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Abstract; Growth and physiological indexes of 11 Nymphaea tetragona Georgi cultivars under shading
rate of 0% (full light, CK), 22%, 58% , and 70% were compared and analyzed, and shade tolerance of
11 N. tetragona cultivars were comprehensively evaluated by using principal component analysis and
subordination function methods. The results show that in general, flower number, leaf number, and
soluble sugar content and chlorophyll a/b value of leaf of 11 N. tetragona cultivars in treatment groups of
22% , 58% , and 70% shading rate are lower, while contents of chlorophyll @, chlorophyll b, and total
chlorophyll in leaf are higher than in CK group. Leaf area and crown width of ‘ Black Beauty’,
¢ Josephine’ , ‘Paul Stetson’ , and ‘ Colorado’ are generally greater in treatment groups of 22% , 58%,
and 70% shading rate than in CK group; leaf area of ‘ Chrysantha’ is significantly lower than in CK
group, while that of other six N. tetragona cultivars shows no significant difference with CK group; crown
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width of ¢ Margaret’ is significantly smaller than in CK group, while that of other six N. tetragona
cultivars is generally greater in treatment groups of 22% and 58% shading rate, but smaller in treatment
group of 70% shading rate than in CK group. The comprehensive evaluation result shows that shade
tolerance from strong to weak of 11 N. tetragona cultivars is in the order of  Josephine’ , ° Black
Beauty’, ‘Paul Stetson’, ‘ Colorado’, ‘ Margaret’, °Sunshine Princess’, Meteor’, °King of
Siam’, ‘Rose Arey’, ‘Ledeger’, ‘Chrysantha’ , which is basically in accordance with the variations of

growth and physiological indexes of N. tetragona. It is indicated that principal component analysis and

subordination function methods can be used to evaluate shade tolerance of N. tetragona cultivars.

Key words: Nymphaea tetragona Georgi; shade tolerance; growth; physiology; comprehensive evaluation
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Table 1 Changes in growth indexes of 11 Nymphaea tetragona Georgi cultivars under different shading conditions ( X+SE)"

i e % TFIER OB e’ W H A L/ em
Cultivar Shading rate Flower number Leaf area Leaf number Crown width
M2 N Black Beauty 0(CK) 11.0+0.6a 102.64+9.45h 34.0+2.4a 55.3+3.1b
22 10.0x1.5a 124.56+11.74a 30.0+2.4ab 62.3+4.2ab
58 8.0+0.6b 139.78+14.83a 28.3+3.3bc 64.6+3.1a
70 7.0+1.0b 123.18+11.05a 25.3+1.8¢ 57.5+4.6ab
23535 Josephine 0(CK) 7.0+1.0a 95.57+6.35h 23.0+2.3a 36.8+2.5b
22 7.00.6a 115.34+11.5ab 22.3+1.4a 44.6+3.6a
58 6.0+1.5ab 126.23+12.93a 21.7+1.9a 51.4+3.8a
70 5.0+0.6b 100.64+7.34b 16.7+1.8b 49.7+4.5a
% #% Paul Stetson 0(CK) 10.0x1.5a 103.46+11.57b 26.3+1.9a 44.1+3.2b
22 8.0+0.6b 120.37+10.22ab 20.3+2.3b 53.5+3.9a
58 8.0+0.6b 123.48+10.23a 19.0+0.9b 58.0£5.2a
70 6.0+0.6¢ 101.49+10.35b 18.3+2.5b 61.9+4.6a
B H1 £ Colorado 0(CK) 6.0x1.5a 107.45+8.34bc 45.0+4.7a 54.4%3.2ab
22 4.0+0.6a 123.75+10.74ab 42.7+3.4ab 61.0+4.8a
58 5.0+1.0a 132.96+12.04a 37.7£2.9b 59.3+4.2a
70 4.0+1.0a 103.23+9.24¢ 38.3+1.3b 50.0+3.2b
ML IR Ledeger 0(CK) 4.0+1.0a 78.43+12.53a 16.3x1.4a 49.6+2.1b
22 2.0+0.0b 72.48+10.64a 15.3+1.3a 52.7+3.1b
58 0.0+0.0¢ 73.13+£13.58a 12.0+1.4b 60.7+3.6a
70 0.0+0.0¢ 70.84+6.45a 13.7+1.4ab 43.1+3.9¢
# F King of Siam 0(CK) 3.0+0.6a 104.75+10.45a 20.7+1.9a 45.3+3.3b
22 0.0+0.0b 102.96+12.74a 16.3+1.7b 49.7+3.6ab
58 0.0+0.0b 99.35+13.04a 16.3+1.3b 52.8+2.6a
70 0.0+0.0b 97.23+11.85a 15.0+1.3b 50.5+2.7ab
F K% 47 Margaret 0(CK) 3.0+1.0a 74.37+5.34a 16.3+1.3a 50.8+3.0a
22 3.0+1.5a 83.53+7.34a 13.3+1.4b 45.2+£2.4b
58 2.0+0.0a 82.85+12.30a 12.7+1.4b 46.3+2.9b
70 0.0+0.0a 71.67+4.63a 9.7+0.8¢ 42.4+1.2b
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4R1 Table 1 ( Continued)

