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Table 3. Soybean plant density effects on normal and Y-plant soybean 
yield components: mean total pods (no./plant), mean weight per 
seed (g), and mean number of seeds per pod, and significance of 
plant density main effects (by ANOVA), 1982-1986 

Plant Density (no./row-m) 

Year 10 20 30 40 P>F 

Total Pods (no./plant) 
Normal: 1982 288.5 179.9 156.5 56 .69 .0001 

1983 175.9 113.0 76.5 81.6 32 .43 .0001 
1984 102.3 70.7 62.7 50.2 26 .69 .0001 
1985 70.9 49.5 - - 7 .05 .0148 
1986 120.7 83.1 16 .73 .0006 

Y-Plant: 1982 94.8 42.6 29.6 - - 40 .38 .0001 
1983 46.9 25.4 16.6 19.0 8 .49 .0001 
1984 38.9 21.3 14.8 12.6 38 .87 .0001 
1985 23.9 - - 17.7 - - 1 .40 NS 
1986 58.3 28.0 37, ,49 .0001 

Seeds/Pod 
Normal: 1982 2.43 2.45 2.47 - - .31 NS 

1983 2.02 2.00 1.95 1.96 7, ,13 .0006 
1984 2.02 1.92 1.93 1.88 10, ,17 .0001 
1985 2.09 - - 2.03 - - 1, ,73 NS 
1986 2.07 - - 2.07 - - 0 NS 

Y-Plant: 1982 4.34 3.03 2.84 — - 17, ,47 .0001 
1983 3.25 3.13 2.73 3.03 1. ,17 NS 
1984 3.24 3.06 2.60 2.71 1. 96 NS 
1985 3.61 - - 2.99 - - 4. ,05 .0573 
1986 4.10 — — 3.37 — — 17. 42 .0005 

Weight/Seed (g) 
Normal: 

Y-Plant: 

1982 .188 .173 .167 - - 1.23 NS 
1983 .142 .138 .142 .141 .88 NS 
1984 .107 .108 .108 .108 .10 NS 
1985 .166 - - .164 — - .76 NS 
1986 .137 - - .137 .02 NS 
1982 .315 .250 .208 - - 4.87 .0142 
1983 .239 .241 .238 .241 .01 NS 
1984 .174 .162 .145 .156 1.19 NS 
1985 .312 - - .255 — — 5.98 .0234 
1986 .309 .267 — — 4.53 .0459 

^Degrees of freedom for F are: 1982-(2,32); 1983-(3,42); 1984-
(3,56); 1985-(1,21); and 1986-(1,20). 
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plants had increased numbers of pods per plant with decreasing plant 

density. Soybean plants grown at lower densities have greater numbers of 

branches and nodes (Section I) and can support a greater number of 

reproductive sites. Increased pods per plant has been recognized as the 

primary mechanism by which soybean accommodates reductions in plant 

populations (Pandey and Torrie 1973, Dominguez and Hume 1978). In some 

years normal and Y-plants also exhibited increased numbers of seeds per 

pod with decreasing plant density. The number of seeds per pod seems to 

be, in part, a function of available photosynthate (Weil and Ohlrogge 

1976); thus, a significant increase in seeds per pod at lower densities 

implies a greater photosynthetic capacity to support reproductive growth. 

Although greater numbers of seeds per pod occur in Y-plants than in 

normal plants, Y-plants have fewer pods per plant to support. 

Weight per seed is a relatively inflexible component of soybean 

yield, and ordinarily a constant seed size is maintained (Shibles et al. 

1975, Weil and Ohlrogge 1976), But in 1982, 1985, and 1986 Y-plants had 

significantly reduced weight per seed at higher densities. Because 

weight per seed depends on movement of assimilate to developing seeds 

during pod fill, reduced weight per seed indicates that less assimilate 

was available. The reduction in weight per seed for Y-plants at higher 

densities, but not for normal plants, indicates that higher plant 

densities represented more stressful environments for Y-plants than for 

normal plants. 
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Ratio Effects on Yield Components 

Normal to Y-plant ratio influences many aspects of yield in soybean 

stands (Table 4). Although results from only 1982 demonstrated a 

2 significant relationship between ratio and pods per m , the number of 

pods decreased with increasing proportion of Y-plants (except for the 

all-Y-plant ratio (0:1)) in 1983 and 1984. Because significant yield 

effects of ratio occurred in 1982 through 1984 but not in 1985 and 1986, 

O 
differences in total pods per m among ratios seems the most likely 

Table 4. Soybean normal to Y-plant ratio effects on soybean stand yield 
components: mean total pods (no./m ), mean weight per seed 
(g), and mean number of seeds per pod, and significance of 
ratio main effects (by ANOVA), 1982-1986 

Ratio Normal to Y-Plant (N:Y) 

Year 1:0 3:1 1:1 1:3 0:1 P>F 

Total Pods (no./m^) 
1982 5996.1 1107.3 3147.4 1248.8 2657.5 22 .98 .0001 
1983 1985.2 1655.6 1761.5 1496.1 2162.3 2 .41 NS 
1984 1193.1 1162.3 1160.4 1020.0 1035.7 1 .93 NS 
1985 962.9 1043.2 926.7 1023.3 691.2 1 .00 NS 
1986 1518.8 1484.6 1502.4 1805.9 1842.7 1 .16 NS 

Seeds/Pod 
1982 2.43 1.01 1.53 1.87 2.34 13 .87 .0001 
1983 1.92 1.94 2.31 2.92 3.99 54 .79 .0001 
1984 1.85 2.03 2.33 2.56 3.42 14 .28 .0001 
1985 2.00 2.34 2.95 2.44 3.76 13, .26 .0001 
1986 2.00 2.31 2.95 3.40 4.12 141 .29 .0001 

Weieht/Seed (g) 
1982 .054 .037 .035 .051 .052 5, ,73 .0011 
1983 .142 .145 .190 .224 .270 38, .62 .0001 
1984 .110 .113 .130 .145 .186 11. ,34 .0001 
1985 .162 .193 .233 .215 .328 16, .55 .0001 
1986 .132 .171 .229 .250 .273 97, ,37 .0001 

^Degrees of freedom for F are: 1982-(4,39); 1983-(4,56); 1984-
(5,68): 1985-(4,27); and 1986-(4,26), 
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Table 5. Soybean normal to Y-plant ratio effects on normal and Y-plant 
soybean yield components: mean total pods (no./plant), mean 
weight per seed (g), and mean number of seeds per pod, and 
significance of ratio main effects (by ANOVA), 1982-1986 

Ratio Normal to Y-Plant (N:Y) 

Year 1:0 3:1 1:1 1:3 0:1 P>F 

Total Pods (no./plant) 
Normal: 1982 161.8 172, ,5 198.9 310 .8 - - • 36.09 .0001 

1983 77.2 80, ,4 115.6 171, ,2 - - • 30.57 .0001 
1984 44.9 52. 8 71.4 84, .9 25.95 .0001 
1985 41.9 52, ,8 64.0 82, .0 - — « 4.49 .0138 
1986 62.5 84, 2 114.2 150, ,1 — — • 17.71 .0001 
1982 — — - 16. 0 28.2 53, ,0 126, ,3 62.28 .0001 
1983 - — — 6. 8 8.0 14, 0 77, ,0 51.74 .0001 
1984 — — — 9, ,5 17.5 19, ,3 38, .0 25.28 .0001 
1985 - - - 13. 1 13.5 26, ,9 29, ,7 2.73 NS 
1986 — — — 19. 3 28.5 43, ,3 79, ,7 30.01 .0001 

Seeds/Pod 
Normal: 1982 2.47 2.42 2.45 2.45 - - - .31 NS 

1983 1.92 1.94 2.00 2.06 - - - 7 .13 .0006 
1984 1.85 1.92 1.93 2.01 ... 8 .57 .0001 
1985 2.00 2.09 2.11 2.03 ... 1 .26 NS 
1986 2.00 2.02 2.13 2.13 ... 2 .08 NS 

Y-Plant: 1982 — — - 2.59 2.95 3.43 4.67 16 .42 .0001 
1983 - - - 2.29 2.61 3.25 3.99 13 .91 .0001 
1984 - - - 2.36 2.72 2.75 3.42 3 .33 .0161 
1985 - - - 3.08 3.79 2.57 3.76 3 .65 .0291 
1986 - - « 3.187 3.77 3.83 4.12 5 .41 .0068 

Weieht/Seed (e) 
Normal: 1982 .177 .170 .195 .162 ... 1 .23 NS 

1983 .142 .136 .141 .142 ... 1, .92 NS 
1984 .110 .108 .107 .106 ... ,97 NS 
1985 .162 .166 .167 .165 ... ,61 NS 
1986 .132 .137 .142 .137 — — — 2. .02 NS 

Y-Plant: 1982 - - - .211 .247 .256 .319 2, ,58 NS 
1983 - - - .197 .238 .255 .270 4, .49 .0078 
1984 ... .127 .153 .158 .186 3, ,03 .0248 
1985 - - - .273 .300 .232 .328 3, ,04 .0514 
1986 — — — .275 .315 .287 .273 1, .07 NS 

^Degrees of freedom for F are: 1982-(3,32); 1983-(3,42); 1984-
(4,56); 1985-(3,21); and 1986.(3,20). 
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explanation for the yield reduction (recognizing that the data are 

somewhat equivocal). 

