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Abstract: Different shading treatments (full light, 55% shading, and 90% shading) on the morphology, physio-
logical characteristics, and photosynthetic characteristics of four Rhododendron cultivars, ( ‘Liugiu Hong’,
“Yanzhi Mi’, ‘Zi E’, and ‘Zhuangyuan Hong’) were studied. Results showed significant differences between
shading treatments and full illumination (P<C0.05). With an increasing degree of shade, the Rhododendron
plant height, leaf length, leaf width, and chlorophyll content increased significantly (P<<0.05), but leaf thick-
ness, chlorophyll a/b, specific leaf weight per unit area, and water content decreased significantly (P<<0.05).
The light saturation point for the four cultivars was in the range of 800.0—1 200.0 wmol-m™-s™, the light com-
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pensation was 10.0-25.0 pmol -m2-s7!, and the dark respiration rate was 0.3-0.9 pmol -m=-s™'. Comparing

shade tolerance for these cultivars of Rhododendron, the membership functions order from strong to weak was
‘Zhuangyuan Hong’ > ‘Yanzhi Mi’ > ‘Zi E’ > ‘Liuqiu Hong’. Overall, shade tolerance of Rhododendron
was favorable with light adaptation for these different culitivars of Rhododendron variable. [ Ch, 4 fig. 5 tab.
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tolerance

K946 8 Rhododendron kL ES 46 R} Ericaceae i KIWJE, A4 1000 &5, FELH 562 F,
MR RS AT P 2 — " ARYRFERG ORI . GRGKRR L TS R ECRAE , AR 0 FE S AE
JE SR R ARRY . BAY . PERY. RS 4 AR b B b S AL Y AL A TR [ 2 SRR BCER 7R 200 F L
B PRI, R BT A [ R B kL A AR R N B B Ak b, XS SRR B ARSI, ATR— L LARAER LR
BRI N EMIR A AEEZE L, By, XHMENMRZETEERET . EEAESN S FKFEET
T, B AL B A8 7 A 5 e A ABRSY, U IR X AL RS AE 2 S R g . R, fE ST A
XA R AR ) G AL BRI 255, 1B 4 A UL 0 (B4 LS B 1% ot b R aalb , d ek 388 A [l 3 O
BRRE, TEASFDG XA SRR MRIEAS | AR DG A RRERE I, B TE S BT WA AN ] ' A0 BT AL Y 4
YT R PEAIL , PRI AS [R] AL BS A6 A TR B v, ST A P ik 1 o b W T AR Ak, SRR RS AE S R I
b, PEEEH R AR TS R 27 i B AR A

1 AR5 7

1.1 X Ie it R

TR0 1 S T AT A ) B B 0 Y i H DX R R R, AR AR 16.2 °C, TRRR R
230~260 d, AFP-HREKE Dy 1435.0 mm Zidy, AFFE H BN 19021 h, SFEIAIRRSE N 749%0~85%
1.2 RIes e 548

SEHR T 2016 4F 6-8 A EBTMAE Y B (30°15'N, 120°16'E) #i47, DA #—Fi 5 4 A4 kL BY 18 o b
‘Edke ‘7K’ Roc4l’  ‘Zhuangyuan Hong®  ‘JHARE’  ‘Yanzhi Mi”  ‘FHiBRZL’  ‘Liugiu Hong’
IR B R, EAL TR 25 em, 4% 38 em, JEAE 26 em (A BRHERE N, L Bk, A E
P+, &EEE—3, 2915 kg, [F—mAEERDN . SREERIEAR -3, 228 1 FE, 78 2015 4
WAL FE ) FLAl B, 2016 4E 6 H 21 H 4k 2 1k I AN [ 388 ' =2 11 B €5 308 B P 4 A7 O b B U RE b
M, @& 1.5m, 98 3.0m, K 18.0 m, iK1 3 NS (IR 55%E 3 90%iE %), ARG
Ja WA A SR SHES IR 2015 AR, Hrh 2oy, A ERE 1.5 m, ARG —FEE
R G 2L A BT, WEE 3 A8, 3k-EET, 15 d GRS AR AT I E .
1.3 MEERSAHE

