseeding flooded lands. Journal of the

British Grassland Society, vol. 2, p. 226-229.

Weaver, J.E. and W.J. Himmel (1930) Relation of increased water content and

decreased aeration to root development in hydrophytes. Plant Physi-

ology, vol. 5, p. 69-92.

24



Younger, V.B. (1962) Which is the best turfgrass? California Turfgrass

Culture, vol. 12, p. 30-31.

Younger, V.B. (1962) Which is the best turfgrass? Park Maintenance, vol.

15, p. 94-95.

Younger, V.B. (1963) What makes plants respond? Golfdom, vol. 37, p. 64,

66, 150-152.

AS

25

I _ _ _ _ _ _ _ ___