sl A % FFAER I om? L e/ em

Cultivar Shading rate Flower number Leaf area Leaf number Crown width

i Meteor 0(CK) 2.0+0.6a 75.64+6.59a 22.7+1.4a 35.9+2.2¢
22 0.0+0.0b 68.65+6.85a 12.7+0.5b 42.9+2.1b
58 0.0+0.0b 66.23+8.34a 13.3+1.3b 54.4+2.5a
70 0.0+0.0b 65.20+9.35a 11.3+1.8¢ 32.3+2.6d

BZ4C Sunshine Princess 0(CK) 4.0+0.6a 83.39+7.86ab 18.3+1.8a 44.8+3.8a
22 4.0+0.6a 98.45+8.45a 13.3+1.6b 47.8+3.0a
58 2.0+0.6b 91.88+8.34ab 12.3+0.8b 37.5+3.6b
70 0.0+0.0c 77.24+4.64b 12.0+1.3b 32.3+1.4c

ZI4llI'F- Rose Arey 0(CK) 2.0+1.0a 89.45+12.57a 16.7+0.8a 29.4+1.8b
22 0.0+0.0b 88.75+£12.94a 13.0+2.4b 41.2+2.8a
58 0.0+0.0b 83.35+12.05a 8.0+0.7¢ 42.9+2.5a
70 0.0+0.0b 73.67+£9.34a 5.7+1.4d 31.4+2.5b

3% B =% Chrysantha 0(CK) 3.0+0.0a 69.42+3.85a 28.0+0.9a 33.0+£2.5b
22 0.0+0.0b 52.34+6.20b 17.7+1.1b 42.8+3.2a
58 0.0+0.0b 55.74+4.69b 10.0+1.3¢ 36.3£2.5b
70 0.0+0.0b 53.78+5.34b 6.3x1.4d 31.6+3.1b

O [ 51 H A 6] (4 /N B 7 B 32 5% ) — 5 B R (7] b 38 6] 2% 5 .25 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)

difference among different treatments of the same cultivar.
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Table 2 Changes in physiological indexes of leaves of 11 Nymphaea tetragona Georgi cultivars under different shading conditions ( X+SE)"

