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The effect of red:far red ratio on the stomata characters and stomata

conductance of Chrysanthemum leaves

YANG Zaiqiang' > * , ZHANG Jing', JIANG Xiaodong' , ZHANG Jibo', ZHU Jing', GU Lili',ZHANG Bo'
1 Jiangsu Key laboratory of Agricultural Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044 | China
2 College of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044 , China

Abstract: Chrysanthemum is among the four most important cut flowers in the world and is also China’s main export flower.
To study the dynamic effects of different red (660 +10) nm to far-red (730 £10) nm radiation ratios on stomatal
characteristics of greenhouse Chrysanthemum leaves, an experiment was carried out in the experimental greenhouse of
Nanjing University of Information Science and Technology from October 2010 to February 2011. The greenhouse was 9.6 m
wide and 30. 0 m long, with top height and shoulder height being 5.0 m and 4.5 m, respectively. The experimental
material was Chrysanthemum morifolium Ramat. cv. ‘Jingba’. Seedlings were transplanted on 6 October when they were
about 20 c¢m in height and the number of leaves was 6—10. In the short-day trial stage, plants were irradiated for a total
time of 10 hours (08:00-17:00) per day with one of four ratios of red light to far-red licht (R:FR). Those ratios were
achieved using LED light sources and were 0.5, 2.5, 4.5, and 6.5, with a total light intensity of 1000 wmol-m™s™". A
mixture of vermiculite and perlite with a volume ratio of 21 was used as the culture substrate and the planting arrangement
was 20 cm X 20 cm. All plants were irrigated with nutrient solution that had a conductivity of 1.5 ms/cm (200 pg/g N; 80
we/g P; 170 pg/g K). During the vegetative growth phase, fluorescent lamps ( PAR=200 pmol-m™s™") were used to

supplement light for five hours (18:00—23:00) per day to extend the illumination time. The colorless nail polish imprint
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method was used to observe leaf epidermis stomatal characters under an optical microscope ( Olympus CX-31), and a
portable photosynthesis system ( Li- 6400) was used to measure leaf photosynthesis rate and stomatal conductance. The
responses of the stomatal characters, stomatal conductance, and net photosynthesis rate of cut Chrysanthemum leaves
subjected to different R:FR ratios were studied. After 35 days of the short—day treatment, the maximum stomatal diameter
of the upper epidermis and lower epidermis occurred at R:FR ratios of 4.5 and 6.5, respectively, while the minimum
diameters both occurred at R:FR ratio of 2. 5; the stomatal density and aperture reached maxima at R:FR ratio of 2.5,
while the minima occurred at R:FR ratio of 6. 5. Stomatal density and aperture on the lower epidermis were significantly
higher than those on the upper epidermis. No significant differences in stomatal opening ratio and stomatal index were
observed among different R:FR treatments. With the same light intensity, stomatal conductance and photosynthesis rate
were correlated to R:FR ratio in the following descending order; 2.5, 4.5, 0.5, and 6.5. Leaf stomatal conductance was
positively correlated with stomatal index, density, opening ratio, and aperture, while it was negatively correlated with
stomatal length and breadth. Between 2.5 t0 6.5 R:FR ratio, leaf stomatal index, stomatal density, stomatal aperture, and
stomatal conductance decreased significantly with an increase in the red light component. The results are expected to

provide a scientific basis for regulating the growth and development of Chrysanthemum using light quality.

