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Abstract: The resource allocation patterns of dioecious plants often show significant gender dimorphism. but whether there
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are differences in leaf photosynthetic and leaf functional traits between dioecious plants is still uncertain, as well as the
relationship with development stages is not clear. Clarifying the above-mentioned problems can further understand the
physiological and ecological characteristics of dioecious plants, and provide a theoretical basis for understanding the
influence mechanism of gender effects on the growth and development of sexual dimorphic plants. In our research, the
photosynthetic characteristics and leaf functional traits between gender in dioecious species Fraxinus velutina Torr. were
measured at three different development stages ( Fruit setting stage, Fast-growing stage, and Fruit ripening stage). A two-
way ANOVA was used to analyze the gender differences in photosynthetic capacity and leaf functional traits of male and
female plants among different development stages. Pearson was used to test the correlation between leaf functional traits of
male and female plants, and a standardized major axis regression (SMA) was used to understand the correlation between
net photosynthetic rate and leaf functional traits of different gender plants. The results showed that gender and development
stages significantly affected the photosynthetic capacity and leaf functional traits in F. wvelutina Torr. Generally speaking,
compared with female trees, male ones showed higher net photosynthetic rate (Pn) , specific leaf area (SLA) , chlorophyll
content ( Chl) and leaf nitrogen content (LNC) at fruit setting stage and fruit ripening stage , and lower Pn, SLA, and Chl
in the fruit growing stage. There was a significant positive correlation between Pn and SLA, Chl and LNC in male and
female (P<0.05), and the slope of SLA vs. Pn was higher in male trees than female trees ( P<0.05). The relationship
between Chl vs. Pn was not significant between the genders ( P>0.05) and the slope of LNC vs. Pn of male trees was higher
than that of female trees ( P<0.05). The results of SMA model indicated that the light energy utilization efficiency and
photosynthetic nitrogen utilization efficiency were higher in male trees than those in female trees, and female trees would use
more biomass and nitrogen for non-photosynthetic processes, but no significant differences were found in light absorption
rate between genders. The results of this study showed that the life history strategies of male and female individuals of F.
velutina Torr. were different, and there existed significant sex dimorphism in photosynthetic traits and leaf functional traits at

three different development stages.
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Table 1 Photosynthetic characteristic parameters of male and female plants of F. velutina at different development stages

ALY RS A AL

St PR Fruit setting stage Fast-growing stage Fruit ripening stage
Photosynthetic trait indicators e AR AR AR e AR

Males Females Males Females Males Females
Pn/(pmol m™2s7™") 5.67+1.82 3.21x1.41 7.89+2.95 8.13+0.71 5.37+2.23 5.13x2.11
Gs/(mol m™2s™") 0.06+0.02 0.03+0.01 0.12+0.09 0.13+0.07 0.07+0.06 0.06+0.06
Ci/ ( umol/mol ) 211.96+22.98 204.00+21.59 295.88+39.58 348.71+45.73 261.45+28.8 248.82+21.12
Tr/(mmol m™*s7") 0.81+0.24 0.51+0.23 1.09+0.34 1.13+0.43 0.91+0.49 0.90+0.28
WUE,/ ( pmol/mmol ) 7.16+1.75 6.55+1.39 7.18+1.69 8.51£3.93 5.42+1.27 5.29+1.52
Va/ (Rmol m™2 s71) 38.73+x4.2 37.33£17.08 28.84+8.46 30.42+4.96 24.89+6.51 23.89+6.98
Joa/ (pmol m™ s71) 69.61+7.53 56.82+16.18 62.87+11.75 71.61+10.22 53.11+6.28 43.48+6.06

Pn 564 3 R Net photosynthetic rate; Gs: L fL 5% J# Stomatal conductance; Ci: fi[f] CO, ¥ J¥ Intercellular CO, concentration; Tr: 7% i 3 R
Transpiration rate; WUE; : BT 7K 43 F IR Instantaneous water use efficiency; V., : B KR LR Maximum carboxylation rate; J, ., : e K HLF1% 3%
E# Maximum electron transfer rate ; 5051 J 0 58 197 Y {E bR v 1% ( Mean+SE )
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Fig.2 CO, response curves of male and female plants of Fraxinus velutina Torr. at different development stages

x2 ARARBEVERAECHBEEMAESHENNEARATES N
Table 2 Results of two factor ANOVA on photosynthetic characteristics of male and female individuals of F. velutina at different

development stages

Pn/ Gs/ Ci/ Tr/ WUE,/ Vema” Jinax”
AR SR IR 2 -1 2 - 2 - P P
S (pmol m™ s™") (pmol m™s™")  (pmol/mol)  (pmol m™s™) (pmol/mmol) (wmol m™?s™') (pmol m™2s™")
osource

r F I F F F r
PERI Gender 1.87™ 4.61° 1.01™ 0.80™ 0.10™ 0.01™ 0.83™
KEBTE ) . ) )
H P 10.73 *** 10.76 *** 42.85°" 5.24%* 436" 6.30* 9.95%**

