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Growth evaluation and physiological response of Populus deltoides under
different photoperiods
Abstract: [Objective] To study the performance of plant growth traits of Populus deltoides clones under different photoperiod
treatments, screen the traits that can effectively evaluate photoperiod sensitivity of Populus deltoides, and clarify the effect of
photoperiod on physiological status of Populus deltoides clones with different sensitivity. [ Methods] With 26 clones of Populus
deltoides as research materials, the artificial climate room was used to set up two photoperiod treatments (light 16h/dark period 8h,
light 8h/dark period 16h). Through continuous observation and analysis of 12 growth traits of Populus deltoides at multiple time points
under different photoperiod treatments, the subordinate function method and principal component analysis were used to obtain the
comprehensive evaluation index D value of photoperiod sensitivity of growth traits of Populus deltoides. The direct effect index of

photoperiod sensitivity of Populus deltoides was selected by regression analysis and path analysis, and the physiological indexes of
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Populus deltoides clones with different photoperiod sensitivity were measured and analyzed simultaneously with the growth monitoring.

[Results] 1) The results of variance analysis showed that there were significant differences in 12 growth traits of Populus deltoides
under different photoperiod treatments (p<0.05). The leaf length, leaf width, leaf area and specific leaf area of Populus deltoides under
short photoperiod were significantly greater than those under long photoperiod, while the net growth value of plant height, net ground
diameter, dry weight of leaf, fresh weight of stem segment, fresh weight of root system, dry weight of stem segment The observed
values of root dry weight and node number were significantly lower than those of long photoperiod. 2) The analysis results of D value
of comprehensive evaluation index for photoperiod sensitivity of Populus deltoides showed that four indexes, including fresh weight
of stem segment, number of nodes, net growth value of ground diameter and net growth value of plant height, had a greater direct effect
on the comprehensive evaluation value of photoperiod sensitivity (0.113-0.338), which could be used as the character index for
evaluating photoperiod sensitivity of Populus deltoides. Among them, net growth value of plant height was more suitable for practical
production. 3) The comprehensive comparison of photoperiod sensitivity of 12 characters showed that different clones in the same
source had different photoperiod sensitivity. Among the 26 clones of Populus deltoides, LS8, TN3 and WA1 had the highest photoperiod
sensitivity, and QB7, LS5 and TN6 had the lowest photoperiod sensitivity. Three clones with high growth and high photoperiod
sensitivity, LS9, LS4 and TN4, and three clones with low growth and low sensitivity, QB7, QB2 and QB4, were selected based on the
growth performance of plants. 4) The Rubisco activity, TPI activity and FBA activity of clones with high growth and high sensitivity
under long photoperiod treatment increased with the increase of treatment time. The total chlorophyll content decreased first and then
increased. The GS activity decreased gradually with the increase of treatment time. Under short photoperiod treatment, the Rubisco
activity increased first and then decreased, and the total chlorophyll content decreased gradually; Rubisco activity and total chlorophyll
content of clones with low growth and low sensitivity decreased gradually with the increase of treatment time. Under the treatment of
short photoperiod, their FBA activity first decreased and then increased, and Rubisco activity generally decreased with the increase of
treatment time; The changes of physiological enzyme activities and total chlorophyll content of different Populus deltoides clones were
different under different photoperiod treatments. [ Conclusion] The growth characters of Populus deltoides are significantly affected
by photoperiod, among which the net growth value of plant height, net growth value of ground diameter, fresh weight of stem segments
are more sensitive to strong photoperiod, which can beused as the character indicators for evaluating photoperiod sensitivity of Populus
deltoides. Combined with the net growth value of plant height, high growth sensitivity and low growth sensitivity types of clones can
be divided. The physiological responses of Populus deltoides with different photoperiod sensitivities to photoperiod changes are
significantly different. The FBA activity and GS activity of clones with high sensitivity are more sensitive to long photoperiod changes.
The Rubisco activity of Populus deltoides with different photoperiod sensitivities shows a reverse change trend under long photoperiod,
which may lead to the growth differences of Populus deltoides with different photoperiod sensitivities. The two types of photoperiod
sensitivity of Populus deltoides screened out can lay a foundation for breeding new varieties of Populus deltoides with wide adaptability
across climate regions and for studying the molecular mechanism of photoperiod sensitivity of Populus deltoides.

Key words: Populus deltoides; Photoperiod sensitivity; Growth; Physiological index

J6JEH (photoperiod) HIMES 5t 2 [ 22 # Garner $RHIH, J& 18 HARA —BRIAEHM B N 152
B (FH, 2016) , Mk AR AERSE (HED KERMZETTAREMERLEL. AKAE
HhER AN [ DX 3 AR P K30 (0 38 AN S AL A rp R B AR K R B AR I AR AL, A H R K R A &
JS7 FRIX Tl I SRR A R A N LS. (photoperiodism) B M (photoperiodic response). /&
MMARIEER KE @RI SRR BAA E 250 (Ding J H & Nilsson, 2016). KUk, 7R
IR, IR FKARFNTONE FR 18] (R SRR 0 T R AR 1) Ol Jo B3 R 7 B R L

CERT AR, 68 AT LR B A A 2 T4 B A AR R, R v R A A A0 N R D I R
BiRF . FERATFIZENAER R G H, HEYIERSZ 25 FO0 R IAGE RN, 22T ) i B AT ) A2 ZH 20 (SAVD
SARIZWTY R T P28, A5 L 24 I AR K IR ENIRIR I, DAL REXS & ZR B3R R (S, Tylewicz et
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al., 2018). AN X6 A HIAS K (K BURFR FE AR MR X6 A BB (K sk, K AR5 4
JE SR RBURR BRI A AN U Y, TR S 0 AN D R BUR B (R 5T, R KR P & AR Y ], R
X B DA AR A R D s SO VR A BU O R AR, EA KRR ST A W Uk
PEVPARHE AR TR IR I O iR IE . B/ T S5 i8I S X A AR X T (Setaria italica (Linn.)
B.) (9 MREMRIAT A, KA TR B, A = AR L B RO UK, RS
FORFARNEREE CRIFR “OGIR™ BURMEITAN fabr: ABATFRRIC IR ER IR A1 bR m . Bk E R 1
TR S BURPE IR S, A& S AENE T 6 BUBRE N fabr (BU/NF5, 2018a) o T ANSEE I X g
T (Panicum miliaceum L.) 8 AFEBMEARIG AR XS UK LA A IR BUSRIE L& PN Fabs D EBEAT 7
AT, A5 H b R AT DAV D BE T BB MV E I MR I 58 (E B RS, 2020) 75 SR E (Solanum
tuberosum L. ) FIEK (Zea mays L.) WG FSHBUBRIERT 70, A %20 58 R B o drriE, ok
F I B8 LA Fabr 10 SR JEE HEAT 43 06 B0 48 SR T K (1 o6 L AU MR REAT 2 & VRO, I8 D@ A2 0 T 1
%o e S RO S5 B K VR AN IR (ZEdiska%, 2017; Fckl, 2008) o [EI AN 2 [V 504 F 72
TR B A B BURME AN 4ERR (Brigitte Gouesnard et al., 2002), @it Bl U= 75 FE AR e Habr 102 2 1 o
T K A I BURME SR AN R AR . FERE (Glycine max (L.) Merr. ) AHSGHFFCH, eI CHEm7E KRG 42k
B R EEEAER, RO GRS BB REFOGE BN (Hongbo Sun et al., 2011).

