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Supplementary Figure 1 Relationships between initial density (in ln scale) and Relative 
Interaction Index (RII) in simulated populations growing along a stress gradient. Source 
data are provided as a Source Data file. 
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Supplementary Figure 2 Relationships between survival rate and initial density for 
Arabidopsis thaliana grown along a salinity gradient in a greenhouse experiment. Panel 
A – D for salt = 0, 50, 100 and 150 mM, respectively. Data are presented as mean values 
+/- SEM. For the density gradient from 2 to 20 plants per pot, nsalt_0 = 25, 29, 17, 16, 15, 
15 and 16 independent pots, respectively; nsalt_50 = 20, 25, 13, 17, 16, 13, 16; nsalt_100 = 30, 
26, 15, 12, 14, 14, 13; nsalt_150 = 29, 30, 15, 16, 17, 12, 11. Source data are provided as a 
Source Data file.  
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Supplementary Figure 3 Relationships between seed production and initial density for 
Arabidopsis thaliana grown along a salinity gradient in a greenhouse experiment. Panel 
A – D for salt = 0, 50, 100 and 150 mM, respectively. Data are presented as mean values 
+/- SEM. For the density gradient from 2 to 20 plants per pot, nsalt_0 = 25, 29, 17, 16, 15, 
15 and 16 independent pots, respectively; nsalt_50 = 20, 25, 13, 17, 16, 13, 16; nsalt_100 = 30, 
26, 15, 12, 14, 14, 13; nsalt_150 = 29, 30, 15, 16, 17, 12, 11. Source data are provided as a 
Source Data file. 
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Supplementary Figure 4 Bayesian estimates of the Relative Interaction Index (RII; data 
are presented as mean and associated 95% credible set/confidence interval) of the 
averaged model and the full model. Panel A – D show the model simulations and n = 5 
independent samples for the density gradient from 2 to 8 at each stress level (stress = 0, 
0.45, 0.75 and 0.85 for Panel A – D, respectively); Panel E – H show the experiment and 
for the density gradient from 2 to 20 plants per pot, nsalt_0 = 25, 29, 17, 16, 15, 15 and 16 
independent pots, respectively; nsalt_50 = 20, 25, 13, 17, 16, 13, 16; nsalt_100 = 30, 26, 15, 
12, 14, 14; nsalt_150 = 29, 30, 15, 16, 17, 12, 11 (salt = 0, 50, 100 and 150 for Panel E – H, 
respectively). Magenta and green colors represent estimates based on the averaged and 
full model, respectively. Source data are provided as a Source Data file.  
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Supplementary Figure 5 Effects of different spatial distribution and interaction modes 
on RII–density relationships for simulated populations growing along a stress gradient. 
Ca = asymmetric competition; Cs = symmetric competition; Fa = asymmetric facilitation; 
Fs = symmetric facilitation. Panel A and B show the regularity and aggregation spatial 
pattern, respectively. Source data are provided as a Source Data file. 
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Supplementary Figure 6 Temporal dynamics of facilitation in the model simulations. 
Panel A and B show the RII–density relationship at every ten time steps under high (S = 
0.75) and extreme stress (S = 0.85), respectively; Panel C and D show changes of RII 
during the development of plants at different initial densities under high (S = 0.75) and 
extreme stress (S = 0.85), respectively. Source data are provided as a Source Data file.
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Supplementary Figure 7 Schematic illustration of interacting individuals (plant A, B 
and C with sizes m1, m2 and m3, respectively) in a zone-of-influence (ZOI) model. Plant 
A is the target individual and its ZOI can be separated into four parts: Ano (non-
overlapping area), Ao1 (A and B), Ao2 (A and C), Ao3 (A, B and C).
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Supplementary Table 1 Bayesian estimates of parameters and credible sets for the full model (density, stress and their interactions) 
predicting plant–plant interactions from density and stress. 
 

