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WS AE DRI FEZE R R DGIREE T 2 RAR BN 7%
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SRR KU AL R = | e A AR
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BERRGEH 1 AR (20 E BT RER 5 F ),
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R EKE = (S - E R
I 5 5 X 100%, (1)
P T AR = i A/ R T B ()
133 A BALMAE BB 3 Bk,
FERREE 1 R BT e, el | H )R 47 GlE T
F kM RRT 2% ), SR FHAE T4 R ik R R
T R EMIGE 3% o 78 SW380 62 i il 5%
(Motic, H1 ) F MRS FLIEA, k3% A BEALE
3 AOLEF, RO BEHLULI 5 AN L. @it
SSRGS AL L RALAR T
PSS = o x TALER K x SILER TE 4 /4,
(3)
SALEE = BN SALE/ BT AR, 4)
ALTFIREL = (TF3RATLEL THLEED) X 100%.
(5)
B S AL (REAR R 3 Bk, bR 1
RO HFARTIZEYI R b A7 (i KO 29 1 em x
1 cm fY 2L U A S BRI i B A
s red U o S = S/ 7 ¥ AN 4 E A
FMk ., AR AR B ) e BRI
W L = A L 2R RS /i A Al SRR, (6)
M R = GV T REE, (7)
MR B = IR RS /M RREE . (8)
134 cf&ERFRE A NR100C 022
AL (3nh, HED I E I, BT 3 Rt
F (B 1 ), i85k L'GEEM) . o (L0848, 1IE1E
ML, TUERERE) bR, IE(E 6, 7
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o BEANBRBEN 3 AR (BERE 1 R, BRIEAE AR
() I R, B 0B R e )4 (T = kA
M2%)0.2 g, BY W BE ' 1= L AE AR R4 40 95% £ BE
H 24 h, | UV-5100B % 4 o] UL 5 5 ot B 3t
(metash, 7 [E )43 51 0 52 W% S BEAH Ageas Agag F
Ao, TFRIE AT H A 5

M2l = 13.36 X Ages — 5.19 X Agao,  (9)

UTZ%%W&TE =27.43 XA649—8.12 XA664, (10)

BRI AL = MRk + M ROIRE,
(11)
R DR =
(1000X Ag70 —2.13xC,y —97.64xCy ) /209,  (12)

BERGE =
(ORI < FIPRAAR ) /0 i, (13)

Ao, M4 a, H4EZ b, MR EFENE &
W RE B 35 mg- L, i R S L R g, FRER
WARFUANIN L, A F A mgg s

1.3.6 oA ALIBLAKMNE ([ Li-6800 ¢
A X (Li—cor, 3% F ) I 5 A 7] b B T A k1 g XUAL
FE(BERR 3 F) B oA R | SILSE
FRIE R AN E] CO, VR . IE 2% 115 i e i
SR 1 000 pmol-m s, CO, & 400 pmol- mol ',
TREE 30°C, MXHEE 60%, AR 500 pmol-s ™',
137 k@ &KAx i Li-6800 651X
(Li—cor, 3& &) 52 i R e o ih £ (R AbFE 3 #k,
BHRE 1 NSBEHH) , % 1800, 1500, 1200, 900, 600,
300, 200, 150, 100. 70. 30 fl 0 pmol'm>s
WEG A BERATEEEE . I B A AR 50 B 78 431
OGS, HoAb I 2 214 1R] 1.3.6. Y oz il £k 4
A R B 1 B A SN 2R 08 IR B, 15 31 4
TG M L GRS RIS P H R
138 T ERALKRZE  KE Y 30 min J5,
H Li—6800 Y& 1 (Li-cor, 32 [ ) & A [R] Ab BE
BRI R XL LR R (BRRR 1 ) i Role b
2F i TRCR, BRI SEPRE b= BT RCR . T
TR RCRREE G A2 T K R AL

1.4 HUEEAIE  %dE H Microsoft Excel 2024 #k {2

L, B LB E AR R (Mean + SE)BYIE AR
7No SRH] SPSS v27.0 A HEAT Bd b B, I
FEAS T #: % (Independent Two-sample T-test) b 4%
43, 35 Origin 2024 7EK .