P 1l B B AR A R R SOl LA KR A B AR AL IR 2> 2 B R AR, 243K Bk I8 i
H R H RO, AW T2 P AR5, WodE M AR KR & 2 H BRI AR, B AE KR E
SIS 2 H BB RN F I RS, A0 245 1A K NARBIRFY B (Rajesh Kumar Singh et al., 2017;
Yongshuo H. Fu et al., 2015). Tylewicz SERFFURKIN, AZ=H H ML FBATKIN L 5 M L A 52 Fh
(Populus tremula X P. tremuloides) FT2IEHRIFRIE, HdidH& S ABA F1 ABA SZAR KK, 385
ABA FAUEJSE, ABA $ PAL, 5% A BHE A S (callose synthase) FHBiMIIAIZELL, FH@ Ml H
B R BERER e RRIX SL LR, DI A0 T 3 2R L5 A4 KAS S TG R, (RMEM 15 1R A, HERHR CS.
Tylewicz et al., 2018). Ding ZFE 0 EIHAEE M RIR (OB Fi b, KIL T — 2% SR I+ ARSI AN [ 1)
AR B W H 5 R PLeGIs TTRES Ptefkfl F PttCDFs A —NE A AARIER, 156 PteFT2 k.
PetFT2 VAN AMTER H B S A KT IE ISR K . MW, PreGT X% PeerT2 (AT e A K A2 1k
FNTH 25 5 6 A W ) 3 % (Jihua Ding et al., 2018). Maurya Z5HF5t k8L, ## BRC & 7]
LA FT2 B AL AT E &Y, Hht FT ik U H BiE SR A KAF LR (Jay P. Maurya et
al., 2020). Ramos—Sanchez SEWFFLA I, FEWCHN LGS BRI COFER IFA R Ui H IR /72 5
DRI AR P 238, 6 H IR AR A T P72 DR R0 7K ST 1A B A1 Al o sz g U3 P ) AR 0 B B TR LY 2 R4 14,
F S DA A0 £ ' JE 3 s 852 RS 5 A S AR AR e 2 IR AE HAR RS2 (José M. Ramos-Sdnchez
et al., 2019) .

FINEY (Populus deltoides Marshall) #EN “HIER” B, JHORIRBEAARAL S VUG ELITVE R 42
BREMRY HREEZIER, FR T H AW 08 BN E s 2R, 2RI R E
P R B TG 3 R R R, T LR DR SRR I O RO A8 P Y I R A (TR ESE,  2010;
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Annette M. Fahrenkrog et al., 2017). H 20 thed 70 FEREME 5| FEPELISE, B TI{EE CE
2R AT BT R SAIIEE TIE, 858 0 R ARERMEAHE MBIk R R, 4
iETERAAESMEMEFNE GFRESE, 2010). HKIALISR, BN T B ) A K E
PLE e A B L b EAA R, W3R E e AL 77 6 B B3 2= R AT B R A AT VS LB AT B
(A P IR 1] o S 0 B BT A R R A [R) S X A AR AR BE R M B A M 2= 5, SRR BRI 2 57
W25 H A 4 B FIORN I8 40 R R R Rk T B R IR ME o ANBIF 90 e ok B 55 [ 2% &) Bz I8 . N 7E 1
SRR . SCBURLM DA I ZE KA 78 48 B R AR SE N A T HE R oA kL, XSS M ot RIFAT AR G
PAEEFRACEE, W ST R A TEAS [B YR R AR R R X' B A I U, 0 e 18 A1 i W' ) S ek
PN BIPEIR Fa bR, IR TEAS R C R 3R RO A B 8, AR A BRBBUR MR ATE 7 DL R S8 A0 A
ERNEE MRS

1 #RS J7Es

1.1 R IE AR

RIEMEL N 26 MEIMBZ LR, KA EMIEFZZ TR MO 7T E T 1L RS R H T HER
FFIME RS ) SN A P T SRR ORAT P, SRR MR 5%, RS —HUEHI/ESGfE, T 2021 4E 3 H 15 HFF
TR E MO RFEE BRI R = . 26 N SEN R FRE Bk 1.

R 1 EMNBHIHRRES

Table 1 Provenance information of Populus deltoides clones

ZHEEE
Tt i . L .
Totk B FE Longitude and latitude information
Provenance
Number of clones Provenance i bl #4
coding
West longitude North latitude
5 =% 5 Wz
LS 9 92T 3151
Louisiana

5 [E FH 4475 )

TN 7 8932 3630
Tennessee

FE BTN

ow 1 9350 4152
lowa

5 [ HE R

WA 1 11940 4612
Washington State
YIEDN A~
QB 8 7159 4634
Quebec

1.2 IR T

EREHEAHE, FNEMEREIK S — Sk 60 b, BRNARE (EO& 120m, K 8. 5em,
& 16.5ecm) H, T 6 H 15 HES#RE F EMOLAA b A TS (35 L5244 DCS3600), 2811 2
J&JEFF AR AT E DG R A, MR Tylewicz S5 NMUWRIT, FIFN TAUREHRIGBIE, & BTN
A FIHEEI 16h/ 15307 8h, 451 IR AR 60 8h/E ) 16h(S. Tylewicz et al., 2018), iR JytH7E 26°C,
VRS UEE Y 80%. AEMOEE B BIAEAN TR 30 ¥R. 6 H 30 HiCA 0d, 2305 A WAL LA 0d. 20d AN
40d E4F9: 00711: 00 [ REFRTHE 524 IF I Fr i RS 477 Frohfgnt, BRI, G0k REEHLE
3 bk, MAEREL S TAN-80°C UKAE % H -

1.3 MERIRS F &
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BATEHDE A A B RT, T 6 A 30 H A HE AR~ RO e & J0 1 R AT A SR i A, Ab
H 40d S5 PRI GE % T R AR BURE SRR RO s a4, bR TEME R i A AR v

AbFE 40d I RETCVE R FE 3 MR —BURK, BEMRCRAE 3-5 ThREmM, HIOR-PFAREM FrafEE, HIH
BUC (Yaxin-1241, Jbu0) e M KR, S8R AR, HERIEHRK, RE”RH R RNES,
F 80°CHEARHE I b T f5 R & it 3, tFE L AR, bt AR eh R A Her i AR = AR/ i E
A, 2022) .

AbFE 40d K 4 BRCH — SRR B QB VR AR R 3%, BEpkal I scie =, e bk, Il
FERRTRIE, THET R AR B SR RBENGEEON 80°CHFM BIEE, R (4 FE4E 0.001g)
MEEBRTHESRATE,

53 5K T3 M B A2 DA B 7 AR 77 IR IR S A g (TP M. SOBE-1, 6- — IR 47 T
(FBA) kA, —WERAZ BB R IL G/ % (Rubisco) MR &, MMM E (chlorophyll) &k
B DEBEA REE (6S) WA &4 TPT BiG . FBA B8 M. Rubisco MW ME. BM GRS EM GS B
WEPENE . MER RS 526 AR T OGRS RME 6 1 B, R RO A I AR ROIRES (4%,
2021) . Rubisco. FBA Al TPI 2 52 HYeA Ik EE AR, SEDA KBV C G REE, 2017, Xk
A, 2020; WEEELIEE, 2019) . GS Z5 B EE I HANOCIER & 2 A E R, BT S 406 R
R FIEARE AT (B Az, 2019) o & RAERH ] SB M brillE 3 IREE .

2 BB A E TR

2.1 Gt ot

2. 1.1 LB A KMIRZE o HT DLRR O AL 40d JE 36 I B M Rt AR IS B KAE b
Jt By MREE ., ZRE SO IIME AT SR R 7 22 A, DABRARAS [ ' J J0 A 3350 36 W B8 4 A K AR 1 52
1)

2. 1. 2 RIS BURPEFR bR 70 A ARE 250k CRSCRE, 2008) (97732, R 3 1o 43
AR DA KR Fe bR o B R B RIAE E 3 ot H, MAAR v G)=Go— X / G ) THEL
—LHRSERSTPFREREUE, Hh o RREWERIESE 7 DERS TR, x FoRE T AT
SHETHERERD B ME, 6 BRE ] DFERS T E LR FERSE SRR KNE. RS TE
WOTHERE RN AKX wePy/Sum (P RBLEETRWIE, ARXP wBRE § ADNERSTEFTA E8D I
HERE; PONE § DNERSTZTTRE . CEIRBURIE RS EH A 2=Sunl 1 (x) < wlitE (FH
ARG, 2020; B/ A, 2018b) o BAK H B AL 5 50 H RO R AL 3 A KR TR bR () 2206 8 B
&, CHEINBURIELREE D ENRREFAT R8T, @SBRI, 45-E Ao i v ik ot A IR gUR
FEHF o

2. 1.3 AN[RIBBUBREE TC A Z50 AN () ' J) S Ak 2 F A 38 g 7 AT 6 A (7] B 340 A AN [ UK 5 I 22 A
7F 0d. 20d. 40d 3 AMHF[E] ALY Rubisco. FBA. TPT Z5EEHE AL 4R 25 Rl AT B A b . oAb 2
40d JE AN A A B A BEAS [R] OB FE 22 I B B S A S b a3 & AT R .