Simulations Experiment 
Parameters Estimate Credible 

sets 
Rhat ESS Parameters Estimate Credible 

sets 
Rhat ESS 

β0(Intercept) -0.55 (-0.58, -0.53) 1 10951 β0'(Intercept) -0.33 (-0.42, -0.24) 1 14945 
β1(D3) -0.14 (-0.18, -0.1) 1 14567 β1'(D3) -0.05 (-0.17, 0.07) 1 18695 
β2(D4) -0.22 (-0.26, -0.18) 1 15919 β2'(D5) -0.16 (-0.3, -0.03) 1 19857 
β3(D5) -0.25 (-0.29, -0.21) 1 15684 β3'(D7) -0.22 (-0.36, -0.08) 1 20490 
β4(D6) -0.3 (-0.34, -0.25) 1 15236 β4'(D10) -0.25 (-0.39, -0.11) 1 20935 
β5(D7) -0.32 (-0.36, -0.28) 1 15648 β5'(D15) -0.32 (-0.46, -0.18) 1 20912 
β6(D8) -0.35 (-0.4, -0.31) 1 15264 β6'(D20) -0.34 (-0.48, -0.2) 1 19612 
β7(S0.45) 0.38 (0.34, 0.43) 1 13134 β7'(S50) 0.08 (-0.05, 0.21) 1 17059 
β8(S0.75) 0.68 (0.63, 0.72) 1 13839 β8'(S100) 0.4 (0.28, 0.52) 1 17262 
β9(S0.85) 0.58 (0.54, 0.63) 1 13644 β9'(S150) 0.25 (0.13, 0.38) 1 16600 
β10(D3S0.45) -0.01 (-0.07, 0.05) 1 18199 β10'(D3S50) -0.01 (-0.19, 0.17) 1 20970 
β11(D4S0.45) -0.08 (-0.14, -0.03) 1 18206 β11'(D5S50) 0.06 (-0.14, 0.28) 1 23063 
β12(D5S0.45) -0.16 (-0.22, -0.11) 1 19022 β12'(D7S50) 0.08 (-0.12, 0.28) 1 23578 
β13(D6S0.45) -0.22 (-0.28, -0.16) 1 17955 β13'(D10S50) 0.08 (-0.12, 0.29) 1 23256 
β14(D7S0.45) -0.26 (-0.31, -0.2) 1 18377 β14'(D15S50) 0.04 (-0.17, 0.25) 1 23921 
β15(D8S0.45) -0.28 (-0.34, -0.22) 1 18009 β15'(D20S50) 0.05 (-0.16, 0.25) 1 21803 
β16(D3S0.75) 0.21 (0.16, 0.27) 1 18043 β16'(D3S100) 0.2 (0.03, 0.37) 1 21703 
β17(D4S0.75) 0.36 (0.3, 0.42) 1 18711 β17'(D5S100) 0.26 (0.07, 0.46) 1 23538 
β18(D5S0.75) 0.31 (0.25, 0.37) 1 19011 β18'(D7S100) 0.28 (0.08, 0.49) 1 25184 
β19(D6S0.75) 0.21 (0.15, 0.27) 1 18916 β19'(D10S100) 0.18 (-0.02, 0.38) 1 24584 
β20(D7S0.75) 0.11 (0.05, 0.17) 1 18873 β20'(D15S100) 0.16 (-0.04, 0.36) 1 24392 
β21(D8S0.75) 0 (-0.06, 0.06) 1 18697 β21'(D20S100) 0.14 (-0.06, 0.34) 1 24587 
β22(D3S0.85) 0.19 (0.13, 0.25) 1 18443 β22'(D3S150) 0.1 (-0.06, 0.27) 1 20799 
β23(D4S0.85) 0.66 (0.6, 0.72) 1 18784 β23'(D5S150) 0.46 (0.27, 0.66) 1 22234 
β24(D5S0.85) 0.87 (0.81, 0.93) 1 19422 β24'(D7S150) 0.58 (0.38, 0.78) 1 24667 
β25(D6S0.85) 0.88 (0.82, 0.94) 1 18849 β25'(D10S150) 0.53 (0.34, 0.73) 1 24147 
β26(D7S0.85) 0.84 (0.78, 0.9) 1 19260 β26'(D15S150) 0.46 (0.25, 0.67) 1 24466 
β27(D8S0.85) 0.74 (0.68, 0.79) 1 18111 β27'(D20S150) 0.45 (0.24, 0.66) 1 23908 
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Supplementary Table 2 Abbreviations for variables in the individual-based model 
(IBM).   
 

