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Table 1 Indexes and measurement standards of leaf traits in H. glabra
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Table 2 Effect of shading on the growth and SPAD values of leaves on H. glabra seedlings

———— itz B e SPAD{i]
X/mm CV/% x/cm CV/% X CV/%
1 19.93+5.19* 26.04 155.94+24.9% 15.97 67.70+1.93% 2.85
2 10.76+2.12° 19.72 94.06+16.47° 17.51 58.98+4.68" 7.94
3 5.76+1.57° 27.34 46.38+8.10° 17.46 51.07+4.81°¢ 9.42
BTN 13.6246.56" 48.20 111.06+44.75™ 40.29 58.39+7.64" 13.09

[F) 5B 5 AN 5 K 'S 7 BEAR IR R R 22 R L 35 (P<0.01), **RIRTEa=0.017KF b2 Rl i 2, X3RRI 8, CVRRE R R ¥ T,

3 WEFIR KA ) A ) T B B
Table 3 Effect of shading on the distribution of biomasses of H. glabra seedlings

i i ‘ y y LR S TR %
AR B/ o Eg s /g FTHE/g s % AR -
R e, F=F
1 761.49+4539%  360.01+12.45*  121.10+£3.97* 280.37+5.75" 25.00£1.41*%  577.00+12.72% 4728 1590 36.82
2 106.28+9.28" 68.77+1.86" 13.43+0.68"  24.09+1.22° 13.50+2.12%  145.50+4.94° 6470  12.64 22.66
3 34.23+3.45° 28.10+1.29¢ 2.67+0.07¢ 3.46+0.38¢ 9.00+1.41°  57.50+10.60°  82.09  7.81 10.09
JEgN 300.67+312.017  152.29+142.03"  45.74+23.92"° 102.64+138.007 15.83+7.49" 260.00+248.80" 50.65 1521 34.14
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Table 4 Effect of shading on the leaf photosynthetic pigment of H. glabra seedlings

b quéi%;a@ﬁ/ quéi%fbé‘i/ E&Wﬂ_%@i/ s Ealb i I_\I%é‘i/
mg'g" (FW) mg'g" (FW) mg'g” (FW) mg'g” (FW)
1 3.604+0.343" 1.537+0.164* 5.14120.506" 2.348+0.038" 1.853+0.252*
2 3.749+0.264" 1.614+0.186" 5.362+0.417% 2.340+0.214* 2.062+0.312%
3 4.15020.565" 1.811+0.273" 5.961+0.835" 2.295+0.053" 2.182+0.407"
JERTN 3.83420.453° 1.654+0.233 5.488+0.678" 2.328+0.124 2.032+0.340
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Table 5 Effect of shading on leaf traits of H. glabra seedlings
ﬂﬁﬂﬂ‘fi *E*ﬂt\ X3 X4 X> )(6 X7 Xx X9 )(10 X11 X]z Xl3 X14

1 x 20.04% 6.86" 85.0" 2.91 0.40 035% 0.2 055 049 5793 10337 75.47°
CV/%  11.87 6.19 14.12 7.99  31.79 947 2027 774 58 1182 10.66 1.91
Min 16.14 6.12 65.96 2.55 0.18 0.29 0.08 044 046 4848 90.07  73.04
Max 23.13 7.56 118.99 3.33 0.59 0.41 0.15 060 058 7433 119.92  77.69

2 x 18.92" 6.83""  80.28" 277 0.37 0.33* 010> 056 050  61.33% 121.28° 7843°
CV/% 9.93 9.88 19.70 7.03 3030 722 1231 439 393 12.50 8.02 1.65
Min 15.18 5.73 56.22 2.29 0.17 0.30 0.08 052 046  49.39 95.19  76.09
Max 23.13 8.23 102.48 3.13 0.55 0.40 0.12 064 056 7601  134.63  80.28

3 x 17.15° 6.23"° 68.75¢  2.76 0.33 0.30°  0.10° 0.58 050 7228 149.23"  80.06"
CV/%  11.62 13.37 19.15 848 3611  10.10 2481 440 337 1129 8.31 1.04
Min 13.79 4.40 41.96 2.44 0.13 0.26 006 054 046 5577  129.09  78.28
Max 19.72 7.47 90.71 3.28 0.57 0.37 0.16 064 054 90.83 17335  81.49