Key Words: cut Chrysanthemum flower; R:FR ratio; stomata characters; stomata conductance

NI B A3 PR A B A VR R R B A % 981 VR FH A A AR R, R G35 B 53 rh 0 6 Fnzt 41
JGH HAE (RFR {B) A BV ED AL K & B G2 06 RALRHYIIR S SN R T SR K 43 28 e
By FEEE I AN FEDG S AL B AR 3546 ( Chrysanthemum morifolium Ramat. ) 2t 5 pd k4]
ez — SRR E A OEFE, WF5E R:FR (EXHR = V1L 4G v R S FLARRPE 0 52 b 1 DI B i 4% 2 16
ARG EAEEE X,

KT HEEH 7 X AL R 0 A BF 58 I8 AR £, ©IE B 2 B ) | R e A i R K R
22159 CO, W B AR AL . TR E R ALER M R AL S B A D R
Zeiger 25 HE W LLLTOGRE T A R0 T FLIF L, Holmes 251 IA M ZE LT (700—800 nm ) 34 it PU 2% 5
S LG E . Talbott Fl Zeige' ™ LLBS AR 5. Vicia faba ) 3 B kA RE, % Hgb AT 216 5 6 FR 5 b 3| %
WO LT REE B S AL T 3K, Lee 251 BF 5T 26 B BA (0 ' BR B (4[] H 3% ( Helianthus annuus ) W S L3
BB AR T X EAL B . McMahon F1 Kelly ™' F1] ] CuSO, JEBRILLLYE)S MG 2354, & ¢ Bright Golden Anne’
P FLEE BEUH 10% |, Bl ¢ Spears ™ I Fr 1 SFLEE B A FLAS BE VAT BH S8 AR, ] WA [] 2 46 & Fous 6 5 iz
AR, Kim 252V 5ES2HZT LED 4T FREF 3548 ¢ Cheonsu” J5 M LS A0 AL TR ARAS R, T 7E IR 210
AL AL,

&4 R 1k, KT A R:FR E X V)46 8 0 7 A ALRAAE B AFL S B8 00 52 W) o A L3 . AR BIFSE 8T A
[l R:FR HAEXHRZ DIFES I 7 ALK/ B T P SRR AE AL BE RO A VR FE 52, Sk 16 5T 4%
RS %

1 #REAE
1.1 R

YT 2010 4F 10 A 2 2011 4 2 H7Er 515 B TR KRS Venlo MRZE N 4T, DLA2GAES T Jinba” ik
#,F 2010 45 10 H 6 HEHL, FHTH 20 cm,6—10 F 0, BRI TEE R 20 ecmx20 em , R FUAR KT, 250
RIEA SRR AW, KB 301, 7EE FRAERK BB H BT 200 wmol - m™?- s #h Ol 5h
(18:00—23:00) , 41 =3 50 cm B ZEIRZE N HLI 1.5 m BARHE2E , % AT R:FR {5 LED Y¢iEE H ik
P, R:FRIGHAE R 0.5.2.5 4.5 .6.5 M4 AabFE F A K ((660+£10) nm F1(730£10) nm(25 C))
LED {TH &AM R:FR HAE , B33 360 H LED 47408, YEIRE AR A 50 emx50 em, %] 5762 1 H 55
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PR3FTE 15 em, TGRSR AR TR0 B9 658 4 1000 wmol »m ™ s™", %8 H BE S E] 10 h(08.00—17:00) , &
SEFRAGAEAR R 30 BRI A 3 UK, FEXTHR DU JEI 1 FH S8 0 500} RS0 ' LAk e S O 5

1.2 WEmHS %

1.2.1  SALFRE I 2

283 ReFR {HALH 35 d B, 7 10.00—12 .00 Ff B FEAE I , KRBT 55 6—8 R iiaent , B
Rt i b N R IR R PG 645 FR i EYR 2k 2) FE 6 s T L2 fz SFLARAE

(D) ALK FEERME R R B8 T2 WA (Olympus CX-31) x40 15 T, FHEH W08 & &R
%t (Olympus DP-20) FEAH, ARSI HE 4] F Motic Images Advanced 3.0 #35E , & F - S ASERAL, BB
W5 ASAEY B EF LI 10 D OCHRRS T ILIE, ALK EEZ M Bk DA i, AL Rl T
IG5 T A3 T3 200 L 1) e S 11

