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Effects of CO, fertilization on photosynthesis and growth of cut Anthurium andraeanum in so-
lar greenhouse in winter. YANG Ke-bin, MENG Fan-zhi, GUO Xian-feng”™ ( Colloge of Forestry,
Shandong Agricultural University, Tai’ an 271018, Shandong, China).

Abstract: Aiming at the problem of the acute shortage of CO, in winter production of cut Anthurium
andraeanum in solar greenhouse, the effect of CO, fertilization on photosynthetic characteristics and
growth performance of A. andraeanum *Fire’ was investigated. Three treatments with different con-
centrations of CO, were designed, i.e., 700, 1000 and 1300 wmol « mol™ , with receiving no extra
CO, as the control. The results showed that for the CO,-fertilized plants, the photosynthetic rate, in-
tercellular CO, concentration and water use efficiency were significantly greater than those in the
control plants after CO, fertilization for 60 days, and the largest increase range was observed in the
1000 pmol + mol™' CO, treatment, whereas the stomata conductance was significantly reduced com-
pared with the control. Meanwhile, the contents of soluble sugar, starch and soluble protein in CO,-
fertilized plants were significantly higher than those in control plants. Moreover, the quality of cut
flowers with CO, fertilization was remarkably superior to control flowers in term of the parameters in-
cluding spathe size, spathe color, peduncle length, leaf growth performance and peduncle growth
rate. The most superior improvement was observed in the 1000 wmol «+ mol™ CO, treatment. It was
therefore concluded that CO, fertilization of 1000 wmol + mol™" could effectively improve the winter
production of cut A. andraeanum in solar greenhouse.
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Fig.1 Effects of different CO, concentrations on P, g., C, and WUE of Anthurium andraeanum leaves.

CK: (290+40) pmol - mol™"; T, (700+80) pmol - mol™

; T,: (1000£100) pmol « mol™'; Ty (1300+100) wmol - mol ™.
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Table 1 Effects of different CO, concentrations on the con-
tent of soluble sugar, starch and soluble protein of Anthurium
andraeanum (mg - g™')

i3 KA R TEH HEEEA
Treatment ~ Days Soluble sugar Starch Soluble protein
CK 15 8.69+0.25¢ 9.86+0.35¢ 6.84£0.25d
T, 12.54+0.37h 12.61+0.28h 9.07£0.31c
T, 15.38+0.72a 15.74£0.32a 13.42+0.59a
T, 14.07£0.39a 14.71£0.44a 10.60+0.31b
CK 30 8.86+0.60c 9.67+0.20c 6.90+0.19d
T, 15.04+0.52h 15.09+0.50b 15.19£0.34¢
T, 19.25+1.10a 19.62+0.43a 27.31£1.11a
T, 17.90+0.17a 18.52+0.43a 22.75+0.97b
CK 45 9.00£0.59¢ 10.29+0.58¢ 6.58+0.04d
T, 16.67+0.68b 16.62+0.17b 14.37£0.34¢
T, 21.53+0.68a 21.37+0.65a 25.26+0.53a
T, 19.66+0.44a 20.16+0.45a 20.39+0.65b
CK 60 8.75+0.38d 9.80+0.40d 6.61+0.06d
T, 17.79+0.45¢ 18.08+0.28¢ 11.68+0.65¢
T, 23.25+0.76a 22.38+0.35a 22.93+0.36a
T, 20.79+0.49b 21.06+0.31b 17.87+0.62b

ﬁﬁuxﬁ?i‘%%ﬁ%ﬁi%(f’<005) Different letters in the same

column meant significant difference at 0.05 level. | [i] The same below.
()P B A 4 3, 9 0 R~ e Fn D 46 T I &[]
CK Z )22 55 3 Wi AR 22 T A 3% (3R 2).
it CO, WEHEInEh A R (B2 T, T, Fl T Ab
Mz ZRAREE LB 60 d )5, ML CK 1
15.46 cm, T, T, T, AL B3 534N T 6.0% (11.4% Hl
8.7% .34t CO, 25 $& =y 1 1/ 1% B0 € 1R R 52

HRIFMAE T, T, F1 T, &b 356 4 A 1 27 (544
IR CK 9 i Z 425 6.0% 11.5% 1 8.3% , £ 75

&2 AR CO, REXYITE MBI

RO A N o 5 N 10.4% 31.2% 1 15.3%.

