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Photosynthetic characteristics and chlorophyll a fluorescence induction

parameters of Pinus densiflora on sandy soil
MENG Peng” , AN Yuning, BAI Xuefeng

Liaoning Province Sand-Fixation and Afforestation Research Institute, Fuxin 123000, China

Abstract: Pinus densiflora has grown in the southern Horgin Sandy Land, China, for 50 years, but little is known about its
field performance in this region, and nothing is known about its photosynthetic physiology. To understand the physiological
characteristics and mechanisms of photosynthesis in P. densiflora, mature trees were compared with the same—aged trees of
Pinus sylvestris var. mongolica ( the control ), and the growth characteristics of both species were investigated.
Photosynthetic characteristics were analyzed with a Li-6400 system, and fast chlorophyll a fluorescence transients ( OJIP)
were analyzed with a Pocket PEA plant efficiency analyzer. Growth and biomass of mature P. densiflora was greater than that
of P. sylvestris var. mongolica. This was closely related to stronger photosynthesis in P. densiflora, including a higher

maximum net photosynthetic rate (P 10.376 wmol CO, m™ s™") and a large range of light adaptation with high light

saturation point and low light compensation point. The dark respiration rate (R,) of P. densiflora was low, leading to higher
photosynthetic efficiency (P, /R,). Diurnal changes in the net photosynthetic rate ( P, ) of P. densiflora ranged from 3.290
to 7.349 pmol CO, m™ s™', and the mean P, was 4.902 pmol CO, m™~ s, which was 36.2% higher than that of P.

sylvestris var. mongolica. The P of P. densiflora at each time point was significantly higher than that of P. sylvestris var.
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mongolica, except at 12;00 and 14:00. The transpiration rate of P. densiflora was 34.8% lower than that of P. sylvestris var.
mongolica, and its water use efficiency was 2.06 —fold greater than that of P. sylvestris var. mongolica. The P, of
P. densiflora remained high when stomatal conductance was low. Compared with P. sylvestris var. mongolica, P. densiflora
was less susceptible to dynamic photoinhibition, showing slight photoinhibition only at a PPFD of 2000 wmol m ™~ s™" | when
P, was 91.4% of the maximum. The chlorophyll content in P. densiflora needles was 1.380 mg/g, double that in needles of
P. sylvestris var. mongolica. The JIP test was used to reveal the mechanism for the strong photosynthesis of P. densiflora and
showed that in the range from O to P phase, the relative variable fluorescence value of P. densiflora was generally low. This
low value indicated that little energy was dissipated via the electron transfer chain, so that more energy could be used for
photochemistry. The two species reached fluorescence maxima at different times under saturating illumination: 700 ms for
P. densiflora and 900 ms for P. sylvestris var. mongolica. The phenomenological energy fluxes per excited cross section ( CS)
were calculated ; these indexes showed that, compared with P. sylvestris var. mongolica, P. densiflora had a higher density
of reaction centers (RC/CSo, RC/CSm) , a greater proportion of photon flux absorbed by the antenna pigments (ABS/CSo,
ABS/CSm) , higher trapping flux to the reaction center ( TRo/CSo) , and used more energy for electron transfer ( ETo/
CSo) . These attributes led to its higher performance indexes. The Pl ,u0 . cq,con of P. densiflora were 1.42—, 1.65—, and
1.63-fold those of P. sylvestris var. mongolica, respectively. Together, these results suggest that the growth and
photosynthetic performance of P. densiflora are better than those of P. sylvestris var. mongolica in the Horqin Sandy Land

environment. This conclusion provides the theoretical basis for the expansion of P. densiflora cultivation in this region.

