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Variations of Photosynthetic and Physiological Traits of Thuja plicata Seedlings from Different
Provenances between Northern and Southern Habitats of China. NI Yan-yan'?, XU Jin’, WANG Hao',
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Station of National Ecological Quality Comprehensive Monitoring Centre, Nanjing Institute of
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Abstract: Understanding of the photosynthetic and physiological heterogeneities of seedling provenances
in response to climatic variations across different habitats provides critical guidance for the scientific
introduction of forest trees. In this study, one-year-old seedlings of Thuja plicata from three provenances
(BC, Pur, Py) were planted in southern (Nanchang, Jiangxi) and northern (Tongzhou, Beijing) experimental
nurseries to illustrate the differences in seedling growth, photosynthetic and physiological traits, and the
influences of climatic differences between plantation and provenance sites on seedling photosynthetic
performance were also investigated. Results showed that: (1) Habitats posted a significant influence on the
relative growth rate of seedlings which was significantly higher in the southern site than that in the northern
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site. In the southern habitat, Pur exhibited superior growth performance when compared to the other
provenances. (2) Photosynthetic parameters were significantly influenced by provenances, habitats, light
intensity, and their interactions. In the northern habitat, BC demonstrated a higher net photosynthetic rate
(Pn), stomatal conductance (Gs), intercellular COz concentration (Ci), and transpiration rate (77), while Py
had the highest water use efficiency (WUE). In the southern habitat, Py showed a better performance in Gs,
Ci, and Tr, with the lowest WUE; Pur displayed relatively consistent performance across both habitats. (3)
In the northern habitat, only Py had significantly higher maximum photochemical efficiency and actual
photochemical efficiency than Pur; the photochemical quenching of Py was significantly higher in the
southern habitat than in the northern one. (4) Seedling photosynthetic parameters were significantly
correlated with the climatic distance between plantation and provenance sites. Pn was negatively regulated
by the minimum temperature difference (ATmin). Additionally, soil moisture difference and ATmin had the
highest explanatory contribution for variations in Gs and WUE, promoting Gs and inhibiting WUE. In
conclusion, the growth and photosynthetic traits of Thuja plicata seedlings exhibit significant provenance
and habitat differences, and both provenance selection and habitat matching should be considered in
introduction and cultivation to enhance tree adaptability.

Key Words: Thuja plicata; common garden test; photosynthesis physiological traits; climate variation;
relative growth rate
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Table 1 Geographic and climatic information of Thuja plicata provenances and growing sites
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In subplot (a), different capital letters meant significant difference in growth of seedlings from the same provenance across two growing
sites, while different lowercase letters meant significant difference in growth among seedlings from different provenances within the same
growing site at 0.05 level. ** denote significance at the p < 0.01 levels. In subplot (b), different uppercase letters indicate significant
differences in seedling growth across different growing sites.
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Fig. 1 Relative growth rate of 7. plicata seedlings from three provenances in two sites

2.2 MiESERESEXAEEES B

JEETHD A RS HOZ IR . AR BN 0 = R 3R 1) B35 s HA7 AR RS AR

(F2) . BRIME, P A G52 =F BEEMW (p<0.05) , Ci EEZEEFIE (p<0.001),

Tr ZMIE AN A 5520, WUE W32 4255 565520 (p <0.05) o« ZZHAEH M RN, G Cis
Tr A1 WUE ZMiE 5B BEEMEE (p <0.01) , P, 2EBS BT HAERNEE (p <
0.001) , HARZTHAEMANEE . NEMIEYHE A REAERRMAESREZER (B2 o 78
7 A, R BC B Pov Gsy Ci fl Trr 33755 T F0JE Pur #1 Py, WiFE Py 1) WUE f¢i5;
TEF AR, PR Py (M) Gso Ci Al Tr BT HABFIR (p < 0.05) , {HH WUE &AK.
KR BC AL AR CARIMM TR, AR Pur 7EM ARG G R R I .

TEM SRR RIS EOITH, IR K2R (FVF,) FISEFRIAF30%R (pPSID
HAEBELW, MeHEEK (gD MEEZASFE (p<0.05) o EESRIEE K E
VEFIR & 5 NS HU R PR B (B 3) o EdbdiAsEd, (UFE Py 19 F./F, M oPSIT
B3 = TR Purs TER 5 AESE, FRE Py 1 N (EH B m TR AN EE. R
RNCSHATFIIRE S A ST R R B =R

®2 MR £EREEBEMIEZTFHGBXSEEN=EARSFESH (FE)
Table 2 Three-way ANOVA on Photosynthetic parameters of 7. plicata seedlings (F value)
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FJi Provence 2 11.942*** 4.239* 2.525 3.280* 1.262
A= 85 Site 1 86.201*** 24.261%** 0.104 0.583 22.725%**
J&5% PAR 1 201.326*** 10.992** 25.950%** 15.735*** 18.107***
FhiE >4 5% Provence >Site 2 0.967 10.524*** 10.609*** 22.443%** 16.542***
Al >t 5% Provence xPAR 2 2.824 0.161 0.44 0.229 0.587
A B> SitexPAR 1 10.461%* 0.014 0.152 0.338 0.921
Rl <8I0k Provence xSite XPAR 2 0.320 0.024 0.100 0.067 0.041

TE: “E7 Ry R ” [RIZRORTE p<0.05. p<0.01 1 p<0.001 KT EEFEMIG, Note: *,** and *** denote significance
at the p < 0.05, p < 0.01, and p < 0.001 levels, respectively.
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Note: for each same parameters, different capital letters meant significant difference among different provenances in the same site, while
different lowercase letters meant significant difference among different sites in the same provenance at 0.05 level. The same as follows.
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Fig. 2 Comparison on photosynthetic indicators of 7. plicata seedlings from three provenances in two sites.
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Fig.3 Chlorophyll fluorescence parameters of 7. plicata seedlings in two sites.
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Table 3 Stepwise multiple regression between Photosynthetic parameters of 7. plicata seedlings from different
provenances with influenced climatic variables.

Z ¥ Parameters J7#% Equations AIC R’ FIE pflE
R L T

ik F” 11.301-0.435 X ATmin 27953 0.268 25.66 0.000
Photosynthetic rate

SILGPE G, 9.906 +55.495 X ASMo.0 +39.802 X ATmax—73.867 X ATmean

Stomatal conductance  + 34.343 X ATmin -32254 0429 1260 0.000

KRR WUE 26766 - 154452 X ASMoe- 111.062 X ATmax

Water use efficiency +206.202 X ATmean - 95.933 XATmin -19962 0421 1218 0.000

7E: AIC, Akaike information criterion, Akaike 1% S #EN: SM. 10, Soil moisture in the 0-10 cm surface layer, &2 0-10 cm +IEIGSF.
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Fig. 4 Relative importance of different climatic variables in explaining variation in photosynthesis
parameters of 1. plicata seedlings from different provenances
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