(2)SALFFEEME  FEBL 5 SR RSP R B 10 S TFRCAL, D LI FLAR BB

(3)RALEE RPN R 2 R LB R ALE B, B ik RS AN, A L
W5 AR SRS H41E

(4)SFLFEH RIS R s L, A R AL

(5) S AP R ALE S SRRz L,

1.2.2 SGAEHERAIL T E NI E

2ot RA) R:FR {EGIRALFE 35 d,7E 10.00—12 .00 F| A #EEA7E T @E R 4 (Li- 6400) I 5E Y6 A1
FHHR AL TR I B i 2 R B 8 25 °C MR EE 2 R 75% , CO, Hé 380 pumol »mol ™ {4, il 5
PAR £ 0—2000 pmol - m™s™" £ F I F g S 1z ply 2 A< LT
2 BRE5SH
2.1 A[A R:FR XS B A A LA B 58 B A 52 )

ANA ReFR (AN 45 460 b 3R 5 i AL BE RN S8 BE 52w DL 2% 1, it v b3 R i AL A B R s
PILLR:FR (= 4.5 A3 K, 43910 42.95 um F122.74 pm, /DA R:FR=2.5 43 {4 35.03 pum Fil
20. 19 wm; M AT 26 Bz ACFL A B A 55 35 B K B9 R:FR = 6.5 AbFR, 43 %1k 41. 75 pum 1 24. 68 wm, 5t/
9 R:FR=2.5 Zb3 FLKBERITERE 7351 36. 84 wm H123.91 wm, Z5HEHIALRE R:FR (EXF AL B A S0 78
5% KT 2R, AT R:FR EANEEM N R L STEERT L3RE, 7E R:FR {H2.5—6.5 EHEN, T
TR ALK EE S EERE R :FR EXGImiEg o

#1 7FFE R:FREXHIE Jinba’ it F SFLKEFMEEHFMN
Table 1 Effect of R: FR on stomatal length and breadth of chrysanthemum* Jinba’ leaves

Kb ALK stoma Length/ pum SHALIESE stoma breadth/ pm

Treatments % Upper epidermis N 3% Lower epidermis 3} Upper epidermis N Lower epidermis
0.5 37.47+5.82bA 40.79+5. 08aA 20.69+1.24bA 24.41+1.04aA
2.5 35.03+3. 16bB 36.84+4. 11¢B 20.19+1.77bA 23.91+2.55aA
4.5 42.95+4.22aA 38.85+3.45bB 22.74%5. 84aA 24.63%2.19aA
6.5 37.614.61bA 41.75+4.28aA 21.13%2.03aA 24.68+2.77aA

INE KRE R IR IRTE 5% Al 1% F 22509 w35 1k

2.2 RJA] R:FR HAEXTBEAE ¢ Jinba” i H- A0 FL 35 B A FLAS B 52

ANA] R:FR AN FRAG A6 M B9 AL BE A ALAR RO 3R 2, BR AT R AL I LL RAFR HU(E
2.5 A PRE L 43500 29. 30 mm™ 52,57 mm ™, PL R:FR {H 6. 5 AL FEAAR, 43 5 22. 84 mm™ Fll 34. 46
mm > ZE R R R AL ] T B R AN RIS ALHE T 10. 23% —14. 94% Z A1)k F)
M R R AALIEEEILL ReFR {H 2. 5 A3 &, 4300 14.949% F113.03% , B3R LA R:FR {H0.5
AEBRERAR AR 10.23% , F R A R:FR i 6. 5 AbBH, 207 220, AN[RAL B 5 7F 36 J2 i FL A8 $te
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1% KFZERARE,

%2 A E R:FR{EXFHE Jinba’ M F S ZEMSFLISEH N
Table 2 Effect of R:FR on stomatal density and index of chrysanthemum* Jinba’ leaves