o /% _— Qﬁ/( mg-g') ConlenAl : A M4t a/b (8
Cultivar Shading rate AT ME4RE a MERE b AR Chlorophyll
Soluble sugar Chlorophyll a Chlorophyll b Total chlorophyll a/b value
M3 A Black Beauty 0(CK) 22.91£1.30a 1.07+0.13¢ 0.42+0.07¢ 1.49+0.32¢ 2.53+0.21a
22 21.32+1.04b 1.8420.23b 0.78+0.14b 2.62+0.11b 2.32+0.31a
58 20.24+1.33b 1.99+0.27ab 0.95+0.09a 2.94%0.21ab 2.17%0.14a
70 16.14x1.28¢ 2.21%0.18a 1.04+0.14a 3.25+0.14a 2.11%0.29a
205555 Josephine 0(CK) 18.23+1.04a 1.27+0.13¢ 0.57+0.07¢ 1.84+0.29h 2.22+0.16a
22 17.63£1.37a 1.7220.15b 0.8420.13b 2.56+0.23b 2.05+0.31a
58 16.11£1.03a 2.02+0.26ab 0.92+0.12b 2.9420.11ab 2.09+0.27a
70 13.20£0.82b 2.3120.31a 1.24+0.09a 3.55+0.29a 1.86+0.37a
{9 % Paul Stetson 0(CK) 20.1420.57a 1.14£0.19¢ 0.47+0.06¢ 1.61£0.18¢ 2.41+0.16a
22 17.92£0.95b 1.6620.13b 0.75+0.09b 2.41+0.24b 2.27+0.37a
58 17.15£1.31b 1.97+0.14a 0.92+0.13ab 2.89+0.12a 2.1320.21a
70 14.34+1.36¢ 2.08+0.25a 1.04+0.17a 3.22+0.25a 2.06+0.28a
B2 HiZ Colorado 0(CK) 18.29+1.03a 1.46+0.17¢ 0.49+0.12¢ 1.95+0.23¢ 2.94+0.31a
22 16.15£0.73a 1.9420.11b 0.68+0.15b 2.62+0.19b 2.85+0.28a
58 15.56+1.42a 2.18+0.25b 0.76+0.09h 2.94+0.28b 2.88+0.26a
70 12.03+1.83b 2.47+0.20a 1.07+0.14a 3.54+0.28a 2.32+0.20b
AR5 /K Ledeger 0(CK) 15.24x1.34a 1.78+0.19b 0.75+0.06¢ 2.53%0.13¢ 2.3320.14a
22 13.53%1.24a 1.87+0.16ab 0.91+0.14b 2.78+0.12b 2.1620.19a
58 11.03£1.23b 2.03+0.22ab 0.98+0.09b 3.01+0.31b 2.07+0.36a
70 10.30+1.24b 2.16+0.18a 1.17+0.13a 3.33+0.23a 1.81+0.26a
#F King of Siam 0(CK) 16.64+1.19a 1.65+0.19b 0.68+0.08¢ 2.33+0.33¢ 2.47+0.19a
22 14.53£1.35b 1.73+0.13b 0.80+0.12bc 2.53+0.23be 2.22+0.25a
58 14.05+0.88b 1.86+0.24ab 0.91+0.09ab 2.77+0.23ab 2.1420.14a
70 11.34+0.85¢ 2.19+0.28a 1.06+0.14a 3.25+0.21a 2.08+0.34a
Tk T 4 Margaret 0(CK) 17.01£1.34a 1.74%0.15¢ 0.6120.07¢ 2.35+0.18¢ 2.86+0.22a
22 15.53+1.03ab 1.90+0.21be 0.68+0.05be 2.58+0.29bc 2.77+0.17a
58 14.69+0.74b 2.11+0.23ab 0.78+0.09ab 2.89+0.39ab 2.72+0.35a
70 12.03x1.21c 2.3420.10a 0.87+0.05a 3.21%0.27a 2.6120.21a
i Meteor 0(CK) 14.03+1.53a 1.73£0.15b 0.69+0.07a 2.42+0.37b 2.52+0.27a
22 14.24£0.35a 1.80+0.22b 0.73+0.04a 2.53+0.26b 2.43+0.12a
58 11.05+0.93b 2.13+0.19a 0.88+0.06a 3.01+0.20a 2.41+0.35a
70 9.35+0.57b 2.20+0.13a 0.93+0.14a 3.24+0.26a 2.35+0.26a
#5%¢ Sunshine Princess 0(CK) 19.24+1.34a 1.45+0.18b 0.59+0.03b 2.04+0.12d 2.46%0.21a
22 17.05£1.04b 1.65+0.14b 0.71+0.09b 2.36+0.33c¢ 2.38+0.13a
58 17.24+0.74b 1.99+0.21a 0.86+0.12a 2.85+0.20b 2.31+0.27a
70 15.64+1.35b 2.11%0.16a 1.05+0.10a 3.16+0.24a 2.12+0.14a
Z14l|F Rose Arey 0(CK) 13.24£0.94a 1.68+0.18b 0.68+0.07¢ 2.36+0.21¢ 2.45+0.29a
22 11.42+1.35ab 1.93+0.24h 0.81+0.05be 2.74+0.13bc 2.40+0.24a
58 11.05+0.35b 2.07+0.32b 0.86+0.07ab 2.93+0.20b 2.42+0.25a
70 10.78+0.28b 2.45+0.19a 1.05+0.12a 3.50+0.31a 2.3420.21a
7 HL = % Chrysantha 0(CK) 15.14+1.35a 1.82+0.16b 0.72+0.04c¢ 2.54+0.36b 2.56+0.18a
22 14.24+1.44a 1.97+0.13ab 0.81+0.03be 2.78+0.21ab 2.47+0.16a
58 11.05+0.96b 2.13+0.24ab 0.88+0.11ab 3.01+0.38ab 2.41%0.21a
70 9.79+0.73b 2.31%0.28a 0.97+0.05a 3.28+0.21a 2.32+0.24a