IR TR @ RE SPSS26. 0 AT Origin2021 B4 SHl.

3 R 541

3. 1 AN HA Ak BT 56 9 A7 A A MR TR 5 e

NERZAS[F) 6 A AL 382 75 0 S B 2R MR = 2R Rg i, %) 26 AN SEINE M TEIE RTEP A FDL R
WIALFE R 15 MERMRIAT T Z0HT (8 2). SR KRIL, BRu A EEE AR AT KA, AR
AEFR XTS5 I A &% A KR P2 A B (p<0.05), B T-HE. Wimf il XEWEE ., AT HE. iz
A AR F 6 E1 AR50 H B AL 5 AH b H BRAR R4 0 FRE 49.50% 41.91%. 40. 13%. 37.04%. 35. 33%F
27.12%, UilA% H G < B2 wm L B A mER R, MHISEMEBKAERK ., . rhmi.
AT B8 7R H R A R A A ) B2 R TR HR (p<0.05), 38157514 58. 12%. 21. 15%. 8. 9%FH

)t
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7. 3%, Vi SE H IR AL FEE AT DL K SE Y
b s R, £

1) LG T

P, ARSI R

f) 12 A AR PEPO 5E I B0 () 6 P SRR AT 23 5 P
%2 FPEREMLE T EMBAERIERER LR OEHRES)

Table 2 Effects of different photoperiods on the characteristics of Populus deltoides (mean % standard deviation)

P AR S . G
B BRI AR A B A U, T LRI AN FDG I AL B N A B E R

MERNEIRZE

PR R
Trait Short photoperiod

KHE
Long photoperiod

%75

Mean square

F {4

F value

B HE
Net growth of 9.8445.03b
plant height (cm)
AR A
Net growth of
0.09740.04b
ground diameter
(cm)
n
Leaf length (mm)

86.00+13.33a

58
Leaf width (mm)
AR
Petiole length 47.7049.40a

70.00+9.66a

(mm)
T AR
Leaf area (mm?)
-G
Fresh weight of 0.7440.29a

4449.06+1320.21a

leaves (g)
-
Leaf dry weight 0.2140.09b
(g
EE - THI AR
Specific leaf area 22423.3445037.26a
(mm?/g)
KB E
Fresh weight of 3.494.37b
stem segment (g)
MR A E
Root fresh weight 6.69+2.97b
(@
EBTE
Stem dry weight 1.5440.59b
(@
AT E
Root dry weight 1.7020.90b
@

16.94+10.30a

0.1540.05a

78.97+14.33b

65.2349.26b

49.91+10.27a

3672.21+1222.45b

0.7610.28a

0.2740.11a

14181.1643057.38b

5.8342.82a

9.1843.81a

3.05+.33a

2.70#.12a

5790.052

464852.454

5439.111

2499.004

536.809

66385172.956

0.034

0.417

7251559673.888

240.622

272.282

100.687

43.880

88.172

188.209

28.403

27.922

5.534

41.012

0.414

41.978

419.064

48.913

23.352

95.206

42.312
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S (emd
Internode length 1.9740.36a 1.9140.36a 0.186 1.425
(cm)
RIS

Internode number

19.8442.96b 24.14+6.38a 811.841 32.820

R AR NGFRER R ZE R R (p<0.05)

Different lowercase letters in the same trade show significant differences (p<<0.05)

3.2 NEIZEMNES Tt RE K MRS B HIBURE N

3. 2.1 LN B ARG T WU AR 70 M D68 HBURRE £ 5 VR 845 DA WT LASRON A 0t
JAMAR I 3G BUR L, it 5 26 DS INEBMEAFDCE WL T K D8, XEMBES 12 MEKMR
FEALPE 40d J5 K H RN H RGN Z A 04T T B b (3R 3D, MRS 25 32 Bl o R ik it A% J7 22 i) 5T ik
MEFERT VYA T B 0 B AT 04 BT DU TR0 B R DT ZE TTRR R Y 84. 568%, AT LARAF I [ A [F)
JA AL BN 2PN B A KR AR AE, R ER 0 sTsR BN, ATRLZES . It SR ES N 12 4
PR 4 A FLSZ DA ey, ARERIESR 12 MR 85% M5 B . 28 — E R b AR mHge. m
Koo LM AR HE M EOR, 8 SCAM R EE T8 s, X RLRHIEME Y 3. 507, TTMREAN 29. 221%; - E
B R T E, RAREEE, HhyTE, ZERTFENHEEECR, & XCNEWRLGEEIEIR, W NAHEE
93.090, TTRRFEY 25. 752%; 5 =N T2 oy Hh T TA)BOMI 28 Bl B0 HRE MR, 58 SONZET SR S R R,
FHIEME N 2. 075, TTERFEN 17. 293 55 DY 32 5 J3 AR 13 (RN i v i (B FLE AR, 8 SUNH 45
Aiabr, FRIEMEOA 1,476, TTEREN 12. 303%. A 4 DERSS 12 MR L PERAL .

F1=0.487X,+0.454X,+0.412X3+0.343X4-0.116X5-0.141Xs+0.089X7+0.214X3+0.297X9+0.226 X o+
0.201X;1+0.022X2;

F>=0.055X;+0.036X,+0.086X3-0.306X4+0.505X5+0.480X¢+0.376X7+0.370X5-0.076X9+0.303 X 0-

0.002X11-0.18X12

F5=-0.246X:-0.168X,-0.329X3+0.076X4-0.082X5-0.006X6-0.348X7+0.422Xs+0.494 X 9+0.477X 10~

0.103X1;1t0.096X >

F4=-0.067X-0.165X,-0.009X3-0.277X4-0.048X5-0.116X+0.212X7+0.053X3-0.015X+0.069X o+

0.644X11+0.640X

PAE A 3 AT R BT 4 Ao 1550 AR RE, THES TG RAES R rREREE (R D,
HRAE %% E o PR DT R S TTRR R I LU VSRR, SR E R 1L B 4 AL, 739008 0. 346,
0.305. 0.204 F10. 145, WA 2. 1.2 A iH A4S 25N B0 R BUR L ER & VP Fabn DA

=3 EMBHEKMRNERS D

Table 3 Principal component analysis of growth characteristics of Populus deltoides

EHA 1 FEHSY 2 EHS 3 -
(ERIN B
Component Component Component
Traits Component 4
1 2 3
AR
0.913 0.096 -0.354 -0.081
Leaf area
5
0.851 0.063 -0.242 -0.201
Leaf width
i
0.772 0.151 -0.474 -0.011
Leaf length
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LB IR
Specific leaf
area
WATH
Root dry
weight
AR b
Root fresh
weight
Wy
Leaf dry
weight
ENS i
Stem dry
weight
RElLE
Internode
number
ENSd i
Fresh weight
of stem segment
A%
Net growth of
ground diameter
T
Net growth of
plant height
AL
Eigenvalue
Variance
contribution(%)
it rikx
Accumulation
variance
contribution

(%)

0.643 -0.538 0.110
-0.218 0.888 -0.118
-0.265 0.844 -0.008
0.166 0.661 -0.501
0.400 0.651 0.608
0.557 -0.134 0.712
0.423 0.533 0.687
0.377 -0.004 -0.148
0.041 -0.317 0.138
3.507 3.090 2.075
29.221 25.752 17.293
29.221 54.973 72.266

