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Abstract: A plant’s capacity to compensate for pest damage as a function of resource availability needs to be predictable in order to 
apply biocontrol agents effectively. In this research, it was hypothesized that a weedy plant species’ capacity to compensate for 
defoliation is related to how resource availability affects a plant’s growth trajectory. Growth rate trajectory is defined as the percent 
change in relative growth rate or the slope of a plant’s relative growth rate. 90 Abutilon theophrasti, a common weed species, in 
cultivated fields of corn and soybean, grew in a greenhouse for 70 d under three nitrogen (N) fertilization treatments. “Unfertilized” 
plants were not fertilized, “bulk” fertilized plants received 0.6 g N on day 15 and “exponential” fertilized plants received a total of 
0.6 g N supplied at an exponential rate of 10% per day with a starting concentration of 0.02 g N on day 15. On day 25, 15 plants in 
each N treatment had 75% of total leaf area removed. Biomass and reproductive compensation were determined after 50 d and 70 d 
of growth. Results showed that bulk plants had the greatest absolute growth, but also the greatest decline in growth rates and the least 
capacity for compensation. Unfertilized plants had the lowest absolute growth, but declines in growth rates were similar to bulk 
plants with only a slightly greater compensatory capacity. Exponential plants had intermediate absolute growth, but the least decline 
in growth rates and the greatest capacity for compensation. This experiment indicates that a plant’s growth rate trajectory, and not 
high or low relative growth rates or N availability per se, can be used to predict a weedy plant’s capacity to compensate for herbivory, 
and has implications for biocontrol of weedy species. 
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1. Introduction 

Predicting plant compensation responses for 

herbivore damage is complicated by variability in 

nutrient availability [1], but is required to understand 

the interaction between crops and weed species when 

biocontrol is used to reduce the negative effects of a 

weed [2]. It has been commonly assumed that plants 

growing in high rather than low nutrient conditions 

are better able to compensate for herbivory [3], 

because replacing a fixed amount of herbivory 

requires a larger fraction of the net production of a 

plant at low rather than high nutrient availability [4]. 
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However, a number of studies have shown greater 

compensatory growth and/or reproduction in plants 

growing at low rather than high nutrient availability 

[3]. Hypotheses, such as the “compensatory 

continuum hypothesis” [5] suggest that this occurs 

because plants growing in high resource conditions 

are more likely than plants growing in low resources 

conditions to be growing at or near their potential 

maximum relative growth rate (RGR), so any increase 

in RGR to compensate would be less at the high than 

that at low resource condition.  

One explanation for the opposite predictions 

presented above is that endogenous and exogenous 

factors that affect compensatory growth and 

reproduction are taxon specific [3]. Another 
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explanation is that nutrient availability affects 

compensatory growth as a function of the rate of 

change in growth rate. Because biological control of a 

weed species must consider the fertilization regime 

being used for growing the crop [2, 6], compensatory 

responses of the weed need to be predictable.  

The RGR of a plant describes the rate at which 

biomass is accumulated on a daily basis as a 

proportion of the total plant biomass. The growth rate 

trajectory of a plant is a combination of the magnitude 

of RGR and the direction (slope of RGR vs. time) of 

RGR. Because RGRs are driven by the supply of N in 

relation to the growth demands set by plant size (the N 

supply and demand ratio) [4], plants with negative 

growth rate trajectory have a declining N supply 

relative to demands of growth. Abutilon theophrasti 

was used to test the hypothesis, because it causes 

significant economic loss and is often controlled by 

insects [7, 8]. This study was conducted to test the 

hypothesis that plants with a negative growth rate 

trajectory have a diminished capacity to compensate 

for damage.  

2. Materials and Methods 

A. theophrasti seeds were obtained from Caribbean 

Garden (Pottstown, PA, USA) and grown for 70 d in 

the Missouri State University greenhouse in 6%-70% 

Canadian sphagnum moss with perlite, vermiculite 

and dolomite limestone (SunGrow, Agawam, MA, 

USA) in 1 L pots. Three N-addition treatments were 

utilized: “unfertilized”, “bulk” fertilized (6 g N all on 

day 15) and “exponential” fertilized (N supplied at an 

increasing rate 10% per day with initial N = 0.02 g 

and total N = 6 g). Seventy five percent of total leaf 

area was removed using scissors on day 25 (20 d prior 

to flowering). Five periodic harvests for biomass 

occurred every 10-15 d, and measurements of leaf 

area every 4-10 d. The growth rates were calculated as 

Eq. (1):  

 

 

Growth rate = [(lnx2 – lnx1)/(t2 – t1)]      (1) 

where, x is biomass or leaf area at time t1 or t2, 

respectively. Growth rate trajectories were derived by 

fitting third order polynomials to ln leaf area over time 

and solving the equation for the second derivative. 

Relative compensation was defined by the percent 

difference between defoliated and control (not 

defoliated) for a given growth or reproductive variable. 