D [5]31) v A ] (9 /N ES i 38 7% [ — (5 R AS [) A 3 ) 22 5 12 2 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)

difference among different treatments of the same cultivar.
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58% b BRZL 11 /> B 3 5 #2545 Ar 09 DU (6 1155 B
fHo &3 (K 3) Brn: 11 A HEE 5 FT L5 B A
BI/NF 1.000, L, S HRE N ATSR CRP
MBLB R L FFAEE0 B AR, A 0.727~0.857,
CTORSEN AR R AL TTAEEN B E A, 4K
0.667#10.500, “BIFEN’ AP RPN R
BRiZ AR MR AR g EH KT
1.000, Horbr, < JR3E A mf1E LAY B R, K 1.362;
HAY 5 ANHESE SR TR A B {E 34/ TF 1.000, Horr,
Sy B AR B /N, O 0.803, 11 AN ESE
A O BB /N T 1,000, Horr, ¢ 24 BE0F it
FAEY BE R K, 0.942, “ s B =% i gy B
{ER/N, R 0357 Bk O HRRE A B AL Ah, A

R3EXFHT I P EERMERMERBIERNOTH R

9 A i ORI 19 B {H KT 1.000, Horp, 32
SRR BAEHCR, O 1.515, L1 AR iy Fft i A o ]
TR B fE/N T 1.000, Horp,  SRAEARRIR |
CPART AN S L= AR AR B BN, R 8 A
T2 il R AR PR B (R, ¥R T 0.800, 11 /i
HEARAII R IARER o I ARER b FLE AR R Y
B ¥R T 1.000, Horp, “ FRIEN X 3 MEHRIY B {H
WK, 43 mlh 1.860.2.262 F11.973, C A BEI%"
B M BB RZ X 3 MERK B HBCOR, R T
1.490, “ B2l 3% 3 NMEFRAY B A g, HoAth 6 /i %
AR POE 3 AMEPREY B AR/ T ASRETE fh A A A
M2k ER a/b {HIY B EHI/NT 1.000, Horr, “JREN
REPE L ORTEM IR BRI SRR a/b
(B B BRI, AR T A B i FPIZ AR AR I B (E 4L
K, ¥KTF 0.900,

Table 3 Shade tolerance coefficient of growth and physiological indexes of 11 Nymphaea tetragona Georgi cultivars under shading condition

AR BRI B AR 4

Shade tolerance coefficient of each index

sl TRER WA ARG IR ARSI MRS HRERL AW BMEERESR MEEbE
Cultivar Flower Leaf Leaf Crown  Soluble sugar ~ Chlorophyll @ Chlorophyll 56 Total chlorophyll ~Chlorophyll a/b
number  area  number  width content content content content value
25 A Black Beauty 0.727 1.362  0.833 1.168 0.883 1.860 2.262 1.973 0.858
2375 Josephine 0.857 1.321  0.942  1.397 0.884 1.591 1.614 1.598 0.941
{12 #% Paul Stetson 0.800  1.194  0.722 1.315 0.852 1.728 1.957 1.795 0.884
BLP HiZ Colorado 0.833 1.237  0.837 1.090 0.851 1.493 1.551 1.508 0.979
SEAEME IR Ledeger 0.000 0932 0.735 1.231 0.724 1.140 1.306 1.189 0.888
#F King of Siam 0.000 0.948 0.790  1.166 0.844 1.127 1.338 1.188 0.866
FU A% TN 47 Margaret 0.667 1.114  0.776  0.911 0.864 1.213 1.279 1.472 0.951
it/ Meteor 0.000 0.876  0.588 1.515 0.788 1.231 1.275 1.235 0.956
21U Sunshine Princess  0.500  1.102  0.673  0.837 0.896 1.372 1.458 1.549 0.939
ZI{lF Rose Arey 0.000  0.932  0.480 1.459 0.835 1.232 1.265 1.154 0.988
7 L = % Chrysantha 0.000  0.803  0.357 1.101 0.729 1.170 1.347 1.223 0.941