Symbol Definition Unit 

A area of the circular zone-of-influence (ZOI) cm2 

Af effective area with respect to facilitation  cm2 

Ah cross-sectional area of heartwood at the 
ground base 

cm2 

Ano  non-overlapping area of the target individual cm2 

Aoi  the ith overlapping area cm2 

B0 constant for a given taxon, Bl = B0m3/4 W/g3/4 

Bl    total incoming rate of light energy W 

Bc average metabolic rate of a living cell W 

C normalization constant, Bl = CA W/cm2 

C0 normalization constant, A = C0m
3/4 cm2/ g3/4 

Em metabolic rate for building one unit of new 
tissue (per unit time) 

Wg-1day-1 

H height, i.e. the length of the plant stem  cm 

Ic index for competition (resource) in the IBM dimensionless 

If index for facilitation (stress) in the IBM dimensionless 

M theoretical maximum body size of plants g 

Nc  number of living cells of plants dimensionless 

r rate of building biomass per unit area and 
time, r = a/C0  

mg cm-2 day-1 

S intensity of stress dimensionless 

Vh volume of heartwood of woody plants cm3 

a  constant for a given taxon, a = B0/Em, g1/4/day 

b  constant, b = Bc/(mcEm) day-1 

b’ constant, b’ = b – b1 dimensionless 

b1 normalization constant, mdead = b1m dimensionless 

dh density of heartwood g/cm3 

k  k plants cover in a certain overlapping area  dimensionless 

m total biomass of plants g 

mc average mass of a living cell g 

mdead biomass of dead tissue: mainly heartwood in 
the stem 

g 

mlive biomass of live tissues g 

n  number of overlapping areas for the target 
individual 

dimensionless 

p degree of size-symmetry of competition, 
ranges from 0 to ∞ 

dimensionless 

q degree of size-symmetry of facilitation, 
ranges from 0 to ∞ 

dimensionless 
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Supplementary Table 3 Variables used in the model simulations.   
 

Variable Definition (unit) Values  

S Stress level:  proportional reduction in 

incoming energy per unit of ZOI compared 

to a non-stress scenario (dimensionless 

proportion) 

0, 0.3, 0.45, 0.6, 0.75, 0.8, 

0.85, 0.9  

Density Number of individuals in the entire grid 

(number) 

2 to 7 on logarithm scale (8 – 

1089 individuals) 

p Mode of competition (continuous variable, 

dimensionless) 

1 (symmetric) or 

2(asymmetric) 

q Mode of facilitation (continuous variable, 

dimensionless) 

1 (symmetric) or 

2(asymmetric) 

Spatial pattern Initial distribution of individuals (category) random, regular and 

aggregated 

m Plant biomass (mg) initial biomass 2 ± 0.2  

M Theoretical maximum mass (mg) 2×106 ± 2×105 

r Intrinsic growth rate (mg cm-2 day-1) 3 ± 0. 3  

A Area of Zone Of Influence (cm2) m3/4  
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Supplementary Methods  

The Supplementary Method (below) is the detailed description of the mathematical 

models and it includes: 1) the derivation of the growth equation describing the potential 

growth rate of single plants; 2) the individual-based model (IBM) by incorporating 

competition and facilitation explicitly; 3) an illustration for our approach to including 

both facilitative effect and response in the model; 4) an example for the specific 

calculation of the model; and 5) details about the model simulations.  

