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Analysis of needle photosynthetic index characteristics for long period seed
setting and non-setting trees of Pinus koraiensis
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Abstract; [ Objective ] Photosynthetic products form the basis for forest growth and fruit development. This study
analyzed the differences in photosynthetic physiological indexes of Korean pine ( Pinus koraiensis) individuals that were
largely similar in terms of their vegetative growth patterns, but significantly different with regards to seed setting. This
study was conducted to provide a scientific basis for the optimum cultivation of the fruit and wood of P. koraiensis.

[ Method ] Thirty-year-old Pinus koraiensis in the seed orchard of the Lushuihe Forestry Bureau was selected as the

15 %5 B # Received :2022-03-15 f&E BHA Accepted:2022-11-12

EEWA . [{FKE AN KT (2017YFD0600601 )

F—1EH AR (276237820@ qq.com) . * BISVEH : IL¥E JE (shenhl-cf@ nefu.edu.cn) , # %,

SI3ES AR, R T Ui, S KINESSERIAR G SEELAN T ML & A BB 22 57 [T ] ARl R 242840 ( A SR Ri) L2023,
47(3):137-146.LIN Q, LU T Y, SHEN H L, et al. Analysis of needle photosynthetic index characteristics for long period seed
setting and non-setting trees of Pinus koraiensis[ J]. Journal of Nanjing Forestry University ( Natural Sciences Edition) ,2023,47
(3) :137-146.D0I:10.12302/j.issn.1000-2006.202203032.



138

Mo ARl R R (A R B R )

research site, and the dynamic changes in chlorophyll, specific leaf area (SLA), light response parameters, and non-
structural carbohydrates ( NSC) during the growing season were assessed. [ Result] (1) There were significant
differences in chlorophyll a (Chl a), chlorophyll b (Chl b), chlorophyll carotenoids, and total chlorophyll ( Chl T)
under different seed setting conditions. Specifically, Chl a, Chl b, Car and Chl T of non-fruiting P. koraiensis were
significantly higher than those of fruiting Pinus koraiensis during the growing season, but chlorophyll a/b ( Chl a/b)
showed the opposite trend. However, the indices of the two seed-setting properties of P. koraiensis showed significant
differences across different months. Chl a, Chl b, Car and Chl T decreased, SLA increased, and Chl a/b decreased at
first and then increased. (2) The light saturation point (LSP) was significantly different between the two seed-setting
properties of P. koraiensis; apparent quantum efficiency ( AQY ), light compensation point ( LCP), maximum net

photosynthetic rate (P, . ) and dark respiration rate (R;) were not significantly different. Except for the LCP, AQY

and R, of the two seed-setting properties of P. koraiensis showed an increased during the entire growing season. On the
other hand, P
noted. Specifically, AQY showed less seed-setting than non-seed-setting in all months except May, but R,, P

do n, max

v » LGP, and LSP decreased. Two types of seed-setting characteristics of P. koraiensis needles were
and
LSP showed the opposite trend. In addition, LCP in May and July is less seed-setting than non-seed-setting, and in June
and August is more seed-setting than non-seed-setting. At the same time, LCP and LSP increased gradually with an
increase in canopy, and the difference in each index month was significant. (3) There was no significant difference
between soluble sugar, starch and NSC in the needles of the two seed-setting P. koraiensis individuals. However, the
concentrations of soluble sugars and NSC in conifers were higher than those in non-conifers, except in April and August.
In addition, the starch concentration was stable except for in June. [ Conclusion] P. koraiensis has higher photosynthetic
potential and material consumption capacity, so it assimilates more carbon under light conditions and improves energy
conversion efficiency; this results in it storing more starch and NSC during the growing season, providing nutritional

support for fruit development.