S OGS, FHAS RO e A bR e B L b . PRI TE A R R O AR R B 5 i
At R, TR AR R RO i R R R ATALES (d = 0.6 em) B R/INE e, W E B
BN AR T A B TR K Y He S SCR[9 ] ) LICHTENTHALER A0S 48 % a, 4k
R b Jemt s R SRR AL SE R SR R AL, B Li-6400XT AL 4 O 5 42 (Li-COR,
E) I O AR A (LED) 21 85 ' U5 I 22 AS [ BE T 4 AN RS A8 i Bl B 66— iz i 2k, R 4 3L
i B BB RO BN S DG A — ot B (P—P) T2, IFAR#E YE S OB F R G A TR A b
SRAFCAME B (Pe) , TGN (Ps), BERFIEEAE (Ry) , FME TR0 (A o) M RKF NG R (Paw) o
1.4 HBEFITS5HHF

SRR REOE LR A A TS bR IEAT I B TR, S R LA S FE bR BRI A (1), TG
MY 1 (x) 27

()= (2 —Xin) KXin) » =1, 2, 3, <=+, (1)

(D) 2 FORE L DLREIEIR, win AR L DERE IR ME, o R85 L DL TR PRI R A
K SPSS 16.0 Ge it F /it 47 B 2R 0y 22504, SR SAB IE BRI HOE GRS 80, Excel BN KL
Aot h 2k, R 28 B % V22 % 1 Duncan £ 5575 4T 2 H UL,
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2.1 A[E)EE S Ak 3B X 5 AL AS 1L R L AR R AE B 2 0
HIZE 1 R EEGAR PG A RS AEAE AR A I L ST L R AR B R, I R B —E
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(e Y o s S L R i o A B ) = w2 o < B I 114 o =93 =1 S i by N T N
P, BT AR AR R L eI R, RJCLL M CBRIKRLLT MRETE S5%IE A AT R Ik F]
R, SetlXIth, HE R 48.31%F1 24.52%, H AR AHEZ M) 25 53 8 3% (P<<0.05); “45%° 5ll@se
AN A B 22 ) 22 57 3 (P<<0.05) , HAE 90% G345 N ik, M4 3 A S A FE 55% F 90% it 't %
M FERAEE, H WRoog” A CHARE 16 55%iE N4 N s i K. AT, 7EEEAFET, At
RS A6 38 2k 3G R R B, (]G DR A A o 0 i RO R R A R R A M AT OR AR,
il 3 S RE W e AR A TS S TSR A ALY, DS N 58OGR . TR S5%EGETS , X etk SN,
BRI, VLR T AR B AR K

&1 AR AL RS TE M A SRR 2

Table 1  Effects of shading treatment on the morphological characteristics of Rhododendron cultivars
i i Ib 3 e /em 5 /em i J5E B /um B iF /em 56k i /em
Eop i 590 + 0.30 a 2.11 £ 0.08 a 176.67 + 3.33 ¢ 67.67 £ 1.84a 6550+ 231 a
‘glmEe 55%E 't # 727 +0.16 b 2.57 £ 0.08 b 151.11 £ 7.54 b 7317 £ 1.25ab  73.17 £ 1.88 b
90%tE J't: % 9.12 + 0.20 ¢ 331+ 0.10 ¢ 125.56 + 445 a 7583 +259h  78.89 +1.19¢
KPR 329 £ 0.07 a 1.40 £ 0.04 a 188.89 + 3.09 ¢ 59.00 £ 1.37a 7331 +2.12a
“Rocer’ 55%il 't F 433 +£0.15b 1.97 £ 0.04 b 167.67 + 6.67 b 8750 +2.09 ¢ 8622 +241b
90% i J't; % 5.16 = 0.09 ¢ 2.13 + 0.06 ¢ 116.67 + 4.08 a 7654 £2.55b 8428 £349b
P Ii 331 +0.08 a 1.41 £ 0.05 a 170.00 + 6.67 ¢ 5933 £191a 5612+ 1.04a
G 55%3E 477 +021 b 2.12 £ 0.07 b 12333 £ 8.50 b 66.83 £ 1.38b  65.61 £ 1.67 b
90% 3 % 6.62 + 0.26 ¢ 2.88 + 0.09 ¢ 100.00 + 2.89 a 63.33 £ 2.16 ab 61.06 £ 2.12 b
Eep i 337+0.14 a 1.56 £ 0.05 a 13778 £ 641 b 10333 £+492a 5611+ 123 a
HiERL’ 55%iE ) % 3.76 + 0.06 b 1.79 £ 0.02 b 121.11 £3.09a 12867 +131c 6178 £ 1.55b
90% it ) % 481 £0.11 ¢ 2.26 £ 0.07 ¢ 11222 £3.64a 11550+ 152b  63.44 £ 1.64 b