2 ERESH

2.1 AREXREEIEFRLEEKEZENZME

ME 1AL, LE 50% F1 20% SEREGRE T,
RUlEr Az, s o R &2 5(P>0.05) {2
20% SRR I R KAL) HAR | Ak = A e i 2
HEE 50% FCRESREEHEE T 16.3%. 13.9% 121.2%.
S, 50% N 20% 6 R X R XUINAE 1)
AR TE 2 R, HABEST 50% JEIREREE, 20% b
HE iR A R 1T B RUI AR AR R A K

80
Il 50% StEGR A Light intensity
[_120% YeH#HREE Light intensity
60
ns
£g ]
g 40
W —
20 A8,
- ¥
0 = — —
iz 7 NE SR

Ground diameter Height Crown width

B 1 AESEREEX SRR,
s A0 R A #
Fig. 1 Effects of different light intensities on ground

diameter, height and crown width of I. hainanensis
F: ns FURARE I Z BT 3522 57, TR,
Note: ns indicates no significant difference between different

treatments, similarly hereinafter.

2.2 AN[E) 3¢ ERE B X i R R FE M F R B R0
M 1 RIS, 7E 50% Fl 20% S MRS BE T,
RANAE it PR R 2 8004 T i 3 22 7 (P>0.05) .
W 5T g A S KR TE 20% JGHREGRBE R 4351
Lt 50% SERESREE T T 2.2% F1 0.9%; 20% 't
WG FE T I T AR E i AR 20 EE 50% SRR
BE R T 11.4% A1 10.9%., 45 8% 1, 20%
Mt BB B 2 W Tl T i e XU AR i i o o DA e
5 v 7K 43 B i, ] s 2 2t ok e B R H
T AR R
2.3 AEFEERREEXERERLEH S SE0
fME VR R R R EIE WA 2 fiR, S
FUFET TR . 2 1AL 20% YElRERE T,
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F 1 AEEREEXEERLEM IR0
Tab. 1 Effects of different light intensities on leaf traits of 1. hainanensis
IR EE T fif i /g Tih/g HKES % i AR em? He A/ (em? g ™)
Light intensity Fresh weight Dry weight Water content Leaf area Specific leaf area
50 Yoot IR ER 0.45+0.05° 0.05£0.01° 87.35+3.33° 15.70£2.11° 293.65+26.82°
20 Yo't R 0.46:0.05° 0.05+0.01° 88.17+1.53 17.49+2.10° 325.67+20.87°

A EVNG FHRAC R — 3588 T A FEACERETC B2 25 (P>0.05), TIF,

Note: The same lowercase letters indicate no significant differences in the same index between different treatments (P >

0.05), similarly hereinafter.

R B L2 B 3 KT 50% 6 BRBR B, 1 20%
SR T A AL SR AL AR TR )
T 50% ISR (P<0.05) . LA RS FLITIK
HLTE 50% Fl1 20% SEHRRGREE T Jo i 2% 25 5 (P>0.05),
ANit 20% SEHEBRE T LA KR ASALIT K H
BIULT 50% JEHREREE, 7R T 2.4% 1 11.0%.

50% S5 20% SGIRGRHE
Light intensity Light mtenslty
¥ 4IRS L \\) < NP @ / ;\: [ /

iot.J2

TR

Lower epidermis Upper epidermis

&2 TﬂtﬂEGiFT:’EFﬁH{MTﬂﬂ#EﬁM,ﬂU
Fig.2 Observation of leaf epidermis of I. hainanensis
under different light intensities

T P UL AE A 2 B A BUR AN WL, BAT T
M OB 2 VR TG 2 A1 2 (18] 3) 0 M2 S X
W 2B T 5, oA AR A EHEEE R AL, 20%
JEHRGR T, R RAINAE R I R SR RE | 1 3R R
JE | M SURSE | B BRI 44 25 = T 50%
JEHRSRE L (P<0.05), 11 F 2 B JRJE . T KR |

SRSV | WA L AR R | KR
ﬂfﬁ%%ﬁ‘fi*ﬂﬂfﬁiﬁ%fiﬁ 20% %n 50% Yt IE R
FETHI0 32 5 (P>0.05, % 3) .,

SR, 20% IR B W E BT T R R
AT B 1S FL B Fn it B 5 B 45, A F) A
PRUEATAST00 A BTG B, 17 50% JEIAGR T, R X
et B A 3B RS SLas T B . S ALAF IR
FSALIFSR LL, PR T HOE w4 BE sh kA 7 .
24 AR EBEEINEERWEHEHIME  50%
1 20% ISR BT, W g RULAE T R ik S5
L. b°, C'¥IJCi & 2253 (P>0.05), F B AR 55 i X
‘iﬁ:%ﬂmﬁiﬂfﬁlﬁ@%fﬁ\ WS (0 22 S5 S AR TG

