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A successive time-to-event model of phyllochron dynamics for hypothesis testing -

application to the analysis of genetic and environment effects in maize

S. Plancade, E. Marchadier, S. Huet, A. Ressayre, C. Noûs, C. Dillmann

A Monte Carlo Expectation Maximization Algorithm
In this section, we consider a given genotype lsg (or higher level genotypic group) and a given
year y, so the indexes lsg and y are omitted. For a plant p, let (tp,1, . . . , tp,Np) be the monitoring
time points (with sowing at t = 0) and Xp,j the number of leaves of plant p at time tp,j . For each
plant and leaf rank, the observations indicate that leaf f appeared some time between the last
observation date when the plant had at most (f − 1) leaves, and the first observation date when
the plant had at least f leaves. We denote by νp,f and τp,f these two dates, respectively:

νp,f =

{
max{tp,j , j s.t. Xp,j ≤ f} if min(Xp,j) ≤ f
0 otherwise

τp,f =

{
min{tp,j , j s.t. Xp,j > f} if max(Xp,j) > f
+∞ otherwise

The likelihood of the observations involves an integral of dimension fmax−fmin + 1, thus direct
maximization is intractable. Consequently, we used a Monte-Carlo Expectation Maximization
algorithm, where the complete data (unobserved) are Hp = (Hp,f )p=1,...,n,f=fmin,...,fmax

• Initialization. Proxies of {Hp,f}p,f are computed as:

Ĥp,f =
1

2
(νp,f + τp,f ) , f = fmin, . . . , fmax

for all (p, f) such that νp,f > 0 and τp,f <∞, and the initial values of µf and σf are inferred
as robust estimators of proxy-based mean and variance.

• Monte-Carlo E-step. Let Θ(m) = (µC,(m), σC,(m), µ
(m)
f , σ

(m)
f )f=fmin+1,...,fmax be the current

value of the parameters. For each p a sample (H
(m)
p,r )r=1,...,N is generated from the conditional

distribution:

PΘ(m) [Hp|Hp,f ∈ [νp,f + τp,f ), f = fmin, . . . , fmax]

namely a truncated multivariate Gaussian distribution. The computation time of classic re-
jection methods dramatically s with dimension, however specific tools are available for multi-
variate normal distributions. We used the R package TruncatedNormal (Botev and Belzile,
2020), which is well adapted when the truncated region is in the tail of the distribution.

• M-step. For f = fmin + 1, . . . , fmax, let Y
(m)
p,r,f = H

(m)
p,r,f − Y

(m)
p,r,f−1. The new value of the

parameters Θ(m+1) maximizes

fmax∑
f=fmin+1

(
n∑
p=1

N∑
r=1

log φµf ,σf
(Y

(m)
p,r,f )

)
+

n∑
p=1

N∑
r=1

log φµC
fmin

,σC
fmin

(H
(m)
p,r,fmin

) (1)

with φµ,σ the density of the normal distribution of mean µ and standard deviation σ. This
problem is equivalent to a simple maximum likelihood estimation of a multivariate Gaussian
distribution with a diagonal covariance matrix, thus:
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µ
(m+1)
f =

1

nN

n∑
p=1

N∑
r=1

Y
(m)
p,r,f , f = fmin + 1, . . . , fmax (2)

µC,(m+1) =
1

nN

n∑
p=1

N∑
r=1

H
(m)
p,r,fmin

(
σ

(m+1)
f

)2

=
1

nN

n∑
p=1

N∑
r=1

(
Y

(m)
p,r,f

)2

−
(
µ

(m+1)
f

)2

, f = fmin + 1, . . . , fmax

(
σC,(m+1)

)2

=
1

nN

n∑
p=1

N∑
r=1

(
H

(m)
p,r,fmin

)2

−
(
µC,(m+1)

)2

The algorithm is iterated until stabilization of the parameters.