Keywords ; Pinus koraiensis ( Korean pine) ;photosynthetic parameters ; non-structural carbohydrates ; seasonal dynamics
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LW ( Pinus koraiensis ) e 28 U7 1078 Hb X b
P TOUR AR T —— I 2D R AR ) S A o, AR 5 ]
FARRE Rt th 55 DU A PR Al 22—
FAM MR IR E R ARM b4 22 JeHE R R 5t
FHAA A 252 4 0 T BT 5 A 7 B A RE U2 543
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el S X LT AN AR A % B2 N 3 mXx3 m, FEHLIE IR
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-19.5 C, 4%t i - 44.4 °C, =10 CH AR
2590 C ;4P H IR 2 117 h; 4P ¥Rk 871
mm, Fx KK E 1 170 mm, ZEH7E 6—8 H ;¥
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BER (3 1) . BEXPRERS 1 BRSS9 R HLF- 4
SEEESE T3 1 R LP R AR RN G 52 (B
BRAFE IRt B WA RORS AL, i &b 37 b 25—
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Table 1 Sample trees in Lushuihe seed orchard of

Pinus koraiensis

v . iy
i , =Y A
R e oA Y e s
i‘tfﬂ, ﬁéﬂ Sy 1 m
. stand G cm  average
habitat tree tree
age tree No. heicht DBH  crown
gl"OLlp elb Width
20 RZESINF1 9.9 22,6 7.2
£l 29 ZE57F2 0 103 265 8.5
Pt (E) . 29 AEESINF3 110 32.1 7.9
forest edge 29 2552 F4 10.8  28.1 9.3
o 20 REESINFS 103 27.1 8.6
29 4592 F6 108 315 9.0
» 30 RZESINF7 113 273 6.4
30 ZESIF8 119 246 5.7
M (D) s 31 REZESENF9 123 268 7.3
inside stand 31 ZESZF10 11.8 29.1 9.8

29 REESYINFI1 104 266 7.7

16
29 ZE9IF12 111 29.8 8.7

1.3 EtRiNE
1.3.1  a4f

i E #E X CO,/H, O 21 AR AR 43 BT A ( Li-
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W, I 4% LG B A7 4 e D3 g % 41 P dE Ay

20~30 min BT, AROLA S (PAR) 27 1 000
pwmol/ (m*+s) , B J5 LA £T # Y6 I8 ( Li-6400-02B, Li-
Cor. Lincoln, NE, USA ) i & & 11 & % & bh &
2 000.1 5001 000,800,600 400,200,100 .50
20,0 wmol/ (m?*+s) o o FHASES i e i ity £ 00
HCEREL AU A h e ot i ZeZs il A 4E SC
MR 14-15 1IHE R TR (AQY) |
1.3.2 et @At g & 420

FEIF AL (SLA ) B 6 A o BRI o
MIHAE . 78 BrPR 3 AN 52 F 1) I 1 4 A fg B
£ i Epson V700 $14#1% ( Seiko Epson Corpo-
ration, JPN) 48 H T RS B E 0 05 BB 65
CHTEREEE, B (em®) 5
MR B (g) Z

B A BT 0 4805 R T AR B 0.2 ¢ B 1 5 B
fn, BT 50 mL B0 I 40 mL AR 4 %k
99. 5% IR \95% /) LR FRLL 1 1 RIR BT
10~25 CHLAMF T RIEEMERAEH, 1
SCHR[ 3] B e F PR A AR NS &,
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FE RO L (32 S S T A o AN T 1 A
HEFFIE ,NSC 7% 5 R AT PERE FIUE A & B 2
1.4 #HiEaE

fHFH SPSS 25.0 X AS [R) 45 5245 1 2104 i i
2R3 O i DG N S8 NSC & i AT R R T
Z253 BT (MANOVA) K352 257 (A 4y) AR 5E
B HZE B AR AR R sg i 2 75 B2, 4 i 3 W T
XS5 K3 ( Duncan ), 28 HAFE FH @ 2 i k47 ) B8
R T B € S PN EAR = =t A G [
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XA RS SRR LA AEAN R AE S N AR A
JF1) 4y 25 22 R L P TRERR (SLA) R 7 WU £ 07 2243 W7
(R 2) G5 R R ALE TR LI 5% a b 2
HHE DRSS i 25 R 3 (P<0.001)
SLA 442 a/b(Chl a/b) 25 B35 A R4S S8
PELIAMEHHAEARTR A By GG B3 S SLA 22 74 ik
F(P<0.001)  AFABEEE S PR EEZER
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W3 (P<0.05) 255 AR WA BAE T 45 S fAE B TEARIE] Ay PREFIAR A B 25 52 AN ZE SL 20
HIE HAE X2 ZE A SLA B EE (R 2) [ ER R AL AR AEAE 2 5 (R 3) . 6 AMK
2 SEX AW EERTEERX IR GRLLRAM AR a/b TEGE AN S Z (B A7 7R 1B 3%
MEESE.SLANSC 22N Z5(P<0.05) ;8 AL 2 KiHE b