Er ) (] 4) . 20% SR8 B U g KUl
HE’»J a" B ERT 50% CREGRE, M H 8% & T
50% YGHRGR B (P<0.05) . o fRERLL A 5L ORE,
EMEAC M A 3@ 2T, e S A 36
g, HIRRFREM, MBI OCR FNAE, 0°8R
Z140,, 90°F 78 B {5, 180°FK 78 4% {4, 270°FK /- 16
. LI LSS IRFRI, 20% 6 85 T 1 g XU AE
M B SR FR R 0 2 R T 50% SRR
25 AREAXREEINEERUWELEEBESEN
B 20% JEREGRE T 4R E a, 4K b, S
SRS PR EEYET 50% IR,
HER T 24.5%. 8.3%. 18.8% F1 16.7%, {H¥)£K

®2 FRSEREEXEERILEM FSFLEHER R0

Tab. 2 Effects of different light intensities on stomatal characteristics of 1. hainanensis

JelRE  RALEE/(Dmm?) LA KE/am ARSI um B ALAR EA pm? SALFFIK /%
Light intensity Stomata density Stomata length Stomata width Single stomata area  Opening stomata ratio
50% 5 127.86+5.32° 34.63+0.64° 26.47+0.40° 724.66+21.78 89.70+2.81°
20% iR 179.87+6.81° 33.80+0.67° 22.32+0.41° 592.59+16.41° 79.80+7.56

TE: ARVNE PR R — 48 b5 T A R BE A 22 57 .32 (P<0.05), FIFl.

Note: Different lowercase letters indicate significant differences in the same index between different treatments (P < 0.05),

similarly hereinafter.
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_UE THEE CO, WL L 50% SRR EEHE N T 5.8%, 1H
S S RIBF #2557 (P>0.05) . BRI, 20% R
a e JEE A R T g R AR I e AL R, B9 0m Co,
e YW, 7% 1 TR A0 3G o2 L IF 5K A9 B A
YE sk WA, A BT R AR S 0 s, A
50% JEME3R ¥ Light intensity 50 T R RUIAE R G B RCR
UE St 2.7 AN[ESEERE B X i B UL 9 S hi B2 S H1 %5
Br M BEECEA BRI EE, 50% F1 20% SEHR
5 SR 5T T P XU A 4 4 S 5 3R 38 S8 i i 1)
&L R B, iz i 2k B A AL (1 6) . ol
sa” HRGRIT>T750 pmol-m s B}, G A R T
20% YEHRERJE Light intensity 50 pm LB

UE. b3 H; LE T %1 PT MY ST 412, SA S AL
Ph. 11 3235 Xy A B; Un AR A

UE. Upper epidermis; LE. Lower epidermis; PT. Palisade tissue; ST.
Spongy tissue; SA. Stomatal apparatus; Ph. Phloem; Xy. Xylem; Un.
Unknown.

B3 ARESEEREETERAWEM FETEE
Fig. 3 Observation of leaf cross-sectional structure of I
hainanensis under different light intensities

RE R E 2257 (P>0.05, B 5) . 20% JCHRGRIE 48
m e A R F o, UL 20% 6 ISR JE K 50%
SRR BE T R T KU G & B R R R

2.6 AEXRBEEXNSHFRUEXESEZRS
BB h 4 nT, 20% O IR B U R
AAE R e A | AL B R I R
i 25 = T 50% JERRERE (P<0.05) 0 20% 6 ARGR

50% A1 20% St B 5 J3E 10 B I 0% | e K
HeA R SAME S SO AT TE B % 2 5 (P>
0.05, % 5) . 20% ' HEGR FE T i 1P I 6 FDE #b
£ 55530 b 50% YEHEGR BEFEAR T 7.6% il 21.0%,
T KOG A HR AR 55051 b 50% S a5
HINT 49.6% F1 18.5%. ?*%%%ED% T 50%
y‘tﬂﬁ‘a‘ig, 20% 't FE 3 i A T bl b 2 15 0 i XAl
T E R, $ ﬁ;‘ﬁ’a‘s&i
2.8 AEIFEEEIEERAMEN K ITEERLK

SR E 7 s, 20% 6 ISR TR iR
RUIAER i O i FRCR B T 50%

TR E (P<0.05), LRtz s ROR f s 1L
ORI T 50% O IRR B, 4 i K 47.8%

£33 AEtREEXEERWLEM FEVESEEHES B m

Tab. 3 Effects of different light intensities on characteristics parameters of leaf cross-sectional structure of 1. hainanensis

