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Effect of artificial treading on morphology and
ethylene production in four herbage grasses
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ABSTRACT

The study was carried out in unheated glasshouse from May to December in 1994
in order to clarify the effect of treading on morphological responses, injured rate and
ethylene production in four grasses (L. perenne, S. bungeana, B. inermis and P. praien-
se). Germinated seeds were planted in pots including river sand. After the 50th day, the
treading treatments were subjected to the following three levels of vertical pressure on
an aerial shools 7 limes at a 5 day interval : 0, 5 (middle) and 10 (heavy) kgf/cm”.

Plant height was lower in treading treatments than in the control in four grasses.
The position of shoot apex in a soil was lower in treading treatments than in the
control in L. perenne and B. inermis, but the reverse resull was obtained in P. pratense
and S. hungeana. Total number of tillers and total DM weight were lower in treading
treatments than in the control in four grasses. Injured rate was significantly higher in
sheath than in leaf in four grasses. Injured rate was the lowest in S, bungeana, and the
highest in P. pratense. Immediately aller the first treading treatment, four grasses
evolved high content of ethylene. In heavy treading treatment, ethylene production
was 11.7 nl in B, inermis and 3.5 4.4 nl/plant/hour in other grasses. Ethylene produc-
tion tended to decrease gradually on successive sampling days. It is suggested that
morphological changes of grass species may he plastic adaptation against treading

stress.
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Introduction

Pasture vegetation is maintained under vari-
ous physical stresses such as treading, excreta
deposition and aerial defoliation by grazing ani-
mals (Edmond. 1974). Specific plant species tol-
crant to these stresses are able to survive and

continue to grow in pasture.  Botanical composi-

tion of pastures is considered to be controlled by
the rate of application of physical stresses. Few
studies have been made on the effect of treading
on herbage plant growth (Snaydon, 1981),
although there are many studies on defoliation
and excreta deposition (Watkins and Clements,
1973).

Mechanical  stresses  without  any  injury
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The
typical phenomenon is the depression of longitudi-

induce morphological changes in plants.

nal elongation and the promotion of lateral
1985 ; Jaffe, 1973).
These morphological changes may be controlled

growth (Hongo and Ohe,
by one or more plant hormones (Jaffe and Biro,
1979).
play an important role in morphological changes
(Goeschl ¢ «f., 1966 ; Jaffe and Biro, 1979). The
effect of animal treading on plant growth is said

Of many hormones, ethylene is said to

to be very complex, because treading stresses
affect plant growth both directly by bruising or
crushing and indirectly by compaction or pud-
dling of seil (Edmond, 1974 : Hongo and Qinuma,
1998).

tolerate stresses is reported to relate with electro-

In sorghum, general ability of plants to

lyte leakage, which is a good indicator for injured
rate of tissues (Sultan and Ors, 1979).

The present study was designed to assess the
effects of treading on morphological responses,
ethylene production and injured rate of tissues in
four herbage grasses.

Materials and methods

The experiment was conducted in an unheat-
ed greenhouse during 24th May to 1st December
in 1994.
Lolium  perenne 1. (cv. Libel), Stipa bungeana

The following four grasses were used :

TrIN., Bromus inevmis LEyss. (cv. Saratoga) and
Phlewm pratense L. (cv. Hokuo).
ture method was used in this study to avoid soil

The sand-cul-

compaction by treading. Used soil had previous-
ly been autoclaved for 60 min at 120 °C to sterilize
soil fungi (Smith, 1973).
5 9 agar medium in a petri dish for 7 days in an

Seeds were placed on (.
incubator at 22 °C. Three germinated seeds were
planted in a stainless steel pot with 7-cm diameter
and 4.5-cm height containing 180-g river sand.
The sand was leached alternatively with distilled
The
plants were grown for 43 days and three seedlings

water and standard HoAGLAND's solution.

were thinned into one seedling with a similar size.