Both seeds per pod and weight per seed showed significant ratio 

effects across years, and both variables increased with increasing 

proportions of Y-plants. Differences in numbers of seeds per pod are not 

unusual, but differences in weight per seed usually do not occur in 

soybeans (Shibles et al. 1975, Weil and Ohlrogge 1976). Because stand 

characteristics represent a composite of normal and Y-plant features, the 

impact of normal to y-plant ratios on yield components is better 

illuminated by considering separate effects on normal and Y-plants. 

All yield components were significantly different for normal and Y-

plants for all years (P-.OOOl), except seeds per pod and weight per seed 

in 1982 (Table 5). Significant ratio effects on total pods per plant 

occurred in both normal and Y-plants in virtually all years. Increasing 

numbers of pods per plant occurred with increasing proportions of Y-

plants, indicating that competitive pressure was reduced with greater 

proportions of Y-plants. This yield component response follows responses 

observed in growth parameters such as leaf areas and numbers of nodes 

(Section I). 

In soybeans, the number of pods per plant increases with increased 

branching and with reduced flower abortion (Shibles et al. 1975). 

Numbers of nodes per plant (which reflects branching) increase with 

greater proportions of Y-plants (Section I). Many factors can influence 

flower abortion, including water stress, temperature, and shading. Ratio 

can influence shading among normal and Y-plants (Section I). At lower 

proportions Y-plants are substantially shorter than normal plants, 
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therefore, differences in shading, as well as branching, arising from 

normal to Y-plant competition may account for many observed differences 

in pods per plant. 

Seeds per pod show similar increases with greater proportions of Y-

plants, particularly in the Y-plants. Although the number of ovules per 

pod is genetically determined in soybean, seeds and ovules routinely 

abort during pod fill (Shibles et al. 1975). Some evidence indicates 

that nitrogen availability greatly influences seed set, therefore 

differences in nitrogen availability in normal and Y-plants could account 

for differences observed in seeds per pod. However, seeds per pod also 

depends on assimilate availability. With fewer pods per plant in Y-

plants, greater numbers of seeds per pod can develop in Y-plants than in 

normal plants. Additionally, increased numbers of seeds per pod with 

increasing proportions of Y-plant may reflect reduced competition between 

normal and Y-plant and greater assimilate availability. 

No significant effects of ratio on weight per seed were observed in 

normal plants, but significant increases in weight per seed were noted in 

Y-plants with increasing proportions of Y-plants for 1983-1985. These 

differences in weight per seed are comparable to differences observed in 

Y-plants at different plant densities. As with other yield parameters, 

availability of assimilate can influence weight per seed. The reductions 

in weight per seed in Y-plants grown among large proportions of normal 

plants demonstrate the substantial competitive disadvantage of Y-plants. 

Just as with pods per plant and seeds per pod, shading can reduce weight 

per seed (Weil and Ohlrogge 1976), therefore, shading of Y-plants by 

normal plants may be responsible for the weight differences observed. 
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Implications and Conclusions 

Elsewhere (Section I) we reported the effects of SCM injury on 

soybean growth and development and concluded that the primary effect of 

plumule injury was to delay plant phenology allowing height differences 

to develop between normal and Y-plants; eventually giving normal plants 

an insurmountable competitive advantage. Competition between normal and 

Y-plants magnified differences in numerous growth parameters, and plant 

density influenced the level of this competition. 

Density effects on yield in these experiments are comparable to 

those reported in other studies, however, Y-plants are more greatly 

influenced by density than normal plants. This difference suggests that 

higher plant densities may intensify competition (as was observed for 

certain growth parameters (Section I)), but the effect of density on 

competition and yield is not profound. 

Many of the effects of plumule abscission on yield and yield 

components reflect differences observed in growth parameters. In 

particular, relacement diagrams and yield components indicate the 

important role of normal and Y-plant competition in affecting soybean 

yields. For competition to influence all yield components, effects of 

competition must occur throughout reproductive development including 

flowering, pod development, and seed fill (Shibles et al. 1975, Weil and 

Ohlrogge 1976). Height differences between normal and Y-plants do 

persist through reproductive development causing shading of Y-plants by 

normal plants (Section I). Consequently, ratio effects on pods per 

plant, seeds per pod, and weight per seed can be accounted for by 

differences in light and assimilate availability associated with shading, 
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although this explanation does not exclude factors such as competition 

for water or other limiting resources. Because height differences arise 

from phenological delay associated with plumule abscission, if shading is 

the proximate cause of yield reductions in Y-plants, phenological delay 

is the ultimate cause of competitive interactions and yield reductions. 

Although intraspecific competition in plants is usually considered 

in the context of effects of different plant densities (Hinson and Hanson 

1962, Weil and Ohlrogge 1976, Harper 1977), this study demonstrates that 

an early-season stress, such as simulated insect injury, can mediate 

intraspecific competition in an agronomic species. Indeed, changes in 

competitive abilities may be the most important aspect of plumule 

abscission. Intrinsically, plumule abscission may not reduce soybean 

yields; for example, no ratio effects on yield were observed in 1985 or 

1986. However, substantial differences in intraspecific competition 

occurred in all years. Such differences in plant relationships may alter 

soybean responses to stressors such as weeds, diseases, insects. 

Further, the notion that "stresses during vegetative growth that do not 

affect stand will generally have only minimal effects on yield when 

compared to stresses occurring at pod-filling and pod-formation stages" 

(Johnson 1987) is not necessarily accurate. As illustrated in this 

study, an early season insect-induced stress can have repercussions 

throughout plant and stand development. 

The effects of simulated SCM injury demonstrate a complexity that 

would not be discerned by considering only yield responses or even gross 

physiological parameters. Undoubtedly, other biological stressors may 

influence competitive relationships within plant species. For instance, 
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although some biological stresses occur throughout a plant canopy (e. g . ,  

defoliation or a foliar disease), others may be limited to individual 

plants (e.g., stem girdling) and, therefore, may potentially influence 

competition between injured and uninjured plants. The replacement series 

design and evaluations using relacement diagrams and relative crowding 

coefficients provide powerful approaches to studying stress-induced 

intraspecific competition. However, using a replacement series to 

evaluate intraspecific competition requires that: (1) injured and 

uninjured plants occur concurrently (not all plants are injured), and (2) 

injury can be imposed on individual plants in precise ratios. Although 

requirements for replacement series designs may not be met for many 

stressors, additional investigations into effects of biological stressors 

on intraspecific competition are needed to derive a more comprehensive 

view of how biological stressors affect plants. 
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SECTION III. CHANGES IN WEED INCIDENCE AND WEED EFFECTS ON YIELD IN 

RESPONSE TO AN EARLY SEASON INSECT-INDUCED STRESS OF 

SOYBEAN 
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ABSTRACT 

Interactions between simulated seedcorn maggot (SCM), Delia platura 

(Diptera: Anthomyiidae), injury and subsequent weed incidence and 

competition were studied in Iowa from 1982 through 1984. A conceptual 

basis for categorizing stress interactions was developed and two types of 

interactions were recognized: physiological stress interactions in which • 

combined effects of two or more stresses are different from the 

combination of individual effects, and numerical stress interactions in 

which an initial stress changes the incidence of a subsequent stressor on 

a plant or plant stand. Simulated SCM injury caused a numerical stress 

interaction with weeds (weed incidence increased with increasing SCM 

injury). A physiological stress interaction also was observed with SCM 

injury and weed stress (yield reduction from combined stressors were 

greater than from individual stressors). Yield interactions resulted 

from reductions in pods per plant, possibly arising from differences in 

branching and shading. Both numerical and physiological Interactions 

were associated with reductions in competitive abilities of injured 

soybean plants. 
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INTRODUCTION 

Biological stressors can influence a variety of plant 

characteristics such as physiological parameters of growth and yield. 

However, direct effects on plant physiology and yield are not the only 

consequences of stress. An initial stress may alter plant responses to 

subsequent stressors. When stresses occur early in plant development, 

plants have a long period to compensate, but the potential for stress 

interactions is greater than with later season stresses. 

Seedcorn maggot injury to soybeans provides an ideal experimental 

system for evaluating possible stress interactions. Developing larvae of 

the seedcorn maggot (SCM), Delia platura (Diptera: Anthomyiidae) feed on 

germinating soybean seeds and cause injury by destroying seeds (causing a 

stand reduction), by gouging cotyledons, and by destroying the plumule or 

growing tip (Higley and Hammond 1988). When the plumule is destroyed, 

axillary buds develop, and a plant with two main stems, called a 

snakehead or Y-plant (Funderburk and Pedigo 1983), is produced. Y-plants 

continue to develop and produce seed, but they are significantly altered 

with respect to plant morphology, physiological characteristics, and 

competitive abilities (Sections I and II). Funderburk and Pedigo (1983) 

established procedures for simulating seedcorn maggot injury to soybean. 