2.3 ERIEEIEIRTRRBHIER S 53

T 2R T I R A K R A B AR B AR AR
B T a R I 4. A 4 w0 AT 3 A R
TURRRAR IR R 54.327% 17.217% F1 11.776% , B il 5t
kA5 83.310% . &5 1 E Mo h, JFAE & i AR A
MR B rp PR 2R o MR SRR
RRFIE ] RO 2 2 F R, R AR b
B RRAIE ) AR 5 3 R el T R 1)
K.
2.4 mEAMEIER

BT E R IIHTAE R R TR R s BOE R A%
PR 11 AR AP EE SR PME(Z (2) ] SRR B L

(B (2) ] RHAEE LK ER G PRI E (D) BEAT I,
FFEET D AEXF L1 AR & A 4 B PR AT HE R, 25
RIFE S, DMK A T B kS
APOL ARG D AR, 1 4B ot o 4 A 4 b i 391 55 K
PN 05 COREN VCRPE CRPRLE
IELT TR N VRN - RN - G SR A (IS SN
ORTEARRT L HL =R Ho, RN RS
N AREE 1 D AEK T 0.700), 1R B 1k i 5 © B
DRz’ | HAMG I R B A 19 D {H 2 0.490 ~
0.658 , M B fE rhs “ P A C#CE " 4nfil s 3R
TEAR R M s HL=%" ) D fH/N T 0.400, iiif 5 4
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Table 4 Result of principal component analysis on shade tolerance coefficient of growth and physiological indexes of Nymphaea tetragona Georgi

under shading condition

F RS BARKR FH R B AR [ B Eigenvector of shade tolerance coefficient of each index
Principal E CR/% CCR/ %
component FN LA LN CW SS Chla Chlb Chl Chla/b
1 0.930 0.978 0.748 -0.214 0.777 0.900 0.239 0.948 -0.307 4.889 54.327 54.327
2 0.128 0.114 0.388 -0.033 0.412 -0.275 -0.900 -0.244 0.503 1.549 17.217 71.544
3 -0.108 0.066  -0.033 0.953 -0.099 0.240 -0.163  -0.016 -0.132 1.059 11.766 83.310

DFN, JF 64X Flower number; LA : T fH Leaf area; LN

x5

- F$( Leaf number; CW; Je#i§ Crown width; SS; 7B & & Soluble sugar content;
Chla; M4t a &+ Chlorophyll a content; Chlb; M-4%2% b &8 Chlorophyll b content; Chl; jiH-%% 2% &4 Total chlorophyll content; Chla/b; -4k
% a/b {H Chlhlorophyll a/b value; E: 4$$fE{H Eigenvalue; CR: TTfkZ Contribution rate; CCR: i} Ti#k3 Cumulative contribution rate.

BRFHT 1 NBERMESIEREZ(x) ) FERAHE (L (x) IRENE. K&

WEMNE (D) R BA T HE
Table 5 Comprehensive index value [ Z(x) ], subordinate function value (g (x)] and its weight, comprehensive evaluation value (D), and
order of shade tolerance of 11 Nymphaea tetragona Georgi cultivars under shading condition

