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Stem elongation ‘ Increased SLAV
Petiole elongation Reduced Chl a:b ratio
Hyponasty Increased PSII:PSI ratio*
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)

Low PAR
Low R:FR

Low blue § Low blue

TRENDS in Plant Science

Figure 1. Two different strategies to cope with shade: shade avoidance, which is seen in, for example, grasslands (left: meadow in Emmereis, Allgau, Germany) and shade
tolerance, which is commeon in forest understories (right: forest understory in Bennekom, Gelderland, The Netherlands). All plants perceive the canopy-associated changes
in light quality (reduced red:far-red ratio, reduced blue) and quantity [reduced total light intensity (photosynthetic active radiation, PAR]]. In shade-avoiding species, this

e X t / perception leads to the induction of a set of traits to reach for the light (elongation of stem and petioles, hyponasty, and reduced branching) called shade avoidance. Shade-
\< x E tolerating plants typically optimize carbon gain [increased specific leaf area (SLA) and photosystem (PS)II:PSI ratio, reduced chlorophyll (Chl) a:b ratio] and minimize

damage (increased physical defense), although some traits are induced in both shade-avoiding and shade-tolerating species (marked with *),
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Table 1

Effect of shading on growth, development and leaf color,
Parameters Shading (%)

0(S0) 32 (525) 48 (550) 84 (565) 93 (S80)

Plant DW (g) 1433b 159.2b 162.0b 146.7b 9392
Shoot DW (g) 112.8b 1215b 131.9b 1216b 82.2a
Root DW (g) 305¢c 37.7d 300cd 251b 116a
Shoot/root 370a 3.26a 441ab 471b 138¢
Plant leaf area (dm?) 25.39a 20.19a 2378 a 41.19b 4923 b
Leaves per plant 1484 c 957b 1057 b 1261 b 888 a
Individual leaf area (cm?) 1.71a 211a 225a 327b 554a
Specific leaf area (cm?g ™) 439a 572b 62.3b 97.9¢ 156.2 d
Compactness index 027 a 0.10b 0.10b 0.05¢ 0.05¢
Color tone (H) 106.0 a 1093 b 111.8b 1154 ¢ 116.5¢
Luminosity (L) 359b 356b 350b 329a 379¢c
Saturation (C) 220b 196a 199a 198a 19.1a

Different letters in the same row indicate statistically significant differences between means at P<0.05 according to the least significant difference (LSD) test,

(Mirallescet al.,2011)
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> g )
P S E E Fig. 2. Randomly chosen . hemsleyanum leaves of plants from the various shade treatments. (a) Full sunlight. (b) 50% shade. (c) 675 shade. (d) 75% shade. (¢) 90% shade.
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Figure 1. Cross section of (a) sun and (b) shade leaves of Fagus sylvatica L. Samples 2 ler et al’ 1 981 )

taken in August fixed in glutardialdehyde and embedded in paraffin wax (125 X 8)
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Chl a (mg/gfm) Chla/b

Fig. 5. Comparison of chlorophyll (Chl) content in leaves of . hemsleyarum grown under full sunlight, 50% shade, 67% shade, 75% shade, 90% shade, Values are means £ SE.
(Different letters mark significant differences, P<0.05.)

TABLE [
CHLOROPHYLL CONTENT OF CHLOROPLASTS

Chloroplast moles chlorophyll  moles chlorophyvll «  moles chlorophyll b Chlorophyll aj
per chloroplast per chloroplast per chloroplast chlorophyll b
molar ratio

Alocasia 9-101'¢ 10-1¢ 10-1'e
Cordviine 9.2 10°1'° - 10~ '° 10-'°
Spinach [0-'® [o-1'° o-1'°
Pea mutant g-1te 10-te 10-1'¢

(Anderson et aly

Fig 1| Section through an Alvcasia chloroplast in sitw showing large irregular grana (G) (15 600).

Fig 2 Section through a large granum of an Alocasia chloroplast i site with more than 100 lamellae
{46 000)
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Table 5.3 The wariation and chlorophyll fluorescence of three shading
conditions of ten common ornamental plants.

?_ % A CF Plant Species 0%shade 30%shade variation® 85%shade variation®
bl K4
IRSN L A E

0.647¢” 0.780b (+20.56%) 0.823a | (+27.20%)
(Aglanonema modestum)

kk m
/¢ /ElJ 1E FO FV Fm& R 0.804b 0.807b (+0.37%) 0.821a| (+2.11%)
(Camellia japonica) ’ ' 21 82 2.
M ; e

. 0.812b 0.838a (+3.20%) 0.842a| (+3.69%)
( Ternstroemia ffl'mfmnme-'awj

R T Enan [T
m - MR EYICE
J: }I‘ _*E }_‘_ $§& H H 7 ( 2003 ) (Bougainvillea Sf?(:‘ﬂ‘-‘ahfﬁ.h‘ )

L2 fe
(Prunus campanulata)
ST
(Cassia surattensis)
(Lagerstroemia indica)
weiEekic
( Duranta repens )
FHF

(Bauhinia variegata)

0.825b (0%) 0.841a| (+1.94%)

0.819b 0.817b (-0.24%) 0.826a (+0.85%)

0.829b  0.829b (0%) (0.833a (+0.48%)

0.827b  0.826b (-0.12%) 0.832a (+0.60%)

0.823b  0.825b (+0.24%) 0.829a (+0.73%)

0.846c 0.851b (+0.59%) 0.86la (+1.78%)

0.828b 0.826b (-0.24%) 0.833a (+0.60%)
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‘Mean separation in rows by Duncan’s multiple-range, 5% level.
"[(30%shade/0%shade)-1] %
*[(85%shade/0%shade)-1] %
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Table 5.4 The correlation between light compensation point and absolute

value of different items of three shading conditions.

