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AT LARZIR LT R R AT P (3. AT VERE RO e R S i, 38 B AR SRR AR 30% B I FE IR IR B, A A KR I
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Effect of Shading on Changes in Leaf Color and Nutrient Accumulation of
Nandina domestica ‘Hongye’

YU Wei, PAN Yuan-zhi*, REN Wen, SUN Ze-chen

(College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: In order to understand the effect of shading on leaf color and nutrient accumulation of Nandina
domestica ‘Hongye’, the changes in physiological and biochemistry indexes were studied under different shading
treatments, such as full light, 30%, 55%, and 70% shading. The results showed that the contents of chlorophyll
and carotenoids increased with increment of shading, whereas relative content of anthocyanin decreased, and the
content of soluble sugar had no difference. Along the prolonging of shading treatment, the relative content of
anthocyanin and soluble sugar content increased, while the contents of chlorophyll and carotenoids increased in
full light or 30% shading, fluctuated smoothly in 55% shading, and increased at first and then decreased in 75%
shading. The content of leaf N was high under 75% shading, and those of P, K were high under 50% shading. The
content of Ca decreased with the increment of shading. However, the contents of Mg, Fe had no differences
among shading treatments. The correlation analysis showed that anthocyanin content had positive correlation with
contents of soluble sugar or Ca (P<0.05), and negative correlation with content of N (P<0.05). The content of
chlorophyll had positive correlation with the content of N (P<0.05), and negative correlation with contents of K
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or Ca (P<0.05). Therefore, shading environment could affect the contents of pigments, soluble sugar and mineral
elements in N. domestica ‘Hongye’, and 30% shading was reasonable for a tradeoff between better growth and

nice color.
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B NG, A AR e AR AR ) 1 55 () A7 A
FORARE 2L, Y RIS B R T )
K. Hodr, MR EZMEWET, ©EEEY
T PN S R L L A 2,
FRM, MR E 8 ML EE(Kalmia latifolia) 4%
S EE, BT M2 (Prunus cerasifera ‘Atro-
purpurea’)H Fr B EH S EE, — b, B, K
WNRRE I 2B EERE T, G
TER RAE B A e gt 7Y st 55—
T, et T R A O B M, SR
S/t~ SIS 0 A 113 O S N i T BT
SR R IR —E W, Mg™ . Fe®*. AP
e - AP BRSSP IR N ST R Sk /N
Tr R K S B AR,

MR Ar(Nandina domestica) /2 /N&EF} (Berberidaceae)
RN IE RS . BT, WRERATIORE 7T A
e 24 7T, T OV B I8 7 T ORI A
FxTED o IR T R AT B SR L
Shin 2 HpT R AEHAT 7 %0 . 20 B RAT(N.
domestica ‘Hongye’) & i K47 HIH R m b, 4
BAL/NEAR, AZEMEEEL, RO IE R R TR
3%, WHEMERE E . (HA L R R T
(IR ER] 25 B AH SCATLHE AR e/ AR . AW 5T
PACLIE R RAT 2 AEA AR RIS R, 2R T A
[ U T P 0T I € I L i N ST R AR R
s, DUHAE— DR R S, R
FLAE MR A 1) B FH B — 5 BB AR H

1 PRI ¥

1.1 w8

W AR KB 2 FA R
Yr(Nandina domestica ‘Hongye’)7h#k 1, i 15~
20 cm, FAETEZAN 15 cm feaT, AR
T HKREFR gL, g —miE 1 &
CO(NHy), 5 KH,PO, IR &, Bk 2~3d Hg 1 Ik
K, XFLRLEFAR LR, G REER,

1.2 A&

& 3 MK B <= =60 cm>100 cm>100 cm
IEREE, JEFTE 2 6. 0% 2 SHIERE M, [E 7
BRZEVY R KI5 . F ZR-1010 FYIE -0 5 5, 3k
1T 4 AME AR CK (4206HR). CL (1) 2 &1
FHIA, 30%IERAE). C2 (2 )2 2 £1ERH, 55%i
BHEEYRN C3 (1 )2 2 1A 1 Z N8 2 &I, 75%
W), FAENXEE 3AEE, 208 1 E
5. FMFRAEE 1.5 m, B4R Y. 2015 4
6 HREAECE TARRAHEX N, M 8 B NG
5 30 d KAE 1k, JERFE 6k, BRBEHLEUE b
A 2% 3 e g AT fe ARl e, EE 3 K.