They determined that stand reduction could be simulated by using 

different planting rates, and that plumule destruction could be simulated 

by manually destroying the plumule immediately after soybean emergence. 

Consequently, validated methods are available for precisely controlling 

the timing, spatial arrangement, and level of injury through these 
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simulation methods. 

Funderburk and Pedlgo (1983) noted some reduction in competitive 

abilities of Y-plant soybeans and suggested that SCM injury might 

influence competition with weeds. We also noted strong differences in 

the competitive abilities of normal and Y-plants (Sections I and II). We 

identified phenological delay associated with plumule injury (which 

results in shading of Y-plants by normal plants) as a possible cause of 

competitive differences. These results also indicated potential 

interactions between SCM injury and weeds. 

Interactions between insect injury and subsequent weed stress on 

soybeans are not well established. Insect injury to alfalfa increased 

weed incidence, but did not alter physiological responses to weeds 

(Buntin and Pedigo 1986). Potential yield interactions between insect 

defoliation and velvetleaf competition have been examined in soybean, but 

only minor interactions were noted (Higgins et al. 1984a). Increases in 

weed incidence at lower soybean planting rates are possible (Jordan et 

al. 1987), but interactions between plumule injured soybeans and weeds 

have not been studied. 

We examined possible numerical and physiological stress interactions 

of weeds arising from simulated SCM injury to soybean in field 

experiments from 1982 to 1984. Additionally, we determined possible 

mechanisms associated with observed interactions. 



METHODS AND MATERIALS 

All experiments were conducted at the Ames Lab Reactor Floodplain 

Farm, 1 mi. west of Ames, lA from 1982 to 1984. Plot soil type was a 

Coland clay loam. Soybeans (cv. Amsoy 71 in 1982 and Corsoy 79 in 1983 

and 1984) were grown in annual rotation with corn using conventional 

tillage practices (spring moldboard plow). Plots measured 3 rows (76.2 

cm) by 12-m in 1982 and 4 rows (76.2 cm) x 25 m in 1983-1986, with rows 

oriented North to South. Planting dates were 6/2, 5/26, and 5/23 from 

1982 to 1984, respectively. Emergence dates were 6/11, 6/7, and 6/1 from 

1982 to 1984, respectively. Simulation was conducted within eight days 

of emergence in all years and followed procedures established by 

Funderburk and Pedigo (1983). 

In 1982 experimental design was a randomized complete block (six 

replications) with a factorial treatment arrangement of three plant 

densities (10, 20, and 30 plants/row-m) and five normal to Y-plant 

ratios. In 1983 and 1984, experimental design was a randomized complete 

block design with herbicide and herbicide-free strip plots and a 

factorial treatment arrangement of four plant densities (10, 20, 30, and 

40 plants/row-m) and five normal to Y-plant ratios. In all years normal 

(uninjured) to Y-plant (plumule injured) ratios were; 1:0, 3:1, 1:1, 1:3, 

and 0:1 (in 1984 an additional ratio, 1:7, was included to examine 

specific yield effects). 

In 1982 and in weed-free (herbicide) strip plots in 1983 and 1984, 

preplant incorporated herbicide was used (trifluralin at 1.12 kg/ha + 

metribuzin at .56 kg/ha), and post-emergence weeds were eliminated by 
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roguing (all years). No herbicides or other weed control practices were 

employed in herbicide-free strip plots in 1983 or 1984. The herbicide-

free strip was chosen to represent a worse-case scenario and to indicate 

the potential for interactions. 

In 1982 poor weed control from herbicides required that weeds were 

removed by hand. Subsamples of weeds were collected to evaluate possible 

changes in weed incidence. In 1983 and 1984 planned weed samples were 

taken in the herbicide-free (weed) strip subplots. For all years weed 

incidence was measured by harvesting all above ground weed tissue in a 3m 

X .76m Section of each plot, including weeds within and between rows. 

Weeds were sampled on 7/19, 7/7, and 7/31 from 1982 to 1984, 

respectively. In 1983 and 1984 weeds were separated into grasses and 

broadleaves and the predominant weed species noted. Weed samples from 

all years were dried and dry weights determined. 

Measures of soybean growth parameters were taken twice in both 1983 

and 1984. Three plants of each type (normal or Y-plant) were removed 

from each weed or weed-free subplot on 7/7 and 8/23 (30 and 77 days post 

emergence, respectively) in 1983 and on 7/11 and 8/21 (40 and 81 days 

postemergence, respectively) in 1984. Sampled plants were returned to 

the laboratory, and the following parameters were measured: height, 

vegetative stage, reproductive stage, number of nodes, number of 

branches, number of leaves, number of pods, leaf area, leaf dry weight, 

stem and support dry weight, and pod dry weight. 

Yield components were determined from individual plant samples taken 

at harvest. Three plants of each type (normal or Y-plant) were removed 

from each plot on 10/17 in 1983 and 10/3 in 1984. Sampled plants were 
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returned to the laboratory, and number of 0, 1, 2, 3, and 4 seeded-pods, 

pod weight, seed weight, and total weight were determined. These 

parameters were used to calculate pods per plant, seeds per pod, and 

weight per seed. Additionally, normal and Y-plant seed weights were used 

to determine the proportion of plot yield attributable to each plant 

type. Stand yields were determined by hand-harvesting three row-m from 

the middle of each plot in 1984 (stand yields were unavailable for 1983) . 

Plot samples were threshed with a stationary small-plot thresher, and 

plot yield samples were taken on 10/3. All reported weights are adjusted 

to 0% moisture. 

Rainfall data were obtained from an NOAA recording station (Ames 8 

WSW) near the experiment site. Normal precipitation (used to calculate 

deviations from normal) is based on data from 1941-1970 at this recording 

station. Data were analyzed using analysis of variance (ANOVA) 

procedures to identify significant effects and interactions (SAS 1985). 
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RESULTS AND DISCUSSION 

Categories of Stress Interactions 

Characterizing stress interactions requires an understanding of 

possible relationships. Unfortunately, a theoretical basis for stress 

interactions in plants is not well defined. Consequently, we identified 

categories and defined terminology for stress interactions. 

One type of interaction can be termed a physiological stress 

interaction, occurring when the combined effects of two or more stresses 

are different than the combination of individual effects. Thus, an 

initial stress may change the physiological response of a plant or plant 

stand to a subsequent stress, or the physiological responses to stressors 

occurring together are different from the physiological responses to the 

individual stressors. For example, the yield reduction associated with a 

given level of water stress may be greater on a previously injured plant 

than on an uninjured plant. Physiological stress interactions can occur 

with both abiotic and biotic stressors. 

The second type of interaction is a numerical stress interaction, 

occurring when an initial stress changes the incidence of a subsequent 

stressor on a plant or plant stand. For example, a previously injured 

plant may have greater or fewer numbers of injurious insects than an 

uninjured plant; a stressed plant stand may accrue different numbers of 

weeds than an unstressed stand. With physiological stress interactions, 

interacting stresses may occur sequentially or simultaneously. However, 

in numerical stress interactions stresses must occur sequentially; an 

initial stress alters plant or plant stand characteristics to elicit a 
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change in the incidence of a subsequent stressor; the interaction itself 

(the change in incidence) is associated with the plant and the subsequent 

stressor. Consequently, an initial stress causes a numerical stress 

interaction between the plant and a subsequent stressor. Unlike 

physiological stress interactions, numerical stress interactions do not 

occur with abiotic stressors (although an abiotic stress can cause 

numerical stress interactions in biotic stressors). An initial stress 

cannot change the incidence of abiotic stressors, e.g., temperatures or 

levels of rainfall will not change because of a previous stress. 

However, disease incidence, numbers of injurious insects per plant, or 

weed incidence can change because of a previous stress. 

Differentiating between physiological and numerical stress 

interactions may be difficult for some stressors. For instance, 

differences in numbers of insects and weeds can be easily assessed, but 

differences in amount of pathogen or disease are far more problematic. 

Nevertheless, altered pathogen pressure, infection rates, or disease 

incidence can indicate numerical stress interactions with pathogens. 

To recognize that a stressor does not demonstrate a numerical stress 

interaction, levels of stress must be distinguished from effect per unit 

stress. For example, consider a situation in which some plants are 

injured by insect feeding but others are not, and subsequently the plants 

are water stressed. A result in which only previously injured plants 

suffer a yield reduction might suggest a numerical stress interaction. 

