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FEE . LIUIEAE 5 5 ( Chrysanthemum morifolium Ramat “ Jinba® ) A4, F 2010—2011 FF ¥ IHARIZLE(R: (660 £10)
nm) SIELLE(FR: (730+10) nm) UAE (R/FR 433128 0.5 2.5 4.5.6.5) B LED AT BRI 2b 38 BF9E AR R/FR (X 1R 5 Y146 %8
TEAFEHE I BUE R T WA RS . 255 7R R/FR=2. 5 AbBH AR pk it 8k ks 2500 642 i B R T E ¥R
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W55y BCAR BORAE T W) oL 4 B HE B0 5, T 22 T B 43 B AR B0 0 iR R/FR = 6. 5 AL BT W) B A3 Bl P8 B0 =, v v T
SYBEE B A ;0. 5 ALBRAE S 190 5 2 T 48 BRI, Ud W 32 20 56 L 470 386 n B8 8% 42 1+ 9 3R 7 25 43 e, R/FR = 2. 5 Ab BRI T+
Y B l AE e AL
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Effects of red/far red ratio on morphological index,leaf area and dry matter

partitioning of cut chrysanthemum flower

YANG Zaigiang'>* ,ZHANG Jibo' , LI Yongxiu' ,PENG Xiaodan' ,ZHANG Tinghua' ,ZHANG Jing'

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 one of the four most important cut flowers in the world and is also China’s main export flower.
To study the effects of the red to far red ratio of light on the morphological index, leaf area, and dry matter partitioning of
chrysanthemum, experiments were conducted 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 and
shoulder heights of 5.0 m and 4.5 m, respectively. The experimental material was Chrysanthemum morifolium Ramat. cv.
‘Jingba’ ). The plants were transplanted on 6 October, when the seedlings were approximately 20 ¢m high with 6—10
leaves. A mixture of vermiculite and perlite with a volume ratio of 2:1 was used as the culture substrate. The planting space
was 20 em X 20 c¢m in size. During the vegetative growth phase, fluorescent lamps ( photosynthetically active radiation
(PAR) =200 pmol-m™s™) were used to supplement the light for 5 h (18:00—23:00) to extend the illumination time.
When the plant height reached 50 ¢cm, natural light was shaded using black plastic film, and LED light sources with four
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different R : FR ratios were used to produce short-day treatments. Each LED light source consisted of 360 evenly and
proportionally arranged red and far-red LED lamps. The red (R: (660£30) nm) : far-red (FR: (730+£30) nm) energy
ratios of the four experimental treatments were 0.5, 2.5, 4.5, and 6.5. The LED light sources (50 c¢m long X 50 cm
wide) were fixed 15 cm above the canopy. Each treatment had 30 chrysanthemum plants. All plants were irrigated with a
nutrient solution with a conductivity of 1.5 ms/cm (200 pg/g N; 80 pg/g P; 170 pg/g K). The morphological index was
calculated for each plant based on leaf number, plant height, internode length, stem diameter, flower diameter, whole-
plant diameter, total leaf area, and dry matter partitioning. The maximum plant leaf number, plant height, stem diameter,
flower diameter, leaf area and total dry weight of chrysanthemum occurred at R:FR = 2.5, and the longest internodes were
at R/ZFR=0.5. The relationship between the shoot dry-matter weight per plant and the value of R:FR in all treatments was
best described with a exponential-linear model. As the duration of R:FR treatment increased, the shoot and root dry-matter
partitioning indices did not significantly differ overall, while the leaf dry-matter partitioning index decreased, the stem dry-
matter partitioning index initially increased and then decreased, and the flower dry-matter partitioning index increased. At
R:FR=2.5, the chrysanthemum leaf and flower dry-matter partitioning indices were the highest, while the stem dry-matter
partitioning index was the lowest; however, the stem dry-matter partitioning index was the highest and the leaf dry-matter
partitioning index was the lowest at R/FR=6.5, and the flower dry-matter partitioning index was the lowest at R/FR=0.5.
We conclude that increasing the far-infrared component of light was not conducive to increasing flower dry matter, but
increasing the proportion of red light can promote stem dry-matter accumulation and a red: far red ratio of 2.5 can improve

dry matter transfer into flowers.