1.3 W

M BEALEC A R R AT I R F,
BT ORELRIFMEN, #eHCHY, HEEER
222 R RHSCC vt Bt tb Xt . RHSCC
IR SR AR (5 203 ME(L, 2, -5
202, 203), HKBA BRI IK B IR N
4B (AL By Cy D). EHE 9K, BUHBSIREK
EIEE P

482 (Chl a+b)fIKHHE b &K (Car) S &KW
B SR T, A s, FREGH
it F 0.10 g, BYRYE, B TREH, FARE % 80%
REATE K TSR BR G e 24 8 10 mL, 2R
EEMFAES, BEER, H 756 2Kk
FETH( R EEAES) )M E 440, 645 A1 663 nm Ab
I Y6 B (OD), 115 Chla+b Fl Car & &

HEEESENNE 28 Pire SN0
%, WSVEE . FRECHTEEH A 0.10 g, BYRE, BT
WAEH, A 10 mL R 730k 0.10%) 2 & FH T
W, 32°CIEHEA T IEE 4 h, B EEW, H 756
RUSR AR ] DL 4 06 BEvHIl 8 535 nm &b I % FE
(OD). LA%E St F#E 10 mL $2HUR T, % ODesgs
0.1 KRB RTWRE N 1 MR BA, WAEf
FOE AN & & =ODsgs/0.1(tA F HLAL), 1 MR R
fi£ =0.01 ODsg5 g "mL ™

AHERE S ROWE R L s
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WERESD 620 nm NGRS . MR AR AE Hh 2 A0
A5 620 nm R IIMROG EE A TR AT MR I B o
&, RTINS .

FRIGRIWE K K, %
F, 105°C#7# 15 min, 80°CHTFZEIEE, KAYL
FGoE BRI s e A B AR B L ikt
MEm 4w &&, F SP9-400 JE TR 4 6 6
HIER. 45, B, BT RA R

1.4 BIESH

1 ] Microsoft Excel 2003 4bF % #E, LA 3 &
HE NP IME il 2 K7, R SPSS 19.0 734
ANTE) A B TR 1 22 S50, B R B IEAT 2 1 AH 5%
P T

R 1L R RN R BT AR T A1) RHSCC Ml {E

2 SRR B

2.1 A [EHERE BN - R F

RHSCC HIMMNME (R 1)EH, M RATH
BIEARFMER B R AR K ES . Hf, CK
J C1 bt i MME 2 AL A %R, {H CK Ab#E
MR BRI S, C2 AR A 4.t R XA 4k
#, 1M C3 MMM B O R, [F—H, A
[F) SRAE B[] €2 M M A5 BT AN, CK % CL i
FAELL S Y ERIR-BOR - TR AR AL C2 A BRI
AECKR, £ 11 F1 12 A bl i %, RSk
. LML 3 MR, Uil C2 ABIFEIX A
WA TG, HEFEE. CK & Cl, C2 A
1E 1 A s A R IR Pt &R, C3

Table 1 RHSCC monitor value of leaf color of Nandina domestica ‘Hongye’ under different shading treatments

2015-08 2015-09 2015-10 2015-11 2015-12 2016-01
CK N34A N34A 46B 46A 46A 185A,183A
C1 N34A 46A,42B 46B 46A 46A 185A
Cc2 N34A,146B 146A 146A N34A,172A,185A N34A,183A,146A 185A
C3 143A 146A 137A 143A 146A,143A 146A

7R RHSCC R th i 2, T RMURIZBER N ISR, TRl AR D, UK IGHIR .

Number represent the order of magnitudes of color in RHSCC, the letter represent the level under the magnitude order, from A to D, color brightness descends

successively.

AbEE— EE R EA R RO R, SRR
JE bR 20 R RAT I AN A T .