JERUN x 18567  6.627 78.017  2.80 0.36 033" 0.10° 057 050 64427 126977 78317
CV/% 1245  11.16 21.21 797 3292 1124 2079 560 426  14.99 16.61 2.69
Min 13.79 4.40 41.96 2.29 0.13 0.26 0.06 044 046 4848 90.07  73.04
Max 23.13 8.23 118.99 3.33 0.59 0.41 0.16 064 058 90.83 17335  81.49
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Fig.1 Effect of shading on daily variation of gas exchange parameters in leaves of H. glabra
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Fig.2 Light response curves of leaves on H. glabra under
different shading treatments
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Table 6 Characteristic parameters of three light response models under different shading treatments

WAL P /umol-m”s™ Ry/umol-m™-s" AQY/mol-mol” LCP/umol-m™s™ LSP/umol'm™s"  ¥E ZE(RD)
1 10.071.10* 1.28+0.039" 0.086+0.010° 19.16+1.34"% 881.30+90.28" 0.975
2 6.06+0.84" 0.92+0.029" 0.078+0.006" 17.25+1.21¢ 753.74+88.36" 0.964
3 5.60+0.91° 1.24+0.051° 0.068+0.005° 20.33+2.16* 546.63+73.29¢ 0.951

(RGN fL(LSP) IR WL & 1 A (AQY) i % %
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pulchrum)Fi 5 KB ROR, MR & B, it
o, MR ARV HE D7 552004); BAFFLRSTE(R. mou-
Imainense) %)) 1 AN B B 2248 K B ik, Hid g
AR BRI SR A N IR I (L FIE 56201 7); §5065%
T RIS A2 (Taxus baccata)Fs =YL 7 B4
M F 4y, i [FAL 28 B 5 A KA (PerrinfllMitchell
2013); EFH kb FE T 25 12 i AR (Torreya grandis) i
AR B (RFES2016); BRI T ¥R (Malus
pumila) EARAER IR, w8, ARG, B
- H 2 PR AR (R Bk 2014) . AT N BT 5T 45
AT LA, R Z BN &, & FEIE R HoE 57
AKARKERESR, RIBAEKEE R, R
RIS MR, w AR A b,
A3 O TR R AR K IR L B L AR B L
S COREE, MTiHem 7 AEYIRGE R LU BRI
SR TGN R ISP o T AEASH 5T A, 8 9 A
IR R AR T RUCAS 1 A 1) AE K 5 AR DR 0 B
PERBOR, BRINEARERKE N EDEE K
SRR AR NS R AT D, AR TS
Frae BRI, Ui B WS B AR KA DG I
7R GG, I AR AR K .
3.2 JEFAXT XURK i N B 2 5 B 5200

T B 2 568 A8 4 B 06 B A B P AR K IR 52 i

M AR REY A B B EHEZ —,
] — P TEA R E IR S A T 2RI AR H
AR, WA (Fragaria  ananassa) (R +f E 55
2010). ZLFA(Pinus koraiensis) (435552009)%5 i
YITE A JE IR N Hdo & 3 2 0 AR 2 30X 7Y
ik, MrEE &0 N Ry g R h 2k . AR
FoAT th AR — AR 4 i IR ORI T P H AR R
LR R i 2%, 4 PARFARES P, BEPAR 3 il
MR ISR, PARIS KIS P FEPAR (AR By 52
18, 1X 5 57 ANHFFC 45 AR — B (Hoyaux552008); fi
I OG IR R ¥ & 8 & — BLAL T RAKKF, AXNHE
NI AR 2. = ROGHRE R AP,
BRI RIS, RAEIEH 6T H7113:00
B, Al AN I 3503 ) — R A (3 K AR (45.09 10
44°C), LI P B T FE, (AR, AW TR T
e R B N AR ZE I SR KR, G, SR T kb
T & RK, R ECO M4 S2Z M, 24P, T
(RTFEEE2007). WAR Fr P A Cot i B it 22 5
H AR — £, R B I T PR T R
FHER, C/NTRBHMECRR; 1M TG0 B
25 HARNHERRIH TA— S iEs, 1
L IR S KT T8 G I, 150 B XU 7 L AT
B P BRI R R S5 SFLF R R RA K.