Table 2 Effects of fruiting, month, habitat and interaction 22 R 2 A i L S R 4550 = [l A 2%
R L N R = = N
hl hyll tent, SLA and NSC tent of
on SHOTOPIVE somen AT OO 5 R (P<0. 05) , MR LT M Ho I R 4 SR
Pinus koraiensis needles N . N
S AIAFEAE W 25 5 (P<0.05) ;9 A MG LHABR

LS " )

4 o QR e IR a/b RO TR G5 SRR G S A
parameters fruiting . H — . N e
characteristic month habitat Hbjaﬁi@ﬁﬁﬁﬁ%nﬁ ( P<0 05 > 5 % Ij:J éI FA%% E
WGE 2 A Chlacontent  9.976%**  42336°** 3436 0158 1619 NS EMMLEE a/b 7545 L FANGE S 2 [RIfETE
MAEE b Fhk Chl b content 10.017*** 20.301%** 2133 0.219 1977 BEXER(P<0.05), LML BN, M5t

KW H N E SR Car content 8,937 *** 25,135 % ** 4.020% 0426 0.709 N e 5 =%
et e _ Fa MR Db KW P EMAHSE T RESH

BMERZE AR Chl T content 10,237 ***  37.467 *** 3.196 0.166  1.746 " - s i P

144 a/b Chla/b 1.494 0.861%** 0288 0468 0.764 P ERIN AL LR T 4G5, AR a/b 1E 6—8

H TR SLA 0.549 38755%%% 0864 0246 3.663 H B REE LI RNEE LR T ALE S, RN A 2, 5

i 2% mage ssa5eee L1011 HMRNZELLIART AR R a/b B s IR ANEE 5

soluble sugar content

° f=x 2 s A I~k 24 5

WM starch content 0036 276.690%** 6964 ** 0354  1.999 W ,9 HMRGFIARN 28R a/b BRI EE SR
SRR _ FTAGES e AR BR 7 H AR, 8.9 H MR M4

Ttk e 1273 205219%** 0248 0512 0.133

FAR NSC content RINGELRTFAGEL(£3),

H:* P<0.05,"* P<0.01,"** P<0.00l, F [, The

same below.
*3 HEABAREREEEIMAEZARHFEMIEHERESR
Table 3 Differences in chlorophyll and specific leaf area between fruiting and non fruiting

Pinus koraiensis in different habitats in the same month

A6 B . A0/ (mgeg~!) content IR
th fruiting habitat Chl a/b (cmz -g’l )
mon characteristic abtia Chl a Chl b Car Chl'T SLA
W E 1.53 A 0.36 A 0.54 A 1.89 A 423 A 38.73 A
ANGESL NF
s AT 127 a 031 a 0.45 a 1.58 a 412 a 38.16 a
M E 1.40 A 0.34 A 0.50 A 1.74 A 4.17 A 38.89 A
458 F
MR T 1.22 a 0.29 a 0.44 a 151 a 420 a 38.91 a
% E 1.40 A 0.35 A 0.50 A 1.75 A 4.03 A 41.42 A
NG5S NF
. T 1.24 a 0.30 a 0.44 a 1.55 a 412 a 43.51 a
W E 1.30 A 0.31 A 0.46 A 1.61 A 423 B 41.87 A
ZEILF
R 1 1.23 a 0.31 a 0.44 a 1.54 a 4.07 a 46.01 a
. ML E 1.25 A 0.33 A 0.44 A 1.57 A 3.89 A 49.39 A
NG5S NF
; M 1 1.23 a 0.31 a 0.45 a 1.54 a 3.98 a 51.84 a
L% E 1.17 A 0.30 A 0.44 A 1.47 A 3.96 A 49.50 A
YT
MR 1 1.10 a 0.28 a 0.40 a 1.38 a 391 a 49.62 a
. ML E 1.05 A 0.29 A 0.39 A 1.34 A 3.68 A 55.59 A
ARG5S NF
g PNGR! 1.01 a 0.26 a 0.36 a 1.26 a 3.95a 49.07 a
M E 0.88 B 0.24 A 0.32 B 1.12 B 3.77 B 49.54 A
LT
MR T 1.03 a 0.27 a 0.37 a 1.29 a 3.89 a 57.53 b
ML E 0.92 A 0.23 A 0.37 A 1.16 A 3.98 A 55.15 A
ANGESL NF
0 AN 0.97 a 0.26 a 0.39 a 1.23 a 371 a 52.88 a
M E 0.78 B 0.19 B 0.32 B 0.97 B 4.11 A 54.74 A
¥
NG 0.88 a 023 a 033 b 1.11 a 3.88 b 56.36 a

