
Supplementary Material


Adaptive significance of age and light-related variation in needle structure, photochemistry, and pigment concentration in evergreen coniferous trees

James Oluborode1, Tamara Chadzinikolau2, Magda Formela-Luboińska2, Zi-Piao Ye3, Piotr Robakowski1*

1Faculty of Forestry and Wood Technology, Poznan University of Life Sciences, Wojska Polskiego 71E, 60-625 Poznań, Poland, phone: +48618487738, e-mail: oluborodejames@gmail.com, piotr.robakowski@up.poznan.pl;
2Faculty of Agriculture, Horticulture and Bioengineering, Poznan University of Life Sciences; Wołyńska 35, 60-637 Poznań, Poland, phone: +48618466038, e-mail: tamara.chadzinikolau@up.poznan.pl, magda.formela-luboinska@up.poznan.pl;
3School of Life Sciences, Jinggangshan University, Ji’an, 343009, China, e-mail: yezp@jgsu.edu.cn


*Author for correspondence: piotr.robakowski@up.poznan.pl















Table S1. The results of the mixed analysis of variance with the photochemical parameters as dependent variables, the species and needle age class (cohort) as the fixed factors and the tree as the random factor (P < 0.05). When the effect of species  was significant, the post-hoc analysis was conducted using Tukey’s test at the global α = 0.05 (α – level of significance). Mean SS – mean sum of squares; NumDf - numerator Degrees of Freedom; DenDf – denominator degrees of freedom; F – value of Snedecor’s function; n.s. – not significant; P – probability; 0.05 > P* ≥ 0.01, 0.01 > P** ≥ 0.001, P < 0.001***. ETRmax – maximal electron transfer rate; Fv/Fm – maximum quantum yield of PSII photochemistry; ФPPFDsat – quantum yield of PSII efficiency at saturating PPFD;  PPFDsat – saturation level of photosynthetically active photon flux density.

	Parameter
	Factor
	Mean SS
	NumDf
	DenDf
	F
	P

	ETRmax
(μmol m-2 s-1)
	Species
	4917.8
	2
	67
	32.36
	<0.001

	
	Needle age
	1893.3
	7
	67
	12.46
	<0.001

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	***
	
	

	
	P. abies
	***
	
	n.s.
	
	

	
	T. baccata
	***
	n.s.
	
	
	

	
	
	
	
	
	
	

	Fv/Fm
	Species
	0.012
	2
	67
	82.19
	<0.001

	
	Needle age
	0.001
	7
	67
	4.54
	<0.001

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	***
	
	

	
	P. abies
	***
	
	n.s.
	
	

	
	T. baccata
	***
	n.s.
	
	
	

	
	
	
	
	
	
	

	ФPPFDsat
	Species
	0.039
	2
	67
	48.01
	<0.001

	
	Needle age
	0.001
	7
	67
	1.74
	0.116

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	***
	
	

	
	P. abies
	***
	
	n.s.
	
	

	
	T. baccata
	***
	n.s.
	
	
	

	
	
	
	
	
	
	

	NPQ
	Species
	1.399
	2
	67
	22.06
	<0.001

	
	Needle age
	0.359
	7
	67
	5.67
	<0.001

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	n.s.
	***
	
	

	
	P. abies
	n.s.
	
	n.s.
	
	

	
	T. baccata
	***
	***
	
	
	

	
	
	
	
	
	
	

	PPFDsat
(μmol m-2 s-1)
	Species
	175441
	2
	67
	2.18
	0.121

	
	Needle age
	125829
	7
	67
	1.56
	0.162



Table S2. The results of the mixed analysis of variance with LMA – leaf mass-to-area ratio (g m-2), total chlorophyll concentration (Chltotm, mg g-1), total chlorophyll content (Chltot, g m-2), chlorophyll a concentration (Chlam, mg g-1), chlorophyll a content (Chla, g m-2), chlorophyll b concentration (Chlb, mg g-1), chlorophyll b content (Chlb, g m-2), chlorophyll a/b ratio (Chla/Chlb), total carotenoid concentration (Carm, mg g-1); total carotenoid content (Car, g m-2) and total carotenoid / total chlorophyll ratio (Car/Chltot) as dependent variables, the species and needle age class (cohort) as the fixed factors and the tree as the random factor (P < 0.05). The post-hoc analyses were conducted when the effect of species  was significant using Tukey’s test at the global α = 0.05 (α – level of significance). Mean SS – mean sum of squares; NumDf - numerator Degrees of Freedom; DenDf – denominator degrees of freedom; F – value of Snedecor’s function; n.s. – not significant; P – probability; 0.05 > P* ≥ 0.01, 0.01 > P** ≥ 0.001, P < 0.001***. 
	Parameter
	Factor
	Mean SS
	NumDf
	DenDf
	F
	P