22 REEHEFEESENEKL

KB L ATLLF H, BEEERE R, HHEE S
HHAEE A AR, C3 AT T
T HAb A FE(P<0.05); b H S RINELE L
MR, BEUEERTRERRE AR, A RIBWIR/ D . BEALTE
A, 4 AN ARTE T I A7 6 24 o B A T
b, RHRE 1AW, BIEE 4000 F; it
G GAKWE N ESRBBEAHL, CK 5 C1 A4
HE ) 4 B $R i, C2 A {5 B M A, et
Fa, {Hix 3 LAbFE A R — BLARI%(<0.5 mg g %), C3
KBTSk D S N 3 . BEROKE, 3
RO Z CK 5 CL A I RE RN L 2,

% 2 WTUAEH, K CK 4h, HKWiwr N /it
U3 G BT (I 45 25 1 LR 140 R 1 P P 1
TR/, CK K CLALBEAE 3% b 25 /05

FAMEERT M SRNEEEES T C2. C3 4
H(P<0.05). 4 MUEHMAEAE bR/ RN HE
TEREN 0 B At e A AR AL, 2 e K5 s
(IEN A2 fE R4 R 1 H s AR Ja 3 2
1 A B2 KT Ri(P<0.05), 1 Af C3 kbEEfE
BRF MR B T 100, E5EHE /N
T4 3 HAabs, RHEFR 1/5~1/4,

2.3 AEETHE T aE i & Bk

MAFE 3T L, AN (RIS R b T o A B
FERARLE, (H 4 LI ] R RS I
ErETRONP<0.05), 1 A6 4 LA R
GEALEY 8 AW iRE 15 1%, XE5HE
RS EE WAL

2.4 A REIEREEXH AR HTRR R
4 /A, NHEAEC2. C3IMHTNTEES
F CK Al C1 4bFH(P<0.05), it BF 0 R £ FiF At K i
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H 1 Date (Y-M)
P&l 1 ANIRIIE R JBE A XS L0 B KA R AU o AN [Rl/INE SRR [F) — I A [RI Ak B ) 22 7 4 35 (P < 0.05) , ANIR KRS FRERIR [F]— A USR]
19122 57 1. 2 (P <0.05)
Fig. 1 Effect of shading on pigment contents of Nandina domestica ‘Hongye’. Different small letter indicate significant difference among different treatments in

the same date at 0.05 level, and the different capital letters indicate significant difference among different date with the same treatments at 0.05 level.

2 AR AR T LI E R AT R R LA AR

Table 2 Changes in ratio of pigments of Nandina domestica ‘Hongye’ under different shading treatments

2015-08 2015-09 2015-10 2015-11 2015-12 2016-01
EZIEAN CK  0.8680.014bA 0.949+0.014cBC  1.0100.063bC  0.945+0.041bBC  0.808+0.041cA  0.88540.035cAB
?ir’ /”fo? c1 0.848+0.043bAB 0.943+0.040cB  1.04920.103bC  0.970+0.099bB 0.774+0.027bcA  0.8150.082cA
c2 0.727+0.016aA 0.784+0.061bBC  0.81520.009aC  0.766+0.023aAB  0.729+0.024bA  0.76420.016bAB
c3 0.688+0.025aB 0.689+0.016aB  0.70720.078aB  0.729+0.042aB 0576+0.038aA  0.596 +0.024aA
TERTH | CK 298.1:453.9cA 318.5+13.5¢A 4749+80.6bBC  400.3+113.20ABC  377.9493.3cAB  537.1+457.6¢C
:}?‘/’a c1 316.2420.1cA 332.2423.6cA 488.2+111.1bB  397.0+31.4bAB 341.7#19.2cA  583.041.7cC
c2 99.5428.3bA 134.2 +42.3bA 149.0437.1aAB  147.6+11.7aAB 201.9432.0bB  428.4221.5bC
c3 29.5410.4aA 34.243.8aAB 38.747.9aAB 56.0220.0aB 49.1+11.6aAB  108.2+17.8aC

[FIFURE 5 AN Rl NG P R R R 22 57 2% (P < 0.05), [AAT Bl S5 AN IR K S 7 B R % 57 4 3 (P < 0.05)(Duncan i & M=) T IAl.

