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Abstract: [ Objective] This study was aimed to understand the effects of growth, histiocyte morphologic and phytohormone
levels of pumpkin seedlings under different doses of End-Of-Day Far-Red light (EOD-FR) treatment, so as to provide a theoretical
basis for the application of far-red in agricultural industry. [Method] Taken the pumpkin (cv. Japanese cedar) as experimental
material, the growth state of hypocotyl’s histiocyte morphology and the contents of auxin (IAA), zeatin (ZT), gibberellin (GA3) and
brassinolide (BR) were measured under 0 (CK), 2 (T1) , 4 (T2), 6 (T3), 8 (T4), 10 (T5) and 12 (T6) mmol'm™>d ! dose far-red light
treatments, respectively. [Result] The hypocotyl length and plant height of pumpkin seedlings were significantly increased by

EOD-FR treatment, while there was no significant effect on the diameter, dry and fresh weight of pumpkin stem. Compared with the
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control group, the lengths of hypocotyl’s parenchyma cell of each treatment were significantly increased by 34.6%, 20.7%, 31.3%,
25.6%, 32.8% and 20.9%, respectively; the collenchyma's thickness were significant increased by 19.6%, 22.4%, 21.2%, 23.9%,
19.6% and 28%, respectively. After EOD-FR treatment, the contents of IAA in roots of pumpkin seedlings significantly increased,
and the contents of IAA, GA; and ZT in hypocotyls, IAA, GA; and BR in cotyledons, IAA and BR in euphylla were also increased.

[ Conclusion] Through increasing the hormone levels under EOD-FR treatment, the histiocyte morphology could be changed, and

the hypocotyl elongation could be increased.

Key words: far-red light; pumpkin seedlings; hypocotyl; cell morphology; phytohormone; regulative of far-red light
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Table 1 Far-red light intensity, duration and dose

Ab B SRS 8t ok ] LGl LG
Treament Duration (s) FR photo flux FR dose
(umol'm?s™) (mmol'm?-d™)

CK 0 0 0

Tl 20 100 2

T2 40 100 4

T3 60 100 6

T4 80 100 8

TS5 100 100 10

T6 120 100 12

TLLLGHIAE R S T R BRI T] < 2116 0 4t

Dose was the product of far-red photon flux and duration of the treatment
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Fig. 1 Effects of different end-of-day FR doses on hypocotyl
length of pumpkin seedlings
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Table 2  Effects of different doses of end-of-day FR on the other growth indicators and biomass of pumpkin seedlings

Ab 3 M E il Hh oo H R W EFE T H AL
Treatment Plant height Stem diameter Above ground Root Above ground part Root Index of vigorous
(cm) (mm) fresh weight (g) fresh weight (g) dry weight (g) dry weight (g) seedings
CK 9.668+0.488bA 3.277+0.077aA 2.460+0.107aA 0.323+0.015aA 0.177+0.008aA 0.023+0.003aA 0.069+0.005aA
Tl 10.998+0.480abA  3.303+0.100aA 2.970+0.155aA 0.380+0.034aA 0.191+0.010aA 0.023+0.002aA 0.065+0.006aA
T2 10.602+0.521abA  3.410+0.140aA 2.901+0.266aA 0.423+0.043aA 0.17240.008aA 0.025+0.002aA 0.065+0.006aA
T3 10.620+0.471abA  3.133+0.110aA 2.836+0.092aA 0.351+0.037aA 0.17740.007aA 0.020+0.001aA 0.058+0.003aA
T4 11.072+0.397abA  3.100+0.140aA 2.700+0.140aA 0.318+0.032aA 0.18240.009aA 0.021+0.001aA 0.057+0.004aA
T5 11.383+0.235aA 3.45740.118aA 2.887+0.144aA 0.321+0.017aA 0.174+0.008aA 0.021+0.001aA 0.059+0.004aA
T6 10.615+0.633abA  3.187+0.073aA 2.749+0.201aA 0.404+0.044aA 0.182+0.016aA 0.021+0.002aA 0.061+0.005aA