Development stages
M5 x5 F B ; ;
e % A B Bt 1.68™ 1.37™ 460" 0.96"™ 0.81™ 0.12™ 3.57*

GenderxDevelopment stages

% P<0.05; %% ,P<0.01; #% %  P<0.001;ns,P>0.05

2.2 ARREIEZB BB TIRe bk i 5 e 22 5

WE 3 frs, R A3 (LB) A TR (LA ) ¥R THERS , B LB A1 LA ZEME5] 5 B 01 a) 35 25 22 = L A
[F % B B B 4828 % 2 (Chl) A 5 & & & (LNC) AA7E 35 22 57, 17 L TR (SLA) ALt 88 (LMA ) 7E 451
S 22 S AN 2 MERTY Chl 7 AL SRR S I T A, HL A S0 1R] 2 S5 0 3 ) BEAR 1Y LNC 7E AR
SRR SRS A 2 T AR, LA 0 e S [ 2 R A 5

%3 WoR, MEREY Pn 5 LB LA (Chl [LNC 2 &3 IEAHIE (P<0.01) ;LB 5 LA Chl 24K 35 IEAHIE (P<
0.001) , 5 SLA N & i & 71405 ( P<0.001) ;LA 5 SLA .Chl \LNC & B Z 1FHH5(P<0.05) . MiRA Pn 5 LB,
LA SLA .Chl [LNC £ i % IFAH55(P<0.05) ;LB 5 LA £ i & A (P<0.01) , 5 SLA N & i 3 Gk ¢ (P<
0.01) ;LA 5 SLA .Chl \LNC & . # FAMH(P<0.01),Chl 55 LNC & W # FAHE (P<0.05) . HAth &4k 22 18]
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Fig.3 Leaf growth indexes of F. velutina at different development stages

S1: AL Fruit setting stage. ;S2: RSN Fast— —growing stage ;33 LS S Fruit ripening stage ; feill ‘ﬁﬁj‘fﬁﬁ]ﬂ]%#jﬁ%‘( P<0.05* ,P<
0.001 *** | P>0.05™)
R3 HEAEBENMEALEGEEZSHIIEE MR E A Pearson HHX M (n=31)
Table 3 Pearson correlation between male and female leaf functional traits of F. velutina
) eIy otk T LTy A [FALRTTE A MER R AR R
Gender Index Pn LB LA SLA Chl LNC
HER Males Bt E A Pr 1
it LB 0.614 *** 1
AR LA 0.992 *** 0.624*** 1
Fo AR SLA 0.331 -0.495** 0.314" 1
M2k R i Chl 0.538 ** 0.626*** 0.558 ** -0.186 1
A& & LNC 0.496 ** 0.245 0.523 ** 0.260 0.085 1
WERS Females LA HE Pn 1
AT LB 0.612** 1
AHIEFR LA 0.994 *** 0.590 ** 1
LG IR SLA 0.604 ** -0.245** 0.628 *** 1
4% 3 A i Chl 0.748*** 0.354 0.784*** 0.534" 1
A& & LNC 0.609 ** 0.091 0.603 ** 0.642 0.456 1
LB:M-FH Leaf biomass; LA : M i £ Leaf area; SLA: Lt i L Specific leaf area; LMA: Lt M E Specific leaf weight; Chl: M 4% 2 & i Leaf

chlorophyll content; LNC ; ' %1% & Leaf nitrogen concentration ;

# ,P<0.05; % *

,P<0.01; %%

P<0.001
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2.3 HOLG HAR S DRe R ] By oA

SMA Z5 5 8w (£ 4) , Pn 7EM DIREHR 8] AR E AL T2 Rl AR S AA AR R0 (8] 25 57, HEA 19 LB bR 35 T
R H KT 1.0(P<0.001) ,LA SLA LNC FYRPRER THERN H/N T 1.0(P<0.05) , MERI (4 Chl #4456 2 2 T HERS H.
KT 1.0(P<0.05) .