S ZEAT8ME Comprehensive index value )@ pEE{H  Subordinate function value D HeF
Cultivar Z(1) Z(2) Z(3) w(1) w(2) w(3) Order
M3 A Black Beauty 6.889 -1.700 1.098 1.000 0.205 0.475 0.761 2
2 E7% Josephine 6.225 -0.863 1.353 0.784 0.772 0.849 0.791 1
{5 % Paul Stetson 6.286 -1.404 1.223 0.804 0.405 0.658 0.701 3
B2 4% Colorado 5.872 -0.795 1.027 0.670 0.818 0.371 0.658 4
A IR Ledeger 3.953 -0.683 1.201 0.047 0.894 0.626 0.304 10
# F King of Siam 4.052 -0.645 1.131 0.079 0.919 0.523 0.315 8
T % T 4 Margaret 5.268 -0.526 0.837 0.474 1.000 0.092 0.529 5
A Meteor 3.875 -0.704 1.456 0.021 0.879 1.000 0.337 7
F51C Sunshine Princess 5.327 -0.803 0.774 0.493 0.812 0.000 0.490 6
214l F Rose Arey 3.809 -0.674 1.384 0.000 0.900 0.894 0.312 9
7 B =% Chrysantha 3.930 -2.002 0.797 0.039 0.000 0.034 0.030 11
ALTE Weight 0.652 0.207 0.141

3w

BESCAETR 11 A B 32 5 D 1 T AR B0 2 °F e
T WA Ll A s B R AR
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salicifolia Linn. ) SEAE Y RO BIFFE 45 R — 2, 4D X 3 4>

FEE 3242 it e ) BRI e M 7 38 DY 38 22.9% 1 58 % 4 B
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3 A B 3 i P 194 T R T M T S O R 70% A R A
PR e Ve (B IAEARR , 00 L 3= 2l 1 S o 2 3k B PR
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AR A B i MDA FT BE Hy T 6451 T HE )
AT M AR 1) T4 BE £ 58 22 ] T 14 R R e AR, a2
() Al B, Pt TR RO i ' IR B el 5 1T 4, HL S
ANTiES BB AR L , 5 B AR B e e B s e
M2 R S B s AR —E R Bk TS
P AR 55 , AT S WA 40 f) 2 ak . i
LR B RN SRR a/b A HE P T BAPE A Y 2
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1122 S I B ( Carex giraldiana Kiikenth. ) f{HF5%
SERI R A O REGR L85 , i R SRR e
2R b 13 T, HER R o/b (E T B, AR
SERS H 2 RN A 2R b X SO I



51

XEHs, 452 11 AMEE & R AT B PEZE 5 PEY S1

AEJI B SR  TESSG AT T AW )2 T AR I 2000 H i)
BAR, M2 b A LAERE 34K S 2 O RE  4E R
BREIER BT e % a/b {5 T A Tt
A RGELT 6 Y AR EDE AR IRCR . ABgE R
b %7y o N5 2 SR SNG4 382 Sl TR S
VAL sl & Vi EP N VR FE /N U ] 3¢
AT LLGE R i R R R i B

SGARAE T HYDC B RBORBEAK, MR & s K
AV RIRE ST T B, AT A & 5 AT DS AR ) 7EAIR
FERE T BB R AE 1 o ARBIEST R, 11 B R S R
F AT A T i SV B RO A PR MR, X
5% 5 8 %) X% — 5 40 ( Euphorbia  pulcherrima
Willd. et Klotzsch ) Fl T 50 A5 25 5 %% 22 (Aconitum
gymnandrum Maxim. ) WP 5T 45 B —3 ., ANWF 58 45
7R EGAR 58% A I it FVEASRAY © FREN
COIR A RPE m  h ] i R Y R
JEW RN B 22 1Y ¢ ve B =R BB OB RE
152 3 55 IR EE 12 AN

CEG VPO A R W« 11 /) B 22 5 o s P 12 1
7 5 HA A RNTF ARG 0 A — 350, W] FE o343 B i
AR R OE T ] T B S A B PR o DTS B
BRI CCOREN M RP R, MEEA]
3 3k 5 O TR G i | 90 i B B e R
it LSRRI 4 3R /b AE 55 J5 B R 4 R HON 55061
IENLRES)  MRIETT AR BT 75 006 G 7 o 11 A B %
mn AR, 3 S TR B E AR RS RSE N M
RBEE BT IR , HETE R 3 AL, H AR B E 1Y)
T [ P e - A B 7 B A T e I 5 T e 32
v BEPRL BT BV R HETESE 4 7, B AR
R BRAC LRSS S ANES 6 i T HL =R Y
M AP 22 o o MR i) © RS 7 L RS
RBEE AR B ARG B SR A Y A
B ELHEAE Rl B i e AT 2R S A 7

S % ik

(1] AW, 75 #F, B 8 55 b X 5 A B AR E VTGI8 R
FhimizE [ T]. gl B#, 2019, 39(6) : 24-31.