However, this relationship actually is a physiological stress interaction 

because the previous stress did not change the amount of available water, 

it changed the response of the plant to the same level of water deficit. 
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Ultimately, all stress Interactions relate to plant physiology, 

however, the nature of this relationship differs. A physiological stress 

interaction indicates that the physiological effects of the interacting 

stresses have been altered. A numerical stress interaction indicates 

that parameters pertinent to defenses of plants or plant stands against 

the interacting stressor (such as physical or biochemical resistance 

factors, plant and stand morphology, or competitive abilities) have been 

altered. Therefore, numerical and physiological stress interactions 

involve separate and distinct mechanisms. Distinguishing stress 

interactions is fundamental to understanding how stress interactions 

occur. 

Numerical Stress Interactions 

The predominant grass weed species occurring in all years was giant 

foxtail, Setaria faberii, and the predominant broadleaf weed species were 

velvetleaf, Abutilon theophrasti, and pigweeds, Amaranthus species. 

Effects of soybean plant density on weed incidence (weed dry weight 

per m^) were significant only in 1984 (Fg gg-8.33, P>F-.0001), with 

decreasing weed incidence with increasing soybean plant densities. 

Figure 17 indicates effects of normal to Y-plant ratio on total weed dry 

weight in 1982 to 1984 and effects on dry weights of grass and broadleaf 

weeds in 1983 and 1984. Ratio had a significant effect on total weed dry 

weight in 1982 (2% 79, P>F-.0045) and 1984 (Fg 59-5.64, P>F-.0002). 

Ratio effects on grasses were not significant in either year, although 

they approached significance in 1984 (F5 gg-2.16, P>F-.068). The 

influence of ratio on broadleaf weed dry weights was significant in 1984 
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(Fg gg-4.12, P>F-.0025) and approached significance in 1983 (Fg gg-2.39, 

P>F-.063). 

The results demonstrate a numerical âtress interaction in weeds, 

particularly broadleaf weeds, caused by soybean plumule abscission. 

Additionally, previous research on soybean (Jordan et al. 1987) and 

results from the 1984 experiment show that stand reductions associated 

with SCM injury can increase weed incidence. Changes in total weed dry 

weight were greater in 1982 than in 1983 or 1984, which may indicate that 

changes in weed incidence in response to proportion of Y-plants were 

reduced when soybeans were grown under unrestricted (herbicide-free) weed 

competition (because of intraspecific competition among weeds). 

Because plumule injury retards phenological development and causes 

reductions in height, branching, leaf area, plant growth rate, and other 

parameters as compared to normal plants (Section I), it seems likely that 

Y-plants are poorer competitors with weeds than are normal plants. 

Consequently, the competitive disadvantage of Y-plants relative to normal 

plants (Section I and II) also seems to be reflected in a competitive 

disadvantage for Y-plants relative to weeds. Increases in weed incidence 

can be associated with greater light penetration through plant canopies 

and inadequate shading by crop plants (Jordan et al. 1987). One aspect 

of reduced competition from Y-plants may be reduced shading of weeds in 

plant stands with greater proportions of Y-plants. Reduced shading would 

permit greater weed survival and growth, thereby accounting for increases 

in weed incidence. 
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Physiological Stress Interactions 

Plot Yield 

Changes in yields and competitive relationships for normal and Y-

plants under weed and weed-free conditions are presented in replacement 

diagrams (Figure 18). Replacement diagrams indicate competition between 

species, or between different types of plants within the same species 

(Section II). If normal and Y-plants were equal competitors, lines of 

contribution to yield by each type of plant should intersect at a ratio 

of 1:1. Instead, lines intersect to the right of the 1:1 point, past the 

1:3 ratio, indicating that normal plants are competitively superior to Y-

plants. Additionally, greater contributions to yield by normal plants 

than Y-plants in ratios from 1:0 to 1:3 occur in weed plots than weed 

free plots. The greater contribution to yield indicates that the 

competitive advantage of normal plants over Y-plants is greater in weed 

plots. 

An additional measure of competitive relationships between normal 

and Y-plants in weed and weed-free plots is indicated by relative 

crowding coefficients of normal to y-plants (RCC^jy) (Section II). The 

relative crowding coefficient of normal to Y-plants (RCCjj.y) is defined 

as: (mean normal yield at l:l/mean Y-plant yield at 1:1) divided by 

(mean normal yield in pure stand/mean Y-plant yield in pure stand). An 

RCCn.y of one indicates that both types of plants are equal competitors, 

an RCCjj_y of less than one indicates that normal plants are competitively 

inferior to Y-plants, and an RCCjj_y of greater than one indicates that 

normal plants are competitively superior to Y-plants. The RCCj^_y for the 

weed-free plots was 3.36 and for the weed plots was 5.23. Relative 
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Figure 18. Replacement diagrams for seed yield (g/m^) in weed and weed-
free treatments in 1984 



81 

crowding coefficient values above one demonstrate that normal plants were 

superior competitors to Y-plants. The larger RCCjj_y value in weed plots 

further indicates that this competitive superiority of normal over Y -

plants was greater with unrestricted weed competition. 

Significant density, ratio, and weed effects on yield per m were 

noted in 1982, however, weed by density and weed by ratio interactions 

were not significant. When plot yield was subdivided into yield from 

normal and Y-plants, a significant weed by ratio interaction was observed 

in normal plant yield per m^ (Fg gy-63.73, P>F~.0001) and significant 

weed by density (Fg gy-2.97, P>F-.0378) and weed by ratio (Fg gy=-113.28, 

P>F-.0001) for Y-plant yield per m . Significant weed by density and 

weed by ratio interactions in Y-plants indicates that physiological 

stress interactions between plumule injury and weed stress do occur. 

Yield Components and Growth Parameters 

The physiological mechanisms associated with weed by density and 

weed by ratio Interactions may be indicated by considering effects on 

yield components of normal and Y-plants. Yield components are variables 

(pods per plant, seeds per pod, and weight per seed), or subdivisions of 

total plant yield, that are useful in identifying how yield effects occur 

(Gardner et al. 1985). 

Main effects of plant density were not significant for seeds per pod 

or weight per seed in normal plants for 1983 or 1984. However, plant 

density did significantly affect pods per plant in normal plants (1983: 

F3,44-50.6, P>F-.0001; 1984: F3 57-48.29, P>F-.0001). In Y-plants, 

density main effects were significant for seeds per pod (1983: 
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Fg 44-19.37, P>F-.0001; 1984: F^ 57-6.30, P>F-.0009), weight per seed in 

1984 (F4 5y-4.07, P>F-.0109), and for pods per plant (1983: F3 44-8.88, 

P>F-.0001; 1984: F4 2^-56.49, P>F-.0001). Weed by density interactions 

were significant for pods per plant in both normal and Y-plants (Table 6) 

but not for seeds per pod or weight per seed in either plant type. These 

data demonstrate that changes in pods per plant was the primary mechanism 

for interactions between weeds and plant density in reducing Y-plant 

yields. 

Table 6. Mean total pods (no./plant): soybean plant density and weed 
effects in normal and Y-plant soybeans, and significance of 
weed by plant density interactions (by ANOVA), 1983 and 1984 

Plant Density (no./row-m) 

Treatment 10 20 30 40 F^ P>F 

1983 
Normal: 

Weed Free 175.9 112 .9 76.5 81.6 8 .97 , 0001 
Weed 79.9 56 .0 44.5 38.1 

Y-Plant: 
Weed Free 46.9 25, .4 16.6 19.0 7, .24 .0001 
Weed 6.2 5, .8 4.7 4.0 

1984 
Normal: 

Weed Free 102.3 70, ,7 60.75 50.18 3, ,42 .0233 
Weed 74.0 53, ,7 43.1 41.2 

Y-Plant: 
Weed Free 38.9 42, ,7 28.73 24.3 13, ,84 .0001 
Weed 30.7 21. ,4 14.5 10.2 

^Degrees of freedom for F are: 1983 - normal (3,40), Y-plant (3,43); 
and 1984 - normal (3,56), Y-plant (3,55). 

