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Effects of adding different intensities of far-red light on the
growth and photosynthesis of cucumber seedlings

LI Xue', ZHAO Shiwen', ZHANG Guanzhi', BAO Xingxing',

WU Yongjun®, YANG Zhenchao'
(1. College of Horticulture, Northwest A & F University, Yangling 712100, China;
2. College of Life Science, Northwest A & F University, Yangling 712100, China)

Abstract In order to investigate the effects of far-red light intensity on the morphology, photosynthetic traits
and carbohydrates of cucumber seedlings, and to clarify the effects of different red light (R)/far-red light
(FR) ratios on the photosynthesis-related indexes and parameters of cucumber, cucumbervariety “Xinjin
You No. 1” was taken as the study material. On the basis of fixing the red-blues light intensity and the
photosynthetically active radiation, three different kinds of fixed red and blue light intensity and
photosynthetically active radiation, three different kinds of far-red light were added to make the ratio of red
light: far-red light of each treatment 10 (L-FR), 1.2 (M-FR) and 0.8 (L-FR) , respectively, aiming to

compare the effects of the different treatments on the growth and photosynthesis of cucumber seedlings.
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The results showed that: Increasing far-red light intensity had a significant effect on the morphological
indexes of cucumber seedlings, and the fresh weight of M-FR, and H-FR groups increased significantly by
60.04% and 56.60%, respectively, compared with that of L-FR group; The plant height of H-FR and M-FR
groups increased by 246.43% and 200.63%, respectively, compared with that of L-FR. With the increase
of far-red light intensity, the stomatal density of the three treatment groups also increased significantly, and
the relative expression of key genes of stomatal development (MUTE, EPF1) differed significantly, while
their transpiration rate (E) , inter-cellular CO, concentration (Ci) and stomatal conductance (Gsw)
increased; The epidermis of the leaf blade, the fenestrated tissues, spongy tissues, and the thickness of
the leaf blade showed a decreasing trend. The total nitrogen content and carbon to nitrogen ratio of
cucumber seedlings in all treatments showed a significant decreasing trend with the increase of far-red light
intensity; the carbohydrate content of cucumber under L-FR treatment was lower than that of H-FR

treatment.

In conclusion, the far-red light intensity under M-FR treatment is suitable to be used as a

supplemental intensity of far-red light in factory nursery production.

Keywords far-red light; cucumber seedlings; morphology; photosynthesis; carbohydrate
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Table 1 Intensity of red light, blue light and far red light under different treatments

e 5%/ Cpmol/ #%/ Cumol/ A A R S 9 EE / (umol/ 46/ (pmol/ %L
(m?+s)) (m?+s)) (m*+s)) (m*+s)) ot
Treatment . . .
Red Light Blue Light PPFD Far red Light R:FR
L-FR 160 40 200 16 10:1
M-FR 160 40 200 133 1.2:1
H-FR 160 40 200 192 0.8:1

H:L-FRACGRMGEZDEA I M-FRACR P26 3 H-FRAER S ma b b B, FIH.

Note: L-FR stands for low far-red treatment, M-FR stands for medium far-red treatment, and H-FR stands for high far-red treatment. The

same below.
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Fig. 1 Spectra of far-red light treated with different

intensity
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Table 2 Primers for real-time RT-PCR detection

3 Al Nnt/EIR 7]l T W5 YT 8

Gene Forward primer Reverse primer

action 5'-CACCAAGCCCAAGAAGATC-3' 5-TAAACCTAATCACCACCAGC-3'

EPF1I 5-GCATCATCCTCTGGTAAAGCAG-3' 5-GACCCTGCTACTTCAACAGTCTCAG-3'
MUTE 5-CAAATAAACGAAGGAGGAAGAG-3' 5-CTATTATCAGATCCCAAAGCCAC-3'
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Table 3 Effects of far red light intensity on morphological indices of cucumber seedlings

b Pk F5 /cm M1 /mm fif 7 /g + /g B L/ em?
Treatment Plant height Tem diameter Fresh weight Dry weight Total leaf area
L-FR 23.95+3.23 ¢ 6.344+0.62 a 19.796+2.233 b 1.829+0.417 a 605.963+70.589 a
M-FR 72.0044.58 b 5.6540.13 ab 31.682+2.707 a 2.07940.444 a 573.087+19.626 a
H-FR 82.97+3.63 a 5.3040.20 b 31.000+3.581 a 2.03740. 406 a 567.203+67.817 a