-0.337

-0.058

-0.141

0.258

0.065

-0.018

0.084

0.782

0.777

1.476

12.303

84.568

x4 TMRNRBEHE

Table4 Membership function value

Rm R HE

Ttk o
Membership function value
Clone
ul U2 u3 ud
LS8 1.000 0.430 0.680 0.650
TN3 0.330 1.000 1.000 0.370
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WAL 0.910 0.360 0.460 0.750
LS9 0.680 0.220 0.870 0.570
QB6 0.570 0.740 0.410 0.080
LS4 0.530 0.300 0.510 0.620
LS7 0.680 0.230 0.630 0.110
QB8 0.500 0.410 0.390 0.480
TN4 0.130 0.410 0.850 0.650
QB5 0.470 0.180 0.680 0.550
LS3 0.440 0.310 0.100 0.460
TN2 0.460 0.340 0.090 0.430
TNS5 0.430 0.280 0.120 0.400
QB3 0.490 0.220 0.100 0.500
QB2 0.300 0.790 0.050 0.530
LS1 0.460 0.160 0.860 0.270
LS2 0.640 0.240 0.250 0.350
TN1 0.370 0.060 0.940 0.330
QB1 0.310 0.340 0.020 1.000
ow1 0.140 0.450 0.590 0.340
QB4 0.690 0.320 0.000 0.000
TN7 0.390 0.290 0.230 0.260
LS6 0.380 0.000 0.410 0.410
QB7 0.000 0.270 0.500 0.440
LS5 0.280 0.000 0.410 0.460
TNG6 0.170 0.180 0.350 0.290

I IE AR VAN S U ST O BRI R TR A, 0 SE DN BE A AR K MR SO Uk
LA VRN Fabr D EIEATFHOCHE BT DA B FUE AR BT AHOC TS5 SRR (3R 5), 5 bR HIRURLE
EAEFR DM R R B E MK B ZE BT (0.913), ZEEUEE (0.902). HIAAFE (0.722). A%k
(0.600). T FME (0.529), MR (0.469). 38 (0.431). M (0.372), mffFH (0.320), R
AT (0.288). MABEE (0.261). LA (0.082). o, WA, M58 AIE = -5 00 R  BUR
HLEATabs DB R FEIEMIE, ZBTE, R, RS S5 AR 2D B IR BUR 22 &8 bs DIE 2
BEIEAK. K. b, RAEFE, RATEMNN AT ESCABURE LA ER DEEAEEIE
FHOG, UeBAMK . PR, ARAREEE L AR R FE A T S AR R A PR o B SRR AR
5 I TR AR ST PR 6 B AR A O RURR AR 06 6 ) A I U R 55, P RE IR vt AR
RAEKFEZ AW G5 W=,
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TSEME

BEKMER SR ARG S8 D EREX S

Table5 Correlation coefficient between growth traits and photoperiod sensitive comprehensive index D value of Populus deltoides

AR 58 K [EAuginin WATE R AR b i ERTE RElLIEA Ev2diay AT H A
[ERIN
D fH Leaf Leaf Leaf Specific Root dry Root fresh Leaf dry Stem dry Internode Fresh weight of Net growth of Net growth of
Traits
area width length leaf area weight weight weight weight number stem segment ground diameter plant heigh
D ff 1
il
0.469* 1
Leaf area
58
0.431* 0.878** 1
Leaf width
K
0.372 0.886** 0.651** 1
Leaf length
LT
0.082 0.530* 0.518* 0.403 1
Specific leaf area
RAFE
0.288 -0.067 -0.064 0.019 -0.484* 1
Root dry weight
R AR
0.261 -0.140 -0.160 -0.018 -0.423 0.954** 1
Root fresh weight
W
0.320 0.372 0.256 0.419 -0.538** 0.460* 0.329 1
Leaf dry weight
EBRTE
0.913** 0.208 0.215 0.127 -0.054 0.385 0.398 0.197 1
Stem dry weight
A
0.600** 0.227 0.284 0.075 0.477* -0.315 -0.253 -0.278 0.496* 1
Internode number
ESsdiny
Fresh weight of 0.902** 0.196 0.199 0.078 -0.025 0.223 0.237 0.151 0.969** 0.601** 1
stem segment
2 HE 0.722** 0.296 0.194 0.315 0.029 -0.051 -0.185 0.235 0.107 0.087 0.089 1
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Net growth of
ground diameter
H A
Net growth of 0.529* -0.065 -0.142 -0.047 0.044 -0.261 -0.243 -0.147 -0.070 0.124 -0.033 0.446* 1

plant heigh

AR IR 0.01 F10.05 /K B EE ZERMEE £ R,

** and * indicate significant correlations at 0.01 and 0.05 levels, respectively.

KA BN T EHE — DWW EEMNED SR LW 8K ES TE. oD E B[R H 5 R . D=0, 207+0. 071540, 133.14+0. 073 X~
0. 008.X+0. 012 15+0. 014 X:+0. 038 X:+0. 071 X:+0. 129 Xe+0. 081 Kio+0. 03641140, 025 X2, HHT, Xiv Hon Ko Xiw By Kov Ko Ko Jon XKoo Mon X0 HARGRMFIAL. M98
M, A, RATE, WAGE, A HHE, ZBETHE, W, ZREEE, ﬂﬁm%%ﬁ%n ERE . XTEENBNEF R AT T (R 6D, EM
Wy 12 AR oh 28 B e E () B AN K (0. 338), HRCAZEBFE (0.335). HUARFR(A (0.329). A% (0.228) FIH miifE (0. 150), HAMRRM BB
r”i’Jiqu\ X DA BELER S ORI IR 5 56 N S84 1) AR WD B B AR OC, U6 A A B AR A X SE I A AR s B IBOR R i, EL R TIAR S DR BLRAE R N fUE,
Wi B B AR 32 B A AR MR (Y (B4 G DAE P2 AR . AHOC il BB R 5B THAH K RECN 0.969 (p<0.01), =3 B E EMHX,
DRI, 2R B EE T 4. HOAR I (EURH o v 1B D PP 26 I R 0 R BRURR A O MR TR bR, A58 AR P Se bR, B e 1 S 0 A A D A S 9 RE A7 ' Sl SR Uk
PERE AR5 -
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oz

e

7 6 SR

B AERARR S0 SR SR & 18 bs D EE42 78T

Table6 Path analysis between characters and photoperiod sensitivity index D value of Populus deltoides