LT AT ARG 7B 3R 22 5 3% (P<<0.05)

22 AEEXLEXHBBELEHRE, B ERERERBCHERSKENZIE

2 AIA: GG IR, 4 AN FLESE S AR A BT e L B TR T L A P T AR K
25 W E (P<<0.05), HASYREEMCFEEMmE T TR, B TFREEAR— R 7E 90%iE R T
Hatlxith, 5 SRooa CHARE R CBERLD 4 ANEFR SRR T 42.86%, 42.11%),
49.83%, 41.81%; B w1 FRAE 5T 55 ) 43 5 R BE T 36.73%, 31.45%, 22.69%, 35.99%; B fL &7k
WM TRET 34.19%, 22.89%, 8.90%, 30.04%. Uutvl L. “HHASZEE" 78 90%E e A PH)S , B 1
RS 5 b S B TR S K B At 3 AN E A AR R, XTRE S ARG R a5 G 06,  HIRE &
BN R i o T S SN

®2 EXLEMMEBERMMFREN W

Table 2 Effects of shading treatments on leaf quality of Rhododendron cultivars

o AL ARG B AR o LR ARSI ¥ VAT AN
o A L Ji o o o A L Jo o L
o JGEL R J5i 1/ (mg - /K 3/ (mg- fin A b ¥ R J5i i/ (mg - K1/ (mg-
(mg+cem™) (mg+cm™)
cm?) cm?) cm?) cm?)

cEREE AR 7.14 + 0.03 ¢ 18.08 + 0.27 ¢ 10.88 + 0.14 c|| ‘Mg % 2 6HR 584 +042 ¢ 13.18 +0.67b 746 +0.38 a
55%iE % 5.46 + 0.06 b 14.01 + 046 b 842 +0.38 b 55%iE % 3.82 + 0.10 b 11.17 £ 0.60 a 691 + 0.35 a
90%iEN% 4.08 +0.10a 1144 +0.12a 7.16 +0.12 a 90%iEN% 293 + 0.04 a 10.19 + 021 a 6.79 + 0.15 a

RUTEARE S
55%iE % 4.88 £ 0.03 b 14.96 + 0.58 b 10.70 = 0.71 b
90%il % 4.11 £ 0.07 a 1295 £ 0.65a 8.69 + 049 a

Yl AT ARG TR R 25 55 B3 (P<0.05).

7.10 £ 0.23 ¢ 18.89 £ 0.28 ¢ 11.27 + 0.34 b|| ‘Hi k4’ &6 6.29 + 0.08 ¢ 1834 + 0.16 ¢ 11.25+0.13 ¢
55%iE % 4.46 £ 0.14 b 14.60 £ 0.12 b 9.34 £ 0.03 b
90%ilE % 3.66 + 0.06 a 11.74 £ 0.18 a  7.87 £ 0.14 a
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2.3 AEHEXAEITHEEE R FEERES NN

M 3 AT 4 A FERSAE SRR A TSR R TR AR A Y ARt A, BEE YRR s i, nhaR &R
a, MEEZE b MG SRS BB, T 0% R T ik Bl K, H 5% B 2% 5 8% (P<
0.05), {HPEGFFRAT, BOMIE A —, #E)E, MEE a/b 2 TG, 4 DFRSIE R 7E 90%i8E
JETF B ERALE, HS 2L, 2RE%E(P<0.05), mitiid] . EGME —ERE LR 7
AS AL 2k a, W4RE b MNP S, Wi H I 4RE b U4 3 a 3 I0E R . SR AR Y% 55 6 45
T B A S IE N, PRUERL Y 7E 55 6 PR BE A A8 T U s A RO, TR SR B G RE R R, TR AR
T 42 alb, eidE I 55 GERE