T« 7] 3 B0 A ) 5 BE 2R 22 5 8 3 (P<20. 05) M ) F B RoR 22 R R .35 (P>0.05) . F I,
Note: Data in the same column with different letters indicate significant differences (P<C0.05), and the same letters indicate non-significant

differences(P=>0. 05). The same below.
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Xof AN [ b B AR I o 00 R L 4D 30 A7 0L 8% e
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Fig. 2 Morphology of cucumber seedlings under different RIGBETL R EEER.

far-red light intensities
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Table 4 Effects of different intensities of far-red light on stomatal characteristics of cucumber seedling leaves

Ak PR LB 58/ pm LB /pm SALYE/ pm ALK /pm SALEE/(N/mm?*)  fLBLm A/ pm?

Treatment Pore width Pore length Stomatal width ~ Stomatal length Stomatal density Pore area

L-FR 3.737%£0.590b 15.029+1.329b 9.208+1.382a 19.973+1.955b 838.949+43.476 ¢ 27.089+7.576 b

M-FR  3.579+0.534 b 15.217+1.193 b 9.495+1.409 a 20.500=+1.953 ab 1097.170+59.602b 25.314+7.223 b

H-FR  4.02240.456 a 16.42141.337 a 9.467+1.240 a 21.0354+1.899 a 1221.165442.343a 30.151+6.217 a

R5 AREAREBEENERGEHM SN

Table 5 Effects of different far-red light intensities on structural parameters of cucumber seedling leaves pum
A AR R WA 2 ZUJE i it 45 2H 2 )R 2 e 3258
. o R kg
Upper epidermis Palisade tissue Spongy tissue Inferior epidermis .
Treatment ) ‘ ) ) Blade thickness
thickness thickness thickness thickness
L-FR 10.495+1.323 a 36.5841.908 a 62.408+1.714 a 5.75740.336 a 123.1244-3.680 a
M-FR 9.67741.948 ab 33.585+2.081 ab 53.2184-1.829 b 6.25340.422 a 106.604+4.234 b

H-FR 8.625=0.966 b 29.549+0.581 b 45.473+1.490 ¢ 5.94540.427 a 92.38441.727 ¢
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Fig. 3 Cucumber stomatal under different intensities of far-red light
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Fig.4 Cucumber leaves under different intensities of far-red light
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x6 ARZAXBETEMYELERRSE

Table 6 Photosynthetic pigment content of cucumber seedlings under different far red light intensity mg/L
b 3R LRSS RS s LIRS N i FKWE MR
Treatment Chlorophyll a content Chlorophyll b content Carotenoid content
L-FR 8.901+0.333 a 8.552+0.774 a 3.40640.080 a
M-FR 8.235+0.547 a 7.95440.557 a 3.00640.094 b
H-FR 6.23540.377 b 6.55540.417 b 2.806+0.297 b

Xof 45 Ak BT B A B 6 A A DGR 1EA T I
S5 R 5 PR o AN [R5 B 37 21 6 X 8 4
A FRTEA SR AR I 22 5 B 3 . BB I 4T Ok R
JEE 3G 0, CZE S R ] COL VR E K <AL 5 B
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B 151. 08%0 A1 113. 31% , fi i) CO, ¥ £ 43 51 . 3%
B 33. 14 % A1 31, 02% , K LS 43 B 2 1
48.60% F138. 81 % ; (HF & MR B Z BEAL, L-FR
BH-FRALFEOG G  R E Hn 43, 75%