AT DA RE AL T (R A P el b 1) 2 L AL A+
R, BCHIZA 5PN TT AR, BIP, /D
PEBECH T, AR AL R O S R B 3=
ZR A (K 4:2002; #155552017). AHEFTH, 1E
HOLIT CAR TR RHEOEIE T, X R P, IR 6

B A 1) 2= R DR 2 AR AL A & SRR Y, 500
LT 45 R — B AL T BE 6 S i 2 45
BT, O IRAAEE TRA R E —EA T
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—NECEKE, TS SE BRI E S AL S H AR
FHI, AENF B R 9500 S R AARAIG, B TR AT £
BB TR .

LSPHILCP4y AR Pt & 1F Ot i 2
fy EBR AN BR, BTN 25 i B R 06 M SR
T R0 A AR TS L 2 5310 9 0~20411500~1 000 umol-m™:s™
(Boardman 1977), ARXIGAF 7515 A FDEIRAEE X
WM S E17.25~20.33 pmol-m™s™ . &M AI S AE
546.63~881.30 umol-m™-s™ 2 [d], {H X\ Wi &8 T =
FEAEY), S5ar ABF IS5 8 22 R BOR, PR —
K2 5 B DR DR — 7 TR B 9 I () 5 5% 22 S e
K, H—J AR 5T AR KRR, W
T RS PR SE I 22 R BUREE, TR ANE
KM TG ESEETIRRI T . AT, kB
THIAE B2 5% 432 i (LCPYMR T A0 B3, T 6 AT
(LSP)AbHE 138 1 F-Ab BE2 RN AL FH3, Kb 3 3 36 B 5 FE
TR, T AbBE2 AT — i B IR SR, 1 B AW I
N 22 BRI SR A, XTS5 G IR F e = . HE
Y B A B B AQY 15 W R W00t ' 1) R R A,
KA e R AQY m T B 4444 T,
HAR X R P, K, BARE KRR ML
A UL 78 R IR IRAR R T, AR A4 P Y Re R
R, e B T AR E AR K

B E (201 1) B 7i 3R BN T — L8 5 PH AN
FIAERE, 206 F I 2 IR, KFHDGHE
SR BN, ORES e B AR NI, W R Ay
B B il i) Th R i il B, e B, B
1) 76 1 V5 F A 06 B (G 1T A 3R P, 7 b i 4
o T AR YOG PR B A P A AR 28 v PR IR BE T 2K
BRI, AN A 2 B BV L (HAEAR R K
PLHK IS, B m e A S K E RS, 7T
DA T W AG g - & PR = iR As ) . 55 oh, ASH
T IS ' B 2 R PSR R B4 I IS 7K 23 R 20
(WUE)), 15 th XU AN 2 1 1E 7 O JR I 2 2 B
FAET, WUEBHSAN &1, H T 2R AT A6 KR A i 5
PEVEAN MO BT 78, A SCl G S8 T — AW
TR, I B R I - 52 8 A5
3.3 EAX XM F & B RS