Main effects of normal to Y-plant ratio were not significant for 

weight per seed in normal plants in either year. Ratio main effects on 

seeds per pod were significant for normal plants (1983: Fg 44-4.6?, 
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P>F-.0064; 1984: 5^-4.62, P>F-.0027) as were ratio effects on pods per 

plant (1983: Fg 44-46.78, P>F-.0001; 1984: F^ 57-50,53, P>F-.0001). In 

Y-plants, ratio main effects were significant lor all yield components, 

including seeds per pod (1983: Fj 44—2.82, P>F—.0501; 1984: F4 gy—9.93, 

P>F-.0001), weight per seed (1983: F3 44-3.19, P>F-.0327; 1984: 

F4,57-7.69, P>F-.0001), and pods per plant (1983: F3 44-64.91, P>F-.0001; 

1984: F4 5-7-41.21, P>F-.0001). Weed-by-ratio interactions were 

significant for pods per plant in both normal and Y-plants (Table 7) but 

not for seeds per pod or weight per seed in either plant type. These 

data on weed by ratio interactions are comparable to those on weed-by-

density interactions. Both density and ratio interactions with weeds are 

Table 7. Mean total pods (no./plant): soybean normal to Y-plant ratio 
effects in normal and Y-plant soybeans and significance of weed 
by ratio interactions (by ANOVA), 1983 and 1984 

Ratio Normal to Y-Plant (N:Y) 

Treatment 1:0 3:1 1:1 1:3 0:1 F* P>F 

1983 
Normal: 

Weed Free 37.5 37.6 57.2 86.4 - - - 8.12 .0001 
Weed 13.2 19.0 23.3 30.7 — — — 

Y-Plant: 
Weed Free - - - 6.8 8.0 14.0 77.0 34.85 .0001 
Weed 2.3 4.0 5.6 8.6 

1984 
Normal: 

Weed Free 44.9 52.8 71.4 84.9 — — — 3.04 .0245 
Weed 32.6 38.6 49.9 71.5 - — -

Y-Plant: 
Weed Free - - - 9.5 17.5 19.3 25.5 6.57 .0002 
Weed — — — 6.1 7.7 11.3 15.7 

^Degrees of freedom for F are: 1983 - normal (3,40), Y-plant (3,43); 
and 1984 - normal (4,56), Y-plant (4,55). 
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associated with changes in pods per plant. 

The number of pods per plant of soybean is altered by flower 

abortion and branching (Shibles et al. 1975). How might plumule injury 

and stand reductions interact with weed stress through these flower 

abortion or branching to cause a yield interaction? Flower abortion may 

increase in response to various factors, particularly shading or water 

stress (Shibles et al. 1975). At least two points indicate that water 

stress arising from weed competition was not responsible for interactions 

in pods per plant. 

Total precipitation from May through September deviated -0.9 cm in 

1982, +25.4 cm in 1983, and -1.8 cm in 1984. Rainfall patterns differed 

among years. In 1982, rainfall was below normal in June but above normal 

in July. In 1983, rainfall was well above normal from May through 

August. In 1984, slightly greater than average rainfall occurred in 

June, July rainfall was near normal, and August rainfall was 

substantially below normal. In 1983 above normal precipitation occurred 

in July and August (+17.6 cm), but in 1984 July and August had below 

normal precipitation (-9.3 cm). 

If weed competition caused water stress during flowering, strong 

differences in pods per plant should have been observed between 1983 and 

1984, but such differences did not occur. Additionally, water deficits 

can cause ovule and seed abortion. Therefore, increased water stress 

from weed competition should have caused interactions in seeds per pod 

and substantially fewer seeds per pod in 1984 than 1983, however neither 

of these effects were observed. 

Although increased flower abortion through increased water stress 
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from weeds was not Indicated, increased flower abortion from other 

factors, such as shading is not excluded. Differences in shading would 

not preclude interactions of ratio and weeds in branching as another 

factor contributing to yield interactions. If these parameters are 

responsible for the observed yield interactions with pods per plant, it 

should be possible to identify weed-by-density and weed-by-ratio 

Interactions in appropriate growth parameters. 

Numbers of nodes per plant provides a measure of both branching and 

overall plant size. No single parameter can indicate differences in 

shading, however, leaf area does provide an indication of shading because 

shaded plants will not develop as much leaf area as less shaded plants. 

Consequently, weed-by-density and weed-by-ratio interactions in nodes per 

plant and leaf area per plant would strongly indicate that differences in 

plant size (branching) and(or) shading under combined SCM and weed stress 

are responsible for the observed yield interactions. 

Data on nodes per plant and leaf area per plant from the final 

sampling date (77 and 66 days post emergence in 1983 and 1984, 

respectively) are presented in Figures 19 and 20. Figure 19 indicates 

weed-by-density interactions, and these interactions were significant in 

both years for normal plants (1983: node - Fg ^^-10.93, P>F-.0001, leaf 

area - Fg ^0-22.25, P>F-.0001; 1984: node - F3 57-8.59, P>F-.0001, leaf 

area - Fg gg-19.43, P>F-.0001) and for Y-plants (1983: node - Fg ^j=5.65, 

P>F-.0024, leaf area - F3 42-IO.4I, P>F-.0001; 1984: node - F3 5^=24.43, 

P>F-.0001, leaf area - Fg gg-26.15, P>F-.0001). Figure 20 indicates weed 

by ratio interactions, and these interactions were significant in both 

years for normal plants (1983: node - Fg ^^-10.63, P>F-.0001, leaf area -



Weed Fres 

1984 
Normal °lants Y-Plants 

1983 
Normal Plants Y-Plants 

4500 
1983 

Normal Plants 
1984 

Normal Plants 4000 4000 4000 4000 Y-Plants 

3000 3000 3000 

2000 2000 2000 

1500 

1000 1000 

10 20 30 40 10 20 30 40 

Plant Density (clants/row-m) 

10 20 30 40 10 20 30 

Giant Densiiy (olants/row-m) 

00 
m 

Figure 19. Mean number of nodes per plant and mean leaf area per plant (cm^) for normal and Y-plants 
in different plant densities and in weed and weed-free plots, 1983 and 1984 



i 

i 
o 

(Û 

1 

I (D 

§ 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Weed Free 

.1983 
Normal Plants Y-Plants 

' t i l l ,  Wm mm ^9 H ' 

Weed 

1.0 3:1 1:1 13 3:1 1:1 13 0:1 

1:0 3:1 1:1 13 3:1 1:1 1:3 0:1 

Normal to Y-Plant Ratio (N;Y) 

1983 
Normal Plants 4000 Y-Plants 

1500 

BO 

70 

60 

50 

40 

30 

20 

10 

0 

4500 3600 

4000 

3500 

3000 2400 

1984 
Normal Plants Y-Plants 

1984 
Normal Plants 

2000 

1500 1200 

500 • 

1:0 3:1 1:1 1:3 3:1 1:1 1:3 0:1 

Normal to Y-Plant Ratio (N:Y) 

500 

0 

00 
•vl 

Figure 20. Mean number of nodes per plant and mean leaf area per plant (cm ) for normal and Y-plants 
in different normal to Y-plant ratios and in weed and weed-free plots, 1983 and 1984 



88 

Fj 40-17.19, P>F-.0001; 1984: node - F3 57-5.88, P>F-.0005, leaf area -

F3 5g-10.19, P>F-.0001) and for Y-plants (1983: node - Fg ^3-19.73, 

P>F-.0001, leaf area - F3 42-29.20, P>F-.0001; 1984: node - F3 57-2.36, 

P>F-.0637, leaf area - F3 5g-5.10, P>F-.0014). 

Weed-by-density and weed-by-ratio interactions in nodes per plant 

and leaf area per plant support the interpretation that yield 

interactions arise through reductions in pods per plant associated with 

less branching and greater flower abortion from shading. The interaction 

between SCM injury (stand reduction and plumule abscission) weed stress 

possibly represents a limit in the soybean plant's ability to respond to 

competition. Thus, Y-plants exposed to competition from both normal 

plants and weeds cannot respond as successfully to that combined 

competition as they can to competition from each individual factor. 

Similarly, although the competitive advantage of normal plants compared 

to Y-plants is increased under unrestricted weed competition, the 

proportional increase in competitive advantage for normal plants (with 

increasing proportions of Y-plants) is not as great under weed stress. 

This study demonstrates that an early season insect-induced stress 

can result in both numerical and physiological stress interactions with a 

subsequent stressor. Although the level of weed stress in this study was 

extreme in agronomic terms, certainly stress interactions could occur 

with reduced levels of weed stress. Indeed, changes in weed incidence 

associated with normal to Y-plant ratios may be greater under lower weed 

pressure. Both numerical and physiological interactions were associated 

with reductions in competitive abilities of injured soybean plants. 

Previous work indicates the importance of intraspecific competition to 
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characterizing stress effects within a species (Section I and II). This 

study highlights the importance of competitive abilities in understanding 

certain stress interactions. 
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SECTION IV. INTERACTIONS BETWEEN EARLY AND SEQUENT INSECT STRESSORS 

ON SOYBEAN 
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ABSTRACT 

Interactions between simulated seedcorn maggot (SGM), Delia platura 

(Diptera: Anthomyiidae), injury of soybeans and subsequent potato 

leafhopper (PLH), Empoasca fahae (Homoptera: Cicadellidae), incidence 

were determined in field experiments in 1982 and 1986, in Iowa. 

Increased PLH incidence and injury was associated with reduced plant 

densities (representing stand reductions by SCM) and with increasing 

levels of Y-plants (plants with the plumule destroyed that develop two 

main stems). Density effects were associated with leaf area differences. 

A phenological delay hypothesis proposes that plumule injury delays 

soybean development and delayed plants are more susceptible to PLH 

because of reduced leaf pubescence. Experiments in 1985 and 1986 using 

glabrous and pubescent soybean isolines supported the phenological delay 

hypothesis. 
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INTRODUCTION 

How does early season insect injury effect crop physiology and 

alter plant responses to subsequent stressors? In 1982 we initiated 

studies to explore this question, using simulated seedcorn maggot injury 

to soybean as our model system. 