B Parametric sub-models
For each genotype lsg and year y, we considered the following parametric models for the average
interval times between leaves µy,lsg,f lsg

min+1, . . . , µy,lsg,fy,lsg
max

as a function of leaf rank:

• Constant: µy,lsg,f = ay,lsg, ∀f = fy,lsgmin + 1, . . . , fy,lsgmax (mod-ct)

• Linear: µy,lsg,f = ay,lsg × f + by,lsg, ∀f = fy,lsgmin + 1, . . . , fy,lsgmax (mod-lin)

• Piecewise constant: µy,lsg,f = alsg + by,lsg1If>κ, ∀f = fy,lsgmin + 1, . . . , fy,lsgmax , for κ = fmin +
2, . . . , fmax − 2 (mod-pct(κ))

• Piecewise linear: µynlsg,f = ay,lsg+by,lsg(f1If≤κ+κ1If>κ)+cy,lsg(f−κ)1If>κ, ∀f = fy,lsgmin +
1, . . . , fynlsgmax , for κ = fmin + 3, . . . , fmax − 3 (mod-plin(κ))

In order to test the classic hypothesis of a constant leaf appearance rate, which corresponds
to (mod-ct), we compared the (mod-lin), (mod-pct(κ))), (mod-plin(κ)) models with (mod-ct) for
each genotype. First, (mod-ct) was compared to all parametric models and to the complete model
using a χ2-likelihood ratio test ; if all p > 0.01, (mod-ct) is selected; otherwise, the parametric
model with the highest AIC among the models with p < 0.01 is selected.

Monte Carlo EM algorithm for the parametric sub-models. In this section, the indexes
y and lsg are omitted. The parametric models we considered are equivalent to imposing a linear
constraint:

Bq(µfmin+1, . . . , µfmax) = 0

with Bq a q × s-matrix, s = fmax − fmin and q < s. The parameter µC is unconstrained.

• Constant model (mod-ct):

Bq =


1 −1 0 · 0
1 0 −1 · 0

· · ·
1 0 · 0 −1


• Linear model: Bq is the (s− 2)× s matrix such that for every j > 2 Bq[j − 2, 1] = j − 2

Bq[j − 2, 2] = 1− j
Bq[j − 2, j] = 1

and the other coefficients are zero.

2



• Piecewise constant (mod-pct(κ)): let κ′ = κ− fmin, then Bq is the (s− 2)× s matrix with,

Bq[j − 1, 1] = 1, Bq[j − 1, j] = −1 if j = 2, . . . , κ′

Bq[j − 1, s] = 1, Bq[j − 1, j] = −1 if j = κ′, . . . , s− 1

and the other coefficients are zero.

• Piecewise linear: let κ′ = κ− fmin

Bq is the (s− 3)× s matrix such that for every 2 < j ≤ κ′ Bq[j − 2, 1] = j − 2
Bq[j − 2, 2] = 1− j
Bq[j − 2, j] = 1

and for every κ′ + 1 < j ≤ s 
Bq[j − 2, 1] = κ− 2
Bq[j − 2, 2] = 1− κ
Bq[j − 2, j] = 1
Bq[j − 2, κ] = j − κ
Bq[j − 2, κ+ 1] = κ− j

and the other coefficients are zero.

The Monte-Carlo E-step is identical to having an unconstrained µ. The M-step corresponds
to the maximum likelihood estimation problem from a multivariate Gaussian distributed sample
under linear constraints on the mean, which admits an explicit expression as follows (Zoppé et al.,
2001). Let Bs−q be any matrix such that

B =

(
Bs−q
Bq

)
is invertible. Then, let

S(m) =
1

nN

n∑
p=1

N∑
r=1

B(Ỹ(m)
p,r − Ỹ

(m)

)(Ỹ(m)
p,r − Ỹ

(m)

)tBt =

(
Ss−q,s−q Ss−q,q
Sq,s−q Sq,q

)

where Ỹ
(m)
p,r = (Y

(m)
p,r,f )f=fmin+1,...,fmax

, Ỹ = (1/nN)
∑n
p=1

∑N
r=1 Ỹp,r, and Sa,b are submatrices of

S with dimension a× b. Let Ỹs−q (resp. Ỹq) be the subvector of Ỹ with the s− q first (resp. the
q last) coordinates of Ỹ, then

(µ
(m+1)
fmin+1, . . . , µ

(m+1)
fmax

) = B−1

(
Ỹs−q − S−1

q,qSs−q,qỸq

0

)
Finally, (µC,(m+1), σC,(m+1), σ(m+1)) are given by equation (2).

C Are genotypic group effects due to differences in the average phyl-
lochron?

