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Abstract; Chlorophyll fluorescence has become a very powerful technique to estimate the photosynthetic capacities of
different plants in a rapid and non-invasive way. However, the effect of environmental factors on the diurnal variations in
chlorophyll fluorescence parameters in different seasons has been less studied, and their relation to vegetation productivity
has hardly been discussed. In this study, we characterized the diurnal changes in fluorescence parameters ( photochemical
efficiency of PS Il and non-photochemical quenching ( NPQ) ), and quantified the influence of the three environmental
factors ( photosynthetically active radiation (PAR), leaf temperature (T, ), and relative humidity ( RH) using Boosted
Regression Trees ( BRT) and Pearson correlation analysis. In addition, the relationships between the fluorescence
parameters and vegetation productivity ( gross primary productivity (GPP) and light use efficiency ( LUE) ) were explored.
We conducted in situ chlorophyll fluorescence measurements on Slash Pine ( Pinus elliottii Engelm.) and Masson Pine
( Pinus massoniana Lamb.) in the Qianyanzhou (QYZ) subtropical coniferous plantation, Jiangxi province, China, during
2016. Our results showed that @, decreased to a minimum at midday and subsequently progressively rose, whereas NPQ
was highest at midday, significantly contrary to @, . Among the three environmental factors, PAR played the strongest role
in determining the diurnal changes of @, (83.0% in Slash Pine and 51.1% in Masson Pine). @ decreased with PAR.
PAR also had an important influence on NPQ in Slash Pine (77.2% ). However, NPQ in Masson Pine was mainly affected
by T,...(59.6%) . In addition, we obtained the synchronous LUE and GPP from the eddy covariance flux observation in QYZ
and found that GPP had a significantly negative correlation with @, , but a positive correlation with NPQ. LUE increased
with @

proportion of heat dissipation resulting in lower light use efficiency.

but sometimes high @, was accompanied by low LUE. LUE decreased with NPQ, indicating that higher

PSIl »
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vegetation productivity
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Fig.1 Duirnal changes of @,g; and NPQ in Slash Pine and Masson Pine leaves in different seasons
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Fig.2 Duirnal changes of environmental factors in Slash Pine and Masson Pine leaves in different seasons

PAR: & B 4EST Photosynthetically active radiation; T, : /7 iR B Leaf tempreture; RH ; 1HXfiZE Relative humidity

B3 NPQ MEHUAN I W o, MR KA BT SR (K 1,38 1), A, 125 R iAo AL
M T 32 5 BRI 1100 HiTJ5 35 21 e e (RO FPE AR SR T, SR RA T B gy 78 1100 Bij 5 35 B B AR (K
JE L2 EI AN R @ S ARMEAERF 2 1400 B G AKE I, SR 7 (9 NPQ 76 11:00 &
1400 MBI LP A RF2e i e, MR 2= 5 AN A H X ik 33°C /e ME— 7, i TRRHIFARY Y (R 1) o
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Table 1 Environmental factors and fluorescence parameters of Slash Pine and Masson Pine leaves in different seasons

H¥ME H i H AR E
Wyl A5 Daily average Daily maximum Daily minimum
Species Variables # " k % # 2 Fk % # " Fk %
Spring  Summer Autumn Winter Spring  Summer Autumn Winter  Spring Summer Autumn  Winter
BTN PAR/ (pmol m™%s7}) 271 458 327 187 578 921 663 487 52 97 33 11
Masson Pine T/ C 2 33 29 18 25 36 31 20 15 29 23 13
RH/% 55 61 57 71 7 76 77 85 47 53 49 70
Dps 0.605 0526 0574 0702 0731 0678 0723 0770 0.523 0414 0453 0.624
NPQ 1139 2568 2416 1130 1.851 3.648 3.625 1539 0376 1.004 0.822 0.755
1w HIAR PAR/(pmol m™2s71) 346 289 218 85 733 559 459 256 64 64 24 4
Slash Pine Tea/C 24 2 32 23 28 34 35 25 15 28 26 21
RH/% 5 59 61 83 68 73 81 87 45 50 5 79
Dpsp 0.633 0.646 0.682 0738 0741 0739 0775 0.781 0.502 0560 0.576  0.666
NPQ 1316 1.468 1380 0773 2043 2200 2209 1175 0.664 0952  0.860  0.447