Key Words: Chrysanthemum; R/FR; leaf area; dry matter distribution

RSO 1 EL e 2 | S R o R 0T 25 B 1 O £ 1 R A S 1R 1) 30 35 1 PR 5 S AR ]
UEAERE A G i A K R BB 52 M Ab2 3 e BRI R, 40k Sim e ext
VERIFER IR R E S R o 2 S AR, Yamada SN RFSE & BLAK R/FR (E R IA) AR
(22:00—3:00) b FE AT A S PEARARE 19 4B 25 734k, 1T R/FR (B B2 SE IR PEAR A (1 46 28 704k, S i SRR IR 4E
ZE ARG R/FR HEAE 5.3 ; SR R/FR (EANICAR BH5 X0k He Ab 3B I () AH 22 KA R/FR 42 X 4K
PREL, Leuchner %5 IESDEAVEF# B R/FR H(E 2 AELEPERNSC R . McMahon Al Kelly' ™ B 55 26 W ¢
‘ Spears’ 1 CuS0, WEOCH T, e R a AR b EIAE PR LS TEI N, i A D, Rosa a0
PELLIEARGT (IX R/FR (H) R4l i, 25 F s B S Fa b, Li 48 R3S R/FR B A3 T 0 44 4
T [ AR A AU K . Robin 451 B 5T R WK R/FR (BN E 15 08 (0256 7= A Fn2E 35 8o 3 ik
MR, AN, M A K AT X R/FR (AN BUBH RS R 225, Kurepin 2517 Y XT R/FR HAY
JBAE 0. 2—1.5 )i U R/FR 55 T 5. 0 LA XHE Y 0998 15 7 R B 2 R/FR (E7E 0—4. 6 JE [,
EPNAE TS FERE R/FR (ARSIl 7 ABFFEIESE LG REFRRAE W AR N IR AR 5 3 (GA) 19 3 &, AT U8
/DA TR B R AR 5 B I 2000 (FR) RESR 2 A 85 22 0 it B T ™7

5§ 4% ( Chrysanthemum morifolium Ramat. ) & F DU RV Z — | 2R E T2 A9 1 T 16 H e T A
R/FR {EX 3 AR it S5t 1) 52 Wl LB S B i S RAATE R . AWEFE AT LED St 7AW R/FR AL B
B, WFFEAN R R/FR (X 5K DIAE 2 i AR e T B A 7™ B o3 BC A i 52 e, T8 78 R/FR (B2 1)
AEA5 i BT B BILEL , LIS SRy A0 P D' T i 42 it 4 46 A A 6 8 R B B R 224K 3 .

1 #REFEZE
11 st

BT 2010 4F 10 H 2 2011 4F 2 H7ER 5UF B TR # IR % (Venlo) NiEAT IR ZE TR 5.0 m, JH &

4.5m,559.6 m, K 30.0 m, HHKZ57E 5 F A BT ( Chrysanthemum morifolium Ramat ¢ Jinba’ ) , > 2010 4F
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10 A 6 HE, @A R 29 20 em, M 46—10 A EAEBIBRITEE R 20 emx20 em , >R 5L R 15 | 36500
W AMBERS RBU Y 2:1, MRS SR A KB Be A H YGAT (PAR 29 200 pumol »m ™ s™ ) %M 5 h (18.00—
23.:00) DLFERK G, Y E A 50 em B 7RIS N ESHBTA 1.5 m w5 AbHE4E A [A] R:FR {H LED Y64 H
AbEE kG H AL B RE A E] A 10h (08 :00—17:00) , ZLYEHIZE 2T Y6 3% K 43 51 (660430 ) nm F1(730+30) nm
(25 CHY) ,FIFHPIRD LED JTH &2 R :FR W, R 5 FR BYfE & HLi%i10.5.2.5 4.5.6.5 34 b B,
RN 360 HLED AT, ZIERIELZIERY LED X 4% L7134 5 HES , SEIR T AR 50 emx50 em, H 4 4H
BRAE AR VR T 556 2 B B 15 em , T GER , SRIFARR 005 19 Y638 54 1000 pmol »m s~ | AR AL FHAG1E
FERE 30 Bk, SN TG AN FOGTRFE M FEXT 42 DU R A R SR SR . A AR TS SR IE B IR Y
B R 1.5 ms/em(200pg/gN; 80pg/g P; 170pg/g K) o
1.2 {EYEEE I E