LERN 5 DEH® BN [ %205 Indirect effect
Traits AHIK Simple Direct " et ENCdiai A A
P Y . . WMER ORATE  RARE  WATE BRTE SHE : i -
relevant effect LA 5 RS - Fresh weight ~ Net growth of ~ Net growth
. Specific Root dry Root fresh Leaf dry Stem dry Internode
with D Leaf area Leaf width  Leaf length - . . . of stem ground of plant
leaf area weight weight weight weight number ; .
segment diameter height
I T AR
Lk 0.469 0.092 0.074 0.059 -0.004 -0.006 -0.011 0.033 0.070 0.052 0.066 0.05 -0.007
Leaf area
IH- %
" o 0.431 0.084 0.412 0.242 0.042 -0.018 -0.042 0.082 0.196 0.170 0.179 0.072 -0.015
Leaf width
wH&
0.372 0.067 0.416 0.281 0.033 0.005 -0.005 0.134 0.116 0.045 0.070 0.117 -0.005
Leaf length
e TR
- 0.082 -0.008 0.249 0.223 0.150 -0.139 -0.110 -0.172 -0.049 0.286 -0.023 0.011 0.005
Specific leaf area
WARTH
Root dry 0.288 0.086 -0.031 -0.028 0.007 -0.040 0.249 0.147 0.352 -0.189 0.201 -0.019 -0.028
weight
HRAGEE
Root fresh 0.261 0.076 -0.066 -0.069 -0.007 -0.035 0.275 0.105 0.363 -0.152 0.214 -0.069 -0.026
weight
I
. 0.320 0.090 0.174 0.110 0.156 -0.044 0.132 0.086 0.180 -0.167 0.136 0.088 -0.016
Leaf dry weight
EBRTHE
. 0.913 0.335 0.098 0.093 0.047 -0.004 0.111 0.104 0.063 0.298 0.874 0.040 -0.007
Stem dry weight
REJLIE:
Internode 0.600 0.228 0.106 0.122 0.028 0.039 -0.091 -0.066 -0.089 0.453 0.542 0.032 0.013
number
E S
Fresh weight of 0.902 0.338 0.092 0.086 0.029 -0.002 0.064 0.062 0.048 0.885 0.361 0.033 -0.004
stem segment
SRR
Net growth of 0.722 0.329 0.139 0.084 0.117 0.002 -0.015 -0.048 0.075 0.098 0.052 0.080 0.048
ground diameter
H
Net growth of 0.529 0.150 -0.03 -0.061 -0.017 0.004 -0.075 -0.063 -0.047 -0.064 0.074 -0.030 0.166
plant height
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3. 2.2 FINEMTCNE R0 WIBUREE VAN 't A RO FE VT 0] T 0 a2 v ol IR i LA B B S T
FLACE I B 26 N0 ROCFIRBURME LRSI DES R (R D, KILFE —FIE P ToIE R A 168 #HZR
HHURE B2 R LS FRIETCME R M0 BALE G BUR ARG Y 0. 24970. 709, TN Fi 614 2 i #AZE
U 1) AE LY 0.22570. 678, QB FIETETE R 06 R WILE & UK E AR TS D 0. 24970. 518, BAAA
[ 5 K% o 905 PAY £ T e 2R D) 16 ' ) SR P A A, S L P R o B 8 H R ] R A B R, QB AR TG 1k R 11
AR T LS FREA IN MR EER, SHASK A LS A1 TN B0 TG RIEA FDG R & R 4T R
HA T m A K 77 6 A IR BURIE SR G YA DB Sy B9 G PE & 2 LS8(0. 709 TN3(0. 678 )1 WAL(0. 627),
BIKAI N QBT (0.249), LS5 (0.249) A1 TN6 (0.225) (£ 7). mAKEMAT b B mmIR . 45
G IR BURMEZE G VA DAE LR H R A B B = 5 A AL P P e B LU S R (GR D), PRI 3
A e AR K v JE BB TR R R 1 3R [ i 5 e IS M ) LSOCHAHE ZE 4 17em) AT LS4CH4HE Z A 15. 5em)
LK K [ 26 [ B R P M TNA (B 251 14 2em), 3 MR AE ARG A IIBUR o PE & ok B i Kt Ak e
(1) QB7 (VFE 24 0. 3cm)« QB2 (FFE ZE{H 0. 2em) A1 QB4 (HHE ZEAE-0. 2cm), 1E NG SEAIF 706 A Ak 3856+
SN A A BRPEAR S i (R 58 AR o

*® 7 RMEBEIABA RS RE LSS TN IER D B

Table7 Comprehensive evaluation index D value of photoperiod sensitivity of Populus deltoides

] N B N ARG A Ak
e JE WU K H B A R L H B AL TR T e
L ‘ i 2 1
ZEE VRN D 1B LI HHE )
D e TR Difference of plant
Comprehensive Plant net height Plant net height
4 Clone height and net worth under
evaluation index D of under long photoperiod under long photoperiod
Ranking different photoperiod
photoperiod sensitivity treatment (cm) treatment (cm)
treatments (cm)
1 LS8 0.709 25.2 13.4 11.8
2 TN3 0.678 32.7 16.7 16.0
3 WAI1 0.627 14.9 7.9 7.0
4 LS9 0.563 31.3 14.3 17.0
5 QB6 0.518 4.8 39 0.9
6 LS4 0.470 28.0 12.5 15.5
7 LS7 0.448 15.3 11.1 4.2
8 QB8 0.447 8.8 5.7 3.1
9 TN4 0.438 27.5 13.3 14.2
10 QB5 0.437 17.8 8.1 9.7
11 LS3 0.436 16.4 10.1 6.3
12 TN2 0.436 15.4 10.2 5.2
13 TNS 0.435 21.8 12.1 9.7
14 QB3 0.434 8.6 5.2 34
15 QB2 0.433 5.6 5.4 0.2
16 LS1 0.423 23.6 15.0 8.6
17 LS2 0.397 10.0 6.4 3.6
18 TN1 0.386 31.9 16.0 159
19 QBl 0.360 3.0 1.8 1.2
20 OWl1 0.355 10.1 6.3 3.8
21 QB4 0.335 7.7 7.9 -0.2

1142



55 )\ Jarp E RO 2 ARR 2 S16 MABILHF 7 =

22 TN7 0.307 13.9 10.4 3.5
23 LS6 0.276 18.0 11.6 6.4
24 QB7 0.249 2.6 2.3 0.3
25 LS5 0.249 19.2 11.5 7.7
26 TN6 0.225 16.0 12.9 3.1

K H AL B A 1= H AL 2E 40d 1 ve-0d iy, A R AL B ey v E= H R 3 40d-0d v, ARG A AL 3 A (i 2 (= H R A
L e - T R A B v A

Net plant height under long photoperiod treatment=Long photoperiod treatment 40d plant height - 0d plant height, Net plant height under short
photoperiod treatment=Short photoperiod treatment 40d plant height - 0d plant height, Difference of plant height and net worth under different photoperiod

treatments= Net plant height under long photoperiod treatment- Net plant height under short photoperiod treatment.

3. 3 TE B HALL IR X A B U 32 M BB 4 IR AR A 2 1)

DNTRZ T YN BB X A B A A B SRR AL, WE RS 2. 2rh P 3 v AR K Ol B T RO e T &R
LS9, LS4, TNAMISAMIGAE KAK'E B BAGSUR R Jo itk QBT QB2 QBAYE NRFFT AT 5, HEAT 206 JE kb 38 R 34
) A SR RS i QB RS P MR AR AR IO 8, 73BT P 3R 2 A (R BBURR B T R TE AN DG JE S b 2R
(A PR b 22 57 B A A A

3. 3. IAN A I S A B %o 5 W B A S 2 3R IR s S 3R 75 B 18 Bl R 4B 6 RE 1 IRSORA %34
NI R S AR RE B, AR AE KR B B UIAE G (B 258, 2021) o AR A BTS2 B4
SR RS BN E L ATR, EKH BRI, SRR TG M R I A S 2 S B A B (A HE 0 2
TG LT, RO TEE R A M SR G R R IREN REY, UI K H AL B AT R LN AT
PERIE R T WGBSR EUR T R B SR & EE ARSI ML T &S, H e Uk et
ARIEKH A R AT G HA B BRI RE T, &N T K H R AL 3 7 AR 300 358 2008 J5 s i 4 3R P 4R
B ETE. fER HIRALIEN, EURE M RN AN SR S EEEE TS, RBURE TSR A TS
o SRR B AL FRN [R] A T b, SRR R T M R AR H IR AR R T R I B D s SRR A Rk
HNE S A ERMEE S, RFFEK T E. fEAF A AL 20d0, PA USRS oM R7E K HIRGHE T &
M2 2 B AR MRS B8 KT H R AR B, Ui SE B R S BN S 2 8K H R, K H IR
(175 4 B 9 BURK

1143



55 )\ Jarp E RO 2 ARR 2 S16 MABILHF 7 =

ontent (mg/g)

20d

FHL Days/d FH Days/d KA Days/d

B 1 ANED R S S0 S e 43R 5 B S )
Fig. 1 Effects of different photoperiod treatments on total chlorophyll content of Populus deltoides
A: LS9; B: LS4,C: TN4; D: QB7; E: QB2; F: QB4. A[A/NGFRERAFEDG ML ELLE 0.05 K L7 7 52
M(p <0.05) . FH.
A: LS9; B: LS4;,C: TN4; D: QB7; E: QB2; F: QB4. Different lowercase letters showed significant difference

at 0.05 level in different photoperiod treatments (»<0.05). The same below.