T RISAN R R S 7 k27 AH ) T A3 PRER S5 SERN AN G5 SELT R 2 18] Y 22 53 18 25, /NS 7 B DU 3 7 AR D 445 SRS &5 S 2T 22 ) ) 26 5
% . The capital letter in the same column indicates the difference between fruiting P. koraiensis and non fruiting at the edge of the forest in the same
month, and the small letter indicates the difference in the forest.



%5 3 1 AR, S RS SRS AL O B A B S B 22 57 141
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AR A —Z (8 1),Chl a,Chl b 2K#]
5 NZ (Car) FLE 283K (Chl T) & & 724 K21
] 0K R a3, T SLA 7E 5—9 A 8-h b
F+,Chl a/b 7€ 5—8 H F K¢ ,8—9 A L7+, A
A K ZEA], ZTHA Y Chl a,Chl b Car #1 Chl T &

BRI AGE SR T4552 1 Chl a/b WIAH S, SLA
bR 7 A OMERIMAEE TR TAGET, 789 At 45
SERIANEESZLLRA%E I Chl a Chl b Chl T F1 Car &
HIRT B E2E S HoM A AR SSRGS ST 2 57
AEEET),

= = 040 50
0 o0 : ®
b3 L= 035 ERpe
£= ES =
=5 =S 030k i g
i) E i S 0.25 & ;
41 E 4T E 4% §
= 5, = 020 )
& 2 & 2 8
% ° % ° 0I5 wc
ry = 0.10 L . s B

5 7 8 9 K

H 1 month
o ~=
b )
s = o @
= = 3 < E £
H O g =%
e &< Kz
¥E = E e
5 s
44 month H 4> month 45 month

—— AEESZ unfruitful; —— 4552 fruitful

ARRVNE FREF R AR A 5 F 45 SEFAREE LN 2 (8] 24 55 3% . Different lowercase letters indicate the difference between fruiting and non

fruiting P. koraiensis in the same month.

E1 SHXMALEZARHEEMEHERETHES

Fig .1 Seasonal dynamic changes of chlorophyll and specific leaf area of fruiting and non fruiting Pinus koraiensis

22 AESEEFHARFTHAMESHER

PONEEATR AR AN /A7 NI Do = ¢ R0a o N1 51 £
e 3 ZEGHA TR TR 7 225341 (3R 4) R, AR
ZH SRR LI AN B I BROCAR AN 5 (LSP) 22 ik 3] ik
FIKFAN(P<0.05) , HARFE bR TC .35 22 53 5 AN [
A3 (AL LSP 3k 2 i 2% 22 5 (P<0.01) ; i )2
[EEAME A5 (LCP ) F1 LSP U 2 30 M 4 1B 35 25 &
(P<0.001) ;45525 H 0y LA Je 45 592 5 56 J2 18] 28 B A%
M ES AR E,

®4 &L BB BERIEEBMOMH

St & M 25 8 30
Table 4 Effects of fruiting, month, canopy and their

interactions on needle photosynthetic parame-

ters of Pinus koraiensis

A

" Ay Tz
%
EH (F,C.> (M) (C) FCxM FCxC
parameters fruiting
> . month canopy
characteristic