F3 EXLEMHEBERTHEIRESHEHZ M

Table 3 Effects of shading treatments on chlorophyll content of Rhododendron cultivars

sy ol b B Mg a/(mg-g!)  WHEEEb/(mg-g') MR LR/ (mg g") 4¢3 alb
K i 0.522 + 0.076 a 0.234 + 0.031 a 0.726 + 0.107 a 2.561 + 0.094 a
CgeE 55%3E % 0.968 + 0.065 b 0.440 + 0.046 b 1.408 £ 0.110 b 2.217 £ 0.090 b
90% 3 ;5 1.264 = 0.006 ¢ 1.149 + 0.079 ¢ 2413 + 0.079 ¢ 1.111 + 0.082 ¢
K i 1.171 £ 0.035 a 0.565 + 0.010 a 1.736 = 0.045 a 2.095 + 0.007 a
SRoear’ 55%3iE 5 % 1.208 + 0.034 a 0.693 + 0.073 a 1.901 = 0.106 a 1.771 £ 0.141 b
90% 3 ;5 1.254 + 0.005 a 1.170 + 0.062 b 2.425 + 0.057 b 1.078 + 0.060 ¢
AL 0.956 + 0.046 a 0.387 + 0.031 a 1.343 £ 0.078 a 2481 + 0.088 a
G 55%3 5% 0.960 = 0.154 a 0.398 + 0.165 a 1.459 + 0.319 a 1.771 £ 0.141 b
90%3iE 5 % 1.272 + 0.005 b 1.047 £ 0.021 b 2.319 = 0.019 b 1.216 + 0.027 ¢
£ 1.118 £ 0.040 a 0.500 + 0.045 a 1.618 + 0.084 a 2256 +0.116 a
HiBRer’ 55%i 5t % 1.251 £ 0.003 b 1.129 + 0.027 b 2.380 + 0.024 b 1.110 = 0.028 b
90% il Y % 1.206 + 0.006 b 1.415 £ 0.053 ¢ 2.621 £ 0.048 ¢ 0.858 + 0.036 ¢

Yl AT AN/ R R 22 59 3% (P<<0.05)

2.4 EALIERT 4 M iLESTE MR & — ¢ m AL £k 1Y &2

N 1~4 AP0 2B A0 BE)S , 4 KR ES AL o Flo6 6 i i B FE AR 5 6 IR — B0, BB Ok
AR NE GG A RBUE S (P W3S i 2 7 o, MG AR A R e B E S, dOnG R (P)
AWM T MR, MBREDERME (Ps) 5, @O HEBEIFR TR, “FE 7 S5S5%EEREM4T,
RREOCEHRMIL A RN T 17.36%, 1 KoL’ THIEE> M CTHERZL W43 5] B AR
T 44.6%, 26.34%F 27.64% , VW] 2 AE 55%iE S I T A AL IR AR T TE R . BRI (Ps), Ot
ML (Pre) B RF I 0% (Ry) Y B G RE L (4R mmife AR, 50 “WRoca g% M ‘I
BREL 4 AN FE RS AL R EE G 90% s S AR AT bE 400 BE 25 1 T 40 B FEAR T 14.26% , 27.65%, 14.72%F
34.01%, HAMESEAILT 66.34%, 49.95%, 60.42% K 56.48% , W00 3 K &AL T 10.05%, 26.75%,
47.14%F1 43.78% , H2:5 3 (P<<0.05), X UlBIAESI IR T, Kk RS AL v] 38 2o B AR M 50 FN 6 A Al
SRR R 6 55 6 1 R R 1 I BRI IR T, AERRIE S MR AR AR K, AT B R S N RE ST .
P ROR (Agw) G ME A OGRE B KBCR I —Fh B, T DUIE# OGS LA PLRE R A2k, tn]
AP by i W 5% 55 06 19 AR RE ) B B4 AR 0 B 38 4 w0 . UL T AR BE A 6 R B 0 i F Rk