3. 3. 2N [l ) AL % S 9 BB A RubiscolE MEREMR TEMAAD AR, KX TR BE -1, 5- B2 (LG / i 4 i
(Rubisco) JE A 1F FH K [ e ik 78 A R 45 25 2 E -, s T s IR S A6 & 4F B 71 B3¢ (W
4 2007) , KHIBAFETR, ASEBUSE LM R FIRubiscori AR /e, BB o R IRubisco
T I S 1) 388 0 T B T R, AR EE TE It ZR YR ub i sco i P il A 3R IS [RS8 0 T AN BTG (12D X AT RERE
TN F R 26 B A I Rub i scodd PEAE K H HEAC N B ANF 1 S ML . fE H BRAREE R, mBukETL
P 2 [JRubi sc oy 114 B I 1A) 385 0 52 50 38 o J5 PR AR a3, A3 20dP [JRubi sc o 1 8 44K T [RI B Be K H e
Je A HAAL L R IRubi s coddi e, 15 B URK B JE M AR 7 R0 H R A B 36 A it 55 A AR R T Rub i scoddi M
(FIGE 77, 765 H ARV A miRubi scoidi P, AT REXT Jo I & 1 6 A1 F RS B 1E m) A 5 76 A, (IR BBURR R o
FIRub 1 sco i 1 B4R il A BRI (8] 9 D& W FEAK . AEAN DGR AL BR40d )5, U B2 ok R e H R b2
N HIRubiscold IR 2 K T4 H I (p<0. 05), BiHITEE & H 5 X Rubiscoid TE T RE T2 A IR, I
TF1) 5 FEL I ) AS J 4 & 35 B AT oo AR TG M R I Rub i scodif M o 7E AN 7] 6 J& 3 40 B (4 55 20d A0 40d, IR BURE TS
PEZALER H HRAREE R (Y RubiscoidF 3 R TR H B, 1 BIARBUR EE oM R IRubi scovd PEXT K H HR T 9 iU,
K H NG5 ORI AR B o SUATT &, A RIEUREE oM R K H BN Rubiscoldi P AR H A .,
7558 H 8 FRubi scoiif M (AR L a4 A7 1E T RAKCE LXK .
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e & _ 2500 3 %
s =S = E = = 2000
£ 8 200 I
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= Jooof gz 1500 % =
: s s 2 21000
- Z F 1000 z
S so0f T 2
2 R 500
)] 0 0
0d 20d 40d 0d 20d 40d 0d 20d 40d

F ¥ Days/d FHL Days/d FHL Days/d

B 2 ARG R X S MR A% Rubisco 3 P 52
Fig. 2 Effects of different photoperiod treatments on Rubisco activity of Populus deltoides
3. 3. 3N F AL BE X SC N TR A FBAVE MRS m AR R 2k rh, RHE -1, 6- @EIRIEEZERE (FBA)

MUZ 5 BRRSEA R, SEYCE I B EZEN, RN B2 5 2 Rk 55
MU S S o K H BN R st B Jo M 2R 1Y FBAYE M il A 22 RF 1) 38 hinimg 389 5 (P13, I ABURRFE TE 1%
R FBATEVE BEAA L T Fla sy, R HIRALEETS, SBURETE R FIFBATE VR B AR B, ARBUREE Tk
FRIOFBAYE T 256 T MG At noass, FEALEE0d-20d i 72 v B M oK, 130 B AR RRURR 82 O 14 2R IR FBAV 1445
5y % H 0 ARG RS, AEALPE20d-40d IR BBURR EE ot AR OFBATE PR B AK KR I o, 7] B (RBUREE M &
R R IR, B S FBAVE R DA INER R RE /). 25 BTSN, FEmBURETE Ik Reb, K H BEATR
B IR TG R R FBATE T, AL BEAT S5 AR MR, A H MO E BUR BTG I RFBATE ME RIS B 2, AR AN K,

e BURK T 2R RFBAE PR H IR S B O BIUR: AR RBUREE TS R b, K H IR ARER J5 2 BRAIRFBATG 1,
FBAVE PEAEAR AL MR, AR TE 1%k 2R I FBATE 16 4 H AR AL BAT B s 0 S s, () B of 4 IR AR AL ) o
LRI S BE ) B . FBASHEYIA POL G IR R VIS, mBUs R et R ALK H AL TR HUFBA
AR 22 R EOR, AT RERE & ToME R AEAN DG A U RERE AN S B L DX, AR A R AR R e A
7t FBEORBUREE L RAEA FDE IR NP A BRI AE K ZESR .
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Fig. 3 Effects of different photoperiod treatments on FBA activity of Populus deltoides
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2500

2000

1500

1000

500

20d 40d
FHL Days/d

3. 3. 4 AN[EG ) AL B AN [ UK BRI B A TPT VRIS BERR UME A g (TPL) Refg HEAL PIRERE
PR e R AAE — SR UM IR AN D AU H il B -3-WEIR 2 IRl e e, FERAMIMH 1K S 5 RDE SRR A E iR o,

XHEVIFA G RAEEEER IR,

2015) o AN[F] S F JUTA B A [F) U TG 1 AR TPT % R 52
W 4 P, e AL BRI (8] 50, = U eV RV BUR M R 1 TPT i PEAE K H IR R S 2 BT,
VLA H AR BT DU SR AN (7] 50 IR T R ) TPT I A%, 7T BEE e A P BB P T 2 Ok ] € g

T HIRANEES, SR E R M TPT iV B AR REIS (3N 2 BT, (RBUREELE R K TPT {1324
g M, UUMRBUR S TCYE R TPT 3 VEXS e H B2 A gUsk,  SE DAY [ 22 57 ] g 2 3 BUIR BB
Ttk & TPT & TEARAL A — B IR A
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K 4 ANFEDG AR BN SEI R TPL 3G RIS
Fig. 4 Effects of different photoperiod treatments on TPI activity of Populus deltoides

3. 3. 5 ANFEDE I BN S BB GS IS PERE T R I HE & g (GS) AU 5 BIHEYIA A GS/GOGAT
fEp AR AL AR b, Ay — R RS 5 B YD R, 68 SRR A KRS R AL
HEFEYI KRR AFEICFHAS R FEBUSE TN & 6S iEEmanE 5 fin, KHBAET, meukEL
PEAR T GS i P BRI [ 8500 K0 N B, = BURBETEPE AR GS 3 PEXS < H O F Y B0 S BB B AR BIURK
FETEPEZR I GS T TEAE R H O R AL EE T3y — BUR AL U . JE H AR, PISSEIER M GS 3G PEAE
WlHBA—E, SEURETIERE GS EIEBA R TGS, HEEE/, RBUREZEMERM 6S iFkE
TG — A, TR BRI E A 2 5. FEARFEDEE AL 20d B, PISRTEIE R H AL
R GS VPR T H IR B GS 35 4, Ui B R AR BRATT S AT bR PRI AN R RO B2 T 1 2R Y GS i 1k
GS G PERT K H IR AR BAT Bm U e . 6S N EEAMIR R 1 RN, 25 SR A S I E AR
AR, SEYEERARERR, KHKCH N mBUg R ErER M 6S & MR T K TR BUKETEE R 1
B, T BE VLR R U BETEVE R AR H IRAC BN (R e IR KPR B, J8b T BEE AR T R R, i
e BB T Mk AR S IR BB L TR A ELAE AN FDE A A B P A B R AR R ZE 5+ .
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Fig. 5 Effects of different photoperiod treatments on GS activity of Populus deltoides

3. 3.6 ANFEIMRURE RPN BRI X 6 DRINBH T RAFEDEE B 40d J5 BSR4 E
FRMOMSHEITRE S (B 6), KI 6 N RALMEEERECH 1.4 WAl AW, —XRKkE
AR IRTEE R LS9 LS4 Al TNA, 55— R H bR X ITEPE &R QB2 QB4 F1 QB7. B NF 7
MIRIX— R RAEKHB AT 40d J5 1 Rubisco 3E1E. FBA yEPEA A4 K& &5t & 155 H i A
o Aty AR — R R H BACHEE 40d J5 6 Rubisco JGPE. FBA G TERUE M4 R & R T4
HEAHE, 5 3.2, 2 P AN R AE K RS [R] G0 B 0 4T 00 R AR R . 3 U8 B A [ 0% B S8 I SR A TEE R 1K
PP AL I S R B AN AR A A B R &7 A AN R R B o ZHIRIBE B8 0. 8 B, 6 N &R AT 4
32, Forsk B B 5 W AN FIIR 0 R N2, NI AR RO — 2, A A R O — 2K,
T B ] — ol 5 T P 2R A0 AN )  J JAh  S fg ELA ARAULE
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Fig. 6 Cluster diagram of Populus deltoides with different sensitivity