The growth equation is based on a commonly adopted general energy 

conservation Equation (1-3):  

�� = ���� + ��
��

��
               (1) 

where Bl denotes the total incoming rate of light energy flow (gross photosynthetic rate), 

Bc is the average metabolic rate of a living cell, Nc is the number of living cells and Em 

represents the energy required for building one unit of new biomass per unit of time 

(differences among cells and tissues are ignored, see also Supplementary Table 2 for 

abbreviations). This equation reflects the idea that the total metabolic energy can be 

divided into two parts: one fraction is used to build and store new biomass (i.e. growth), 

and the remaining fraction is used to maintain existing tissues (2).  

Non-woody and woody plants differ in the allocation of energy to these two types 

of processes, as the latter consist of both live and dead tissues. For example, foliage, fine 

roots and sapwood are usually live tissues, whereas the heartwood in the woody stem is 

dead and does not require metabolic energy for maintenance (1, 4). Therefore, the growth 

rate of total biomass (dm/dt) is the sum of two terms: one which denotes the rate of 

transition of live to dead biomass (dmdead/dt), and a second one which denotes the net 

increase of biomass of live tissues (dmlive/dt): 

��

��
=

������

��
+

������

��
          (2) 

where mlive = mcNc. The allometric relationship between the entire metabolic rate and 

body size is usually modelled as: Bl = B0m3/4, where B0 is constant for a given taxon and 

the 3/4 exponent is derived and well supported by many empirical studies (5-9).  

Then, Equation (1) can be rewritten as:  



 

 

4 
 

��

��
=

��

��
��/� −

��

����
(� − �����)       (3) 

Considering that we used an annual species in our greenhouse experiment (Arabidopsis 

Thaliana), biomass of dead tissues mdead is 0 and the growth equation can be written as: 

��

��
= ���/� − ��         (4) 

where a = B0/Em, b = Bc/(mcEm).  

Although we focus on non-woody plants in our experiment, the growth equation 

could actually be easily expanded and applied to woody plants, too. For example, dead 

tissues (mostly heartwood) in woody plants are usually modeled as a cone (4, 10) and its 

volume can be approximately calculated as Vh = 1/3×AhH, where Ah denotes the cross-

sectional area of heartwood at the ground base and H is the length of the stem. Because 

the radius of the stem r ∝ m3/8 and H ∝ m1/4 (6, 11), we obtain the following scaling 

relationship: Vh∝ 1/3×m(3/8)×2 m1/4∝ m. We assume that the density of the heartwood dh 

is a species-specific constant, therefore, mdead = dhVh ∝ m = b1m (b1 is a normalization 

constant). Then the growth equation for woody plants can also be expressed as:  

��

��
= ���/� − �′�           (5) 

where b’ = b – b1. The structure of Equation (4) and (5) is similar to the general growth 

equation for animals (2), although the details of the parameters are different. 

In the equations, the term representing maintenance (bm or b’m) always increases 

faster than the term of total incoming energy (am3/4) taking into account that growth is 

not unlimited. Thus, all metabolic energy will eventually be allocated to sustain live 

issues when plants reach their maximum body size (M). Taking dm/dt = 0 gives M = 

(a/b)4 or M = (a/b’)4. Thus, both Equation (4) and (5) can be rewritten as: 

��

��
= ��

�

� �� − �
�

�
�

�

�
�        (6) 

Consistent with empirical evidence (12), Equation (6) describes a sigmoidal growth of 

biomass. In stressful environments, we assume that the incoming energy (am3/4) will be 

strongly decreased compared to benign environments because photosynthesis is the most 

fundamental physiological process in green plants and may be limited by almost all stress 
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factors (13). The growth equation in stressful environments can therefore be expressed 

as:  

��

��
= ��

�

� �� − � − �
�

�
�

�

�
�        (7) 

where S indicates the intensity of stress (the fraction of reduction in  incoming energy 

caused by stress). For instance, S = 0.3 indicates that a plant in a stressful environments 

obtains 30% less energy than in benign conditions. S ranges from 0 (no stress) to 1 

(extreme stress, plants cannot obtain any resource at all) but plants may stop growing 

when 1 – S = (m/M)0.25, i.e., the available energy can only be used to sustain live issues.  