AR, HAE SS%HOCRT, A ik BSAE i Bl 0L T ROR S T AU MAME TR, LIRS FEX 55
JCHAIE W AR FHRE 7 85058, 3 G T A9 R RS AL B IOERE A A, TR mOE A RCR . (HAE 90% i
T, CMIRE MRMWESCR LA TR, PR RER G e A 550, i BEEE AT e

R A,
2.5 4 A 1tESTE M AE 5 LS & IE M

FRE 220 (1) 3R AT 4 S FE S AL 5 B0 4 A H8 AR 00 S 8 sREUE , SROFI9(E . AR S5 o 50 (E 6] L 16 17 1
BHEHEIT (R 5) . it S JE R B AT nl i, 4 AL RS AR SRR A T B 1 R B S Akl SRoter > i
JE® > “HE > CRERLL,
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Table 4  Effects of shading treatments on photosynthetic parameters of Rhododendron cultivars
- s IR R MR (=Y Jerh R/ FM TR I - i 3k %/
(pmol -m=2-s7) (pmol -m=2+s7") (pwmol -m2-s7) (pmol -m2-s7) (pmol -m2-s7")
Eep i 4281 +0.281 a 1 089.438 + 13.849 ¢ 20.916 + 0.579 ¢ 0.021 £ 0.004 a 0.408 + 0.007 b

¢l 55%iE % 5.024 + 0246 b
0% G % 3.727 +. 7279 a

1 025.126 + 21.024 b
934.075 + 5.629 a

11.439 + 0.682 b
7.040 + 0.206 a

0.035 + 0.006 a
0.057 + 0.029 b

0.379 £ 0.034 a
0.367 £ 0.078 a

£ 7.657 £ 0453 b 1209278 + 31.126 b 21.468 + 0.872 b 0.041 £ 0.019 a 0.643 + 0.078 ¢
SIRIELL S5%IEIEA 4242 + 0.121 a 882.314 + 10989 a 14.397 + 0.354 a 0.044 + 0.026 a 0.580 + 0.027 b
90%iE % 3.103 + 0.087 a 874.867 + 12.354 a  10.744 + 0.763 a 0.045 + 0.009 a 0.471 £ 0.123 a
ESSIi 7.469 + 0.238 ¢ 1 168.062 + 50.246 ¢ 22.785 + 1.023 b 0.039 + 0.005 a 0.823 + 0.037 ¢
MHRRE S55%iEEFE 5.502 £ 0.897 b 1 027.768 + 12.094 be 18.052 + 0.587 ab 0.049 = 0.012 b 0.798 + 0.102 be
0% % 4.578 + 0.364 a 996.083 + 18.720 a  16.961 + 0.249 a 0.036 + 0.029 a 0.556 + 0.583 a
oI 9.766 + 0.874 ¢ 1232755 = 39.830 ¢ 23.627 = 1.207 ¢ 0.045 + 0.138 a 0.893 + 0.193 b
BRERLL 55%i R 7.067 £ 0.680 be 1 172.018 £ 60.902 b  18.492 + 0.760 b 0.052 = 0.079 b 0.814 + 0.063 b
0% e % 4.505 + 0.401 a 813.451 +36.435a 10.282 + 1.024 a 0.049 + 0.008 a 0.502 + 0.204 a
YL AT A /ING R R 28 55 B (P<<0.05),
12 r 12 1
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Figure 1  Net photosynthetic rate -light response curves in Figure 2 Net photosynthetic rate -light response curves in
leaves of ‘Zi E’ leaves of ‘Zhuangyuan Hong’
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Figure 3 Net photosynthetic rate —light response curves in

leaves of ‘Yanzhi Mi’

Figure 4  Net photosynthetic rate —light response curves in

leaves of ‘Liuqgiu Hong’
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Table 5 Comprehensive evaluation of the shade tolerant ability of various indexes of the Rhododendron cultivars