FMEFHE AQY 0.223 1.331 2262 0.058 0.113
BREOCEHEP, . 0045 0872 2.631  0.008 0.063
GO R 0.291 1.348 2328  0.067 0.036
JeH AL LSP 4.185%  4.275% % 17.978*** 0.094 0.234
JeME S LCP 0.429 2.000 10.848 *** 0.986 0.625

XFAN ) 25 S AR 2T A AR AS TR A0 ) 1 1 i i
SRR AT R R 30T (3R 5) K, ANEE LR
[ LSP Fil LCP Y4Bt 2 i K, MK ok
B RS TR (AQY) TERANAERKFRAN |
THEa S KL R (P, ) F LSP IR N
IR IR R (R ) B EON % EFHE AN
AR NZESLINS LCP RBA B RFFa S (H45 5240 Fy
LCP N4 BTG B R 2 R PR e . 5—
9 H B ANLESLMY AQY — B K T 455240 4, i
P, .. LSP WA R, SRINEE LR T AEE I, R, B
5 HAMB R A ZE 92 KT AL S LCP Br 5 H# 7
AAMRMAGE TR T AL, Bk 6 & i
JZ AQY MR HE)E LSP 7 AME EE P, AE
SESCRIUNGS 92 2 [ A7 7E 3% 25 541 (P<0.05) ,
[7) £ 385 250 AR R e J2 20 R At I i 13 2 50 e &%
LHARGELZ MW A BEHEEF(KS),

TERAAERK T, i B o R 3 )R
LSP jAEM & 2% 5 (P<0.01) ,LCP 1£ FE)2 5
R A i 2 R AR E R 2 R (P <0.01)
(El2),
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Table 5 Differences in photosynthetic indexes of Pinus koraiensis with different fruiting characteristics