HiitE CO, JaARZE i T34 AN ) R B i 2 5, (L
5 CK Z 5 A H 3 Hrp T, AP 32 5 8 i
K AEZE B B R BE RN B 43 )8 5 93.00 em
6.50 mm A1 0.41. 43 60 d & , YIAE&E 5 & A+ R &
Wi B, T, T, AT, A BE Ay  E CK O34
10.5% .21.0% .16.7% 1 19.8% .31.0% .26.5%. %5 |-
AL, A5 AL B T, Kb BE LT )AL S T G B e
K.
2.4 A[A] CO, HeBEXT I R & B ML ZE A K 15

A R S A R kR BRI A
AR S, RS CK ZR A 8%, Hd T,
ALBRIE R K (3 3) BB 60 d J5, T, AbBRMH- AR
I R i o b R T e AL B AT RGN 11.2% .47.6%
1 57.5% MR E2EYDCEFENRELENAR W@
JEM R B AR, 3 3 A, 45 Ab B 2T A )
A 2R 2 R R CK 359 S 38 1 , L34 0 1) /)N
A T,>T,>T, A0 # 60 d J5,T, . T, T, AL #i%E CK
A3 25 14 30.9% . 76. 4% 1 47.2%. 3% WA 14 it
CO, ARTF ARG, M IEHEE G /E Y
AT

2R KR — R bl DRI 2
7= A B R AR KR s R 2 b T, R
T Ab 3 CK 439132 %5 18.3% M1 10.7% , 11 T, kb 38
5 CK Z[H)JC I 35 25 5 i e — 22 Y FRl 3t Co,
AT DA R A 2R AR A T4t o D AR 7

Table 2 Effect of different CO, concentrations on quality of cut flowers

QbR {440 Spathe 1EZ% Peduncle YIAE Cut-flowers
Treatment PN LA HOEH K HLEE g S [ ik T
Size Saturation Anthocyanins Length Thickness Hardness Fresh mass Dry mass
(em) (A-g'FM) (em) (mm) (g) (g)
CK 15.46+0.32b  56.33+0.76c  1.83x0.05¢ 89.00+1.73 6.03+010 0.360+0.022 49.84+1.55 5.67+0.17b
T, 16.38+0.29a  59.71x0.12b  2.02+0.02b 91.00+0.58 6.10£0.09  0.389+0.015 55.09£2.36  6.79+0.29a
T, 17.23£0.09a  62.83+0.31a  2.40+0.02a 93.33+0.33 6.51+0.15  0.410+0.018 60.32+3.71 7.43+0.46a
T, 16.80+0.34a  60.99+0.33b  2.11+0.02b 92.67+1.45 6.37+0.14  0.405+0.020 58.18£2.09  7.17+0.25a
x3 AR CO, REMAEMFMEZERKNHN
Table 3 Effects of different CO, concentrations on leaf and peduncle growth of Anthurium andraeanum
Ib B M7 Leaf A KR
Treatment T i R TR Mg A Peduncle growth
Area Fresh mass Dry mass Chlorophyll content rate
(em?) () () (mg - &™) (om - )
CK 561.17+£34.98 19.12+0.38 3.86+0.08 1.26+0.031d 1.687+0.009¢
T, 602.38+26.18 25.09+2.18 5.40+0.47 1.61£0.043¢ 1.748+0.003¢
T, 628.57+41.73 28.27+3.60 6.07+0.78 2.17+0.089%a 1.994+0.032a
T, 610.61+28.47 27.31+£3.98 5.87+0.86 1.81+0.012b 1.872+0.055b
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CO, W& FEAE M RN s 22 6] AR 4 A g ok
FAROCA R AR 4R 24 W, ™4 245 H
JEIRE N CO, HEJE Y 250 ~ 1400 pmol + mol ™', 7E4:
TS PR TR TR B A v, =2 0 FR T 3 KURIDIE A A
MR FEAL, 10:00—12: 00 B 2 &A%, IF4Efe KT
KAUKFELZE H 5. R, 0 2 20 4 M bR 1E % E
e, $E i H VDAL & SR 7R i 0 TR R, A L B i
CO, A5 RN @it co, , AR EEE T
LR EA R, M H B 4w Tk e s e
YRR A R B SR AR T AR A
PR