 
In order to investigate plant-plant interactions, the above growth equation was 

then combined with the zone-of-influence (ZOI) method. In a spatially-explicit ZOI 

model, each individual covers a circular zone in a two-dimensional space that can be 

understood as the physical zone where plants obtain resources and thus decrease resource 

availability for potential neighbors (14, 15). The area of this zone (A) reflects the 

maximum amount of energy and/or resource available for plants. Therefore, the total 

incoming rate of energy (Bl) will scale as A: Bl ∝ A = CA, where C is a constant and 

denotes the energy that a plant can obtain per unit area and time. Because Bl is 

allometrically related to plant biomass (Bl = B0m3/4), we can derive the relationship 

between A and plant biomass as follows: A = C0m3/4, where C0 = B0/C. Therefore, in the 

ZOI model, Equation (7) can be re-written as:  

��

��
= �� �� − � − �

�

�
�

�

�
�        (8) 

where r = C/Em, is the rate of biomass increase per unit area and time, i.e. the intrinsic 

growth rate (in units of mass∙area-1∙time-1). In the ZOI model, neighboring plants interact 

with each other in areas where their ZOIs overlap. Including plant-plant interactions as 

two dimensionless indices (Ic for competition and If for facilitation) into Equation (8) 

leads to: 

��

��
= �� �(� − ���)�� − �

�

�
�

�

�
�       (9) 

This equation is the main one underlying our model (see below, details of model). 
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In Equation (9), Ic represents the proportion of available resources when an 

individual competes with neighbors: 

�� =
��

�
=

����∑
��

∑ �
�
��

���

�
��� ���

�
        (10) 

where Ac is the effective area for resource acquisition and is calculated as the sum of non-

overlapping area and the fraction of resources they can achieve in overlapping zones. Ano 

is the non-overlapping area of the target individual while n refers to the number of 

overlapping zones. Aoi is the area of ith overlapping zone and k denotes that the ith 

overlapping area is occupied by k plants. The division of Aoi is determined by the 

parameter p, which reflects the degree of size-symmetry of competition (16). It ranges 

from 0 (completely symmetric, all plants share the resource equally regardless of their 

sizes) to ∞ (completely asymmetric, the larger individual obtains all resource). 

Specifically, p=1 represents size-symmetric competition, i.e., the overlapping area 

(contested resource) is divided proportionally to the size of overlapping individuals and 

associated ZOIs. 

In harsh conditions, the area of ZOI is also related to the stress that limits the 

plants, and in overlapping ZOIs, neighbours can potentially alleviate stress. Similarly, If 

represents the proportion of realized stress for plants when neighbors are present: 

�� = � −
��

�
= � −

∑ (��
��

∑ �
�
��

���

)���
�
���

�
       (11) 

where Af indicates the effective facilitative area of neighbors (stress that is ameliorated by 

neighbors). Accordingly, Af/A can be understood as the fraction of stress relieved by 

benefactors. Likewise, Af is calculated as the sum of the effective facilitative area in each 

overlapping ZOI, which is determined by the parameter q. This parameter reflects the 

symmetry of facilitation (17) and it also ranges from 0 (completely symmetric, all plants 

contribute equally to stress amelioration irrespective of their size) to ∞ (completely 

asymmetric, only the larger plants suffer from stress and contribute to habitat 

amelioration). Specifically, p = 1 represents size-symmetric facilitation, i.e., plants are 

stressed proportionally to their size (18). An example for calculating Ic and If is provided 

below (see section 4). 
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As a pairwise interaction, facilitation depends on two aspects: the stress amelioration 

by benefactors (facilitative effect) and the sensitivity of beneficiaries to this stress 

amelioration (facilitative response). In our model, Af indicates the alleviated stress by 

neighbors and is determined by the size of the overlapping areas and how they are 

divided (i.e., the mode of facilitation). In harsh conditions, stress is homogeneous across 

space, i.e., the proportional reduction in incoming resource per unit area is identical. The 

size of ZOI (A) actually reflects the ‘quantity of stress’ experienced by the individual and 

is thus key to determining sensitivity to stress mitigation. Specifically, the larger A, the 

more benefit is necessary for improving severe environmental conditions. Therefore, 

even if two conspecific individuals receive the same benefit, the smaller one will 

experience stronger facilitation because the benefit is relatively greater for its size (see 

Fig.5 in main text).  