Ay S b gy M TR B Gl )
month rultlng . habitat position (mol - mol™") /
characteristic AQY P R, LSP LCP
¥ H 0.006 1 a 7.829 a 1.428 a 1515924 a 31.888 a
% E HER M 0.006 9 a 8.951 a 0.471 a 1394.492 a 22.189 a
T L 0.007 7 a 9.143 a 0.577 a 1294.542 a 26.885 a
NG5S NF #H 0.005 5 a 7.294 a 1.300 a 1 560.047 a 16.859 a
PRI B M 0.004 5 a 5.471 a 0.696 a 1 385.010 a 10.846 a
T L 0.006 1 a 5.909 a 1.442 a 1 203.548 a 7.704 a
5 E#H 0.005 7 a 9.005 a 0.736 a 1 709.400 a 10.825 a
M4 E HEB M 0.006 8 a 8.830 a 0.811 a 1 459.760 a 19.755 a
TE L 0.007 6 a 7.859 a 0.741 a 1150.131 a 4.720 a
G THH 00053a  7.053a 1.158 a 1 583.686 a 17.813 a
M T M 0.006 8 a 6.051 a 1.429 a 1 258.529 a 12.476 a
TH L 0.004 7 a 5.844 a 0.899 a 1429.791 a 9.562 a
EH#H 0.006 4 a 8.138 a 0.755 a 1 386.456 a 10.476 a
% E B M 0.006 6 a 7.130 a 0.965 a 1236517 a 13.029 a
o T L 0.005 5 a 6.247 a 0.503 a 1225.014 a 17.576 a
ANEENF F#H 0.0059 a 8.003 a 0.822 a 1 498.790 a 13.471 a
NR! 3 M 0.006 1 a 6.968 a 0.945 a 1296.181 a 17.901 a
TEL 0.008 4 a 7.255 a 2174 a 1 137.886 a 25.477 a
6 L H 0.005 7 a 6.376 a 1.489 a 1 370.776 a 17.820 a
M E hER M 0.006 1 a 7.224 a 0.810 a 1329.782 a 15.230 a
TE L 0.008 2 b 7.926 a 1.080 a 1 108.502 a 13.471 a
B b H 00064a  8.860a 1.300 a 1 633.439 a 20.468 a
P 1 g M 0.004 8 a 6.878 a 1.106 a 1 706.517 b 21.993 a
TH L 0.005 8 a 6.619 a 0.805 a 1283.541 a 12.715 a
#H 0.004 4 a 5.235a 1.371 a 1 494.411 a 12.154 a
M E B M 0.006 7 a 7.302 a 1.686 a 1 345.247 a 20.495 a
o T L 0.009 4 a 8.474 a 1312 a 1 036.955 a 12.154 a
ANEENF L H 0.006 1 a 6.971 a 1.334 a 1351.682 a 15.164 a
R i M 0.006 8 a 7.114 a 1.421 a 1265.974 a 12.860 a
TH L 0.007 2 a 7.044 a 0.357 a 1 034.286 a 11.761 a
7 F#H 0.006 9 b 8.333 a 1.411 a 1 481.770 a 20.327 a
M E B M 0.006 2 a 7.184 a 1.665 a 1 575.536 a 13.945 a
TH L 0.006 4 a 6.880 a 1.558 a 1 366.255 a 11.013 a
B F#H 0.007 2 a 5.784 a 1.042 a 1 169.053 a 14.363 a
P 1 g M 0.006 0 a 7.208 a 0.989 a 1392336 a 13.222 a
THB L 0.066 1 a 7.453 a 0.895 a 1 140.826 a 11.442 a
#H 0.006 7 a 8.414 a 1.554 a 1 527.547 a 17.009 a
W E i M 0.006 7 a 7.091 a 1.417 a 1326.158 a 13.702 a
T L 0.0059 a 5.754 a 1.388 a 1235.839 a 5222 a
NG5S NF L#H 0.008 1 a 8.226 a 1.261 a 1211.409 a 22.293 a
MR 1 HEB M 0.006 7 a 6.724 a 0.855 a 1214.098 a 9.285 a
THL 0.008 2 a 4.969 a 0.627 a 668.076 a 8.366 a
8 ¥ H 0.0076a 10576 a 1.747 a 1 660.361 a 22.735 a
M E R M 0.006 3 a 7.805 a 1.455 a 1 508.528 a 11.750 a
TH L 0.005 4 a 5.9670 a 1.475 a 1 436.135 a 10.558 a
P LEH 0.006 3 a 7530 a 0.947 a 1477218 a 12.959 a
RN T B M 0.007 8 a 6.255 a 0.984 a 1110388 a 8.265 a
THBL 0.008 6 a 4.013 a 0.965 a 577.589 a 4.773 a
F#HH 0.005 5 a 6.097 a 1.084 a 1312425 a 17.509 a
% E g M 0.006 7 a 6.819 a 1.290 a 1275.987 a 13.702 a
TEB L 0.006 2 a 4.846 a 0.689 a 956.368 a 5.222 a
NG5S NF [#8 H 0.007 7 a 8.066 a 1.683 a 1 264.802 a 22.793 a
VAN B M 0.008 7 a 7.311 a 1.054 a 966.799 a 9.285 a
TH L 0.007 7 a 6.058 a 0.991 a 1 008.773 a 8.366 a
9 T#H 0.006 5 a 7.266 a 1.502 a 1327.393 a 22.235 a
M E R M 0.005 8 a 6.469 a 1.342 a 1359.732 a 11.750 a
THB L 0.006 4 a 5.782 a 1.268 a 1323383 a 10.558 a
P i H 0.006 0 a 5581 a 1.440 a 1178.921 a 12.459 a
RN T i M 0.008 7 a 6.217 a 0.980 a 898.010 a 8.265 a
THB L 0.008 6 a 8.119 a 0.887 a 1132.021 a 4772 a

T ARFEVNG FREFORMRI AT, AH R 56 2 (8] 25 S MR 25 S0 2 [ B 24022 53 .3 (P<0. 05) , Different lowercase letters indicate

the difference of light response parameters between fruiting and non fruiting P. koraiensis in the same canopy under the same habitat (P < 0.05).
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Fig. 2 The difference between light saturation point ( LSP)

and light compensation point ( LCP) of Pinus

koraiensis in different canopy
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