2.5 IE 41358 FE X E )N 4 B Rubisco & iF M
A

Xif 45 Ak BRI &) 1 Rubisco 3 14 #E 47 0 &

(K 6), M-FR A4 1.-FR #1 H-FR 1 Rubisco [if§
% 2 W N 86. 00% #181.59% ,{H L-FR il H-FR
Ak LR G 2 M 2 5
2.6 EAXBEMNERDEHRERXSHWZMN
Xof 2% Ab BT B R4 i S R IO S HEHEATIN E
R BVEHE 3R 7 W o WA G 216 RR B 3G i, PSTI
B RO TR (Fy/Fro) (52 30T B #3454 4b
P 25 . OPSITAI ETR Bl 45 18 2156 78 Ji
B BE AN S B T H-FR 4L B % LL-FR % PSIIHI
ETR 43 %] # fin 201.43% #1 154.13%., ®NO 5
ONPQ A fbita #— 2, ¥4 M-FR>L-FR>H-FR,
HAr ONO 4 M-FR AN H4 H-FR & 353 /i 84. 36 % .
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Fig. 5 Effects of different far red light intensity on photosynthetic characteristics of cucumber seedlings
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Fig. 6 Effects of different far red light intensity on Rubisco

enzyme activity in cucumber seedlings
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Table 7 Effects of different far red light intensity on chlorophyll fluorescence parameters of cucumber

'I‘rﬁtfent Fv/Fm dPSII ETR ®NO ONPQ NPQ ql
0.8364 0. 140+ 54. 250+ 0.373+ 0.4034 1.297+ 0.0724
LR 0.015a 0.011b 4.301 b 0.005 ab 0.083 a 0.001 a 0.014 b
M-FR 0.802+ 0.202+ 64. 750+ 0.448+ 0.472+ 1.096 =+ 0.056+
0.018 a 0.049 ab 13.308 b 0.050 a 0.056 a 0.121 a 0.004 b
0.7804 0.422+ 137.8674 0.243+ 0.3344+ 1.448+ 0.133+
HER 0.024 a 0.112 a 22.646 a 0.062 b 0.054 a 0.167 a 0.004 a

T Fv/Fm 2 PSTHR ROt B 1205 OPSIUN PSTTEEBROG L2 bk 57 il ETR 29 PSTDIG & #4313 5 s ONO g PSTI AR 75 1 fil it #E 1
BT 7 A ONPQ Jy PSTI 815 14 RE #F8 B 77" 05 NPQ O FESEAL A P K 5 gL bl A P K o

Note: Fv/Fm is the maximum photometric quantum efficiency of PSII; ®PSII is the actual photochemical quantum yield of PSIT; ETR is the

photosynthetic electron transfer rate of PSII; ®NO is the quantum yield of unregulated energy dissipation of PSII; ®NPQ is the

quantum yield of regulated energy dissipation of PSII; NPQ is non-photochemical quenching; qL is photochemical quenching.

xS EAXEEMNENYEHER. ZERSENHM

Table 8 Effects of different far red light intensity on total carbon and nitrogen of cucumber seedlings

fib 7 SR i/ Y% BAS®E/N A L
Treatment Total carbon content Total nitrogen content C/N
L-FR 7.857+0.058 b 37.95240. 059 a 4.829+0.028 a
M-FR 7.746+0.058 b 36.50440.057 b 4.71140.039 b
H-FR 8.99640. 058 a 36.23640.067 ¢ 4.0274+0.019 ¢

R9 ERAXBEXNERYEBRKLEHUHZIT
Table 9 Effects of different far red light intensity on carbohydrate of cucumber seedlings
AbBE RTVEPERE BTS20/ (mg/100 @) ATEEPEER TR S/ (mg/g) VEM RSN/ (mg /@) HEME R 3 H/ (mg/g)

Treatment  Mass fraction of soluble sugar ~ Mass fraction of soluble protem  Mass fraction of starch Mass fraction of sucrose

L-FR 129.5704+7.491 a 7.3944+0.581 a 13.620+1.678 a 1.287+0.228 a
M-FR 105.305+3.680 b 6.979+0.961 a 8.235+0.474 b 1.16740.300 b
H-FR 115.61347.106 ab 7.049+0.578 a 6.333+0.618 ¢ 1.31840. 265 a
3.0 e
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Fig. 7 Effects of different intensities of far-red light on relative expression levels of stomatal development genes in cucumber seedlings
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