Key Words; Horqin Sandy Land; Pinus densiflora; photosynthetic characteristics; transient chlorophyll

fluorescence ; kinetics
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GBI 2R R a PRABDE BN J1 27 i 4 (OJIP jh4R) RE4xihl S W TR BRI L E R Z SO RS 1
(PSID) (L B fe R, AR OJIP HZRAT 0.0 1P 4540 , 18 i iX SEAH s DO AE AT X i 1-1%
AR Y B RCR S B TIEAR , SEI TSR A TR S RE A RO SRR AR Ry JTP -
BN TIPS LA P | RO R R TR BRI T E AN Z MR R/ NRDE S BRI DUZ AR R
VISR — e @ AP S VE N AELI A 418, FL AN Busch 45 (2007) #5855 T BE 5 ( P. banksiana) 1)
BEEFEBL AL e , Martinez-Ferri %5 (2000 ) #£ i°F T # 7 i& H 4 (P halepensis ) F1 i JE & H #8 ( Juniperus
phoenicea) #{%ﬁﬁﬁgﬁﬁgﬁgﬁﬁ[ﬁﬁﬂﬁ?ﬁﬁﬁi E’J%E‘rm , Pollastrini % ( 2015 ) :J'%ﬁ“T %ﬁ%”ﬁ( P. pinea ) Y‘F:}E
Z 0 AR AT P H A s R R A A e , Porcar-Castell 55 (2008 ) #lF 5% T BXYNARAR ( Pinus sylvestris , 15
TR AR ) FR 2 A VR VIR S I SR R OB 12 E R L I MR (P. densiflora) B1IL T4 [E]
TS MRBIFFE T (R SCRIFRE VST F 1965 4EFF GRS e BHRID D Hi e 2 5 | Bk 3%, 2404 50 4195 Fh i
s, T 2014 AEPUL T MR RAFPHE 22 512 AR RO A A, R 90 AEATIT I, Bl & VD A Sl
55 | FRRE TR (P. sylvestris var.mongolica ) ¥ L T RER LG 1857 T AMERSHA , SMER I IR RS RTT 4R
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FARAE IR FEEE NS TS5 I, Han QM 45 A (2003) 4884 I R0 58 T IR B — G A 78 7K 7 Finale B
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111 sk

IR T 1976 4 4 H 4] Gl 51 FhoRAE 2 4548 S0 A SR W 1 10 b AR b 5 48 1 W 79 4[] 1 1) A 4T
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TFRRAS R ST i XA AR Fr g hn , 3282 IR 48 AL (P tabuliformis ) | U0 MR FA S 32 0 6 70
R, PRI A D AR A Y, A0 45 B2 ( Rhumus parvifolius ) A ( Ulmus pumila) 528 ( Morus alba) 3%
F ek ( Celastrus articulatus) | F1% ( Ampelopsis japonica) #3%% L ( Caragana microphylla) 111 HL4T ( Crataegus
pinnatifida) ¥ 7% %5 ( Phellodenron amurense) ./INHAN( Celtes bungeana) /N4 ( Populus simoni) 5%
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TEAIAEAT A BRI 14 B SRR T 05 PR Fh 2 48 2 BT o G R (P,) R R (T,) AL
(G,) SR bR, B R i, Fe T B B < B N R T R I TR 5y R a0 e

http ; //www.ecologica.cn



4 A E = 36 &

PRI B RS, M SE 3d, AR 800 FFARINE , 45 2h ) 1 YK, 1800 &5 5, AN sf 8] A5 A R AR ofE A &0 3 Ik,
05 391 P OG5 A R (PAR) 2 AL FEY 52—1704pmol m ™ s~ B{E 839.5mmol m™ s~ s RS AL TE Bl A
22—29°C , AR 26.7°C ; AHXHZEE (RH ) ZRALTE BN 45%—T73% , 41{EH 59.2% , F T 22 K7 1 Ho 1) 4m /2
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LT IE G A | O Tl 85 B (PPFD) % 8 h 2000, 1800 ,1500 . 1200 , 1000 ,800 500,200, 100,80 .50 ,
20 ,0pmol m™ ™" B E e/ NFERFIT [H] 2 1208, Fe KAFRFRT ]2 2008, W& A [F] PPFD T Pn, PIASREFD
Pn 5 PPFD Z 8]y Z 7] ] SPSS V17.0 #4F Nonlinear ik #5 F iR 256 )y FEpb ATl A 1 .