[2] Z=WUA, B, Br 2, 55 v EREE S A Y 8 R o it
[J]. MY R4, 2019, 20(4) : 829-835.

[3] BDM, HkiE, KRk, . EEmEY 2R 250)].
BACAL B, 2016(24) . 148, 154.

[4] . B, & ik, K, %5 B AR T
Tl Bl2E, 2017, 45(2) ; 118-120.

[5]

[6]

[8]

[9]

[10]

[11]

[12]

[21]

[22]

(23]

[24]

[25]

[26]

N, I, AR, S SIS A A 4l i R
SR R AEM AR B [T ], B &2, 2012, 32(6):
1908-1916.
TOURLL, KM, THERS. 6 DATZ LRI IOG A A R Kt A
PEGAHTLI]. PUALAREBEEHR, 2016, 31(1): 31-35.

AR, AR, A, . SR YRR S BT SR A TR M
YR HEARIRIE ], T EEHEY S, 2019, 41(1) : 81-91.
X%, WEWRAR, 90Kk, 5. 5 FOLBEREA R B HEmFoE ()]
R FHGET, 2017(12) ; 145-148.
LICHTENTHALER H K. Chlorophylls and carotenoids: pigments of
photosynthetic biomembranes [ J ]. Methods in Enzymology, 1987,
148(1) : 350-382.

R, HOKME. MY AR S [ M]. 2 . dEat: P
gl K2 Hi Rk, 2018 132-133.

IR, SRR TR T T 2 8RR RN 1 5 IR ST ——
FROFFM[T]. BETARAR, 2002, 16(1) : 39-43.
AT, ZH K T T, RIS 5 e A Rt
ek A ;K FC A SR [T 1. P AROE R, 2019, 40
(1):5-14.

K288, Mok, BRai. 7 Flnt /N ERAE D DO G R E S
M RIEDFTE (1], B VEY 24, 2013, 34(4) : 732-737.
KEIBE, 6T, R A, S 4 RS RS B R AT Y
WAL B0l2A4, 2019, 28(7) : 60-72.

KREAE, NNE =, FRELE PFPEFE B Y i BIPERTFE[T].
PEE AL R, 2017, 46(2) ; 133-138.

WA, B e, XUAME, S5 10 Ff Rl Ao o it B 1 b AR
33[J]. PEEMK, 2018, 34(9) ; 104-108.

HHHE, BEM, Smfll, 5. 4 DSBS R R g 1],
WILACHR R 224, 2018, 35(1) ; 88-95.

BRCK, e, R, S BRI T 9 A I E A A
HPE R AR [J]. Bll2A4R, 2010, 19(3) : 204-211.
VRELIE, BR2bk, B30, 5. R0t BUR A8 35 4 BRr v 7
Rt ARG PEA [J]. ALdrFE 2, 2017(15) « 89-97.
WA, ERRLL, TUKOR. BTG Fr S A B Ak B 1 i
BAVERTFELT]. tivapolk B, 2018, 47(2) : 34-37.

AL, RIS, XIZR N, S ERR 3 AR R B EA K
FRrE R B [ 1], 2R354k, 2011, 31(20) : 6005-6012.
AR B E AR A i S IR ()] R
4, 2007, 23(3) : 240-243.

KT, X TUE, A SCEE. AR ) T8I0 B A WO AR SRS - SRERT 5
MRS AL AT S S [T ] 2 A & Fh, 2019, 17(3) .
1028-1033.

MR, TR PO, BRI 10 F AR (9 B PELT] . ZRALAR
MR 2244, 2007, 35(7) ; 32-34.

I RN N N RO S A EAD e X N e R N A
[J]. B2 24k, 2006, 33(1): 95-100.

T, RBeE, SHeis, & EEImIBEERT LT ], PERRAR
W Bk2#, 2018, 47(3) ; 107-112.

(RE4H: KR