A two-way analysis of variance (ANOVA) was used 

to test significant difference in means of all growth 

and reproduction variables followed by pairwise 

comparisons of means (Tukey’s test).  

3. Results 

The ability of A. theophrasti to compensate for 75% 

defoliation was related to growth and reproduction 

(Table 1, Fig. 1). Unfertilized and bulk fertilized 

plants were not able to compensate for defoliation, 

and growth rates were reduced by 30% and 33%, 

respectively. Growth of exponentially fertilized plants 

was reduced only by 7%. Patterns in total biomass, 

total reproductive mass and reproductive allocation 

were similar. For example, total reproductive mass 

was reduced by 58% in unfertilized plants, 68% in 

bulk fertilized plants, but only 7% in exponentially 

fertilized plants. Reductions in bulk fertilized plants of 

total biomass, flower and pod mass, and seed mass 

were statistically significant, but for unfertilized and 

exponentially fertilized were only significant for seed 

mass (Fig. 1). 

The ability of exponential plants to compensate for 

75% defoliation was clearly related to relative  

growth rates and the rates of change in leaf area 

growth rates (i.e., growth rate trajectories) (Fig. 2). 

The decline in growth rate over the time period of 

growth in undefoliated plants was the greatest in bulk 

fertilized plants (Fig. 2) and was clearly related to 

significant reduction in growth and reproductive mass 

(Fig. 1). 
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Table 1  Effects of N supply on ability of plants to compensate for defoliation. 

N supply treatment 
Compensatory ability (% difference from undefoliated plants) 

Change of RBGR 
(%) 

Slope of RLAGR 
(cm2/d) 

Total biomass
(g) 

Total reproductive 
mass (g) 

Seed mass  
(g) 

Reproductive allocation
(g/g) 

Unfertilized -30 -0.000420 -48 -58 -42 -18 

Bulk -33 -0.000520 -41 -68 -58 -35 

Exponential -7 -0.000012 -5 -7 -34 -8 

RBGR: relative biomass growth rates; RLAGR: relative leaf area growth rates.  
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Fig. 1  The effect of N supply and defoliation treatment on biomass after 50 d of growth (a), and total reproductive mass (b) 
and seed mass (c) after 70 d of growth.  
Bars are means ± standard error (n = 6). Letters that are the same above bars indicate no significant difference in means (P < 0.05, 
Tukey’s test). 
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Fig. 2  The effect of N supply on relative biomass growth rates (a), relative leaf area increment rates (b) and leaf area growth 
rate trajectories (c) (slope of RLAGR) for undefoliated plants.  
RLAGR: relative leaf area growth rates. In Fig. 2a, bars are means ± standard error (n = 6), in Fig. 2b and 2c, points are means ± 
standard error (n = 12).   
 

4. Discussion 

Compared to a low resource level (0 g N), a high 
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were not significantly affected by defoliation. The 

results of this study provide a potential solution to the 

difficulty of controlling soil nutrient dynamics that 

support crop growth over weed growth, which have 

been identified by Wortman et al. [2]. Given that 

compensatory growth in weeds can negate the effects 

of biological control agents [9], this study illustrates a 

mechanism and growth variables that need to be 

measured to predict compensatory responses in weed 

species as a function of environmental resource levels. 

The relative growth rate trajectory in A. theophrasti 

was clearly related to relative compensatory ability. 

Bulk and unfertilized plants had the fastest decreases 

in relative biomass growth rates (RBGR) and relative 

leaf area growth rates (RLAGR) and the least 

capacities to compensate, while exponential plants had 

the slowest decrease in relative biomass growth rates 

and relative leaf area growth rates and the greatest 

capacity to compensate. Therefore, compensatory 

growth responses can be predicted by knowing how 

resource supply affects growth rate trajectories. Plants 

with the greatest decrease in rate of change in relative 

growth through time (e.g., most negative slope of 

relative growth rate) have the least ability to 

compensate. This hypothesis can be tested in the field 

with biocontrol agents as a means of decreasing the 

negative effects of weed species, via competition for 

resources, on crop species. The results do not 

necessarily contradict the limited resource model of 

plant compensatory responses [10], or the 

compensatory continuum hypothesis [5], but rather 

provide a reason that variables, such as net assimilation 

rate and leaf area ratio, are related to compensatory 

responses, and why compensatory growth is not always 

positively related to resource level [11].  

5. Conclusions  

This study was carried out to better understand the 

compensatory growth of weed species as a function of 

resource supply in cropped systems, and relate directly 

to the use of biocontrol agents for controlling A. 

theophrasti. The results suggest that biocontrol 

methods for weeds need to consider both the amounts 

and timing of fertilization in a way that optimizes N 

fertilizer rates to increase competitive advantage of 

crop species. Most significantly, the study shows that 

a plant’s relative growth trajectory better predicts the 

compensatory responses in plants than the amount of 

nitrogen supplied, and how nitrogen supply can be 

modified to meet various management need. 
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