The seedcorn maggot (SCM), Delia platura (Diptera; Anthomyiidae), is 

an occasional pest of soybean. Female SCM oviposit in the soil, and 

developing larvae feed on germinating soybean seeds. Through their 

feeding, larvae injure soybeans by destroying seeds (causing a stand 

reduction), by gouging cotyledons, and by destroying the plumule or 

growing tip (Higley and Hammond 1988). When the plumule is destroyed, 

axillary buds develop resulting in a plant with two main stems, called a 

snakehead or Y-plant (Funderburk and Pedigo 1983). Y-plants continue to 

develop through to harvest, but they are significantly altered with 

respect to plant morphology. 

Funderburk and Pedigo (1983) established procedures for simulating 

seedcorn maggot injury to soybean by directly comparing actual and 

simulated injury and characterizing numerous physiological parameters. 

They determined that stand reduction could be simulated by using 

different planting rates, and that plumule destruction could be simulated 

by manually destroying the plumule immediately after soybean emergence. 

Consequently, validated methods are available for precisely controlling 

the timing, spatial arrangement, and level of injury through these 

simulation methods. 

We used simulation techniques to establish plots with different 
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levels of seedcorn maggot Injury in 1982, In addition to characterizing 

soybean responses to seedcorn maggot injury, we monitored subsequent 

stressors. In particular, we noted an interaction between seedcorn 

maggot injury and potato leafhopper injury. We obtained further evidence 

for seedcorn maggot-potato leafhopper interactions in 1986. 

The potato leafhopper (PLH), Empoasca fabae (Homoptera: 

Cicadellidae), migrates into the northcentral United States from southern 

states in the spring (Medler 1959, Pienkowski and Medler 1964). Although 

PLH commonly occur in soybean (Ogunlana and Pedigo 1974), usually they 

cause limited injury and are economic pests in relatively few situations 

(such as when large PLH populations move to soybean from cut alfalfa 

(Poston and Pedigo 1975)). 

Soybean resistance to PLH is well known and is associated with 

pubescence, the presence of trichomes, or leaf hairs, on soybean plants 

(Johnson and Hollowell 1935, Wolfenbarger and Sleesman 1963, Broersma et 

al. 1972, Ogunlana and Pedigo 1974). Consequently, the interaction 

between SCM injury and PLH injury was unexpected. Given that soybean 

pubescence ordinarily protects soybeans against PLH injury, the 

interaction implies that SCM injury may impair the resistance mechanism. 

In this paper we first present evidence for interactions between SCM 

injury and PLH incidence in soybean; secondly, we propose a mechanism to 

account for the observed interactions; and finally, we present 

experimental data testing the proposed mechanism for SCM-PLH interactions 

in soybean. 



METHODS AND MATERIALS 

All field experiments were conducted at the Ames Lab Reactor 

Floodplain Farm, 1 mi. west of Ames, lA. Two sets of field experiments 

were employed. Interactions between SCM injury and PLH incidence and 

injury were characterized in 1982 and 1986. The role of pubescence in 

SCM-PLH interactions was addressed in separated field studies in 1985 and 

1986. Additionally, trichome development was measured in the laboratory 

in 1986. 

In 1982, soybeans (cv. Amsoy 71) were planted on June 2. Plots were 

overplanted and subsequently thinned to appropriate plant densities. 

Plots measured 3 rows (76 cm) x 12 m. Experimental design was a 

randomized complete block (six replications) with a factorial treatment 

arrangement of 3 plant densities (10, 20, and 30 plants/row-m) and five 

normal (uninjured) to Y-plant (plumule injured) ratios (1:0, 3:1, 1:1, 

1:3, and 0:1). The ratios indicate the distribution and proportion of 

normal and Y-plants in each plot, thus: a ratio of 1:0 indicates all 

plants are normal (0% Y-plants), a ratio of 3:1 indicates three normal 

plants occur then one Y-plant (25% Y-plants), a ratio of 1:1 indicates 

normal and Y-plants alternate (50% Y-plants), a ratio of 1:3 indicates 

one normal plant occurs then three Y-plants (75% Y-plants), and a ratio 

of 0:1 indicates all plants are Y-plants (100% Y-plants). This 

arrangement of normal and Y-plants is a replacement series design (Harper 

1977) and allows for comparisons of competition between injured and 

uninjured plants. Soybean emergence was complete (>80%) on June 11. 

Soybeans were thinned on June 14-17, and plumule feeding was simulated by 
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clipping plumules on June 17. 

In 1986, soybeans (cv. Corsoy 79) were planted on May 23. Plots 

were 4 rows (76 cm) x 25 m. Experimental design was a randomized 

complete block (four replications) with a factorial treatment arrangement 

of 2 plant densities (10 and 30 plants/row-m) and five normal to Y-plant 

ratios (1:0, 3:1, 1:1, 1:3, and 0:1). Soybean emergence was complete on 

June 7. Thinning and plumule clipping occurred on June 13, 

In 1982 and 1986, individual plant samples (three plants/plot of 

each plant type - normal or Y-plant) were taken to obtain data on 

vegetative stages and leaf areas by treatment. Soybean plant samples 

were taken on July 8 (27 days post emergence (p.e.)) in 1982 and on July 

1 (22 days p.e.) in 1986. Potato leafhoppers were sampled with a model 

lA D-Vac suction sampler (0.0929 m^ (1 ft^) sampling cone): 3 

samples/row x 3 row/plot for 9 samples/plot in 1982 on July 3 (21 days 

p.e.), and 2 samples/row x 4 rows/plot for 8 samples/plot in 1986 on June 

24 (15 days p.e.). Potato leafhopper injury was estimated by counting 

the number of normal plants (out of 30) and number of Y-plants (out of 

30) with >25% hopperburn (chlorosis from leafhopper feeding) in each 

plot. Injury estimates were taken on July 2 (20 days p.e.) in 1982 and 

on June 25 (16 days p.e.) in 1986. 

The importance of soybean pubescence in the SCM-PLH interactions was 

investigated through experiments in 1985 and 1986 using soybean isolines. 

In both years, experimental design consisted of a randomized complete 

block (four replications) with a factorial treatment arrangement of 2 

soybean isolines and 5 normal to Y-plant ratios (1:0, 3:1, 1:1, 1:3, and 

0:1). The two isolines were normal Clark (line designation LI) and Clark 
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glabrous (line designation L62-1385) (Bernard 1975). These isolines 

differ only in the gene for pubescence. Specifically, normal Clark has 

the p]^ gene and is pubescent, and glabrous Clark has the gene and 

lacks any pubescence (Bernard and Singh 1969). 

Each plot was 4 rows (76 cm) x 20 m. Soybeans were planted on May 

21 and emerged May 30 in 1985. Plots were planted May 23 and emerged 

June 9 in 1986. Plumule injury was simulated on June 3 in 1985 and June 

13 in 1986. Potato leafhoppers were sampled as in the 1982 and 1986 

experiments with 8 samples taken from each plot. Potato leafhopper 

sampling dates were June 19, July 11, and 27 (21, 42, and 58 days p.e., 

respectively) in 1985 and June 24 and July 18 (15 and 39 days p.e., 

respectively) in 1986. Soybean plant samples to determine leaf areas 

were obtained as in the 1982 and 1986 experiments. Plant sampling dates 

were June 25, July 9 and 22 (27, 42, and 53 days p.e., respectively) in 

1982 and July 1 and 16 (22 and 39 days p.e., respectively) in 1986. In 

addition to total leaf areas, in 1986 proportion chlorotic leaf area 

(from PLH feeding) was determined by measuring total leaf area and 

chlorotic leaf area with a Delta-T Area Measurement System (Decagon 

Devices). (The Delta-T meter uses a video camera and area integrator to 

determine leaf areas based on contrast differences.) 

Differences in trichome development on soybean leaves of different 

ages were measured in the laboratory in 1986, Leaves from greenhouse-

grown soybean plants were removed and trichome number and length measured 

using a dissecting scope with ocular grid and ocular micrometer. 