T84 Index

50 %)GHRERE 50 %Light intensity

20 %)GHRERE 20 %Light intensity

A JEBE Thickness of leaf/um

B JEBE Thickness of upper epidermis/um
TR JZJEBE Thickness of lower epidermis/um
MR ZH 24U Thickness of palisade tissue/um
41 ZUBE Thickness of spongy tissue/um
Ml LY Palisade-to-spongy mesophyll ratio
FEWKJESE Thickness of midrib/um
LS SR JE B Thickness of vascular bundle/pum
ARJFFFIEEE Xylem thickness/um

1)l HBJEE Phloem thickness/pum

I F- B %5 & Palisade-to-leaf thickness ratio

M A BRMAEE Spongy-to-leaf thickness ratio

295.64+6.20°

137.22+5.81°
141.76+7.22°

589.97+17.88"

333.87+10.28°
10.12+1.01° 14.43+1.29*
5.86+0.70° 6.12+0.62°
166.13+5.80°
146.08+7.35°
1.02+0.09* 1.17+0.07°

656.43+£31.87°

107.57+12.06* 136.33+8.07°
97.37+11.50° 122.148.76*
10.20+0.76" 14.2340.87*
0.47+0.02° 0.50+0.01*
0.48+0.02° 0.44+0.01*
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Fig. 4 Effects of different light intensities on leaf color
parameters of 1. hainanensis

T ns TR R AL (8]0 % 2 5, ANR/NE FREFROR Rl —48
B R ARV ) 25 5 .35 (P<0.05) . FIAl,

Note: ns indicates no significant difference between different
treatments, and different lowercase letters indicate significant differences
in the same index different treatments (P < 0.05), similarly hereinafter.
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W

[l 507% StREEJE Light intensity
[120% YR85 )% Light intensity

ns
r
ns
r
’ ns
L As,
0 . [

442 a 45 b pSUIESS SR ST B S
Chlorophyll a  Chlorophyll b Total chlorophyll Carotenoid

5 AREEREEXEEALELE BRI
Fig. 5 Effects of different light intensities on
photosynthetic pigment of 1. hainanensis

1 47.7%. 20% 1 50% JEHEGE BT BB ik A K
AHIC R E 2T (P>0.05) . R4 REW], 20% IR
SR B LY 50% 't FR S T A R ik e XU B il
e the i o faE e .

3 i i

IR W AT G A A B 26 55 A 3K B0 ), AE
PIEw AR R BRI RER TR . SR
WG BRI, AEH) T2 AR G RE MR ORI H , 2 1T i
BOGHE LT, e 238 52 AN, S A A4
MR 2 A5 P A X “BESS 157 2% (Camellia sinensis
“Shancha 1) &)y i #E A7 A~ [7) 8 B 9 B2 9 F 52 v
I, AH LT 2GR, 70% SCHEGR FE R 25 40 A i

Pigment content
o o o
[} %) S

I
=

@%/E’\ﬁ/(mg'g“)

e R s A 22 HRe KB o 3 ‘P 388 [ % A
PitE KA B AR ™, AR R B, 20%
R FEAE LT 50% ' HE 5 5 A 1 i g XU
FERIRE R A G, X KU AR B AR | ik s FE I
B RHEE R . X 50U SN (R 2 R —
B, 3 2 RO IR B A T B AR AR = Ly A
KEH, iR ZMHAEKE, [TEEW
2, AT RE ) e 3 O R B S, 2o I O R 5 EE TG
2l AR )R G RE B SR TR SR, 3[R 2 4 A
PIR R . AL, TR RER BT, AR L W] B2
S s G RE B AT G bk s FGE R B
IR (20% ) 2 e T g RUIIAE Y AR G, X T
A JRVALAE Ay 4 3R T 22 510 R IR % 10 A K SR, i 2
IO HR i 5 2 6 2 Vg g VA AE A KR B 1O
K, BTG T 2Rl AT i — 2 50T

20% 't FE 58 B 3 I R JRUANAE et T RRUR L
THIAR, X UEI 20% 't B 58 B2 T 197 g XUAE AT LA
TR Z M OGRED ), #h s fEAER AR
2| 3% F/ W (Cercidiphyllum japonicum) %)) B 1E AL G
R BE T Lo G IR SR B2 R A B R iy i T AR E i
TR0 AR o i %) 8 B S 1 0 T A R S R R
i, AR R ) BRI AR ) AT B B 43
A, 35 AT AE S A 4 (RO BR SR BE T DG RE 1Y 7 0 il
ARSI R IE AR,