(el

The treading treatments were subjected to
the following three levels of vertical pressure on
an aerial shoots, viz. (0 (control), 5 (middle) and 10
(heavy) kg/cm?® with a hydraulic jack for 20 sec-
ond. A pressure was applied on a concrete disk
with 6-cm diameter, which was previously placed
on a plant. Plants were trodden 7 times at a 5-
day interval during 30 days. Three pots selected
at random were arranged for each of three treat-
ments.

Plants were sampled, washed and divided
into leaf blade, sheath and root on the 80th day
after sowing. Each organ was dried and its DM
weight was measured. To measure the position
of shoot apex, the mark was put on the sheath at
a soil surface with an oil ink. Plants were har-
vested and the sheath was longitudinally sliced off
with a razor blade (Edmond and Hoveland, 1972).
Then, the length between the top of shoot apex
and the mark was measured under a stereo micro-
scope.  An inclined angle of the secondary tiller
was measured along a line formed by both a point
of 5-cm height above soil surface and a basal
point of tiller on a soil surface.

Produced ethylene and injured rate were
measured immediately after each treading treat-
ment. Then, plants were harvested 4 times at a
10-day interval during 30 days to measure injured
rate. The analytical methods were the same as

the previous report (Hongo and Oinuma, 1998).
Results

All plants of P. prafense and the half plant of
S, bungeana were dead in the heavy treading
treatment. The following results show the mean
values of living plants in these treatments.
1. DM weight

Total DM weight was significantly lower in
The

decreased rate of DM weight in trodden plots was

trodden plots than in the control (Fig. 1).

the highest in P, pratense and the lowest in B.

inermis.  Rool/shoot ratio of S, bungeana was
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Fig. 1 DM weights of leaf, sheath and root in plots of the control (C), middle treading
(M) and heavy treading (H) in four grasses. Vertical bars show S.E.
#; root, [ ; sheath, and & ; leaf.
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Fig. 2 Plant height, position shoot apex and angle of tillers in plots of the control (#).
middle treading (_1) and heavy treading (8) in four grasses. Vertieal bars
show S.E.
Lol ; L. perenne, Sti: S. bungeana, Bro ; B. inernis and Phl; P. pratense.
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significantly - different  from the other three
species.

In L. perenne, moisture content of aerial
shoots was 3.4 9 lower in heavy treading treat-
ment, compared with that in the control.  There
was no difference in other species.

2. Morphological response

Lower plant heights were observed in trodden
plots in all four grasses (Fig. 2).  The position of
shoot apex was lower in trodden plots than in the
control in L. perenne and B. inevmis. The
reverse tendency was observed in S, bungeana
and P, pralense. In the latter species, voung
tillers emerged above dead aerial shoots, so that
shoot apex located near the soil surface. The
angle of the secondary tillers was diflferent among
four species. The secondary tillers in trodden
plots emerged at an acute angle in L. perenne and

B, inermis, but at an obtuse angle in 5. bungeana

20 - C. Tertiary tillers

10k

Lol

A, Primary tillers

and . pratense.

Total number of tillers was lower in trodden
plots than in the control in all four grasses (Fig. 3).
Most of the primary tillers were dead in trodden
plots in 8. bungeana, B. inermis and P. pratense.
The secondary and tertiary tillers vigorously
emerged in L. perenne and B, inermis,

There was the significant correlation
hetween plant height and total number of tillers.
The correlation coefficient was r=0.92 in S. hun-
geana and r=0.90 in P.pratense. Plant height
was positively correlated with the position of
shoot apex (r—=0.93) in S, bungeana. Total num-
ber of tillers was positively correlated with posi-
tion of shool apex in £ pratense.

3. Injured rate

With respect to injured rate, S, bungeana

showed quite different response to treading.