Data are analyzed by Duncan method. Data followed different small letters within column and different capital letters within line indicate significant difference

at 0.05 level Duncan new multiple range method. The same is following Tables.

R 3 AL AR LM R R AT A P AR

Table 3 Changes in soluble sugar content of Nandina domestica ‘Hongye’ under different shading treatments

2015-08 2015-09 2015-10 2015-11 2015-12 2016-01
CK 0.313+0.013bAB 0.317+0.009aAB 0.287+0.029aA 0.320+0.021abB 0.366+0.012aC 0.493+0.009aD
C1 0.319+0.017bAB 0.292 +0.024aA 0.295+0.020aA 0.311+0.022abAB 0.35240.021aB 0.56040.042bC
c2 0.291+0.017bA 0.286+0.010aA 0.333+0.002bB 0.339+0.009bB 0.344+0.015aB 0.579+0.038bC
C3 0.258 +0.021aA 0.293+0.018aAB 0.286 +0.008aAB 0.281+0.032aAB 0.32940.024aB 0.597 +0.037bC
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Table 4 Accumulation (mg g ™) of mineral element under different shading treatments

N P Ca Mg Fe
CK 11.894+0.126b 0.956+0.041a 4.0290.087a 7.468 +1.263b 0.724+0.067a 0.4600.044b
C1 11.090+0.100a 1.247 £0.045b 4.532+0.087b 6.410+1.055b 0.686+0.033a 0.3200.044a
c2 13.056 +0.218¢ 1.397+0.012¢c 4.884+0.151c 4.157+0.946a 0.685+0.013a 0.353+0.059ab
C3 12.838+0.003c 1.023+0.051a 3.879+0.087a 3.358+0.903a 0.658+0.049a 0.343+0.110ab

BAEaERE:; PMKEEECKE C3 4 ~EE
KT C1 A1 C2 AbFE(P<0.05), 15 HH G M 45 ik Bl g
TR, AR F b P FLE; Ca & EBEIERE
(P3G iz k2L, 150 B e BECE R TS AR 25 1T Fe.
Mg &E7E 4 MEHEATCEE T, U] g
XX B ARG R AL A AR BRI A K.

2.5 MRS
R RYIGEER 5), R & & 5 VE Ay

RS ORGEEETERAY PR S =R

FRCR G RIEERKAHEEE. b, RORETSE
HAryEtEpE, Ca & &I 2 8% IEMH5S(P<0.05), 5 N
SEELFENMIEP<005), 5 P. K. Fe. Mg &
RIEZIFEHIKR, EREEEKT, HEEGRS
N &2 R % IEH(P<0.05), 5 K. Ca 5 EE
B FE AR (P<0.05), 5P. Fe. Mg &M%,
HAREE; BAY bRSERS K S EAERE
HK(P<0.05); AT N 4 ST /4R
BI5NHFEREEENMHEK, 5 Ca &R B,

Table 5 Correlation between pigment content and contents of soluble sugar, mineral elements

UE ENCENS S et KFH KA MR MR A SRS S

Chi Car Acy Car/Chl Acy/Chl
A MRS Soluble sugar 0.151 0.105 0.671" 0.503 0.713"
AN 0.536" 0.397 -0.560" -0.805" -0.682"
WP -0.323 -0.395 0.256 0.144 0.266
K -0.558" -0.600" 0.463 0.329 0.463
45 Ca -0.612" -0.466 0.689" 0.746" 0.732"
# Mg -0.296 -0.174 0.465 0.505 0.471
2 Fe -0.313 -0.318 0.189 0.158 0.170