To reflect the influence of facilitation on plant performance, including facilitative 

effect and response should be equally important. However, all of the few previous models 

used the term S/(1+ Af) to model how stress and facilitation affect plant growth (18-20). 

For a given stress level, this term is only determined by facilitative effect which is 

proportional to the area covered by the benefactor (Af), but the size of the beneficiary and 

thus its sensitivity is neglected. An example is illustrated in Fig.5 in the main text where 

plant A and B which differ in their ZOI (i.e. here: facilitative response) receive exactly 

the same absolute benefit, e.g. as shading from high radiation, from benefactor X (Afa = 

Afb). The plant with the small ZOI will not suffer from radiation at all while only 50% of 

the stress is alleviated for B. However, when we adopt the approach of the previous 

models, the influence of stress amelioration is the same for both beneficiaries (S/(1+ 

Afa)= S/(1+ Afb)). This is obviously not realistic and conflicts with empirical evidence. In 

fact, recent studies have already found that larger individuals often have lower sensitivity 

to environmental changes, thus reducing benefits of habitat amelioration by neighbors. In 

other words, smaller plants respond more positively to stress amelioration (21-23). 

Another problem of all previous models is that by ignoring the size-dependence of 

facilitative response, the units on the two sides of the equations are not identical. More 

specifically, due to ignoring the sensitivity (determined by A, the unit of which is area), 

the unit of Af  (i.e., area) is not balanced in the term S/(1+ Af). Therefore, the unit on the 
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left side of the equation is mass∙time-1 while the unit on the right side is mass∙time-1∙area-1 

(see Equation (3) in Lin et al. 2012) or even more complicated (mass·time-1· (area-1 – 

mass0.5·area-2), see Equation (3) in Chu et al. 2008). More importantly, simulations based 

on these models showed that the interaction intensity-density curve simply moves upward 

or even to the left (results not shown). This apparently conflicts with basic reasoning but 

also with the pattern we observed in the parallel greenhouse experiment (i.e., a rightward 

shift, see main manuscript). This indicates that such models may be seriously flawed and 

that our approach is superior to previous ones. 

Here, we used a novel term SIf = S(1- Af/A) in the main equation to represent the 

influence of facilitation. Then the actual stress for plant A and B in our example (Fig.5 in 

the main text) is S(1- Afa/Aa) = 0 and S(1- Afb/Ab) = 0.5S, respectively. This term is 

obviously more realistic because it can integrate both facilitative effect of benefactors and 

sensitivity of beneficiary plants. Most importantly, including both effect and response 

yields identical units of both sides of the equation (mass∙time-1 on both sides). This 

mathematically correct model also fits very well with the experimental results as well as 

with ecological reasoning. 

In terms of plant A (Supplementary Fig.7), competition and facilitation co-occur in 

the overlapping areas Ao1, Ao2 and Ao3. Then the resource (proportional to the effective 

area) it can achieve in each area is calculated as follows: 

��
�

∑ ��
��

���
��� =  

��
�

��
�

 � ��
� ��� (for Ao1) 

��
�

∑ ��
��

���
��� =  

��
�

��
�

 � ��
� ��� (for Ao2) 

��
�

∑ ��
��

���
��� =  

��
�

��
�

 � ��
�

���
� ��� (for Ao3) 

Ac is the sum of non-overlapping area (Ano) and of area it can cover in Ao1, Ao2 and Ao3. 