Phyllochron differences between genotypic groups (genotypes, selection populations or inbred lines)
could originate from differences in the average phyllochron (µC , µ) and/or in the standard deviation
(σC , σ). In this subsection, we describe the additional comparisons we performed to check that the
genotypic group effect does indeed impact the average phyllochron. In addition to modelsMj−1,j−1

and Mj,j (Table 4-A), we considered models Mσ
j−1,j−1 where the mean parameters depend on the

grouping level j − 1 and the variance parameters on the grouping level j (Table S3).
The comparison of models Mj,j and Mσ

j−1,j−1 tests the effect of genotypic groups on the mean
parameters (µy,lsg,f ), regardless of its effect on the variance parameters (σy,lsg,f ). For this com-
parison, we considered the simple χ2-likelihood ratio test, without the permutation scheme that
would rescale all p-values, as the goal was to compare the p-values with equal and unequal variance
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parameters regardless of their absolute values. Results in Table S4 indicate that these comparisons
lead to similar p-values as the Mj,j/Mj−1,j−1 comparison. Moreover, the estimates of (µy,lsg,f )
computed under models Mj−1,j−1 and Mσ

j−1,j−1 are very similar (Figure S10). Therefore, the
observed genotypic groups effects are due, in a significant part, to differences in the average phyl-
lochron (µCy,lsg, µy,lsg,f ) rather than in the nuisance parameters (σCy,lsg, σy,lsg,f ).

D Complementary analyses
Total leaf number

Variations in total leaf number were observed in our dataset (Figure S2). On average, Early
genotypes had fewer leaves than Late genotypes from the same genetic background, and this
difference was more pronounced in the ancestral line MBS with 16-18 leaves (Early) versus 18-
20 leaves (Late). Furthermore, the total leaf number was similar year to year within genotypes,
although it was slightly higher in 2014 than in 2015, and in 2015 than in 2016 except for genotype
FL317. By construction, the maximum modeled leaf rank fy,lsgmax was correlated with total leaf
number, thus the trends observed in the latter were recovered in the former.

Descriptive analysis of cumulated and global instant phyllochrons

Figure S3 shows the estimates of the cumulated phyllochron between sowing and the appearance
of leaf 8, as well as the time interval between leaves 8 and 13 in 2014 and 2015:

13∑
f ′=9

µ̂y,lsg,f ′ .

We found that both cumulated and instant phyllochrons were strongly impacted by the year,
but in opposite directions: while the cumulated phyllochron (Figure S3A) was faster in 2015 than
in 2014 (a difference of 3-5 degree-days), the global instant phyllochron (Figure S3B) was faster in
2014 than in 2015 (a difference of 2-3 degree-days). Furthermore differences in instant phyllochrons
between years were more marked in the ancestral line MBS (3-7 degree-days) than in F252 (1-2
degree-days).

Assessing the ancestral line effect, we found that the cumulated phyllochron was faster in F252
(28.7 and 24.8 degree-days in 2014 and 2015, respectively) than in MBS (30.2 and 25.7 degree-
days in 2014 and 2015, respectively). This means that genotypes from the F252 background
produced eight visible leaves more quickly than genotypes from the MBS background. As for the
global instant phyllochron, i.e the ATT between leaves 8 and 13, differences between ancestral
lines depended on the year of observation. In 2015, it was longer in MBS genotypes (23.7 degree-
days) than in F252 genotypes (21.5 degree-days). The opposite was observed in 2014: The global
instant phyllochron was 17.8 degree-days in the F252 genotypes and 16.7 degree-days in the MBS
genotypes.

No general trend was found between selection populations. However, we observed differences
between genotypes from the same selection population. Interestingly, these differences tended to
be preserved from one year to the next: FE039 tended to be faster than FE036 (except for the
cumulated phyllochron in 2015), FL318 tended to be faster than FL317, and ME049 tended to be
faster than ME052 (except for the instant phyllochon in 2014). The two exceptions corresponded
to a small difference in absolute value: 0.11 degree-days between the cumulated phyllochrons of
FE036 and FE039 in 2015 and 0.39 degree-days between the instant phyllochrons of ME049 and
ME052 in 2014, which makes the change of trend between 2014 and 2015 poorly informative. We
also observed a difference between the instant and cumulated phyllochron in Late MBS genotypes:
ML040 tended to be faster than ML053 up to the leaf 8, and slower between leaves 8 and 13.

Figure S4 provides a more detailed insight into the dynamics of the instant phyllochron by
showing the estimates for all leaf ranks where data were available, in the different genotypes.
Again, the most striking observation was the strong variation of the temporal trend between years.
In 2014 and 2016, the time interval between successive leaves varied moderately (between 3 and
5 degree-days), except between leaves 13 and 14 in the F252 genotypes where the interval was
longer, and was globally shorter in 2014 than in 2016 (3.5 versus 4 degree-days on average). In
2015, phyllochrons were more variable throughout the season, ranging between 3 and 7 degree-days,
with an increasing and a decreasing phase in MBS genotypes, and a rather constant increase in
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F252 genotypes. Note that the particular temporal pattern observed in 2015 (Figure S4) explains
the high values of the ATT between leaves 8 and 13 (Figure S3).