*:P<0.05
3 BHiRM4iie

I £35S B B A9 B B - € ) 2R T8 20,
KRUFFERY, PR LR R a RS E
YERUEEEEE AN s Y ETIE M el
1 BB T R v, SR AT B R NREAT IE R
JEAE A BTG R IS CIA SRR /7. bR
GRS HERENAR, X5 T %
3% N HF(Prunus>blireiana) i i 7045 FAHL. (A 2 HE
BITE 4 B B R AFE N B2 5, FealRibBR
/S 3R P LI R RAT I R A Y E R
. MEMELIa ., &, G =K0 RN
(Zelkova schneideriana)iff 7t 3 B, 41 €4 R BRI A
R IL G SR E [0 R I A AL B AR K,
TR R IE AR /RIS MR
EAR B DIRE C

HIXBIIRN, TEEF I AR ST HAM A
(KR I, AL 5 P B 2 A
P, i R R AT € AU A o 0 T
YIRERAE 5 T (GEAE TR, AT
FF, 4 LB (0P P 2 2 5 A
T (EACEEIAT R & R R, STEE
FAF R ORI 2. ABJCPEA R B
DRI AR pAde SR TR RS RIES
TR PR 1 (53 A0 JE A — 2 (R,
B A MO S N, (L AL A
FHOR SR 545 WD T Rl R
RIS R 36 10 25 PR 2.

BT FE R B DL 2 MBS T A A
B, AR TR 0 6
AR ATEFES, 0oL KRR
I RERNAE (RO R TR e N 8
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2, Andersen 58 B 7 B 2 WA 75 R K ) R — fir
B, BEE M, R N RS E . L
fEE i Ca AR, FAI Ca (K iE B igkh =
BRAEART, Hignsh 28 BIER, St
FIF ZMEIE AT . ML B, 4/
KA Ao N R R 5 R4 2 5% EAK,
Xt SR PR T4 AR 3. N B2 5HG RIS
J%, AR BUCER N AR THgR A Rl
ifi Ca MM REHGRSTREREEAMXK, 56
EHSEEEFEIEM, U Ca XM AHESE
—E R HEE . X% %5 4% (Litchi chinensis)®Y. 204
H# K (Loropetalum chinense var. rubrum)P2 5 %
W, Ca® % B 5 Fr (R0 — 52 M R
Weiss Wi 7e % 1, 7785 K (GAS) L HEIE (B4
Y&, Ca* 5L GAs (55 F1EM. AR
H, CaZ STtk RImiE 2842,
PETT DL, Ca X 46 €0 3 15 A B A A2 kA A AT Bl ik
AT RE A A P9 R RO 1) £ R 2 SRR . AR
FE L ERHAFT PR, P SESHAERT
FREBEIEHXKR, HHEXREA K. X5 Oren-
Shamir 2B Messenger 255 Atk P G FI T-10
HHMERILGERAR, SHEHEF NP &Y
Wi 25 3% A (Pistacia chinensis) ¥ o 2 H & & 45
5. KA LMREERE & sRia s, mibs1E Ak
W, NIEERF ORISR, K &RE1E
BEFSEEIEMG, KAl &S a5
(Camellia azalea) 11t to K (X152 58 1 o 7RSI 48
AN, S [F BRI B Fe 5 Mg & AR
WHAK, LR, LaRTS BN EAR
B3P, 5B S R, %7 (Lagerstroemia
indica)®®!, T F (Euonymus alatus)*?. X {3 T
(Hyacinthus sp.)" S [{ B 78 th R W] Mo® X 16 0 %
FEREA PR, T X AL RE S R (Iris typhifolia)*A14]
#4j(Paeonia lactiflora) "™ a5t £ W, Fe? XL (a2
FATHRERT, Xt Z44R% 18 (Anemone obtusiloba)™
FLT Bk (Prunus persica ‘Blood-flesh”) S 5t %
W, Fe*XtfeRIFAREMN. Fe XAFRYIAE
EFEF WA, AT A8 H A SR 87X A 7 Fh
RITEEO R REIANE, 153 8RB R E
H, X SR A G 15 T 4RI A ARG
/%[46]0

gr bR, SERXTRH YRR, BT
S B AEF A ORI RIS LRt A, 5

7

SN AT BRCER AR R, T A (3 S s A b
Bk AEAR A, HETTR M P 0. AFE RN R
Y, 7E 30%MIERHDEIRIAEE T, 2L R R AT A
KEORE, WHEMERL.
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