Therefore, the index for competition (Ic) is calculated as: 

�� =
��

�
=

���� 
��

�

�
�
�

 � �
�
�����

��
�

�
�
�

 � �
�
�����

��
�

�
�
�

 � �
�
�

��
�
����

�
  

Similarly, the effective area covered by neighbors (the stress relieved by 

neighbors, i.e. benefits they can provide) in each area is calculated as follows:   
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�� −
��

�

∑ ��
��

���
� ��� =

��
�

��
�

 � ��
� ��� (for Ao1) 

�� −
��

�

∑ ��
��

���
� ��� =

��
�

��
�

 � ��
� ��� (for Ao2) 

�� −
��

�

∑ ��
��

���
� ��� =

��
�

���
�

��
�

 �  ��
�

 ���
� ��� (for Ao3) 

Af is the sum of these effective areas and the index for facilitation (If) is calculated as: 

�� = � −
��

�
= � −

��
�

��
�

 � ��
�����

��
�

��
�

 � ��
�����

��
�

���
�

��
�

 � ��
�

���
����

�
  

The model was simulated in Netlogo (24). To simplify the calculation of effective 

areas, we used discrete patches (200 × 200 grid cells) to mimic a continuous two-

dimensional space (15, 18). A torus was used to avoid edge effects (25). In the 

simulations, the process of plant growth was reflected as increasing areas of ZOIs over 

time. Growth followed the main equation, i.e. Equation (9), which means growth is 

determined by resource availability, competition intensity, abiotic stress intensity and 

facilitation intensity. Values of variables in Netlogo (Supplementary Table 3) were based 

on previous studies (18) and our preliminary simulations. To facilitate the interpretation 

of the results, conventional units were assigned to measures of biomass, growth rate and 

area (Supplementary Table 3).  

In the simulations, we explored density (seven levels: from 2 to 8 on a ln scale); 

stress (eight levels: from 0 to 0.9), spatial pattern (random, regular and aggregated), and 

different modes of competition and facilitation. In the ‘Results’ of the main manuscript, 

we show only one scenario (the one most similar to the experiment), as the overall 

patterns were essentially the same. Specifically, we selected four stress levels (0, 0.45, 

0.75, 0. 85), random spatial pattern, symmetric competition (p = 1) and symmetric 

facilitation (q = 1) for the main text because these settings were similar to our greenhouse 

experiment, e.g., with rosette plants and salt stress, competition and facilitation were 

more prone to be symmetric. The results of the other simulation scenarios can be found in 

Supplementary Fig.1 and 5 and they indicate no qualitative difference to the findings 

shown in the main text. For simulations focusing on RIIs and density, we collected data 

every ten time steps and present results after 50 steps because the interaction-density 
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relationships developed more strongly over time and stabilized after approx. 40 time 

steps. Moreover, the model has a defined growth rate for each individual. Thus, by 

recording changes of RIIs as plant sizes increased, we were able to look at whether plant 

size can affect the intensity of facilitation and how this was determined by the stress-

gradient and by density simultaneously. To do so, we ran additional simulations to collect 

data of the mean biomass of populations under relatively high stress (S = 0.75 and 0.85) 

at each time step. Results including size can be seen in Supplementary Fig.6. They 

indicate that RIIs generally increased with size (biomass) while increased densities 

compensated for smaller size and reduced facilitation.  

Values for intrinsic growth rate, initial plant biomass, and theoretical maximum 

plant biomass were randomly chosen from the intervals in Supplementary Table 3 to 

simulate natural variation among individuals. Individuals whose growth rate fell below a 

certain threshold (5% of m3/4) were considered to be dead (17), i.e. they were unable to 

increase their ZOIs. To mimic our experiment where all individuals were harvested at the 

end of the experiment, we did not remove these dead plants until the end of each 

simulation. This also reflects better a natural situation, where e.g. shading can also be 

imposed by dead plants. It should be noted that the results were qualitatively similar to a 

scenario where dead plants were removed. 
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