PAR: A A B4R Photosynthetically active radiation; T+ I F i Leaf tempreture; RH : FIXF M2 & Relative humidity ; @ pgyp : SEFR G AL 22505 Photochemical
efficiency of PSTI ; NPQ:JE)tfb2# 1K Non-photochemical quenching
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Fig.3 The relative contribution of environmental factors on fluorescence parameters @,;; and NPQ

Bl 4 FIEL S 4350 38m T IR AR N S AR 9 S80S B I 7 ARG B 58, A A A 22 5%
TR HOAAIT F 1 @ SRR F PAR AT, ARAFAE R 25 B T AH 56 56 2R (P<0.001) , RH 5B HAAN F & W]
TN BFIEAK(P<0.001) , = ADIABEFE T BHAAM B Doy 5 PAR BYFH R R BN, i5-0.934, F X
PAR JeTHGE B HARALAFIE 3 T Doy 0 HASRLAG U B0 H5AE  1BHAA I F () NPQ 5 PAR ARG A kR
T RE, CE MK REEIE 0.868( P<0.001) , RIN RAFHLMEIEMSC, = AR FZ HWAAE—E 1
FEEZ IR 1 RH 5 PAR T, YIAEAENL W3 1 5 AH D6 6 & (P<0.001)

LRI @y 5 PAR FI T, [FIFER I AR 28 B ARG R PAR KSR E 5 B @ KR
A EVI LR T (R=-0.81,P<0.001) , {HJ&, SURHAAM AL, SR F @y 5 T BIFH I 5
(R=-0.764) . TiH, S EMI R NPQ 5 T, JIAH XML =B F % (R=0.828,P<0.001) , 5 BRT
SIMTEE R —3, AT UL, SR R Y @ I NPQ 32 T, [ RZI A3 TR AR T R K, 7EE )5 PAR
TR TRESS , T, AR R B AR 5 7K 8 — BB B 5 A2 B, X 3 LR 2 80T J 2270 ) 5 R i
M @y BIRFELARME R NPQ MIRELL S, LA, FE S BAAT R, RH 5 PAR AFAH BEMEKR MBS T,
TH SRR il 25 R A O
23 JOLBE D I NPQ SHI A TR K R

ANEF R R TOES BN A VE 28 JREE , JE T A OB T35 GPP Al LUE M 3E & (1) Ff
RIDCAVERTEARF T B ARRRRAE 528 60000 [R5 09 TG0 I #4is A T4k AR 1% GPP fil LUE H 48
RGN 6, #&AKIN T, GPP LR IF IR 1T, /7 (8135 B W (8, bl J5 2 T I, A Bk GPP 6 H ZEd i, H
GPP (W RAEAR LU T HA = A Z B R 3, P A e I i« PR 0% . LUE i S E 2 BE R R B
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B4 SRR FRHBE Dy 71 NPQ SIAE R FHIAX M
Fig.4 Correlation between fluorescence parameters (@5 and NPQ) and environmental factors in Slash Pine leaves

BEMIKFE, = = % P<0.001; * * ,P<0.01; * ,P<0.05

Dps1 NPQ PAR Tiear RH

Dps 11

NPQ
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Tlcar

RH

50 60 70 80

5 DEMMEREXSH Opg, 71 NPQ 5INEREFHIHX M
Fig.5 Correlation between fluorescence parameters ( @ps; and NPQ) and environmental factors in Masson Pine leaves

BEMEIKF . « = % P<0.001; * *  P<0.01; * ,P<0.05
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Fig.6 Duirnal changes of GPP and LUE in subtropical coniferous plantation of QYZ in different seasons

GPP: E¥RE7 11 Gross primary productivity ; LUE : J¢8E % FIZ Light use efficiency
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