Estimation of the phyllochron at the row level

The phyllochron model was implemented separately for each row in the experimental design (a
row consisted of plants from a unique genotype). The range of leaf rank [fmin, fmax] for each row
was selected such that each rank is observed on at least 6 plants. Despites a smaller threshold, the
leaf rank range for the row level phyllochron are smaller than the one at the genotype level due to
a smaller number of plants. For each genotype-year combination, Figure S5 displays the complete
model and best parametric model at the genotype level, as well as the complete model at the row
level for each row consisting of plants from this genotype. Despite variations between rows, the
temporal trends detected as significant are recovered in all rows for most genotypes. A few isolated
variations were observed but they likely occure from sampling variations, as the number of plants
by row is moderate.

Moreover, an alternative procedure to select the best model for each genotype using the row
level analysis was implemented, assuming the same parametric model (but with different values
of the parameters) for all rows of a genotype. This procedure required to limit the parametric
model for each genotype to the models that could be computed with the restricted leaf rank range
of all rows. Table S5 shows the χ2-likelihood ratio p-values and the AIC for each genotype and
parametric model. Figures S6 and S7 display the best model selected respectively including or
excluding the complete model. Among the parametric models, the selection based on the row level
phyllochrons and the genotype level phyllochron lead to very similar temporal trends (Figure S7).
Genotype ME049 in 2015 represents a noteworthy exception, but the bilinear model selected at
the genotype level was not computable at the row level due to a smaller leaf rank range. For some
genotype-year combination, the row level procedure selects the complete model and thus captures
small row level variations (Figure S6). But globally, we observe a strong coherence between the
model selection at the genotype level, and the selection at the row level with independent plants.
This indicates that the analysis of phyllochron dynamics at the genotype level, which is the level
of interest from a biological point of view, is reliable.

Principal Components Analysis (PCA) representation : an overview of the outputs
of the phyllochron model

PCA was implemented on the set of vectors

(µ̂
C(8)
y,lsg, µ̂y,lsg,9, . . . , µ̂y,lsg,14)

for all genotypes lsg and years y. For genotypes FE036 and FL317 in 2014, fy,lsgmax = 13 thus µ̂y,lsg,14

could not be estimated and we replaced the two missing values with the average µ̂y,lsg,14 across all
other genotype-year combinations. PCA visualisation allowed for a summarized representation of
the findings brought by the phyllochron model, and provided an overview of the global patterns.
Thus, it could be used as preliminaries to statistical analyses.

The first axis of Figure S9 (49% of the total inertia) discriminated year 2015 on the right from
years 2014 and 2016 on the left. The second axis (21% of the total inertia) discriminated ances-
tral lines: most F252 genotypes had negative coordinates, whereas MBS genotypes had positive
coordinates. No clear discrimination was observed between Early and Late genotypes within each
ancestral line.

Furthermore, both the cumulated phyllochron and the instant phyllochron of leaves 9 to 13
were loaded by the components of both axes, and thus were associated with differences between
both ancestral lines and years. By contrast, µ̂14 was mostly associated with ancestral lines. Finally,
phyllochron parameters were ordered clockwise by leaf rank in the correlation circle, which indicates
that intervals between successive leaves are similar for close leaf ranks.

Descriptive analysis of rainfall, humidity and photosynthetic radiation in year 2015

Since phyllochrons exhibited a particular structure in 2015, we decided to focus on this year to see if
we could identify special patterns in the climate variables that might explain the observations. We
focused on three variables: rainfall, humidity and photosynthetic radiation (see Figure S13). The
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year 2015 was characterized by low rainfall throughout the season and two periods of low humidity
and high radiation: the first two weeks of June 2015 and the first week of July 2015. Therefore,
2015 was characterized by the progressive establishment of drought conditions for several weeks
which could have contributed to the increase followed by the decrease in phyllochron that year.
Thus, the specific phyllochron pattern observed in 2015 (and in last leaf ranks of a few genotypes
in 2014) could originate from dry conditions.