FEREJERER 7 d DU E &AL 3 BRI RR SRR R T RS (RR S/ B TR AR 15 d AT
IORE 3 Kk, I8 o B 0 T RN T3 RS U A0 3 d MSEAE AR . P bR e 15 3 B ke v R
1.3 #E TYMINE 55 Bode 5t A

FEAMEANERIS 4390 F56 15 .30 .45 .60 K, HEATHEIRPEIURE , AR IE] 3 #F , HF AR AR 25 PRIAE 4 3B
51,105 CAT 5 min, JRJ57E 85 CHLTZAEE SRIHERE N 0.001 g WYL F RPFINES a8 B T8, H 45
SRR AT ST E A L], b ER A A8 B R S EL T BUR TR A AR A A B Y T o AR
ST EM LG, T BCArsE b BE T Y BT E Sefe B0 5 1R300 Z [R5 4 e, SR e b B35 53
T B 2K i Aerh A e, T B B g T A HA

PIS=WSH/WT (1)
PIR=1-PIS (2)
PIST=WST/WSH (3)
PIL=WL/WSH (4)
PIF=WF/WSH (5)

Ao, PIS Syt &R W B 5 FC 484K, PIR AR T9 B/ Fic e %k, PIST \PIL #l PIF 435 25 AL T4
SPECAEEL, WSH bk F3or T8 (g/#k) , WT R BT (g/FK) . WS WL Fl WF 7351 0 Jpk 2% |
MHE T HE (g/#%) o

2 BERE5H5H

2.1 A[H R/FR AL BEXS 45 AL TE S A8 152 1)

ANA] R/FR (H AL T 55 48 B i 85 bk s 9 [ B AR BB ) A9 28 AR L3R 1, SR 1 AT LU, AN TR
R/FR EALE N 2540 0 0 55 Ak s 1 TR B A BB 3 i g m . Her, it o800k R/ZFR =2. 5 Ab B3
Ik 2, 25 R/FR ARBEZE 60 d B, i &l K EI/NE R/ZFR T4 :2.5.4.5.0.5.6.5, H 0.5 435 6.5
AEBR2E N 2.5 Ab PR KR oK, 4 H AT 60 d JE, Bk B R E) /NS R/FR RFE 4 :2.5.0.5.6.5,
4.5;R/FR 403 15 d J5 A R/FR EAAFEAT K 27 A 03,60 d J5 LA R/FR=0.5 & H R/FR=6.5 b3
KK, R/FR=4.5 BT [ K &/, R/FR (B8 2.5 B, mF R BORURR & 290 S5, T3 Ta) 4 0 43
;s R/FR(E2H 0.5 F16. 5 B, i EORTbR S 3 BAIK, W5 R B B s RZFR (B0 4.5 B, i 8 2 | Thikk =
ST R 25 A BRERAR . AN[F] R/FR BAL IS 25 46 A6 25 24 Bt A 315 A 3 i3 i, WOsR B A 428l K3
/B R/FR B .2.5 4.5.0.5.6.5,

2.2 AN[A] R/FR {ELAL X 4 46 i 1 R 52 M)

ANIA] R/FR (ELAL B 25 48 TR Bt A B R BCRY 38 inm 386 m (7 1), B R/FR ARBRAYJS 30 d I AL A8
R 3 IH S R AR PR A G 30d, 2 AE M AL KBNS R/FR T4 2.5 4.5 .0.5.6.5, AA R/FR {HARHE T
A A6 TR Y A B R B 1] 56 Z2 T LU logistic #5760 A5, B .
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LA=LAm/(1+Exp(a,—a,t)) (6)
Ao, LA SRR TR, LAm A AR R/FR AR N 25 46 fe o R R ¢ AbBRREN a, ,a, WL, H o, FRE4E
B HAKE, BRIPHSE a, a0, [ENE2, 2.5 0T o, BERTH O, FI 2.5 HEAGHENHEK
K, HREI/NYT 2.5 .4.5.6.5.0.5,