LCP vs.

Corelation equation  r value

A T (0%)
CF (0%)
CF (30%)

CF (85%)

YZ =_2.7262x + 36.932 1=-0.9834%***
=151.59x -95.458 r=0.7643*

y=423.02x - 321.17 1=0.7071*

y=423.16x - 326.24 1=0.4374

“y=LCP
Ydf=9

£52 HHTREFTHRAHEREARELEE AT (C)

Table 5.2 AT of ten common ornamental plants.

Plant Species HEHABEME AT (T)
2 3
Y 11.50 a°
(Aglanonema modestim)
ol 78
7.94
(Camellia japonica) :
#
. St 6.67 ¢
(Ternstroemia gymnanthera)
0¥ Ak
5.89d
(Scheftlera arboricola)
AEE
35
(Bougainvillea spectabilis) 2:36¢
A i :
(Prunus campanulata) 1941
AL
(Cassia suratiensis) 1.06 ¢
L 2
A %t_ o 1.00 g
(Lagerstroemia indica)
weEaEiL
( Duranta repens ) 0.50h
T T -1.60 1

(Bauhinia variegata)

“Mean separation in columns by Duncan’s multiple-range, 5% level.
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Table 1. Leaf gas exchange characteristics of Rhododendron ‘Pink Ruffles’ under
four degrees of exposure to full sun on selected dates during 1987 and 1988.2
Treatments were initiated 17 June 1987.

Variable Date
and

exposure 1987 1988
(%) 19 June 28 June 29 June 10 July 28 July 15 Sept. 21 Sept.
A (pmol-m-2-5-1)
100 7.1 . . . 4.2 4.4
69 6.8 . : : 5.8 7.0
47 6.7 . . . 6.8 8.7
29 5.3 . . . . 6.9
LsD 5% NS . , NS . 2.3
gs (mmol-m-3-s-")
100 198 124 124 143
69 229 144 170 196
47 229 161 208 245
29 230 149 159 284
LSD 5% NS NS 82 96
E (mmol-m=-2-5-1)
100 6. . 3.7 4.7
69 6. . 4.0 3.9
47 5. . 4.3 6.3
29 6. . 4.0 5.2
LSD 5% NS NS 1.6
Ci (pmol-mol-1)
100 254 242 249

69 258 268 234 238
47 272 240 238
29 287 240 258
LsD 5% 15 NS NS

*PPF on each day in 100% sun was (in pmol-m-2-s-'): 19 June 1987, 1632; 28 June
1987, 2090; 29 June 1987, 688; 10 July 1987, 1924; 28 July 1987, 1867; 15 Sept.
1987, 2176; 21 Sept. 1988, 2064.




15, —O— SUN PRECONDITIONED

—-D—— SHADE PRECONDITIONED
Y = -7.7e-0.0036X | 58 RZ =

800 1200 1600 2000
PPF (umol m~2 s~ 1)

. 2. Light response curve for leaves of Rhododendron x ‘Pink
uffles’ leaves preconditioned to 100% or 29% sun for 54 days.
[he A was measured on 30 May 1990 (air = 31.4 = 0.2C, LT =
0.1 = 0.2C, VPD = 3.4 + (.08 kPa) from 1000 to 1400 HR.

A __ Ak EEEREE
(Amax)

shade(29% sun) > sun

LCP :
shade reduced 25% than s



Table 3. Growth characteristics and chl concentrations of Rhododendron x “Pink
Ruffles” during 1987 and 1988 under four light regimes. Treatments were initiated

17 Taeena 107
L§ JUlle LZFOV.

Light regime (% of full sun)

VVariahkla &0 AT
¥ OOLL DL L = =

Increase in GI* (cm) |
June 1987-Dec. 1987 . 11.6 12.9
June 1987-Nov. 1988 . 29.3 32.4
Total dry wt (g)
1987 . 48.8 57.3
1988 . 152.4 .- 159.0
Total leaf dry wt (g)
1987 . 12.4 14.1
1988 : 49.8 49.1
Stem dry wt (g)
1987 . 9.7 10.9
1988 : 42.2 45.0
Root dry wt (g)
1987 . 26.6 32.3
1988 . 60.4 64.9
Shoot : oot ratio
1987 . : 0.8
1988 . . 1.46




Table 3, Growth characteristics and chl concentrations of Rhododendron x “Pink

Ruffles” during 1987 and 1988 under four light regimes. Treatments were initiated

17 Teema 1087
L JUlle LFOV.

Light regime (% of full sun)

VViariakla £ A7 0
¥ 0L LA > i e

Total leaf area {cm?)
1987 - | 1457 1300
1988 k 3860 4483

Areafleaf (cm?y
1987 . 4.0 3.9
1988 : 3.8 4.6

Dry wt/leaf (g)
1987 0.022) 0.039  0.046
19883 0.042)  0.04%  0.051

LW (mg-cm-%)¥
1987 12.1 9.4 12,6
1988 12,2 13.0 10.9

Leaf chl concn (pg-cm-f)
1987 31.0 44.3 43.9

‘Gl = (height + width)/2.
YDetermined from all leaves harvested.
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