& 4 SR, 550 E A HERE AR Pn 5 LB LA SLA .Chl Fl LNC 25 35 1F A (P<0.05) . 45 3£ H b
FHEOCA HRMIG R LB (LA SLA (Chl \LNC &8 7EH K, Hr a9 LB LA  SLA |LNC R} K T HER], 1561
HER B 25 440 6 SR 25 ) LB LA SLA | LNC 34K 3 BF A T MR BER Y Chl 212K TR MERT BE 251406
A R IESR Y Chl 36K B TR
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Table 4 Summary of standardized major axis (SMA) regression results for the components examined in both genders

SRR R 95% ELAF IX.[H] 95% A7 X [1]

Hor Leaf i 95%Cl EEES 95%C1 )

Components  functional Intercept /M Bl Slope F/ME FRfl k P
traits Lower Upper Lower Upper

TR LB -0.15 -0.28 0.01 1.99 *** 1.39 1.87 0.19 P<0.05

Males LA 0.26 0.25 0.27 0.35*** 0.31 0.39 0.92 P<0.05
SLA 0.14 0.11 0.18 0.44*** 0.30 0.64 0.15 P<0.05
Chl -0.14 -0.22 -0.06 1.30 0.91 1.86 0.24 P<0.05
LNC 0.14 0.13 0.15 0.16*** 0.11 0.22 0.23 P<0.05

WA LB -0.24 -0.36 -0.12 1.34 0.98 1.83 0.58 P<0.001

Females LA 0.26 0.25 0.27 0.26"** 0.23 0.29 0.94 P<0.001
SLA 0.15 0.12 0.18 0.24*** 0.16 0.38 0.21 P<0.05
Chl -0.11 -0.25 0.03 1.52* 1.10 2.10 0.56 P<0.05
LNC 0.13 0.12 0.14 0.10*** 0.07 0.15 0.40 P<0.05

w FRAPR L EME 1; * ,P<0.05; *%  P<0.01; %% ,P<0.001; CI.&5X[A] Confidence Interval

3 it

5% 26 B AN [) & & WG MRS FMERS e & it i D s kA B, RS S BAE X FRZ806E
PERS LA W25 (B AR SR MER BGRB8 v TR o it — 2D oA HOAN Rl & & B B MERE R 1 DY &
A PRVRRIE 5 & B, AR A A R AR S s B TS Y P Gs \WUE, V. Jo » X 5 20T NFFR 45 R
— 8P MER A SR SE R K I Pr Gs \WUE, |V, Joo IR T HERS , 3 5 5 305 45 02 e o 75 W A T 9 45 21
— 3, FEARIIIN] RS P Gs Tr = THERT, T RE S P R SRR WA 745 5 B R0 43 e I F T B /s, b
IR T 0T G A 1R A R, 2R S BOOE A RE R T AR SE R R, MER P Gs  Tr 1 T
R, 2 BF A 7 R S A R v, SRS T M AV SR B 6, R R R AR S R SR I T ARAR I s A
SR AN e B AR Al A B ST R 720 e SRS Y], M A R (4 P 35T R (ERRER Y
P AR T MR, T B BER 59 FL TR w8 T A 1T S 200, A RS 48 o A R A IR AR O L S )
TRESE) COMERIA T HAN A FEIE YRR ZE BFAR T ) R A K e S i R A R (NAR) AT i
P (LAR) (Y31, 1 LAR 2 et AR (SLA) At A= 98 b ( LMR) 193 R, NAR 19 E 2 oTik & 2ot Al %
(Pn) o BB R BB S MR FIMERZE Pn F1 SLA FHZE R AR E (F 2, 3) . BIHRZE =% AT
FLEN MR S 55 | PraidE g 22 Y RN, T RE S LMR 2B W oy oA sCA OGP 78 M 0 1) 22 5 K
FWARBE v, 0 B PE IR T P T A R B B BN A A Gs K TERE (R 1) R
TR X} 2 1 7K A3 B0 R B AR s BE T BT A, wiE =2 1] WUE, G 2 3% 22 5, B Fhop I 45 SR ) JEL IR
RS IR 7K 43R FHAICR AN BB S A 017K 2 ARG R 204 R b e 2 IR e P ik [ 7 28 S5 ik 9 kil — 20 F
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