-aPPFD

P=P, (1-Cheu ) (1)
P,WmmolCO m” s I REOEE R o 596 TR TR HZCRE (TR ILE FRCR,AQY) G, FE R FIE T
@7‘6 BRI TEMFE R, 24 PPFD by 0 B, P, A (i, R MG IR 3% (R),) ,LJ;AEE(I)TUWH‘%;O i
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o
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1.4 WHERE a ARS8 bRl e
5L A AR PRI E . AR R T LT 8,00 BYEUGA TN B T e AE A BT IO K47 AL A4 50 1 2
AEAEAL 5 2% RS AR L B AOR T, JF A T 1D B SR BRSPS B (A1 525G = WS Y 30min, SRS
JH Pocket PEA FH#IRCES3HTL (#45 PPEA, Handstech Instrument Ltd. $[E) 7 4K a PAHZOGI 240
BRIt AR SEC T AR A A P AT RS RS de h  SE A B 4 mm IIURSL . TR R 6 Ak
6 AR BRI K 650 nm Y0, G EGRIE K 3500mmol m™ s FIML R , FEOGIE S RYIC E AR A 1s,
A S BROGSE 10s , FEFP R E 20 N TS, Pocket PEA T L7 £E DL [R] Fp M Al A | JEAADECAE ( B/
PG F BEKRIEN F,)) HOFRIGH R PAI DO (0JIP) fi<e, Tyt e bl 22 5% | seiRk ik oJIP i<k s
SRR B T A AT ThRifEfl . AW F - F T hR Ak AR fb i 98615 5 B0 HI AR X
AJAEGEIG(V,) TR, V,=(F,~F,) / (F,=F,) , 1 V261 OJIP £k O HHAYZEREEY R 0,P MHAYZOLIRE
B 1 @A OJIP 2k i 31 1) FE EDOE SR AR R L, R 1

R1 MERERETEHZHERBISHEREX

Table 1 The parameters and their meanings extracted from the fast fluorescence transient OJIP curve

ZH Parameter i 2. Meaning S0 Parameter 1 2. Meaning

ABS/RC PO IR G W A Y S ETo/CSo NIRRT AL ny g i

TRo/RC BB H AR R Dlo/CSo PN HOR A T BRFE R RE B

ETo/RC AL SONE 0 F T AR Y R i ABS/CSm PANLEOR A RN R G i (LR R PO 6T )
Dlo/RC B PO AGRE T i RC/CSm BN PR R A T RS O B E (LA R T Sl
RC/CSo PR A AN G B H Pl ps VAMMSOERE (ABS ) Ay 2 fil 19 1 RE 15 £

ABS/CSo BT 384 A T R M 1 o' Plgg, VAFERTOL (F, ) yHnd i PE RE 15 KL

TRo/ CSo PR 2 TR SN PO AR Y ' i Pl VAR TEE (F,, ) J Rl e

ABS WUt Absorption flux; RC: 2R H1L> Reaction center; TR: iR A6 Trapped energy flux; ET: B Ff&# [ HEE Electron transport
flux; DI. #FEHAYHE Dissipated energy flux; CS. Bk AT Excited cross section; PT: PEREFEEL Performance index
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1.5 4R (Chl) SENE

SRR A A E "
1.6 ik

P G SR FH SPSSV 7.0 5144 i 47 B3 58 1 43 B, ) 201 1) 4k 28 47 20 X 38 07 22 43 BT (one — way
ANOVA) , K H Fisher i LSD L2 5 He A 4T ; MK PR E N a=0.05, R Excel 2003 1l &,

2 HREH

2.1 VHiARAA SRS SR A I AR X T
211 ERKE
XA M b PR 0 L 2R FVRE AR = R AR A A S AT X b (3% 2) , e BRVD b AR A R s A o, SR A A Y
115 75 B B A8 Y 1.23 £%, 11 HL, TGRSR W i 2 B AR e b, V0 b o 8 19 28 S R A 80/, 3R W
VP HLAR ARG AR R B OB B/ N BRAR A AE K i T — 3, T ARG I Y 4F SR —4F , Y i R W i i 4F
BARRA A I TR
£2 WA ETFREKEEE

Table 2 Growth comparison between P. densiflora and P. sylvestris var. mongolica

HEFEM A K/ m?