Ab ¥ SFLEFE Stomata number/mm ™2 SFLIEEL Stomata index/ %

Treatments _F# B Upper epidermis T Lower epidermis B Upper epidermis T # 5 Lower epidermis
0.5 25.61+3.88hB 40.15+4.78bB 10.23£0. 11bB 12.51£0. 17aA
2.5 29.30+1.97aA 52.57+6.13aA 14.94£0. 81aA 13.03£0. 44aA
4.5 27.84+2.54bA 41.16+4.27bB 13.24£2.96aA 12.05£0. 48aA
6.5 22.84+2.06cC 34.46+3.54cC 13.09+1.03aA 11.69+0. 04bA

2.3 R[A] R:FR HAEXTEG4E ¢ Jinba® i RS ALFF BE FIFF 9K L 5% 0

ANA] ReFR HALH 35d J5 45460 R A SALIFBE DL IR 1, i BRI 0 SAL T BE DL ReFR B 2.5 b3 K, 1
F SRR B S FLIFE S0 7. 65 wm 1558 pm, UL F.FR{H 6.5 AbFRfR /N, 3R FIF % i< FLJT
BEAM 0 6.42 wm F14.46 wm, AN[FELSHEEN T R UIFEH BT ERE X FEES EREM T EK
P Z W CHEAS R A O 5 TRk EJ SR 3k TR SALECS B S AL R B B4, 1% S B S L 3 B 8 I %

AN[F) R:FR BRI LAY SE 0 UL 3, fi & ] 40
R RE I L) ReFR {E 2.5 F10.5
AR 3 N 65. 2% 1 66. 1% , ¥ LI R:FR {&
6.5 Wb, 3 W8 49. 4% F1 45. 7% ; 7F R:FR {H
2.5—6.5 LN, bt R:FR {E3E A0 FLIT B FIHF 5K L
EER U ER N
2.4 K[F] R:FR [LfEXT 4G 4L Jinba” I S L3 BE AN
b =gt il

ANTA] ReFR {H AR #4546 it A< FLS B DG
RS B UL 2A A0 2B, i I R 76 T
P 800 pmol - m s JEFEIN, AR R:FR HCAE AL B
Byt R AL B RDE G R AR S — 3, R I
i 3 2 IR RGN, 2 T e % A
#1000 wmol -m™s™" J5 AL T BN A 1E HH R A
TEREIN, o R A AL AR KOG A R Y RAFR
R BN M :2.5.4.5.0.5.6.5, {EGH 1200
Mmol-m_z-s,_1 it R:FR fH 2.5 "B ZGAET A S AL
JER M 0.236 mmol-m™>s™' R:FR {H 6.5 By F =,
FLFE R, {2 0. 064 mmol -m s~ M KOt

PO e kd s R

o
=}

atikiyi
Stomata open level/um
w
o

2.5 .
R:FR{# Ratio of R:FR

E1 7FE R:FREXNFEMFSILFERHZM
Fig.1 Effect of R: FR on stomatal open level of chrysanthemum
‘ Jinba’ leaves
%3 [ R:FR{EXFHIE Jinba’ M SFLA KL BN
Table 3 Effect of R: FR on open stomata number and total

stomatal number ratio of chrysanthemum‘ Jinba’ leaves / %

] R 3
Treatments Upper epidermis Lower epidermis
0.5 64.7+5.2aA 60.1+6.8aA
2.5 65.2+3.8aA 66.5+4. 8aA
4.5 57.7+6.7bB 51.4+7.5bB
6.5 49.4+9.1cC 45.7+3.4cC

EVERERLL R:FR=2. 5 AP &, 353 12. 84 wmol -m™>s™ 1 R:FR N 6. 5 234 5 KOGA 1E T i % fix
%, 40K 4. 12 wmol -m ™ s™" | BT Ab BRI RME 5 7E 32.2—52.6 pmol »m s~ Z [A] | {RLAI 5 7E 800. 0—1000. 0
pmol -m~s™ JEENAEML, JeAAE BRI S TAL T ARG FEAAR], UL RFR o & F I, &
BRI T ARG AR, e AL R R R BRI A VR T E 25 A