Data were analyzed using analysis of variance (ANOVA) procedures to 

identify significant effects and interactions (SAS Insitute 1985). (Note 
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that degrees of freedom for F may be less than expected from number of 

replications and treatments because of missing data points.) All 

percent and proportional data were arcsine transformed to meet 

assumptions for an ANOVA, and reported means are back transformed from 

means of transformed values (Little and Hills 1978). 
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RESULTS AND DISCUSSION 

SCM Injury and PLH Incidence 

Results of experiments in 1982 and 1986 are summarized in Tables 8 

and 9. Both aspects of SCM injury (stand reduction, simulated by plant 

density, and Y-plant ratio) had a highly significant effect on percent 

injury from PLH. In 1982, PLH populations drastically declined prior to 

sampling, therefore the lack of significant density or ratio effects on 

Table 8. Soybean plant density effects on potato leafhopper incidence 
and leaf area index: mean injury (% plants with >25% 
hopperburn), mean number of potato leafhoppers x 0.01/cm leaf 
area, mean leaf area index (LAI; the ratio of leaf area to 
ground area), and significance of plant density main effects 
(by ANOVA), 1982 and 1986* 

Plant Density (#/row-m) 

Year Variable 10 20 30 P>F 

Injury 

1982 % Total 
1986 % Total 

PLH Numbers 

35.8 
73.1 

25.8 20.7 
54.6 

12 .61  
27.06 

.0001 
,0001 

1982 PLH*(0.01)/cm; 
1986 PLH*(0.01)/cm^ 

LAI 

0 . 2 8  
3.74 

0.33 0.23 
2.51 

1.12 
4.61 

NS 
,0413 

1982 
1986 

Total 
Total 

0.395 
0.313 

0.781 1.042 
0.729 

73.16 
129.53 

,0001 
,0001 

^Analysis of injury based on arcsine transformed values; means back 
transformed from means of transformed values. 

^Degrees of freedom for F are: 1982 - % Total - (2,42); 
PLH*(0.01)/cm^ - (2,30). LAI - (2,30,); 1986 - all variables - (1,26). 
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Table 9. Seedcorn maggot Injury ratio effects on potato leafhopper 
incidence and on selected physiological parameters in soybean; 
mean injury (% plants with >25% hopperburn), mean number of 
potato leafhoppers x 0.01/cm leaf area, mean leaf area index 
(LAI ; the ratio of leaf area to ground area), mean soybean 
vegetative stage, and significance of SCM injury ratio main 
effects (by ANOVA), 1982 and 1986* 

Ratio Normal to Y-Plant (N:Y) 

Year Variable 1:0 3:1 1:1 1:3 0:1 P>F 

Iniurv 

1982 % Total 9.6 20.1 23.6 31.8 56.3 39 .39 .0001 
% Normal 9.6 15.1 15.1 11.2 - - 2 .59 NS 
% Y-Plant — - 34.6 31.8 38.8 56.3 10 .91 .0001 

1986 % Total 63.1 52.6 61.5 67.5 74.3 4, .32 .0082 
% Normal 63.1 54.8 62.8 57.9 - - 0 .98 NS 
% Y-Plant 11.6 60.5 70.6 74.3 7, .33 .0017 

PLH Numbers 

1982 PLH*(0.01)/cm2 .25 .21 .33 .28 .25 .43 NS 
1986 PLH*(0.01)/cm^ 1.87 1.87 2.40 4.35 5.21 6, .13 .0013 

LAI 

1982 (27 days p.e.) 1.063 1.324 0.784 0.731 0.381 41. ,07 .0001 
1986 (22 days p.e.) 0.782 0.632 0.527 0.424 0.254 25, ,68 .0001 

Veg. Stage 

1982 (27 days p.e.) 4.8 4.2 3.6 2.7 2.2 123. ,42 .0001 
1986 (22 days p.e.) 4.5 3.9 3.2 2.7 2.1 110. 50 .0001 

^Analysis of injury based on arcsine transformed values; means back 
transformed from means of transformed values. 

^Degrees of freedom for F are: 1982 - % Total-(4,42), % Normal and 
%Y-Plant - (3,33), PlH*(0.01)/cm2, LAI, and Veg. Stage- (4,30); 1986 -
%Total, PLH*(0.01)/cm , LAI, and Veg. Stage- (4,26), %Normal - (3,21), 
%Y-Plant - (3,20). 

PLH numbers in 1982 may not reflect the situation prior to the population 

decline. In 1986, both density and ratio did have a significant effect 
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on PLH numbers. Consequently, plant density and normal to Y-plant ratio 

differences in PLH injury observed in these years probably arise from 

differences in PLH numbers. 

SCM injury changes many aspects of soybean physiology, and some 

changes must contribute to the interaction between SCM injury and PLH 

incidence. Soybean leaf area is one parameter greatly influenced by 

plant density and normal to Y-plant ratio. In Tables 8 and 9, PLH 

numbers are expressed on a per unit leaf area basis to avoid biasing 

counts by the size of the plants sampled. However, PLH density could 

differ among treatments based on large differences in leaf areas. In 

fact, plant density greatly affects leaf area index (LAI), the ratio of 

leaf area to ground area (Table 8). Consequently, greater PLH numbers 

per unit leaf area (and correspondingly greater PLH injury) at lower 

plant densities probably is a result of reduced leaf areas at lower plant 

densities. 

Substantial leaf area differences also occur among different normal 

to Y-plant ratios, therefore, some differences in PLH numbers and injury 

may be attributable to leaf area differences. However, leaf area 

differences do not account for all the observed differences in PLH 

incidence. For example, in 1982 mean percent injury for the all-normal 

plant treatment was 9.6% and 56.3% in the all-Y-plant treatment (8.9 

times greater injury in the all Y-plant treatment). However, the LAI of 

the all-Y-plant treatment was only 2.8 times smaller than the LAI of the 

all-normal plot. In 1986, percent injury in all-normal and all-Y-plant 

treatments was 63.1% and 74.3%, respectively (differing by 11.2% injury), 

but differences in LAI were much greater (0.782 for all normal and 0.254 
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for all Y-plant). Although leaf area differences may account for most 

differences in PLH incidence associated with plant densities, leaf area 

alone does not explain why PLH injury and incidence differs with normal 

to Y-plant ratio. 

Phenological Delay Hypothesis for SCM-PLH Interactions 

Beyond looking at differences in PLH incidence associated with SCM 

injury, a fundamental question is why significant PLH injury occurs on 

SCM-injured soybeans. Soybean resistance to PLH injury is provided by 

pubescence that limits PLH feeding (Johnson and Hollowell 1935, Broersma 

et al. 1972, Lee et al. 1986). Consequently, increasing PLH injury with 

increasing SCM injury suggests that SCM injury alters the resistance 

factor, pubescence. However, Y-plant soybeans develop leaf pubescence 

just as uninjured plants do; therefore, SCM injury does not produce a 

radical alteration in pubescence. But transient differences in 

pubescence are possible. 

Pubescence on soybean leaflets varies with respect to plant age. In 

particular, early-developed soybean leaves have reduced pubescence, as 

compared to leaves produced later. Figure 21 presents data on trichome 

development in 'Corsoy 79' soybeans. Soybean leaves produced first, at 

the lower plant nodes, have significantly reduced trichome density 

(F2 21'"^3.00, P>F-0.0001). Additionally, trichome length also differs 

among leaves at different nodes (F2 2i"81.77, P>F-0.0001). Consequently, 

younger soybean plants have reduced leaf pubescence and are likely to be 

more susceptible to PLH injury. 

One important effect of SCM-injury (plumule destruction) on soybean 
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is to delay plant development. Mean soybean vegetative stages for 

different ratios are presented in Table 9. Increasing SCM-injury causes 

a highly significant reduction in vegetative stage. Because soybeans at 

earlier developmental stages have reduced leaf pubescence, these plants 

are likely to be more susceptible to PLH injury. Thus, phenological 

delay associated with SCM injury keeps injured soybean plants in a 

susceptible stage longer than uninjured plants. 

Some data from 1982 and 1986 support the phenological delay 

hypothesis for SCM-PLH interactions. If phenological delay is 

responsible for greater PLH injury, we would expect to observe greater 

PLH injury on Y-plants than on normal plants. Comparisons of injury in 

all normal and all Y-plant treatments for 1982 and 1986 (Table 9) do show 

greater PLH injury on Y-plants. Additionally, we might expect a 

significant relationship between PLH injury or numbers and soybean 

vegetative stage. In 1986, a significant negative correlation between 

vegetative stage and PLH number/unit leaf area was observed (Pearson 

product-moment correlation, r--0.570, df-37, P>r-0.0002). 

Testing the Phenological Delay Hypothesis 

To directly test the phenological delay hypothesis we conducted 

experiments in 1985 and 1986 using 'Clark' glabrous and pubescent 

isolines. If phenological delay arising from SCM injury was responsible 

for the observed interaction with PLH injury, no significant ratio 

effects should occur on the glabrous isoline (which lacks trichomes). In 

contrast, significant ratio effects might occur on the pubescent isoline, 

if PLH numbers were sufficient before the SCM-injured soybeans grew out 
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of the susceptible stage. To evaluate PLH incidence we determined PLH 

numbers per unit leaf area, and, in 1986, percent chlorotic leaf area (a 

more precise estimate of injury). 