W Tree height/m W4 DBH/cm .
Current annual volume increment
W F Spieces — p——
XA 5 5 R AL SEHIE 5 5 R R 2012 4 2013 45

Mean value CV Mean value Cv
VP HBIRKAP. densiflora 9.36+0.69a 0.074 18.44+2.50a 0.136 0.0036+0.0004a 0.0048+0.0005a
(LR RN

8.17+1.15b 0.141 14.99+2.50h 0.167 0.0017+0.0004h 0.0011+0.0002b

P. sylvestris var. mongolica
ARG T EER 7R AN [l 8] 22 55 035 (SR RO A P I (B R 22 TEM s R AR A AR 77 T, WD MBI AR n=69 W THA n =74 3B BUEK
HHAR BRI, PR FR n=3)

212 HEYE
23 Fs , IR I AR Wyt HE R LA — 2y, B oSS VbR B Wi ek, S Rl A 1
FARY 1.73 4%, Hirp T 2R AR 0 3 5 T AL, 0 2 A AN 1.69 7.8 F11 1.97 £%, Wiks A= ¥y S54%
TIERARE . UHIIRA T AR ZE e 2 TR T
®3 bR ETFRERREASEEEYE(TE) WiE

Table 3 Biomass of different organs of P. densiflora and P. sylvestris var. mongolica

W) Biomass/kg

papat Spieces F 53 H 3 1R FiE W2
Stem Branch Needle Cone Root Stem :Needle Root :Shoot

Il BN

Di&jﬁ:& 60.38+10.05a  19.16+3.74a 6.86+2.07a 0.39+0.14a 35.58+5.01a 8.80+2.56a 0.41+0.06a

P. densiflora

(RN

P. sylvestris var. 35.81+8.88b 9.78+5.37a 7.03+4.48a 0.05+0.04b 18.10+9.57h 5.09+1.47h 0.34+0.08b

mongolica

A1 INE SRR AN TR 1) 22 S 3 (R PR N B bR 22 0 =3)

2.2 SLERHEXT L
221 Otarem

S 07 4R R T AE LT PREE AR AR PSR L A PORE PPRD AR B IEE, FIHAR (D LA
IR AP DI R IR (B 1A a2 .

=0.055PPFD

TP AR . P, = 10.376 x (1 — 1.286¢ 13 ) (R*=0.972)
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060PPFD

BETHA.P = 8.283 x (1 - 1.497¢ 3% ) (R*=0.965)

WA 13 I N S8 (R 4) . P,/ R, HAE RN AW CEROR, W HLIRA P, /R, 3%
RN 174 £, WD HARRA P R RN 1.25 £5, B R 3K, 3L P /R R . BB
LATLVE I VAR IATE LR BT PR TREFIS (K 1) o J6h HAERTLUE W iR P, H A2 4k
i FI7E 3.290—7.349umolCO, m ™ s™' ZJi] , 2] P 4 4.902pumol CO, m™ 7", A FHA K 36.2% , [ 1200 Al
1400 &b A B[] 5 33 Jd 2 B b A A (3R 5) o i AP Hb AR A T LU A /N 34.8% , R I 7K 43 i) I %%
(WUE) .3 5 TR AR L RAE ARG 2.06 %, JFH WP HIRIAETE RV 6, TR PL(326) .

F4 TR HEHTEESHRMEELR

Table 4 Characteristic parameters of light response curves and chlorophyll content between P. densiflora and P. sylvestris var. mongolica

LSpP/ LCP/ P/ Ry Chl/

fFl Spieces - oy AQY Pra/ R,
i Spieces (pmolCO, m™2s™") (wmol CO, m™%s7") ¢ (pmol CO,m™2s™")  (pmol CO,m™2s7") /R (mg/g)
B LY VN
{/ﬂﬁjﬁh 916.240 47.453 0.055 10.376 2.968 3.496 1.380
P. densiflora
T \
BT . . 691.442 55.698 0.060 8.283 4.116 2.012 0.694
P. sylvestris var. mongolica
DHIRH — — B
12 ¢ 12 -
Eo10t 10 -
24 8f 8T
¥ I i
= g 6 6
&L S 4y 4r
RED 2} 2t
22 o
gv — ] 200 400 600 800 1000 1200 1400 16001800 2000  —» # 200 400 600 800 1000 1200 1400 1600 1800 2000
Z T -4 4
-6 L 6L