AW 5 & H B CO, W JE JE 1000
pmol + mol ™3 2% 7k A S B 5% K W, K it 700
pmol + mol ™ ) CO, A F TLLEA K X Fh 22 57 7 fig
JE TR WOIFE T EAT X 204 i A
WFFE BT X R Rl 3 47 S5 A FFAE R, ek TR | [R]
fLfEJy5 , PTG 2R SR 1Y CO, 1E N FALIE ).
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N o A A0 7= O % 40 %) J3 2> LS
T A5 R 2 Ak 8 i ) 2 9 58 R O, L A R
A T, X BERR R A E N B4 8 A A
FEH A PGB 3E 1 25 1 it AR RR B R B, DA
ARR S E SR A KA B AR, =i
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Ky, C/N BRI A7 A T4 1 48 27 731k, AT 42 F
FHA = AR 2 AR T Bt CO, bR T, |
T, 1T, Al 8 A g0, nT e 28 C/N
R X AT RE 5 L0« — it —18” A KRR A G,
C L g — AR SR E IR YT AN AWK
A R D A AT SR DI B kA T T SR 1 A
R —A8” F 2 5e A 2 04k, g F el i
PEAE PRy B i AR () HAB IS AS [,

S7%5 3k

[1] LiY-H (Zk4E), Wang X (F  #k), Kong D-Z (fL



1946 A N I I 28 %
fBEL) | et al. Effects of long-term CO, enrichment on [14] Li Y-H (ZK%E), Su Z2-G (FHE&EE), Yang Q-S (1
photosynthesis and plant growth in Anthurium andraea- k), et al. Effects of long-term CO, enrichment on
num L. seedlings. Acta Ecologica Sinica (4755 ), photosynthetic parameters and biomass of Anthurium an-
2007, 27(5) : 1852—1857 (in Chinese) draeanum Lind. Henan Science (TMFGE}2), 2008, 26

[2] Carvalho S, Heuvelink E. Influence of greenhouse cli- (4): 430-433 (in Chinese)
mate and plant density on external quality of chrysanthe- [15] Liang X-Y (#:B¢#t1), Guo F (8 1§), Zhang J-L
mum [ Dendranthema grandiflorum ( Ramat.) Kitamu- (5KFETE) , et al. Effects of single-seed sowing on cano-
ra]: First steps towards a quality model. Journal of Hor- py microenvironment, photosynthetic characteristics and
ticultural Science and Biotechnology, 2001, 76. 249 - pod yield of peanut. Chinese Journal of Applied Ecology
258 (WA 224), 2015, 26 (12); 3700-3706 (in

[3] Pan H, Zhang Q, Liu Q, et al. Effects of different CO, Chinese)
enrichment programs during the day on production of cut [16] Ali MB, Hahn EJ, Paek KY. Effects of temperature on
roses. Acta Horticulture, 2006, 766. 59-64 oxidative stress defense systems, lipid peroxidation and