This species showed almost same values (4.2~6.8

Bro P’hl

Fig.3 Number of the primary, secondary and tertiary tillers in plots of the control (E), middle
treading ([ |) and heavy treading () in four grasses. Vertical bars show S.E.
Lol ; L. perenne, Sti; S. bungeana, Bro; B. inermis and Phl; P. pratense.
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20) in both leaves and sheaths of all three treat-
ments (Fig. 4). In other species, injured rates
were significantly higher in sheaths than in leaves
at four sumpling dates. Injured rales of leaves
and sheaths were about twice in heavy treading
treatment than those in the control.
4. Ethylene production

Immediately after the [irst treading treat-
ment, four grasses evolved high contents of ethyl-
ene. In the heavy treading treatment, produced
ethylene was 11.7 nl/ plant/hr in B. inermnis, 4.4 nl
in P pradense, 4.2 nl in L. pervenne and 3.5 nl in S,
bungeana (Fig. 3).  These values were correspon-
dent to 2.7, 1.4, 2.1 and 1.5 times, respectively,
higher than the control. Ethylene production
tended to decrease gradually on successive sani-
pling davs.  As an average of two treading treat-
ments, produced cthylene at the final measure-
ment corresponded to 24, 23 and 75 % in B, {ner-

nits, P pratense and L. perenmne. respectively,

[}

that at the first sampling.

Produced ethylene was not significantly different

compared with
between treatments in L. perenne, S. bungeana
and P pratense, because of wide variations.
Discussion
Morphology of four grasses was affected by
repeated treading. resulling in a decrease in plant
The

position of shoot apex in four grasses was also

height and an increase in tiller number.

affected by repeated treading (Edmond. 1974).
Through these morphelogical responses, it may
he possible to preserve sensitive organs such as
shoot apex, namely leal primordium, from injury
by treading stresses (Edmond and Hoveland,
1972),
adaptation in order to improve mechanical stabil-

These responses seem to be a plastic

ity and physical strength (Hongo and Qinuma,
1998).

In this study, the degree of injury was csti-
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Fig. 4 Injured rates of leaf (upper figures) and sheath (lower figures) in plots of the

cantrol (@), middle treading () and heavy treading (&) in four grasses after

the first treading treatment.

Vertical bars show S.E.
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Fig. 5 Ethylene production in plots of the control (@), middle treading (M) and beavy
treading (&) in four grasses after the first treading treatment. Vertical bars

show S.E.

mated by the rate ol electrolvte leakage. The
treading treatments increased injured rate of leaf
blade and sheath. In addition, injured rate was
higher in sheath than in leaf. The higher rate of
injury in sheath may be caused hy its thickness.
Usually, an external sheath includes 2 3 internal
sheaths. Each sheath has almost the same thick-
ness as that of one leaf. When treading stress is
applied Lo grasses, piled up sheaths may receive
more damage than leaf in a layer.

Mechanical stresses without injury for plants
have been reported to induce morphological
changes (Jaffe, 1973).  Ethylene is said to play an
important role in this morphological change,
although other plant hormones also activate
under various stresses (Jaffe and Biro, 1879).
Ethylene production is proportional to logarith-
mic value of injured area (Imaseki et al., 1968).
In this study, ethvlene production was significant-
lv higher in trodden plots than the control in all

four grasses. Furthermore, there was a signifi-
cant correlation between ethylene production and
injured rate ol sheath in treading treatments,
Thus, increased ethylene may relate with an area
of injured organs. Sensitive organs, especially
voung sheath, mav induce higher content of ethvl-
ene.

Under repeated treading, ethylene production
tended to decrease gradually on successive sam-
pling davs, although injured rates were
maintained at the same levels in each species.
This result suggests that recovery rate of injured
organs may be improved gradually by increasing
hardness of cortical cell wall (Goeschle ¢f al.,
1966). It is said that an increase in osmotic
pressure also improves tolerance to mechanical
stress (Abeles ef al., 1992), Drought resistance is
also improved by mechanical stresses {Jaffe and
Biro, 1979). In this study, a decrease in the

moisture content of aerial shoots was observed
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only in trodden plots of L. perenne. In this
respect, further studies must be done.

Tolerance to (reading stresses was different
among four grasses according to DM production
and morphological changes. 5. bungeana and P.
pratense may be classified into an intolerant
group. S, bungeana, however, is a dominant
species in overgrazed pastures in semi-arid areas
of China. This means that the tolerant ability
may change under different environments (Levitt,
1972).  Then, further studies is necessary on the
relationship between growth response of grasses
and mechanical stresses under various kinds of

environments.
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