4 v
4.1 FE B TR 3 35 M A7 A TR IO =2 M

[V AR —FE, A [FDGE BT 26 0 B 47 ) A K Mtk o] LU= A B3 B s . Wk S5t FU B, e H
FEOE R BATT LS5 AR R (Quercus L. ) FEYIANTE PSII e B ARG pEYE, R SHRBEYICREFI R, 465
H RO I 2 AR B I IR WD Re e A 83, At IR AL e JTBRAIK, Tl A2 &7 A 22 5 (k7 45,
2022) , fE/KEASE (Lactuca sativa) FUNZE (Triticum aestivum L.) ZEAEWyvp, @i 2E K H B EK
£ 16 N EERE AN 6 /ANEF, ATRLRER SEMRFOCEESE, RetEWrmE e 1, e ik
Yo (AR, 2017, XUAREE, 2019) o ARIFICEEREFE R I, SEK H IO A AT 53 (2 1 B DUk
(Podocarpus macrophyllus [Thunb. ] D. Don) FI3E Mk (Acer palmatum Thunb. ) WiHARIFEEAK, &
BEF ARV R CRITIuEE, 2016) o ABFFEH, SEM B E & E . AR E . %, ZREFE
AT A K AR IR S S FE T 74 T R 225, ST AR T 45 BE0L, R A I 56 B4
Hh b AR W BB B R . T R R AR A AT B R, Y D) R 3R B AR ) 1) A A T R R
(Pt S, 2010) o EANEDGEIA TR MBS T HKKRITCEE 25, HKH AT 115 R %K
TR HBRARHE, UiEHSEPN A ARG R i AR KOl S — 3k, A H IR R S BN B A KA R, T
KHBB AR K T RINEEKM, FRMNET T S EE. HARPE ., ZBEFE, R TE, RAHE,
M & 0 4 AR B A ORI ML BB A, SECAFDGE A AT RAEK I ZE R RBIEIM B H
T ER A B R AR AR S AR R E ERAE I RIOG R AL EE T e AR B 2 2 R, (HAR REFE AR R
H 5 EM B BUBYE LR S TP A0S DB A S HEAN B4 S # R AR, 1 B SE N A b T 38 o AR M =
FRILSZ [ 6 R 9 DL D AR 55 R 3R 1 50

R PR AR, AR G i S AN B TR R R TR A T AL A 2 K T H A B, R A
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§956FF b F LM I T BUS R OR AR S0, BN TR, W IR K, AR, faH
AT 40l J5 25 4150 4 H TR 25 kT PR T, 351035 W L S 061 0 S e
1 ST AR S RE R, SREE AR, (B I 5 38 S5 Sk L AR O B L 2 75
HIEA itk — Rt o DFACTRM, o ERURII A K SR e 2, TR IR RS 2 M I B
RIF O RS (05, 2022), WHTBURINFRTK O St K 56 RIEAR AR M 1E 2 5, AT S0
IERTKAE AR AL R B2 56 0B, T AR TR 25 0 S 22 1 RO JE AL o o 4 2 e o o
£95,

4.2 WA D BBUREE AN

S VR B AT T, 2 TP RS X (LR R T Bt IO {8 3 I e 7 148
TR MR AR QTL 52 80 J% 3B 16 e L0 ek S % 6 000 7 e S O R 22 2 VA 350
DIERTIEEAET K. DR, 75T FUBE TS5 IRV 6 A BB Je et 9648 32 B (iibkes, 2017,
PSR, 2008; FEAL, 20205 BUNTS, 2018a). 7E Tk, BETLEMENI, H bkt fF e R iR o0
SR T PR SRR (R TEMEZS, 2000; ERAZE, 2020), XA ML BRI, (M AA KA 15
PIRIEL, IR Jg— R, T DATE — 45 P 5 R 72 KB RO, 7 L T 5 4 i 1
PR, ARt 7k KA N B KRB, ELMORSE R B, i S 22 St ]
fib SEUR R SE R B B2 5, 0 0 5 LM P fi b o DA R I B A A K 22 5, RO 76K
[ SR VLR P00, . ERLIEG, BTV LI 2 0 P 5 9 S0 5 e e 5 B
fah.

BRAr e NS, S50 S R R VU LA B S A R, 8 M 2 B PR 76 ) Rt
BOUEH 2T (A, 20200, ABITOR, S0 WIBIRIE S & O AR D HE 45 oh [ —Fh O
WARFIEE RI DI RER, 1A R RTE T 3 B A A 36, i PR I S S IR R P T )
SOV S S 2 5 o S ) (A HE 44 S AT 1 TE P R E S R AR B B 7 8 25 (AL 4D, o LS8
By DASHEZ S 1, R S04 55 6, WAL 6 D(SHEA S 3, THERFE 2 ML 11, XA AL
LSS A WAL {0 A 540 TEARZE PR S A i bt o E e, T ZEARTEH 0 AR G A B 43
WG, D HEZ BARGE T S TUE KRS, E B B FEAR T #7522 A VP b L, 76 SR
BRI, Bigs A oAb ERR, AR B AR SR i F AR i R0

4. 3 NECRE X T RISUR E M B A7 IR TR M RO R

HARG T, YT ER 90% 95%K H TOta M (MR 248, 2021), fEMEWAE™ RS, eyt
REFIIA, HI&E 2 e a™ MR TS —HIBR IR Sea bR WA B o N B A
SN B, O SRR BORA AT LIRS SO REF A N R TT s TRIRERETR 02, D't S MR B A2 1 Rl 6 F3 7] LR
5 SNIRT B CO. S5 oA T AF T O RESR . Je A F I SN R KRBT 0 N =AM a0 (1) JERERIIRAIR
e 54, (2) B LBNDEE BRI (3D IS CREFHFNAE, 2022). FE06RMIFE, HaY i
- FR 2 R 00 1 SE IR G RE ISR 38, L7 A — R A i AR R o &V H P B R AL S it 1
T Bl T A0 SR, DGR 2 R E UM SG1E ( Chrysanthemum morifolium) Wt & R & &,
RSP, 4 HIRAREE R AEm B SR SR S TR H BB P SRR S8, MDA L
SRHACT AN (R B T2 4%, 2021), XS ARG AEE 20d IS5 RARRE, JE H IRALEE 20d I %1k
AR aM SRS E R T KRBTSR E, SIS B X6 A L A5 F] Re iE it
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Rt e B RAGECRIE A EHIPTE. EKRARGIET, SBURELHERAHZXTERELTHRE
TR, U TV RS AR R S R R T RS, Ul W Ot S AL B A 2 X SR IR A
S SRR B R AR AN, PHAS S YN R S Sk 3RS B A RS O M R AEALEE 20d 3 40d (LR,
SRR T BB, T REBURE L R WA SRR S ERA T &SR, U EBURE T R H
I B RGN RE ) A H BN, S BURE T R R S B R R B, ICBURE
TR AT G RGBS B, (RBUR TG R R I 1) 2 5707 68 A R J0 M R 3% 22 57 it B