[4] Hui J-A (EBE), Ye Q-S (M JK4E). Effects of ele- lipoxygenase activity in Phalaenopsis. Plant Physiology
vated CO, concentration on photosynthesis, growth and and Biochemistry, 2005, 43 213-223
development of the Bromeliad guzmantia. Chinese Jour- [17] Dufour L, Guérin V. Growth, developmental features

[10]

[11]

[12]

[13]

nal of Plant Ecology (FH¥YIAZSH) , 2008, 32(2) .
424-430 (iin Chinese)

Lourdes DML, Purificacion C, Purificacion DLH, et al.
Growth under elevated atmospheric CO, concentration
accelerates leaf senescence in sunflower ( Helianthus an-
nuus L.) plants. Journal of Plant Physiology, 2012,
169 1392-1400

Xu SP, Zhu XS, Li C, et al. Effects of CO, enrichment
on photosynthesis and growth in Gerbera jamesonii. Sci-
entia Horticulture, 2014, 177, 77-84

McGrath JM, Lobell DB. Regional disparities in the CO,
fertilization effect and implications for crop yields. Envi-
ronmental Research Letters, 2013, 8. 1880-1885
Khawlhring N, Thanga J. Plant performance of Anthuri-
um andreanum as affected by shade conditions and dif-
ferent conventional nutrient sources. International Jour-
nal of Horticulture and Floriculture, 2012, 4. 22-26
Elibox W, Umaharan P. Genetic basis for productivity in
Anthurtum andraeanum Hort. HortScience, 2014, 49.
859-863

Liu L-N (X FA ). Effects of Elevated CO, Concentra-
tion on Photosynthesis and Growth in Anthurium andraea-
num. Master Thesis. Guangzhou: South China Normal
University, 2004 (in Chinese)

Wang J-M ( EREH) , Li Y-H (Z=AK4E), Huang S-Q
(HEMEZE) , et al. Effects of elevated CO, concentration
on photosynthetic rate, growth and development in Anthu-
rium andraeanum Lind. leaves. Acta Horticulture Sini-
ca (FZ53R) , 2005, 32(2): 335-1338 (in Chi-
nese )

Li Y-H (Z=K4E) , Liu L-N (XIAE8K) , Ye Q-S (R
). Effects of elevated CO, on the growth photosynthe-
sis of Anthurium andraeanum. Journal of Tropical and
Subtropical Botany (#Wiy WHH A2~k ) , 2005, 13
(4): 343-346 (in Chinese)

Li Y-H (Z57k%), Wu R-H (R584E) , Yang Q-S (#
FKA), et al. Effects of short-term CO, enrichment on
photosynthetic rate and growth in Anthurium andraeanum
L. seedlings. Journal of Henan Agricultural University
(TR AE K222 ), 2006, 40(6) @ 607-610 (in
Chinese)

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

and flower production of Anthurium andreanum Lind. in
tropical conditions. Scientia Horticulture, 2003, 98 . 25—
35

Huang ZG, Liang MT, Peng JZ, et al. Exogenous am-
monium inhibits petal pigmentation and expansion in
Gerbera hybrida. Physiology Plant, 2008, 133. 254 -
265

Elibox W, Umaharan P. Morphophysiological parameters
characteristics associated with vase-life of cut flowers of
Anthurium. HortScience, 2008, 43, 825-831
Mortensen LM. Review:; CO, enrichment in greenhouse.
Crop responses. Scientia Horticulture, 1987, 33. 1-25
Su P-X (73154E), Du M-W (#:HHE) , Zhang L-X
(5KAEHT) , et al. Changes of photosynthetic characteris-
tics and response to rising CO, concentration in straw-
berry in solar greenhouse. Acta Horticulture Sinica ([l
LR, 2002, 29(5) : 423-426 (in Chinese)

Liu Y (X #i), Wang R (7£ 12), Xing Y-H (Jif
H4E) , et al. Effects of continuous nitrogen application
on yield stability and potential of corn. Chinese Journal
of Soil Science ( 3R ), 2016, 47(2); 425-429
(in Chinese)