MR E R R RN O A B RR AL Y
R, S EBOER KM T, MR EN

KGNSk 2 a/b T B2 AE AR FH 55 06 RE T SRR
AFRAE(EER2011; ZOREFE2015), M2 R (ath) &
BHH5MAEB L RREY), E—E &M T, M
<O B IR BG I T DAY 5 SR AR 6 ' e B WIS
b, I 580G A IR F, IR 2R R (a+b) & EE S
At 2g R a/b A BAK KA SR, AR T3 &
TEPI eG54 9 R B A Hb
X, X PRk $F 8 BA S o (0 355 1984) . 2R
N RS 5 BRI, A BRI 2% R
ot B JE KADGE B E B B, AR T
FH $i2 7 o6 BE A FH 208 (Demmig-Adams f1Adams
1996). AHFFELH, JE LRI T KR Fr i
ghER. MakRa. MEERIKIHE NREN S E
Y82 FTHER, 5ET A R A2 (R EE
F & — R 552 3 AR S SR, ERLtE, i e i
GRTEHNEEIOCEEE S DLERM . B
DOCREI K PR R R BT B AT DA v U A P
it SR R A A R, (RO B G E R TR
KW AR GG 2R PRI, AN 28 G I R T =,
RAKLENE, 705 UG IEA 2 AR EE AR T X
Wt AR 1K
A AT H 2, 7RI e AR gt g
TR AR E T AR 4R 2 5 2 SPAD
B, iAREF L RRAN 4 Ra, R
b B 4 R 8 ' 5 SPADAE 2 [AIAFAE 2 3 IFAH 5%
(7 5520135 Z2/NE552017) . — KT &, 7R
AT SRR S E G N, ER R AR A
KA RUF, WA A 525638 1 AL B2 A 4t
PR3N 2 & B AL BE TR, X 87 () SPADAE AR
AINT, B2 A 5 SPAD S ARG R, (HX R
MEARERKENEREENTEE. BEBLT
i SPADAHE F K48~ A 1) 8 F IR0 R B FR FE,
VeI Fr SPADAH XA 7E B AR A RAF G L T 5
MR R R RO E B IR A O, X 5] IR
()2 0% B A, 7E I 5 A2 K PR B A B ol 3 i i
SRERMRAT N 3 R R
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Effect of shading on leaf morphology and photosynthetic parameters in
endangered Horsfieldia glabra seedlings

LI Xiao-Qin', ZHANG Feng-Liang', YANG Tian', ZHE Guo-Xiong"’, MAO Chang-Li', WU Yu""

"Yunnan Institute of Tropical Crops, Jinghong, Yunnan 666100, China
’Forestry College, Southwest Forestry University, Kunming 650224, China

Abstract: Research on the adaptability of Horsfieldia glabra under different shading environments can provide
theoretical basis for the protection and utilization of H. glabra resources. One-year-old seedlings of H. glabra
from a same family grown under three different natural shading environments, no shading (normal lighting),
shading before noon and shading before 15:00, as the test materials. Twenty three indexes were measured, in-
cluding seedling growth, biomass allocation, leaf morphology and photosynthetic physiological parameters, etc.
The results show: (1) under three treatments, the seedling growth, biomass allocation, photosynthetic physio-
logical parameter were significantly different, and most of the 12 leaf traits were also significantly different ex-
cepted for the ratio of length to width, leaf shape factor and the ratio of the leaf width on the left of main vein to
leaf width. (2) Under shading treatment, the seedlings were stunted and the biomasses of leaves, lateral branch-
es and stems were reduced by several times to dozens of times than those in normal environment, indicating
shading treatment seriously affected the accumulation of dry matter and the normal growth of H. glabra seed-
lings. However, the distribution pattern of overground biomass was similar under the three shading environ-
ments, with an order as leaf > stem > lateral branch. As the lighting time shortened, the overground biomass
was mainly allocated to leaves. (3) Shading treatment led to smaller and thinner leaves, more intensive leaf
veins, fewer leaves and increased content of tissue water. (4) The chlorophyll content of H. glabra in shading
environment was significantly higher than that in normal lighting environment, especially the chlorophyll a.
Under shading treatment, the maximal net photosynthetic rate (P,
ration point (LSP), net photosynthetic rate (P,), transpiration rate (7,), stomatal conductance (G,) and instanta-
neous water use efficiency (WUE,) were all significantly decreased, while the intercellular CO, concentration
(C)) was increased. The light compensation point (LCP) and dark respiration rate (R;) changed inconsistently.

), apparent quantum yield (AQY), light satu-

max.

According to the diurnal variation of photosynthesis, there was no light suppression and “siesta phenomenon”
observed in H. glabra under strong light and high temperature. In conclusion, shading has significant effects on
seedling growth, leaf morphology and photosynthesis physiology. H. glabra is more suitably grown in sufficient
lighting environment, and heavy shading could seriously hinder its regular growth.

Key words: Horsfieldia glabra; shading treatment; growth; leaf morphology; photosynthetic physiology; adap-
tation
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