1 7ARFE R/FRELSEMNFEMMFE &S T EHK  EENERHF0E
Table 1  Effects of different R/FR ratio on leaf number, plant height, internode length, diameter of stem and diameter of flower

of chrysanthemum

Qb5 KA Days after treatment/d

R/FR
15 30 45 60
LR 0.5 24.4x1.7a 29.6+2.4b 34.32.8b 39.8+2.9b
Leaf number 2.5 25.3x1.9a 33.1x1.6a 37.8+2.4a 45.2+3.6a
4.5 24.7+3. 1a 30.6+2.7b 38.5+2.5a 41.4+3.5b
6.5 23.5+2.6a 31.4+2.8a 35.9+3.1b 39.6+3.7b
PR/ em 0.5 54.4+4.6a 78.1+5.4a 95.1+7.3b 117.8+9.7b
Plant height 2.5 54.7+4.4a 73.6+6.5b 99.7+8.8a 123.6+10.3a
4.5 53.0+3.8a 78.9+5.9a 93.6+9.4b 108.3+11.2¢
6.5 50.2+4.9a 75.2+7.1b 90.7+5.4c¢ 113.9+10.6b
i/ em 0.5 2.2+0.16a 2.620.11a 2.8+0.23a 2.920.19a
Internode length 2.5 2.2+0.18a 2.2+0. 15¢ 2.6+0.22h 2.7+0.21b
4.5 2.1£0.20a 2.6+0.11a 2.4+0.17¢ 2.6x0.17b
6.5 2.1+0.13a 2.4x0.15b 2.5+0.11b 2.8+0.21a
25/ mm 0.5 2.2+0. 16a 2.6+0.11a 2.8+0.23a 2.9+0.19a
Diameter of stem 2.5 2.2+0.18a 2.2+0. 15¢ 2.6+0.2b 2.7+0.21b
4.5 2.1+0.20a 2.6+0.11a 2.4+0.17¢ 2.6+0.17b
6.5 2.1+0.13a 2.4+0. 15b 2.5+0.11b 2.8+0.21a
A/ em 0.5 3.120.41a 3.620.35a 4.7+0.42b 5.8+0.63b
Diameter of flower 2.5 3.3+0.32a 3.8+0.24a 5.1+0.46a 6.3+0.48a
4.5 3.2+0.21a 3.5+0.26b 4.9+0.52a 6.4+0.35a
6.5 2.6x0.16b 3.4+0.33b 4.4x0.44b 5.5x0.66b
KX E B E WG 5001, AR NE FRERIRTE 0.05 /K L5 R
#F2 7A[E R/FR EAAENFHEHEREBEMER S0
Table 2 The parameters for leaf area index simulation model of chrysanthemum under different R/FR ratio
R/FR LAm a, a, R? Se
0.5 2075.07¢ 1.536¢ 0.0648 0.995 94.23
2.5 2315.98a 1.558 b 0.0715 0.993 109. 65
4.5 2236.88b 1.585 a 0.0674 0.992 128.69
6.5 1908. 74¢ 1.529 ¢ 0.0658 0.997 64.37