Oliveira VF', Zaindan LBP, Braga MR, et al. Elevated
CO, atmosphere promotes plants growth and inulin pro-
duction in the cerrado species Vernonia herbacea. Func-
tional Plant Biology, 2010, 37. 223-231

Xu S-P (VFHIF), Zeng L-T (B2242) | Ye Q-S (M
PRA). Effects of long-term elevated CO, on growth and
flowering in Phalaenopsis. Acta Horticulture Sinica ( [7El
PR, 2015, 42(8) : 1599-1605 (in Chinese)
Nieves G, Marouane B, Gorka E, et al. Increased pho-
tosynthetic acclimation in alfalfa associated with arbus-
cular mycorrhizal fungi (AMF) and cultivated in green-
house under elevated CO,. Journal of Plant Physiology,
2014, 171. 1774-1781

Wang M (£ #), Hao Z-Q (M5 HK), Ji L-Z (Ui
2HE), et al. Effect of elevated atmospheric CO, con-
centrations on photosynthesis light response characteris-
tics of three coniferous tree species seedlings. Chinese
Journal of Applied Ecology (N FAZA2EH) , 2002, 13
(6): 646—650 (in Chinese)



6 1]

Wsitas . HOLIRZEAFHIE CO, X UIfELr %

HAVER B AR BB R 1947

[27]

(28]

[29]

[30]

[31]

Sawada S, Kuninaka M, Watanable K, et al. The mecha-
nism to suppress photosynthesis through end-product in-
hibition in single-rooted soybean leaves during acclima-
tion to CO, enrichment. Plant and Cell Physiology,
2001, 42. 1093-1102

Shimono H, Suzuki K, Aoki K, et al. Effect of panicle
removal on photosynthetic acclimation under elevated
CO, in rice. Photosynthetica, 2010, 48. 530-536
Croonenborghs S, Ceusters J, Londers E, et al. Effects
of elevated CO, on growth and morphological characteris-
tics of ornamental bromeliads. Scientia Horticulturae ,
2009, 2. 192-198

Zhang D, Qian MJ, Yu B, et al. Effect of fruit maturity
on UV-B-induced post-harvest anthocyanin accumulation
in red Chinese sand pear. Acta Physiologiae Plantarum,
2013, 35. 2857-2866

Li X-J (ZAKIE) , Wang Y-F (E—I§) | Cao J-H (&
%%) , et al. Interactive effects of CO, concentration

and temperature on physiological parameters of Saussurea

[32]

[33]

kansuensis. Guihaia (] VGFEY)) , 2016, 36(4) . 435-
442 (in Chinese)

Wei L (F5  #i), Peng F-R (¥ 771), Wang S-B
(Et14), et al. Morphology and changes of several
metabolites content during flower bud differentiation in
Phalaenopsis. Acta Horticulture Sinica ([ 2,2 4R ) ,
2010, 37(8): 1303-1310 (in Chinese)

Wan C-Y (F7FME), Mi L (BE #k), Huo H-Z (
fHK) , et al. Effect of two propagation systems on flo-
wer bud differentiation and development of strawberry
fruit. Journal of Fruit Science (HP2£4) , 2015, 32
(6): 1179-1186 (in Chinese)

EE®E T

Wyits, B, 1991 4, A5 EENE

B ARG B R 5 AT, E-mail. 15621583297@ 163.

com

RIEHE D M

Wity s Ui, BROEHE. HOLIRE A T Co, XM UIELL e A AR I AR K R B RISE A, I A= 252741, 2017, 28(6) -
1941-1947
Yang K-B, Meng F-Z, Guo X-F. Effects of CO, fertilization on photosynthesis and growth of cut Anthurium andraeanum in solar green-
house in winter. Chinese Journal of Applied Ecology, 2017, 28(6) : 1941-1947 (in Chinese)