AR NEFRRORZES B (P<0.05), RETFRRIREFWEE (P<0.01). T
Different small letters and capital letters in the same column meant significant difference at 0.05 and 0.01 level among treatments, respectively. The same as
below
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significant difference at a 1% level between different treatments. The same as below
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Fig. 2 Effects of different dose of end-of-day FR on the parenchyma cells of hypocotyl in pumpkin seedlings
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Fig. 3 Effects of the different doses of end-of-day far-red
light on the thickness of the collenchyma of pumpkin
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Fig. 4 Effects of the different doses of end-of-day far-red light on the
collenchyma of pumpkin
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Table 3  Effects of different doses of end-of-day FR on the Phloem cells and epidermal cells in vertical section of hypocotyl of

pumpkin
AbER GRFET 43— A M Al e K SR R 43 A A T A ¢ Bz 2 ol 1) K R NuAE A
Treatment Axial length (um) Radial length (um) Axial length (um) Radial length (um)
CK 67.025+1.355bA 36.118+0.766aA 89.465+2.368cD 21.988+0.368aA
T1 69.620+1.632abA 37.226+0.918aA 93.426+2.605¢CD 21.737+0.468aAB
T2 69.114+1.779abA 35.566+0.7191aA 96.210+3.026bcBCD 20.234+0.358bBC
T3 74.384+2.035aA 35.954+£0.991aA 110.7824+3.866aA 22.564+0.433aA
T4 74.309+£2.105aA 37.464+0.724aA 91.352+1.875¢cD 22.666+0.440aA
TS 68.732+1.956abA 34.663+0.869aA 106.23743.280aAB 22.148+0.444aA
T6 73.032+2.118aA 37.032+1.161aA 104.20243.511abAB 19.656+0.481bC
s % 4 REFE T AKAIE NN T EHSE RNER
MYEEREARAF 0D
s00 L aA Table 4 Effect of the different doses of end-of-day far-red
_ 2AB aAB '|' light on the size of duct cells and the size of vascular
g '|' I of pumpkin
§ 2751 1 l . \ 5 . " 0
- J ] P A LT e T
iy E bABC Treatment The size of duct cells The size of vascular
=% 2501 bBC bBC T (x10? um?) (x10° um?)
7
é g bC -|- I l CK 11.153+0.804aA 92.559+7.113abAB
£ st T 1
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=
a |
200 T2 11.323+0.650aA 97.097+4.855abAB
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175
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Fig. 5 Effect of the different doses of end-of-day far-red light 11.1%- 29.0%- 11.7%-+ 27.2%F1 10.3% (P<<0.05) ,
on the thickness of the cortex of pumpkin Hodr T1, T3 Ml TS A3 B3 KFE (P<0.01) (K
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34.3%- 23.7%- 4.6%. 18.6%. 32.6%#1 39.8% (P IAA & BB, AT IAA S EEY Y
<0.05) , L T1. T2, T5 F1 T6 #ik 3 T W & TR A
FKP (P<0.01) . BETTEL G5, T2, 2.4.2 MBS ITKFHZE &6 nlH, il

T4. T5. T6 FREIN IAA S EB & T, Hp T I WA R I AN 2T YA B, m RSN ZT & s
T6 AbFH LL & I iy 16.8%, %= Fik B (P<<0.05) . S EAREAE N A b RSN ZT S L TS S,
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Table 5 Effect of the different doses of end-of-day far-red light on content of IAA in pumpkin

Ab B TR TAA JE TR TAA R H Tl IAA i 5 ELH T TAA TS

Treatment The content of IAA in root The content of IAA in hypocotyl =~ The content of IAA in cotyledon ~ The content of IAA in euphylla
(ngg" FW) (ngg" FW) (ngg" FW) (ngg" FW)