References
Botev, Z. and L. Belzile, 2020 Truncatednormal: Truncated multivariate normal and student
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Ancestral line effect
M11/M00 M11/M10 M10/M00

line effect on (C+I) line effect on I line effect on C
2014 < e-16 3.20e-13 1.70e-11
2015 < e-16 < e-16 2.60e-12

Selection effect
M22/M11 M22/M21 M21/M11

selection effect on (C+I) selection effect on I selection effect on C
2014.F 2.00e-12 2.60e-12 8.60e-02
2014.M 4.20e-02 7.20e-02 7.20e-02
2015.F 3.00e-03 1.70e-03 9.00e-01
2015.M 1.30e-05 2.90e-03 6.00e-05

Residual genotypic effect
M33/M22 M33/M32 M32/M22

genotype effect on (C+I) genotype effect on I genotyep effect on C
2014.Fearly 6.5e-05 1.1e-03 2.5e-03
2014.Flate 5.6e-12 2.1e-10 1.5e-03
2014.Mearly 6.0e-02 7.6e-02 1.4e-01
2014.Mlate 3.8e-05 1.8e-03 5.3e-04
2015.Fearly 4.9e-04 2.6e-04 9.4e-01
2015.Flate 3.7e-09 7.3e-07 1.4e-04
2015.Mearly <e-16 2.6e-10 4.9e-13
2015.Mlate 1.5e-04 1.0e-02 2.6e-04

Table S2: χ2-likelihood ratio p-values for ancestral line, selection and genotypic effects.
For each grouping effect, models Mj−1,j−1, Mj−1,j , and Mj,j were compared (see Table 4-A).

Model µC parameters µ parameters
Mσ

00 ∀(l, s, g), (µClsg, σ
C
lsg) = (µC , σCl ) ∀(l, s, g), (µlsg, σlsg) = (µ, σl)

Mσ
11 ∀(s, g), (µClsg, σ

C
lsg) = (µCl , σ

C
ls) ∀(s, g), (µlsg, σlsg) = (µl, σls)

Mσ
22 ∀(g), (µClsg, σ

C
lsg) = (µCls, σ

C
lsg) (µlsg, σls) = (µlsg, σlsg)

Table S3: Models in which the mean parameters depend on grouping level j − 1 and the variance
parameters on grouping level j.

2014
Mj,j/Mj−1,j−1 Mj,j/M

σ
j−1,j−1

all <2.e-16 7.3e-15
F 2.00e-12 1.8e-09
M 4.20e-02 7.2e-02

Fearly 6.60e-05 3.6e-05
Flate 5.70e-12 1.1e-9

Mearly 6.00e-02 7.3e-02
Mlate 3.80e-05 6.3e-06

2015
Mj,j/Mj−1,j−1 Mj,j/M

σ
j−1,j−1

all <2.e-16 <2.e-16
F 3.0e-03 1.7e-02
M 1.3e-05 2.0e-04

Fearly 4.9e-04 6.8e-05
Flate 3.7e-09 9.4e-06

Mearly <2.e-16 <2.e-16
Mlate 1.5e-04 2.0e-05

Table S4: χ2-likelihood ratio p-value for the genotypic group effect on the mean and variance of
the phyllochron (Mj,j/Mj−1,j−1) and on the average phyllochron µ only (Mj,j/M

σ
j−1,j−1).
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(A) Distribution of leaf number by ATT prediction and observations
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(B) Qq-plot of empirical and predicted distribution of leaf number
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Figure S1: . Predicted and observed leaf number distribution. (A) For each genotype-year
combination, the top graph shows the distribution of the number of visible leaves LN(t) predicted
by the model for t in each ATT (Accumulated Thermal Time) interval. The bottom graph provides
the distribution of the observed LN(t) for all measurements of plants of the genotype-year within
each ATT interval. Each color corresponds to a leaf rank in the modeled range of leaf ranks.
Non-modeled leaf ranks are in white. Vertical dashed lines were added to facilitate the visual
comparison.(B) For each genotype and year, each point represents the proportion of observations
of a given leaf rank in a given ATT interval as a function of its predicted counterpart. Colors
correspond to leaf ranks, and dashed line to y = x.
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Figure S2: Distribution of the total leaf number for all plants by genotype and by year.
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Figure S3: Cumulated and instant phyllochrons. A. Accumulated thermal time (ATT) in
degree-days to reach eight visible leaves. B. Time interval in degree-days between the appearance
of leaves eight and 13. Genotypes from the same selection population observed in the same year
are joined with a straight line. Thin bars correspond to year 2015 and thick bars to 2014.
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Figure S5: For each genotype-year combination, phyllochron estimates at the row level for each
row (solid black line), phyllochron estimate at the genotype level for the best model (red solid line)
and for the complete model (dashed blue line) when the best model was a parametric model.
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Figure S6: For each genotype-year combination, phyllochron estimates of each row (black) for
the best model (including the complete model) selected by the procedure at the row level, and
best genotype level phyllochron estimates selected with the procedure at the genotype level (red),
including or excluding the complete model
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Figure S7: For each genotype-year combination, phyllochron estimates of each row (black) for the
best parametric model selected by the procedure at the row level, and best parametric genotype
level phyllochron estimates selected with the procedure at the genotype level (red),
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Figure S8: . Predicted values and residuals of the climate model. The climate model is
implemented using the phyllochron estimates with the complete model. Each plot corresponds to
a year and each color to a genotype. Estimates of (µy,lsg,f ) as a function of leaf rank are shown in
row 1; Rows 2 and 4 show the predicted values of µ̂y,lsg,f with the climate model (3 and 4) in a
cross-validation framework, for the unweighted and weighted procedure respectively. Rows 3 and
5 shows the residuals of the prediction i.e. the difference between estimate and prediction curves.
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Figure S10: The estimates of the instant phyllochron for models Mj−1,j−1 ((µC , µ, σC , σ) depend
on grouping level j − 1 in red), Mj,j ((µC , µ, σC , σ) depend on grouping level j in dashed lines)
and Mσ