Table 10. Seedcorn maggot injury ratio effects on potato leafhopper 
incidence on 'Clark' glabrous and pubescent soybean isolines: 
mean number of potato leafhoppers x 0.01/cm leaf area, 
percent chlorotic leaf area, and significance of SCM injury 
ratio main effects (by ANOVA), 1985 and 1986* 

Ratio Normal to Y-Plant (N:Y) 

Year Days p.e. 1:0 3:1 1 :1 1:3 0 :1 ^4,12 P>F 

Mean PLH*r0.01Vcm ̂ leaf area: 

Glabrous Isoline 

1985 21 2.74 2.64 2 .77 3.29 2 .92 0, .30 NS 
42 12.44 11.90 14, ,43 12.56 10, ,56 0, .48 NS 
58 5.70 7.79 8. ,09 7.63 8, ,73 0, ,61 NS 

1986 15 29.59 30.88 20, ,79 20.37 17, ,26 0, ,50 NS 
39 37.98 37.47 22 ,32 27.15 38, ,59 0, ,61 NS 

Pubescent Isoline 

1985 21 0.19 0.15 0, ,21 0.19 0, ,42 1. ,87 NS 
42 0.28 0.41 0, ,46 0.76 0, ,73 21, ,29 .0001 
58 0.10 0.10 0. 17 0.12 0. ,17 0. ,21 NS 

1986 15 1.01 0.98 1, ,31 2.27 1, ,37 1. ,62 NS 
39 0.35 0.46 1, 21 0.73 1. ,19 2. ,47 NS 

& Chlorotic Leaf Area: 

Glabrous Isoline 

1986 22 
37 

7.6 
29.9 

12.9 
31.3 

12.8 
30.6 

15.9 
49.7 

10.2  
32.6 

1.24 
2.57 

NS 
NS 

Pubescent Isoline 

1986 22 
37 

0.4 
0 . 1  

0.7 
0.4 

1 . 2  
0 . 8  

3.1 
0,4 

1.5 
0.4 

6 . 2 2  
0.42 

.0060 
NS 

^Analysis of % chlorotic leaf area based on arcsine transformed 
values; means back transformed from means of transformed values. 
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Results from the 1985 and 1986 experiments are presented in Table 

10. No significant ratio effect was observed in the glabrous isoline for 

any sampling date in either year for PLH numbers per cm leaf area. Nor 

was any significant ratio effect noted in the glabrous isoline for 

percent chlorotic leaf area. In the pubescent isoline, a significant 

relationship between PLH numbers and SCM injury was noted at 42 days p.e. 

in 1985, and in 1986 ratio had a significant effect on percent chlorotic 

leaf area. Significant relationships between SCM injury and PLH numbers 

in 1985 and SCM injury and chlorotic leaf area in 1986, indicate that SCM 

injury did influence PLH incidence and injury, but only in the pubescent 

variety. 

These results meet the predictions made based on the phenological 

delay hypothesis. They demonstrate that soybean pubescence is necessary 

for the interaction between SCM injury and PLH injury. Further, these 

data strongly support the hypothesis that phenological delay produced by 

SCM-injury is responsible for the interaction with PLH. Moreover, 

although significant differences in leaf areas occurred among ratios in 

the glabrous isoline, the absence of significant ratio effects on PLH 

incidence in the glabrous treatments indicates that leaf area differences 

are not primarily responsible for ratio differences in PLH incidence. 

Interpretations and Conclusions 

The experimental evidence demonstrates that SCM injury can 

significantly influence soybean response to subsequent PLH infestations. 

Although effects of plant density on PLH incidence may be explained by 

leaf area differences, differences in PLH incidence and different levels 
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of Y-plant soybeans seem to arise from phenological delays associated 

with plumule injury. 

Potential interactions between SCM-injured soybean and PLH are 

limited by soybean and PLH phenologies. In 1982 and 1986, PLH migration 

and population development was sufficiently early in the season that 

soybean plants were still in relatively susceptible stages. The high 

levels of PLH injury noted in 1986 on both normal and Y-plant soybeans 

(Table 9) reflect the early development of large PLH populations. Early 

soybean planting or delayed PLH migration and population development 

would limit the potential for PLH injury. 

This study shows that an early-season stress, such as seedcorn 

maggot injury, can significantly influence plant responses to subsequent 

stressors. By identifying physiological mechanisms associated with the 

interaction, we can recognize other possible interactions. For example, 

the phenological delay hypothesis implies that other factors producing an 

early-season phenological delay (e.g., cool temperatures, damping-off 

diseases) are likely to increase the chance of PLH injury. Similarly, 

late-planted soybeans will be more susceptible to PLH injury. Potato 

leafhopper injury to young soybeans can result in yield reductions 

(Ogunlana and Pedigo 1974). Consequently, recognizing potentially 

susceptible fields is of practical importance because economic injury to 

soybean from PLH is possible when large populations of PLH develop early 

in the season (such as occurred in 1986 in Iowa). 

Frequently, characterizations of plant responses to insect injury 

are limited to yield. This study illustrates the need to fully describe 

physiological responses of plants to insect injury, particularly in 
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understanding stress interactions. Moreover, the Importance of 

phenological delay in the interaction between SCM injury and PLH 

incidence and injury, suggests that phenological disruptions could be 

significant factors in other stress interactions. 
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SUMMARY AND CONCLUSIONS 

Simulated SCM injury of soybean influenced physiological parameters 

of growth and yield, competitive relationships between injured and 

uninjured plants, competitive relationships with weed species, and 

soybean resistance to the potato leafhopper. Although plant stands were 

capable of compensating for many aspects of injury, injured stands were 

not equivalent in to uninjured plant stands. 

Physiological effects of injury included higher crop growth rates 

(CGRs) and leaf area indexes (LAIs) with higher plant densities. Many 

individual growth parameters were affected by SCM injury especially plant 

growth rates, leaf areas, heights, and number of nodes. Differences 

between responses of uninjured and plumule-injured plants to density were 

noted. Density did not influence plot yields, although injured plants 

showed greater effects of density than uninjured plants. The proportion 

of injured to uninjured plants influenced plot yields in 1982 to 1984, 

but not in 1985 or 1986. Differences in growth parameters and yield 

components of injured plants as compared to uninjured plants seemed to 

arise from shading by normal plants. Plumule injury causes a 

phenological delay allowing height differences to develop between injured 

and uninjured plants. 

One of the most striking results of this examination is that altered 

competition between uninjured and injured plants is a major consequence 

of SCM injury. Replacement series designs, replacement diagrams, and 

relative crowding coefficients proved powerful tools for examining 

intraspecific competition between injured and uninjured plants. Measures 
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of competition between injured and uninjured plants indicated that 

uninjured plants were greatly superior competitors. Competitive 

differences seem to occur because of phenological delay. Injured soybean 

plants responded more as "gaps" in the plant stand rather than "weeds", 

but these terms do not relate the complexity of the competitive 

relationship, given that soybean stands consisting entirely of "gaps" (Y-

plants) can yield as much as uninjured stands. The importance of 

competitive interactions in this system suggests that intraspecific 

competition associated with other types of biological stresses may be 

equally important. 

Significant advances in understanding stress interactions were 

provided through these experiments. A conceptual basis for categorizing 

stress interactions was developed and two types of interactions were 

recognized: physiological stress interactions - in which combined 

effects of two or more stresses are different from the combination of 

individual effects, and numerical stress interactions - in which an 

initial stress changes the incidence of a subsequent stressor on a plant 

or plant stand. Simulated SCM injury caused a numerical stress 

interaction with weeds (weed incidence increased with increasing SCM 

injury). A physiological stress interaction also was observed with SCM 

injury and weed stress (yield reduction from combined stressors were 

greater than from individual stressors). Yield interactions resulted 

from reductions in pods per plant possibly arising from differences in 

branching and shading. Both numerical and physiological interactions 

were associated with reductions in competitive abilities of injured 

soybean plants. 
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Numerical stress interactions also occurred with PLH. Increased PLH 

incidence and injury was associated with reduced plant densities with 

increasing levels of Y-plants. Density effects were associated with leaf 

area differences. A phenological delay hypothesis proposes that plumule 

injury delays soybean development and delayed plants are more susceptible 

to PLH because of reduced leaf pubescence. Experiments in 1985 and 1986 

using glabrous and pubescent soybean isolines supported the phenological 

delay hypothesis. 

Among the separate effects observed in these experiments, at least 

two important findings emerged. First, intraspecific competition between 

stressed and unstressed plants is possibly the most important feature of 

stress effects in this system. Given that changes in intraspecific 

competition caused by biological stressors are not well-established, 

identifying such an effect implies that competitive relationships within 

crop stands are far more important than previously recognized. Second, 

both in establishing competitive differences and stress interactions, 

phenological delay caused by plumule destruction seems to be a unifying 

mechanism for understanding the effects of S CM injury on soybean. Other 

types of injury are known to influence plant development, however, the 

potential importance of phenological delays in mediating stress effects 

and stress interactions has not been previously recognized. 

By undertaking a comprehensive investigation into the total effects 

of a stress on a plant, we have been able to identify mechanisms and 

implications that would otherwise have gone unrecognized. In particular, 

describing physiological responses of plants and plant stands was central 

to identifying possible mechanisms for stress effects. Additional 
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studies characterizing the effects of biological stressors in various 

plant systems are needed to further improve our understanding of how 

biological stresses affect plants. 
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