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Abstract

The effect of density-dependent and density-independent factors in regulating the resource
allocation, reproductive effort, and fecundity of A#riplex triangularis populations were studied in
field and laboratory conditions. Total biomass production and reporductive output of A. triangularis
varied with changes in soil salinity and plant density. At low soil salinity, where plants produced
greater biomass and had higher zeproductive output, increased density resulted in a substantial decline
in biomass production and a 500 fold lower reproductive output. At higher soil salinities, density-
independent factors caused lower biomass production and reproductive output. Small plants were
produced under these conditions, containing 57 seeds per plant. Increased density caused a five fold
reduction in biomass production and reduced fecundity to only 17 seeds per plant. Increase in density
resulted in significant decreases in plant size but the proportion of the resources allocated to reproduc-
tion was not affected by changes in density.

Introduction

The effect of density-dependent or density-independent factors on populations has
been the subject of much controversy over the past several years. In part, the basis
of this discussiom may lie in different temporal and spatial scales of reference, as well as
differing expectations concerning the presence of equilibrium vs nonequilibrium states
in natural populations (Connell, 1978). Much of this controversy stems from a lack of
adequate information about density-dependent regulation, particalarly with regards to its
frequency of occurrence, intensity, spatial pattern, and interactions with density-inde-
pendent factors (Antonovics & Levin, 1980). In plant populations deunsity stress usually
results in either a phenotypically plastic responses or in an increase in mortatity (Harper,
1977 Keddy, 1981). A considerable variation was noted among species regarding the
importance of environmental factors and of density in determining the reproductive
output of plants (Keddy, 1981). Moreover, the degree of density-dependent response
varies with environmeuntal conditions such as nutrient status. Interspecific crowding,
salinity and drought (Keddy, 1981; Ungar ef 2l, 1979; Ungar, 1983). In salt marsh
environments mortality of plants is primarily related to abiotic factors (Ungar er al.,
1979 Jefferies e al, 1981). However, a few studies have reported that Selicornia euro-
paea and Atriplex triangularis also respond to increased density with a plastic response in
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both the growth and reproductive capacity of individuals (Jefferies ef al, 1981; Ungar,
1983). These findings indicate that density-dependent factors effect plant responses in
saline environments. Information is, therefore, needed not only on comparative density
stress but also how this response pattern varies under different salinity regimes.

Atriplex triangularis Willd., an annual halophyte of the family Chenopodiaceae, is
found in coastal and inland salt marshes of North America. Two populations of A.
triangularis present in the salt marsh at Rittman, Ohio, USA show a noticeable physio-
logical and phenotypic variability (Ungar, 1983; Khan & Ungar, 1984ab, 1985; 1986).
The present study investigates the effects of density-dependent and density-independent
factors in regulating the survival, resource allocation, reproductive effort and fecundity
of A. triangularis populations under both field and laboratory conditions.

Materials and Methods

Field Studies: A series of quadrats were established to determine the effect of
competition on survival and resource allocation in low and high saline environment. Ten
plots (10 cm x 10 ¢m) each having 1, 10 and original field population size of plants (mean
= 25) were established in the high salt zone in 1981 and in both high (2% NaCl) and low
(0.5% NaCl) salt zones during the 1982 season. Density of 1 and 10 plants per plot was
obtained by thinning the quadrats. Plants were harvested at the end of the growing
season, and dry weight of roots, stems, leaves and fruits were determined. Reproductive
effort and fecundity was also estimated.

Labortatory Studies.: To study the interaspecific competition under saline conditions,
cores (5.5 cm in diam.) of soil samples from low and high salt populations of Atriplex
were brought to the laboratory in April 1981. Soil cores with A triplex seedlings in 7.5 cm
diam., plastic pots with a hole in the bottom were placed in a plastic tray in which a
constant level of water was maintained throughout the experimental period. Seedlings
were thinned to | and 10 plants per pot and one set was left undisturbed at the original
density (mean = 25) as a control. Each treatment had ten replicates. Plants were harvested
at the mature fruiting stage after 16 weeks. Dry weight of roots, stems, leaves, and fruits

was determined.

Simultaneously similar experiments were designed for the area of lower salinity
with A. triangularis populations where 1% and 3% NaCl solutions were used for watering.
At the end of 16 week growth period the dry weight of roots, stems, leaves, and fruits
was determined.