j−1,j−1 ((µC , µ) depend on grouping level j − 1 and (σC , σ) depend on grouping level j in
blue). Models are described in Tables 4-A and S3. Rows 1 and 2 correspond to year 2014, and
rows 3 and 4 to 2015. For both years, plots entitled "All plants" correspond to j = 1, "F252" and
"MBS" to j = 2, and "F252-Early", "F252-Late", "MBS-Early" and "MBS-Late" to j = 3.
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Figure S11: Climate model. (A) The top graph shows the average phyllochron process for a
given genotype and year in calendar time; the graph below gives the daily values of a climatic
variable; the piecewise constant function at the bottom corresponds to the weights applied to
the value of the climate variable (see model (4)). On this example, vector (γy,l,c,w)w has two
non-zero coefficients for w = w1 and w = w2, therefore the impact of the climate variable on
µy,lsg,f is equal to the sum of the daily values of the climate variable over the time interval
[µ
C(f),cal
y,lsg − w2, µ

C(f),cal
y,lsg − 1], weighted by γy,l,c,w1 + γy,l,c,w2 on [µ

C(f),cal
y,lsg − w1, µ

C(f),cal
y,lsg − 1] and

by γy,l,c,w2 on [µ
C(f),cal
y,lsg −w2, µ

C(f),cal
y,lsg −w1 − 1]. (B) Examples of behaviors that can be modeled

by (4) with three non-zero coefficients in (γy,l,c,w)w. In the first example, the time between the
appearance of successive leaves is assumed to result from the values of the climate variable on a
certain time window before the leaf appearance, with the same impact on the whole window. On
the second example, the impact of the covariate is assumed to be greater for the value close to
the leaf appearance time. In the last example, the impact of the climatic variable is assumed to
experience a lag.
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Figure S12: Pearson correlation between climate variables in years 2014, 2015 and
2016. The order of the variables on the x and y axis is identical in the three plots. Climate
variables are described in Table 2.
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Figure S13: Instant phyllochron and climate variables recorded in Saclay during the
May-July period from 2009 to 2017. The top graph shows the instant phyllochron of each
genotype during the three years of experimentation as a function of calendar time. The following
graphs show the climate trends from 2009 to 2017, as well as the specific curves for years 2014,
2015 and 2016 for three variables related to rainfall, humidity and photosynthetic radiation. Daily
records of rain fall height, the number of hours with >80% humidity and photosynthetically active
radiation were smoothed on a -5/+5day window. Gray areas represent the range of each climate
variables for years from 2009 to 2017, excluding for each day the minimal and maximal values.
Specific patterns of years from 2014 to 2016 are color-coded (2014:red, 2015:green 2016:blue)
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Histogram of ratio σy,lsg,f µy,lsg,f
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Figure S14: Histogram of the ratio between estimates of the standard deviation σy,lsg,f and the
mean µy,lsg,f for all years, all genotypes and all leaf ranks. The maximum value of the ratio is
0.5, which corresponds to a probability of 0.02 to be negative for the normal distribution with
these parameters. But this probability is much lower for most genotype-year combinations (e.g.
p = 3.10−7 for σy,lsg,f/µy,lsg,f = 0.2)
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