I 5 B E/ (umol -m 27
Photosynthetic photon quanta flux density

1 ARFHARAK (1) BEE (X)) SIS (G) PSR g2
Fig.1 PPFD response curves of net photosynthetic rate( Pn) for the two species before(left) and after(right) fitted by equation(1)

x5 DHFNMEEFRENERLESERLER
Table 5 Comparison of P, between P. densiflora and P. sylvestris var. mongolica at each time point
P,/(pumolCO, m 2 7")

FF Tree species

8:00 10:00 12:00 14.:00 16:00 18:00
Wl SN
(/iﬂwﬂ—& 7.349+0.618a 6.211+0.800a 4.001+0.776a 3.931+0.841a 4.631+0.646a 3.290+1.207a
P. densiflora
ESRN
5.365+1.412b 5.441+1.174b 2.293+0.828b 3.783+0.646a 3.523+0.778a 1.190+0.395b

P. sylvestris var. mongolica

F PP I AEAARIE 2 (BRI B ABEALIR 20 DB, B n=20) o a,b FIRAN R R A] 22 57 3%

Ro6 DHMFMEEFRFTHSASE AAER BBERMKSFAKLELE

Table 6 Comparison of mean P, ,T, and WUE between P. densiflora and P. sylvestris var. mongolica

_ G/ P,/ T/ KSR AR WUE/

W Ff Tree species P o P
(mmolH,0 m™*s™") (pmolCO, m “s ™) (mmolH,0 m™ s7") (wmol CO,/mmol H,0)

FAS: LY/
v Ljﬁ:& 199.828+34.424a 4.902+1.640a 4.866+1.336a 1.005+0.390a
P. densiflora
s T HA
Ll 225.820+16.702b 3.599+1.797b 7.458+0.737h 0.488+0.379h

P. sylvestris var. mongolica

R B R AR IE 22 (DI TS BE LI 20 DB, BT LA n=120)  a,b FRA IR 22 52 2 35
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2.2.2 JGIE N YE

U0 Hb AR A B = B EARR (LSP) FTEEAIRA S AME S (LCP) (% 4) , B SLbrtm itk (B 1 4,
I TN T A S EAMH ( dynamic photoinhibition) , 7E PPFD i5 1800mwmol m™ s™' B | Y& i R T
W, P WA K 77.4% ; T 24 PPFD 35 2000pmmol m™ s i, P AV HIEAE 4 30.5%, ML R, Vb b AR bA7E
PPFD 4 1800wmol m™ s~ i, JF- 2K & AE el 24 PPFD 1k 2000pmmol m™ s B A& A T8 8ieimisl, Pl
WE(E Y 91.4% , ABFFEIE KD HbARFA ST B 3w 1Y Chl, WA & 1A%, 355 1.380mg/g(# 4)
2.3 WMERE a PUAHDOESN T2 REIERT
2.3.1  FRAEAL A R

BV, 2zHE) oI th4aT LIE 1 (B 2 | PARRh A Sy SR (-2 = AR ZO 63 2t 2, A 0.1 .1.P
SEAHA . BRI ZIB A LB B3R P AHSAYBS[R] (T, ) AR VD HFRA S 700ms (P AL aR) | i T
FAJ 900ms (P, A7) o ZEIFRAIF Y, Wik A AT i OJIP M2k it 22 55 548 T A5 (2ms) Bl W2 A 0L
FLAUAE | ATE NS ARDOEHY 2258 LIBE TS V25510 OJIP <k ot B SR 5 FH VD M 7R ih 26 45 % BE it 48 10
WAL ME (AV,) EHERI(E 2 T) . 458 Em, )\ 0 ML P AR R b, YD MR AR e b 28 25 1
(AV,) KEBHE B S I TR, IR Fh 22 55 3222 HH BAE 300ms—30ms i B P, B J AR BT IR, e ok
25 PR J-1 Mz 8] (BRI 204 10% ws) o FERRAEE P AR YoM AR AR AL DO GIE B T TS A A —
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