{2 a0 CEEC ORE CIHIRES CHiEk4 iR CEEdO OfRonar CHiRES CFiska
K 0.487 0.497 0.408 0493 || ML EARSE TR 0.548 0.562 0.620 0.514
- 0.454 0.529 0.446 0459 || B E A EAKE 0496 0.601 0.647 0.564
R 0.403 0.546 0.615 0.531 S A5 0.485 0.659 0.605 0.335
731 0.556 0.481 0.535 0.657 || HeAhEs 0.561 0.553 0.604 0.462
52k 0.624 0.526 0.446 0426 || B KEOLAEE 0524 0.583 0.560 0.504
M4EE a 0.607 0.678 0.588 0.587 || LM TRE 0.463 0.583 0.410 0.524
Mg Db 0.412 0.356 0.438 0.349 || WEITE % 0.569 0.455 0.365 0.401
25 2 0.500 0.489 0.501 0.489 V- SR (E 0.512 0.528 0.526 0.496
M52 a/b 0.450 0.404 0.564 0.614 || $b)¥ 3 1 2 4
Pl - 0.557 0.480 0.645 0.519
3 ik

3.1 XY 4 RS TE @ R AR AR 0

SR AL A KA T IR E MBI T BRI AL, MY RERE AR 2575 I A ] ¥
P e RO A T IV AR A R M MASIRIRZ SR S A AT A BEE U B SE N, ALASAE 4 DSk R
MM R AR, 2R R, X5 EMEIREC AT B N B, m e i SE L bR
[N TR N iy N 1T RS o B B N 11 W W N N N Y S B R = N 3 - | X s
AR TR S O R A AR, R PR R AR S RE S o Bt 2 4 AL S AR b R
HA—E Mgk, fedmd B B8 545 i B DLAERS A an i 3l
3.2 St 4 RS M A IR R R0

PO R R A W R AL TR R (R R ) o BRI R A T O AR — AN RS
AT LS WA ) R AE A TR ERE R [ A7 i A8 s 000 FEAS IR, 4 AL RS 28 i B 20 D' 4k B
Ja s HoM B AR TR | BT R R R RS K R R B, = H S, W
WEH BOCRE RGN, = FHMEBEH R BOURMET, FRASAEM AR, M BRI, TR
VB G R RA A WA R o ot o LAl ) W R =S € R WA = R A A 3 SRR D IR
HIgE Al Al A S AE AL PSS EIR BT, 2 ESIE M A AR B AR SR DUE SO

Mg R A A VR P i B R R WLt T, A SR TR B R A, T U — E R

JiE R A BRI RN i S A RS, 4 AN RS A R S 2R T R B0 T R
(M) . 2R E a, MHERER b KOS G B A T B A B I 8 s TSR R a/b fEL U 7E I A

R BRI LR BN, X UL T SRR b BRI B L AR a K, XA 556 R R B
A A A I o IR I 8] IE R e T, R ISR B HLSROEI RS, e eI, Wil IR
ZEME AN, R RTINS KA AL o ) BN B T (M) FIRUE I 5 B RSO IE i
M TR S R, REO A, WAEPIE SIS, BAEBLSARDK 2 FE R B OL T, TEAREIRAS
PER SR B R . AR RN T AR SRR T Al 3 AL RS L A A,
WA R —

3.3 Xt 4 S ML AR IR R

FEPICH AN AL L G E R IR o 5 e AR ) e 15 B D 9 58 A B 248 AR . — ROl UL, TR

55 (4 R EL AT AR R DG A RURIASE /N R IS W5 R, o RO FE S B EREE AR, R O DRAIE B B e KR
RSB HLY, WAL LW R G S AT, SRR IOEAME R AR R A S5 E R RE J7,  [) e 3 IR W
A, LD PR R S DR B A BRI o 4 AL S FE &R LI R 800.0~1 200.0 wmol -m?-s7,
T MR 10.0~25.0 wmol -m™-s™, HEIFIR A 0.3~0.9 pmol-m™-s™, B MOEHR BRI, =1y
BN de R, A ESFETE S OGRSl i B B By G AMEE AT L G A IR I R 5 RO 1
WS, BAEROCIRT , AL AR fh AR AN DI L I PP I S AT O AR A T (2L



94 WO R M k% 2% R 2018 4F 2 J1 20

i, XU AL RS AR BT TR
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