2.5 M RSLSE S AL AR S B

SALS BRI R JEI SRR UR

SN b 5 AL E AL AT K He

DIASG, XM 7 AL S RFR (AL SC0 B (3 4 T3 5) w0, 25 46 7 i <AL S
JEE (Cs) T ALIER(ST) AL (SD) ALIFIREE (SOR) TALIFBE (SOL) BUEAR G, Ho 5 R R B2
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Photosynthetic photon flux density/(umol-m™2-s™!)

2 7A[FE R:FR EFIE Jinba’ M FHSFLSEMR S EEN N E FBEZFHINL
Fig. 2 The response of leaves stomatal conductance and photosynthesis rate of chrysanthemum ‘ Jinba’ with different R; FR ratio to

photosynthetic photon flux density

AT IR SE R K0 ) O 0. 9740, 909, 38 B i K F . RAL TS T 3R BCAL S A6 R BN
0.992, kBt B /K- AT (Cs) AL (SL) ALIE(SW) UBAHIDE, Hrpr 5 F 3R B iy LR A
FHCN-0.979 KB REKF-, EREBIAITK IS ReFR EAUR 3 TR OC, M C R BN -0. 931, <AL
KVRALIES RFR FESOEMSE  (HAR S R B, A R AL 5L R E ST R AAE, TR
AL B2 S ALK BRI DC R B 0. 961 3K B T2/ IZF S 45 R 5 AR 45 12 I AL BE 1 2 L ]
AR R R R IE—2L,

x4 RILSESERESIFERMEXSHT

Table 4 The relationship coefficient between the stomatal conductance and stomatal feature of leaf upper epidermis of chrysanthemum

SASE REFR ALK SALE SAEE S RILFEKLL AT
Cs SL SW SD SI SOR SOL
SALFBE Cs 1
R:FR -0.392 1
ALK SL -0.333 0.322 1
SALTE SwW -0.334 0.452 0.989 * 1
AL SD 0.331 0.011 -0.935 -0.873 1
SALFREL SI 0.695 0.375 -0.216 -0. 111 0.471 1
KALIF3K L SOR 0.697 -0.931* -0.329 -0.433 0.068 -0.027 1
SALFFE SOL 0.974* -0.496 -0.178 -0.204 0.129 0.563 0.778 1

AR EIEFAE R, o5 =0. 880, R, o, =0. 990
Cs: stomatal conductance, SL: stomatal length, SW. stomatal width, SD: stomatal density, SI: stomatal index. SOR: stomatal open ratio, SOL;

stomatal open level

®5 SASESTRESILHEHEAXXR

Table 5 The relationship coefficient between the stomata conductance and stomata feature of leaf lower epidermis of chrysanthemum

SALE R:FR ALK SALTE SAEE S AR SELIFKLEL AL
Cs SL SW SD SI SOR SOL
KL T Cs 1
R:FR -0.392 1
ALK SL -0.979* 0.29 1
SALTE SW -0.903* 0.352 0.961 * 1
AL SD 0.992**  —0.485 -0.948* -0.866 1
SALFREL SI 0.863 -0.765 -0.762 -0.693 0.919* 1
SILIFaK L SOR 0.819 -0.818 -0.712 -0.656 0.883* 0.996 ** 1
SALIFSE SOL 0.909 * -0.248 -0.973 " -0.993 ** 0.861 0.650 0.604 1
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ARSCHFGE T AN R:FR EXF A6 b R 2 B LR RS, 25 SRR WA 4G 60T F B3R B R R R B2 1Y)
SAKBEMGERELL R:FR {5 4.5 F16.5 ZbFIE K R:FR=2.5 AL /IN, BB 5T v 205/ 1 43 369 4in e 6% 112 35
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