Statistical analysis of all data was done using the computer programs of “Statistical
Analysis System™ such as GLM, MEAN, and LSD on IBM 370 computer.
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Results

Field Studies: The effect of thinning in low salt populations in field experiments
were more marked as compared to the populations growing in high salt areas (Table 1).
Dry weight of plants that were grown singly was about 40 times higher than for plants
growing at field densities. Reproductive effort was also higher in plots containing single
plant as compared to plots with 25 plants. In high density plots more resources were
allocated to leaves and stems than to roots and fruits. Fecundity of plants grown singly
averaged 1175.5 seeds as compared to 52 seeds per 10 cm x 10 ¢m area at field densities.

The plants growing in the high salt zone had a lower biomass production than those
present in the low salt zone (Table 1). The effect of density on biomass production,
fecundity, and reproductive effort was significant (P < 0.0001) in high salt populations,
but differences were not as great as in the low salt populations.

Laboratory Experiment: A. triangularis plants grown to maturity showed that at low
salinity intraspecific competition played a prominent role in biomass production (Fig. 1).

Table 1. Effect of salinity and density of plants on the growth and fecundity of
Atripiex trignguloris under field conditions.

Number of plants quadrat'1 10 em x 10 cm
Variable LSD
1 10 25 P <0.05)
Low Salt High Salt YLow Salt High Salt I.ow Salt High Salt Densiy Salinity

Raot (%) 569 1825 1332 742 838 1148 629 5.3
095  +694 4394 4087 081  *0.76

Stem (%) 3212 2414 3316 3433 3491 3292 638 521
063 .91 898 520  H.17 17

Leaf (%) 3495 2950 3270 3598 4337 3343 7.6 5.5
+3.14 4.07 +3.01 14.28 +2.69 +3.50

Fruit (%) 27.14 2811 2081 2226 1288 2217 7.8  5.85
.58 51 04 $373 4188 1261

Total weight (§)  7.82  0.59 177 027 020 012 159 130
+.36 1015 4042 40,05 002  40.03

Small seed 73210 3340 9282  23.97 784 1120 22898 186.82

meanno, plant’ 123749 1950 #2812 #444  +1.54 291

Medium seed 36330 17.33 6446 659 4333 454 13522 11032

mean no. plantt £14049  $5.23  436.89  *1.16  40.50  *1.75

Large seed 7910 589 1867 250 061 125 2947  24.04

mean no. plant’’ 3154 £1.92 4870  +0.53 4008  *0.67

Total seed 117550  56.62 17595 33.06  S1.78  16.99 33843 276.11

meanno.planf1 +341.54 H14.61 167.80 +5.30 +40.84 +5.09

Seed size ranges = Small = 1.0 — 1.45 mm; Medium = 1.46 — 1.95 mm and Large = 1.96 — 2.80 mm.
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Fig. 1. Effect of salinity and density on the growth and reproduction of Atriplex triangularis

plants grown under saline conditions.
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Dry weight of stems, leaves, roots, and fruits were significantly lower in treatments with 5
and 10 plants per plot. At high salinity, the effect of competition was not as substantial
as at low salinity. Biomass of the plants in treatments having one plant per pot was
significantly (P < 0.0001) higher than for other treatments. The pattern was the same in
case of reproductive effort and fecundity of plants (Figs. 1 & 2). The total plant biomass
was higher at 1% NaCl than for the plants grown in 3% NaCl (Table 2). Biomass decreased
with an increase in density and this reduction was more pronounced in low salt, treat-
ment than in high salt treatments. Resource allocation was similar at all densities and
salinities tested. However, reproductive effort of the plants grown singly was much higher
than for plants grown at higher densities. This difference was more obvious for low salt
conditions than for the high salt treatment. Fecundity also showed similar pattern.

Discussion

The competitive ability of plants may vary because environmental stress may influ-
ence the extent to which the competitive potential of plants can be realized (Grime,
1977). Competition is not restricted to productive habitats, but its significance in un-
productive habitats is reduced by the effects of density-independent factors (Szwarcbaum
& Waisel, 1973). Plants respond to increased density, either through increased mortality.
a plastic response in growth and reproductive capacity or by a combination of above
(Sharitz & McMormick, 1972; Watkinson & Harper, 1978; Keddy, 1981 Jefferies et al.,
1981; Ungar, 1983).
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Fig. 2. Effect of salinity and density on the fecundity of Atriplex trigngularis grown under

{aboratory conditions.
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Table 2. Salinity and density on the growth and fecundity of d¢riplex triangularis under
laboratory conditions.