	LMA
(g m-2)
	Species
	16205.5
	2
	67
	10.41
	<0.001

	
	Needle age
	3471.3     
	7
	67
	2.23
	0.042

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	***
	
	

	
	P. abies
	***
	
	n.s.
	
	

	
	T. baccata
	***
	n.s.
	
	
	

	
	
	
	
	
	
	

	Chltotm
(mg g-1)
	Species
	161.10
	2
	67
	32.31
	<0.001

	
	Needle age
	6.89
	7
	67
	1.38
	0.228

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	n.s.
	
	

	
	P. abies
	***
	
	***
	
	

	
	T. baccata
	n.s.
	***
	
	
	

	
	
	
	
	
	
	

	Chltot
(g m-2)
	Species
	0.912
	2
	70
	2.59
	0.083

	
	Needle age
	0.833
	7
	70
	2.36
	0.031

	
	
	
	
	
	
	

	Chlam
(mg g-1)
	Species
	92.14
	2
	67
	31.76
	<0.001

	
	Needle age
	4.03
	7
	67
	1.39
	0.224

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	n.s.
	***
	
	

	
	P. abies
	***
	
	***
	
	

	
	T. baccata
	n.s.
	***
	
	
	

	
	
	
	
	
	
	

	Chlbm
(mg g-1)
	Species
	9.577
	2
	67
	31.77
	<0.001

	
	Needle age
	0.549
	7
	67
	1.82
	0.097

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	n.s.
	
	

	
	P. abies
	***
	
	***
	
	

	
	T. baccata
	n.s.
	***
	
	
	

	
	
	
	
	
	
	

	Chla
(g m-2)
	Species
	0.786
	2
	70
	3.61
	0.032

	
	Needle age
	0.343
	7
	70
	1.58
	0.157

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	*
	n.s.
	
	

	
	P. abies
	*
	
	*
	
	

	
	T. baccata
	n.s.
	*
	
	
	

	
	
	
	
	
	
	



Table S2 continued
	Chlb
(g m-2)
	Species
	0.092
	2
	67
	3.84
	0.026

	
	Needle age
	0.051
	7
	67
	2.13
	0.052

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	*
	n.s.
	
	

	
	P. abies
	*
	
	*
	
	

	
	T. baccata
	n.s.
	*
	
	
	

	
	
	
	
	
	
	

	Chla/Chlb
	Species
	0.036
	2
	70
	0.362
	0.698

	
	Needle age
	0.546
	7
	70
	5.557
	<0.001

	
	
	
	
	
	
	

	Carm
(mg g-1)
	Species
	0.027
	2
	67
	38.57
	<0.001

	
	Needle age
	0.001
	7
	67
	1.95
	0.075

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	n.s.
	
	

	
	P. abies
	***
	
	***
	
	

	
	T. baccata
	n.s.
	***
	
	
	

	Car
(g m-2)
	Species
	0.001
	2
	67
	44.57
	<0.001

	
	Needle age
	0.0001
	7
	67
	2.77
	0.014

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	***
	***
	
	

	
	P. abies
	***
	
	n.s.
	
	

	
	T. baccata
	***
	n.s.
	
	
	

	
	
	
	
	
	
	

	[bookmark: _GoBack]Car/Chltot
	Species
	1.270e-04
	2
	67
	7.21
	0.001

	
	Needle age
	1.231e-6
	7
	67
	0.07
	0.999

	
	Species
	A. alba
	P. abies
	T. baccata
	
	

	
	A. alba
	
	**
	*
	
	

	
	P. abies
	**
	
	n.s.
	
	

	
	T. baccata
	*
	n.s.
	
	
	




4