2.3 AN[H R/FR {EALFRS 45 46 T4 i A 7= A 52 R

ANE R/FR (EANFE R 2576 10 b3 551 B R AL BB 1 A8 Ak WLIEL 2, ANTR] R/FR {EALEE T 25 16 61 T bl
AL R A g 0 6 AL BRI OGFANFRET 30 d) AS[E R/FR (HAEEZG e T HEZEZ S AR, Y
AL EER] 60 d Ji5, A6 AEH 4y KRB/ R/FR P4 2.5 4.5.6.5.0.5,H.0.5 bl 5 6.5 dbHl 2 R
NEE ., B AR EFFEE LR 3R T 8 ( DWS ) 5@ 5 KA C 2 IR 5 —2e 1k pa ) B
AT YRR AP B . e G B E B TR, PO E IR TR 4), AR T 2 RS A
WK )2 TR BWOGRET, W R IO E A RGR SN ER N, Mk EE TR R SR KR
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RMERRMK L, o] P8 —Ze M AR R 3 16
LT A R A A

DWS=(Cm/Rm) xIn(1+Exp(Rm(t-t,)))  (7)
A, DWS R AL AR 3 T HE (g/m?) , 1 £
ANGEREIG RE(), Cm L PERT Bt b3R5 T HdR ok
AR R (g/d), Rm 36800 B 3845 1 5 A X fie
KAKHAE (g g d'm™), Th R AERBRE T 19 K AL
(d), FIH spssll. 0 #1542 AIE R/FR {H AL B AY A 0
RIZHE(F 3),Cm M Rm i KE]/NY R/FR (T .
2.5.4.5.6.5.0.5;R/FR Ab# J5 3|5 J2 B 47 14 B[] 78
28—33 d 6], R/FR & 2. 5 &b PR A 56 )2 5 47 ) B[] Fi%
T, Sk B Bl 30 E ) S R A KR AR E S BEAH
X R AR R e ,0. 5 Ab RN,

2500

[}

(=3

S

(=}
T

1500 r

1000 r

500

Rk T AR
Leaf area per plant/(cm?/ k)

0 10 20 30 40 50 60
kb P 5K $L Days of treatment/d

E 1 AE R/FR{ELENFHEMHEROFME

Fig. 1 Effects of different R/FR ratio on leaf area

of chrysanthemum

®3 AF R/FRELSETHETURELERSHNTL

Table 3 The parameters for dry mass simulation model of chrysanthemum under different R/FR ratio

R/FR {H Cm Rm I R? Se
0.5 0.490¢ 0.043¢ 29h 0.983 0.886
2.5 0.581a 0.114a 28b 0.975 0.812
4.5 0.519b 0.087b 33a 0.991 0.657
6.5 0.0495¢ 0.052¢ 3la 0.982 0.816

2.4 RIA] R/FR {EANHEXT 45 46190 5 43 T 45 50 52 )

BEAL TR R B I A [R] R/FR (B AL B35 46 3 | 56
SR B BE R AN B3 T R T L B s
SO E FAES A6 AN B ] 45 76 1 &8
G345 43 BOHE B0 R #8431 5 43 Bl BB L g
JEAK ,ANE R/FR (AN R 2616 35670+ 5 43 i
FEEOTE 0.9 ZiA7 i A6 35050190 5 43 e 1 200
7E0.1 54, B R/FR=2.5 ZbFHAN  Hi At 4% 4k 3 11 2

)

F i EE TR E

Shoot dry mass per plant(g/

10

JET FF90 545 A B A L I 2 W N O

#0.5 AbPHA 4.5 AL IS 60 d IK B F /), I
6.5 AbHNAEALFE S 45 d 5%/, R/FR=2.5 kb3
NAGACN T T T i 5B Ak 3R KR 3 in £ S T
T E AR R S FE R AL FE 30 d Bf kB ok, Ak

A B JE RHL
Days after treatment/d
2 A R/FRELEXNFHETFYUREENFM
Fig. 2 Effects of different R/FR ratio on total dry mass

of chrysanthemum

R T o BC 8 20t KB/ R/FR (BT R 2.5,
0.5.4.5.6.5(K3),

ATl R/FR {EANFE T 45462514 50 7 T 48 B BE AL BRI E A 38 i 35 2 e T i S5 AR i ke 34 6. 5 A3 4.5
LEERAN 0. 5 PRI AE G RAL B 30 d ik Bl d Ak, 1M 2. 5 AL BRI ARG AL BUS 45 d ik K, AR TR
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