Variable NaCl-1% NaCl-3% LSD
® <0.05)
1 Plant 10 Plants 25 Plants 1 Plant 10 Plants 25 Plants Density Salinity
Leaf (%) 34.57 34.96 28.76 32.30 35.53 36.49 541 442
+1.78 +2.80 +2.69 4.03 +2.34 +2.03
Stem (%) 42.54 43.17 5545 54.59 53.14 50.79 5.61 4.59
+1.49 +2.52 $3.13 +2.84 +2.57 1248
Root (%) 8.18 12.75 1046 6.74 9.06 9.07 2.64 2.16
10.93 +1.17 +1.33 +1.99 *+1.15 +1.47
Fruit (%) 14.72 9.12 5.29 6.36 2.27 3.65 3.15 2.58

+2.30 +1.82 .12 +1.26 40.93 .71
Total weight (mg) 437.70 97.14 42.38 256.38 63.23 31.26 42.30 34.59
+18.35 18.34 641 #4098 +6.33 +3.10

Small seed 1120 0.94 016 375 048 023 421  3.63
mean no. plant *  #3.28  #0.25 40.04 .25 +0.08  #0.05
Medium seed 1570 2.24 057 628 027 039 328 274
mean no. plant™ 242 #0.40 .16 1257 4011 #0.11
Large seed 430  0.60 021  3.00 018 019 097 085
mean no. plant 1 072 #0.13  #0.05  22.00  #0.02  #0.10
Total seed 3120 4.04 111 13.03 093 091 993 1073

mean no. plant’l  #5.23  #0.79 0.27  #3.50 w021 #0.27

Seed size ranges = Small = 1.0 — 1.45 mm; Medium = 1.46 — 1.95 mm and Large = 1.96 — 2.80 mm.

Growth and reproduction of A. friangularis varied in response to changes in salinity
and density. At low salinity, where plant produce more biomass and had a high density-
independent reproductive output increased density resulted in a substantial decline in
biomass production and a corresponding reduction in reproductive output. In the high
salt zone, density-independent effects reduced both total biomass production and re-
productive output of plants. Small plants were produced under these conditions contain-
ing few seeds. The absence of intraspecific effects in high salt stress zone, increased
density reduced plant biomass production five fold and fecundity to only 17 seeds per
plant. Increased density resulted in a signficant decrease in plant size but the proportion
of resource allocated to reproduction was not affected by change in density.

Keddy (1981) found that Cukile edentula plants growing near sand dune beaches of
North America were larger and had higher reproductive output, but increased density
caused a reduction in both size and reproductive output. At the land-ward end, density-
independent effects reduced size and reproductive output, and plants produced only one
or two fruits each in the absence of intraspecific effects. At this more stressful site
increased density inhibited reproduction entirely. Keddy (1981) stressed the need to
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identify the physical factors affecting survivorship and reproductive ouiput, and whether
or not they acted in a density-independent or density-dependent manner.

Jefferies et al.,, (1981) found that high mortality of Salicornia europaea occurred
between the stages of production of ripe seeds and seedling establishment. He referred to
this mortality as being density-independent and atiributed it to effects of drought,
hypersaline conditions or wave action. Fecundity of S. europaea plants was density-
dependent. The number of seeds produced per plant depended both upon plant density
in both the upper and lower marsh, although this dependence was more marked in low
marsh populations. Biomass production in the lower marsh was higher than for the
upper marsh in the absence of density-dependent effects. An increase in density resulted
in a marked decrease in number of branches per plant and plant height (Jefferies et al.,
1981). Density-dependent reduction in plant size and reproductive output has also been
reported (Watkinson & Harper, 1978; Keddy 1980; Liddle ef al, 1982).

In A. triangularis populations salinity stress which is related to change in soil mois-
ture content was a major density-independent factor in regulating plant weight. Presence
of density-dependent effects caused a further reduction in plant weight and reproduction.
No evidence of mortality in relation to density effects was observed (Khan, 1985). This
indicates that both density-dependent and density-independent factors were involved in
regulating A. #riangularis populations, with density-independent factors playing a domi-
nating role.

Time of germination and salinity also determined the size of plants and their re-
productive output (Khan & Ungar, 1986) and the data reported here suggests that addi-
tion of density-dependent effects increased the reduction in size of A. triangulaeris plants
and their reproductive output. Density-dependent effects are marked in the low salt
habitats, whereas high salt stress reduced the effect of density-dependent factors.
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