FE A 1 A AR R AR AT LA 7 ) e 1 4544
F RIS, — R UE, AN T RETE O B R B
T YRS A SRR R A ZH 2 AER gk
B PHLAFLO W5 R W, BEE DG RAGR B I RRAIC, e A
(Tilia miqueliana) W) Fr | R EZ | 147 20 2LRIHHA
2H 2B JEE BE 0N, S BORE R 1O R
o FEARMFT Y, 20% SRR BE T 6 R RUILAE Y
I o JEE R R M 2H PR FE 14 3 KT 50% DB IR
. AL UWE A T A E N EE Y
JIF, JERBE B I 2 PR YOG A E B RE DT o Ik
b, I R RE K A 20 2158 B A 388 e 2 R AT
R REUR, AR TSRS T 5 ot &

®4 ARERBEXEHRIENEESEZGRSHEIZ N

Tab. 4 Effects of different light intensities on photosynthetic gas exchange parameters of 1. hainanensis

JCMREE LA AR/ (umol - m2s™) KALFE/(mol-m2-s™)  HLAICO, MR/ (umol mol™)  Z&EE# %/(mmol-m™-s™)
Light intensity ~ Net photosynthetic rate Stomatal conductance Intercellular CO, concentration Transpiration rate/
50 % 3.59+0.33° 0.12+0.02° 299.97+9.59* 1.94+0.32°
20 % 6.50+0.36* 0.23+0.02* 317.324+6.11° 3.53+0.33*
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Fig. 6 Effects of different light intensities on light
response curves of 1. hainanensis
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Tab. 5 Effects of different light intensities on light response parameters of 1. hainanensis

JCHERRAE  REITFHGE AR/ (mol-m s ™) F RKIEE A%/ (umol-m2-s™") HkME s /(umol-m™s™") FEH A/ (umol - m2-s™")

Light intensity  Dark respiration rate

Maximum net photosynthetic rate Light compensation point  Light saturation point

50 % 1.45+0.15*
20 % 1.34+0.08"

7.0942.25°
10.61+0.37°

22.11+£2.79* 1 026.83+124.10°

17.47+0.98* 1217.03+1.30°
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Fig. 7 Effects of different light intensities on chlorophyll
fluorescence parameters of 1. hainanensis
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Effects of light intensity on leaf anatomical structure and

photosynthetic characteristics of Impatiens hainanensis

1,2,3#

Yang Canhua'**, LiHeqin*’, Wang Yunjin*>’, Zhang Peilan'*’,
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Wang Jin*®, Wang Zizhao®*, Zhang Jinling
(1. Hainan Institute of National Park/Key Laboratory of Protection and Development for Hainan National Park, Haikou, Hainan
570203, China; 2. Ministry of Education Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees
and Ornamental Plants/Hainan Key Laboratory of Biology of Tropical Special Forest Trees and Ornamental Plants, Danzhou,

Hainan 571737, China; 3. School of Tropical Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China)

Abstract: An attempt was made to investigate the physiological response of Impatiens hainanensis, the near-threatened extremely
small population, under the light intensity thresholds in habitat. I. hainanensis was treated with 50% light intensity (the maximum
threshold in the habitat) and 20% light intensity (the minimum threshold in the habitat) to observe its growth, leaf anatomical
structure, photosynthesis and fluorescence characteristics. The results showed that the ground diameter, height, crown width, leaf
area and specific leaf area of 1. hainanensis under the 50% light intensity were lower than those under the 20% light intensity. The
stomatal density was significantly lower under the 50% light intensity than under the 20% light intensity, while single stomata
area was significantly higher under the 50% than under the 20% light intensity. Compared with the 50% light intensity, the 20%
light intensity significantly increased the leaf thickness, upper epidermal, palisade tissue and sponge tissue thickness. For leaf
color and photosynthetic pigment content, the values of the color parameters a* (green-red axis) were significantly reduced and H
(hue angle) significantly increased under the 20% light intensity compared with those under the 50% light intensity, and
chlorophyll a, chlorophyll b, and total chlorophyll contents were higher, indicating that leaves were greener under the 20% light
intensity. The net photosynthetic rate, stomatal conductance, transpiration rate and maximum photochemical quantum efficiency
exhibited a significant increase under the 20% light intensity, and the light saturation point under the 20% light intensity was
higher than that under the 50% light intensity, while the dark respiration rate and light compensation point under the 20% light
intensity were both lower than those under the 50% light intensity. It is concluded that the 50% light intensity (the maximum
threshold in the habitat) caused a certain degree of photoinhibition to 1. hainanensis, while the 20% light intensity (the minimum
threshold in the habitat) could avoid photoinhibition and guarantee the efficient photosynthesis. Thus, the 20% light intensity was
more favorable to the growth and development of 1. hainanensis.

Keywords: light intensity; Impatiens hainanensis; anatomical structure; photoinhibition; photosynthetic response
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