CK 23.163+0.757dC 29.614+1.21bcdA 39.854+1.357¢C 39.139+1.180bD

T1 31.118+1.283abA 29.359+1.493cdA 53.109+0.891bAB 51.137+2.246aA

T2 28.664+1.373abAB 31.993+1.289abcd A 50.130+1.698bAB 43.475+0.892bBCD

T3 24.235+0.994cdBC 29.004+0.835cA 48.372+0.380bBC 50.501+1.317aAB

T4 27.471+1.762bcABC 34.399+2.031abA 52.805+2.420bAB 43.726+2.277bBCD

T5 30.719+0.733abA 33.942+2.036abcA 52.649+0.837bAB 49.795+1.312aABC

T6 32.385+0.86aA 34.598+0.894aA 59.778+4.592aA 43.156+1.303bCD

26 AEFIEHITLLACIE X BN ANE ZT KT

Table 6 Effects of the different doses of end-of-day far-red light on content of ZT in pumpkin

Ak B W ZT it 3 NS ZT T S T ZT T4 FLMtp ZT i 0 4

Treatment The content of ZT in root The content of ZT in hypocotyl The content of ZT in cotyledon The content of ZT in euphylla
(ngg" FW) (ngg" FW) (ngg" FW) (ngg" FW)

CK 4.618+0.147bcB 3.750+£147dC 11.217+0.356bB 7.703+0.302bB

T1 5.543+0.165aA 4.659+0.262bcAB 11.521+0.493bcAB 7.741+£0.407bB

T2 4.738+0.211bcB 4.566+0.149cAB 12.360+0.332abAB 7.07740.241bcB

T3 4.290+0.111cB 5.282+0.177aA 12.912+0.363aA 7.305+0.332bcB

T4 4.696+0.143bcB 5.155+0.250abAB 12.185+0.389abAB 9.135+0.362aA

TS5 4.310+£0.223¢B 5.285+0.116aA 11.226+0.286bcB 6.599+0.299¢cB

T6 5.025+0.141bAB 4.421+0.114cBC 10.926+0.201¢cB 6.521+0.272¢cB

2.4.3 xEN4E
AN ERNEZESR (& D
BALER, P GA; &R

AT
AT GAs

GA; K1y %

e RGN GA;

Horp R

HIALBEZH A TS, HALHLA LS S 9.9% 7.4%.

19.2%- 2.3%- 27.4%F1 16.7%,

x71 TRFERTE

Hed T3, TS 1 T6

LI RIS B NS GA: 7K TR RZAR
Table 7 Effects of the different doses of end-of-day far-red light on content of GA; in pumpkin

8.1%FN 14.5%, I
A (P<0.05)

B EKF (P<0.05)
151, AR By 5 EE T BRI N 6.3% 6.6% 24.0%- 4.2%-
oA T3 F1 T6 555 R 22 iR B 8 2%
GA; EREYI R IE
MR 2, HETR, N R R,

FIH GA;

SR T3 &

o LA A

Lb 3 R GA; US4 NIRRT GA TR M THH GAs TR M4 HIMf GA; JTTE 7 5L

Treatment The content of GAj in root The content of GAj3 in hypocotyl ~ The content of GAj in cotyledon The content of GAj in euphylla
(ngg'FW) (ng'g'FW) (ngg'FW) (ng'g'FW)

CK 5.201+0.123bBC 4.461+0.112¢B 6.742+0.309cB 6.966+0.135¢dBC

Tl 5.633+0.015bAB 4.902+0.314bcB 7.167+0.164bcB 8.161+0.156aA

T2 4.769+0.205cC 4.789+0.175bcB 7.187+0.140bcB 7.706+0.402abABC

T3 5.596+0.103bAB 5.316+0.136abAB 8.362+0.425aA 6.580+0.276dC

T4 5.410+0.204bB 4.56240.119¢cB 7.027+0.084bcB 6.562+0.130dC

T5 5.41840.160bB 5.683+0.218aA 7.290+0.059bcAB 7.090+0.076bcdBC

T6

6.125+0.050aA

5.205+0.160abAB

7.722+0.375abAB

7.439+0.182bcABC
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2.4.4 B4 BR AKFH®E IR T
LKL, MRS A A BR i R AR B AR
FH N BR &bl T3 f . T1. T2. T3. TS5 ) BR
TR ST 14.7%. 10.0%. 24.7% Al
22.7%, b, T1. T3 F1 T5 i BR &8 5%