Rubisco (1, 5- A% BFEARACES /ARG RHEYE Gk FEOCHE, Ak Co. AL —1P
SN, HoE Ve R R AR SRR M EE R R —, IEHR, PR AN RS THEE Rubisco FIEEILEL
R, PREKTERY (Populus trichocarpa) W' RCA (Rubisco Vitkl§) F:DEL AL NFIHk 895 M+,
RINFEFE R I I B B 6 B 2, OTH 156 B 32 151 Rubisco FEVERT DMERB [ #00 Gl ik & (OF
REE, 2017) . fEFAKHH Rubisco IR /NIEFES RAFI FLRIESG, AILMEEK Rubisco & &g 30% LA
b, A S IR K CO. [ J738 N T 16%, & 1 I FoK R A& (Coralie E. Salesse-Smith et
al., 2018), AWHFH, mEBURETME REKH BAIE B Rubisco 7 PR I [ Y007 3G 58, X 517 A
W —3, RN RE H AP AR Ao Je Tt s Ja A, (HALEE 0d A 40d 1) Rubisco WtEZERAK,
U TCME R Rubisco i PR AE KR H BRAL R R 35 HATAH A A8 E 1 22 Ak, 1 H BN S B4 Rubisco
TEPESG A R T CO I Ek 7y, IRFYRIAR R, R H R T EMBHE Rubisco EHEEMLAKR, X
5 v BURR L oM AR AE AN R D' A S A 3 S I 1 P e AR E I RV o AREBRUER B CME R I Rubisco
TEPEAE AT R AL B 25 B i [B) 385 I BAIS, 32X AT e 0 IR BUREE ToPE R 1 Rubisco JEPEXTE A A (A
UK, Rubisco WGBS BE tH HAR 2 S8 @ BURFETCIE R Rubisco WX 6 AR BUK, 1
I BB B R DA 14 528 15 UK T ME R Rubisco [V PE, (RBUBE TG R Rubisco WG PEAEK HIE A
WP, 1 AR BB B2 o PE & Rubisco v MR H & 1w REHLE 5 U ot R AR K ZE 7.

FBA (M -1, 6- BERGEEAARG) YOGS R R E BN, (EMH R S ik it =
15 FBA W] UMEMHEL (Nicotiana tabacum L. ) Y& g J1¥ss, e EKMEY &, EIIFEIT (Arabidopsis
thaliana) "PitFik FBA [FIRE B A RIMIEE R (Andrew J. Simkin et al., 2015; Kimio Uematsu et al.,
2012) . 7EMIJFIH FBA W25 B REREGERR SRR, W R AR SCOE FR A 07 470 TR W 1ol o A 24 A D JRE R A
TERIE G K (Geng—Yin Lv et al., 2017; L. Taiz and E. Zeiger, 2015). XINGILZEREFE R FoA 3
DRI () i 25 3 S M I ) S ik 22, e e AE D s AR 3R (ARG B4R, 2020) o ABFFTH, &
UK Ta M R AR H HRARER R (1) FBA ¥ 1 6 A 22 If ) 385 0 T 28 T 184 5, 10 B v BBURK B2 oM &R FBA W& TR
H AR oMU, o0 HIRAREE T, WU I R 10 FBA 3EMEEAL B AT G A AS K, 5 =% Rubisco
WA AL, U R UE R TE M R I FBA WA H R AR R (BB TC M R 1Y FBA VS 1t
FEA H R A B R I35 A Bl B[] G KT 2 IS — 1R, EAE H BRAL BN, IRBUREETEME R 1K FBA V&I &
Je TG BT E, AT RE S IR e R H IR AL PRI 2o I BBURR B To M R Al — S B S e, 78 20d %2 40d,
ICEURR P To 1 22 1K) FBA VEIHIZ T BT, U W BUREBE oM RAE 20d Ji& B 1 A H RRAL B sl e, JFI8
A4 B 5 FBA FEME, SRBUR T REKA H BN AR R 7% R

TP CBERR PN il ) i AL T S M EAZ M EAZ A Y, 2 5E0 kA 2 Fp A g B A &1,
TPT B ] LAHEAL DHAP 5 GAP [ R] i i 4, (0 Tt & i (1) TPT 382 5 3R /R SCIE# (Katrin Henze et
al., 1994), 7E Cor=¥d R FE b R AE EEEH . TPT AR IE IR S22 5 B0 8-S 00 5 f ma Jo2 o
EBMTFEIET, K (Oryza sativa L) TPIR:FMFRIESKERZEZR (G H Salekdeh et al.,
2002) , fEUFETT pIPI FAEAR T, T pTPT £ ™ Hib , SRR AEKZ I, RIEFH LS Mingjie
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Chen et al., 2010) . AWFFLH, FFEUREETCM RAEK H G WAL T 0 TPT #5 P#8 B B (] 39 i 7+
s TPLVETER B B T m e B itk IRESCGE R IER 34T, EARTEIE R TP iEMELE b
TS W FHIRAE, X RAFETGE R TPLIEE R e VA 2R AEUSRE TR ER H BB T
() TPT FEPEARAGIE R i — IR, 5 2R 55 AR R B sy J ik — 2B it 7

GS (A&t G g MY BRI R EZAEH, MBI A 2 R A1 NH,
B AT, EMYEPROE R, A A& R m 5-10 509 NHY,  GS 3% 1478 1y mT DAk 4 420 114
BEME, HBGER S FE M RSBmO, [RIRE GS V& PEERE 0T i, T i
it AR KORES bz, 2019) o ABFFUT, @EUREETCME R GS YETELEK H UL E T BIZW FF(1GE
%, AbFE 0d & 20d WFEIRER, RIVBGRIVBUSIE, 7E5 H AL 20d 1 40d 1) 6S WEMEH R E & T K H
RRACEE T GS V& ME, U EEToME R I GS VE XK HIRBOABUR, mTAES K H BAL T LM B A K
WEFR, KHBLE T &EBURE LR RKMAEKY, B — B4 THERK G, fim
IREETCVE R K GS VEPEAE K H I B P . ICRBURRBE TE e R TE KA H BRAR B R 10 GS WA 4 — A4k
B, FTRE ULBMRBUR oM R B S = U CE R AN E Y GS & M AL o

g5 BRTIR, A ST REARTE T 1) W AN [R] SR kb 3 I SR A T 1 R A0 R S 7 5 3 MR R HL A= 2
BIRR, HET TESMBRATES 26 MM RIEKIEGRNE 25, LR 6 BUR AR
RVEM 6 AN RIEAT ARG JE H A3 A8 B0 S RFHE 0T, RIS 7 D6 J 3 UK 38 26 W S A 76 AN [k JA 34
QBT R (AR BEEE R PR — 2, B R R R 3 Ak B R (O R, e U T AR S A R T LA
B PJLFE NG AR AL B, K H IR AL FE R Rubisco Y 7E AN 7] OB BE 26 W B8 4% TC 1tk 2 vh 2 B L R I 114
AAGEH, A RERE— RN U RTLERRE & o T B o BbAb, SR SR UL 7 R S R BRI E 126
MBI R AR — 8, JERTREHY KNSR R, AT R4 4 T BVPR il R 23k
550 2 SE YN SR IR A i) 7 A5 S RN S g A (¥ S SR A7 oM R R A A R A 3 A v

5 ik

SIS SE R A A K B AT BB, SEN SRS SR O U e RS R . BT E
WARIHE . el EBOFE, WA TE, A, RAREERE, frFE, S A, K
MBE. ZREREEEE ., YIRIH. MR A E AN ) R I B O R AU, 45 A SeBR A TR Y
TR 928 DN A 6 ) BB VAN () ELEEAR bR o 5 PR 56 I JE A% T 1 38 19 0 R S BBURK B AR VE I3 TR
[ — b N T O R BUR BEAN R, 6 A LR & BURBE S G ME RO LS8, IN3.L WAL, SefRMITETE R
9 QB7. LS5. TN6, Zhid BRI s A m A IR Jo P &R LS9, LS4 TN4 AR AR KA A )
BUBRETCE & QBT QB2 QBA. N[ A WK 5 S W 28 A ot e B P A 0 2B B e R AN [R], - pe e B S
SRR FBA VEE . GS VMRS H AR EE AN BUR, Uk B SE I R 21K Rubisco TR H AL FE N B
(] S 032 5, AR BBURR B S W B 1 Rubisco VEPEAEK H IR AR5 5 m BUREE T R AR, S
T RN [ 2 5 S5 I SRR A7 T O Jol U3 A ey |82 77 A — g 22 5. LS9 LS4, TN4. QB7. QB2 H1 QB4 W{EAREH
AR X T T S I R A R R R S SR AR BEAT JR AR, AT AE R 2R SN R A O U AR Sy T LB AT
TR
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