&8 ARIFIEMIZLNANIERS F /N4 H BR K TFRIF M

ZESIR B BEKFE (P<0.05) . HxfMAHE, &b
HErth BR & de s T 17%. 25.3%. 32.6%-
39.0%. 39.5%AH1 16.0% (P<<0.05) (F 8) . Al
AR FR AR 55 R RS Y BR & ARG TS I S R AR,
[FFE AR R, B BR & e T AL

Table 8 Effect of the different doses of end-of-day far-red light on content of BR in pumpkin

Ab B i BR i 40 5 TIEEL BR i 4 $L T BR TS0 5 FM b BR A5

Treatment The content of BR in root The content of BR in hypocotyl The content of BR in cotyledon The content of BR in euphylla
(ngg' FW) (ngg' FW) (ngg' FW) (ngg' FW)

CK 5.528+0.343abAB 5.901+0.222aA 5.108+0.144bB 5.432+0.119¢C

T1 4.466+0.198dB 4.022+0.217¢B 5.860+0.172aAB 6.357+0.309bBC

T2 5.185+0.097abcdAB 6.236+0.171aA 5.619+0.217bcAB 6.805+0.223abAB

T3 4.944+0.114bcdAB 5.665+0.199aA 6.370+0.168aA 7.205+0.0316aAB

T4 5.906+0.381aA 5.852+0.256aA 5.060+0.158bB 7.55040.310aA

T5 4.648+0.302cdB 4.720+0.115bB 6.270+0.348aA 7.576+0.445aA

T6 5.410+0.215abcAB 6.245+0.24aA 5.054+0.338bB 6.303+0.183bBC

3 it S TR K S BT AR G T TR E K, XY

J1E

FHOCHE TR, A A A AE R ko 4%
K. FOLENRINEZ B, SS8HkrtE
R R, i VIRSILE W&, 76 H m) i
TR IR (2%) WELIGE, KR R 150 2 i
PSRRI LT R A A F TR 22 1R S A
ME S SFMARLEES SHEEM . BaENH
VRSB EEAE S, R R e ez
B, BPRANFEFD B E (Pr 5 Py, Hrp
TR I LT ERSCR, pfe WRORCIZE 210 25 B 4 VG K
ML Y et [RIE, PRBEH R - FR LA
R A PRI A & i A 2 m, i
i1 B A 7= A — R B A R s AT 46
RS R AT I 2 6 U, ol LU A R N 1K P
Al Pr, AFRIYIA] Pl & SRR RGN,
AR A 7= R B . T AR TE R, s 3R
R e EE S B E R I A KRR, SR
AU IR S KPR e, R AR A R
SEFRBRJC B R AT S RS A AT A e — 5
ANTEALERAL N RS A R, AR RS T R S
W R AR PTG 2 R Ea ) 2—12
mmol-m>d”, BfiFE LR ARG, N RAh R

CHIA 5oy s i —5. CHIA ZIFoTia £,
MAMIL LT OGN 1 mmol-m2-d ™ i, RS b FRAR K
R A AL ER AL ) A 22 M L
FIA#] 2 mmol-m™-d™ LA, RIFR IR AR
MZESR . ARG S 5 AL, I ZE R T Re s
IO EHERE A . AR PAMEIZE 2R R 2
mmol-m™-d™ I, N R /N A b HE 20 (H ATA B
BEARTs M@ e R =g 4 mmolm™d”' M1
I, R IR S A RN s,
IS g ) 21 A B T R JC A U N Rl — 20
K, RS RCE P BRI O . L, 6 R
MR =, A S A 38 20 TR T Rl (e 71 v
Pl 2—4 mmol-m™-d™ Feil E, BE AT JEIEAER T RS
K, ORI R R T R LB . B
R R AR AL, AGRIG IS A T IR RIAS [ 41
LA AR, X he R 8BS R A
R EAINER S

AT CIREE A AR X T A A A28 A 1 A
FRRE AT AR, j AEST 4 B, KR -
FR & 'SENMR A2k, 33k i 5% m ki ik &1
MOUTINHO-PEREIRA %5123 i 338 5 41 25 (K AF 5% K L »
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MRS S AR AR, T RE R T BUE MR R
L IR=k: NP PRI RARS R Y U AL Y R
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