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Effect of increasing the percentage of green light on
morphology, photosynthetic traits and carbohydrates of
cucumber seedlings
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(1. College of Horticulture, Northwest A & F University, Yangling 712100, China;
2. College of Life Sciences, Northwest A & F University, Yangling 712100, China)

Abstract The aims of this study were to investigate the effects of different green light ratios on the
morphology, photosynthetic traits and carbohydrates of cucumber seedlings and select the optimal green
light ratio for the growth of cucumber seedlings. Based on the fixed red and blue light ratio of 4: 1 and total
light intensity of 200 pmol/(m?-s), the green light ratios were set to 10% (G10%), 20% (G20%) and 30%
(G30%) , and the intensities were 60, 40 and 20 pmol/(m?-s) to study the changes of growth and

physiological indexes of cucumber seedlings under different green light ratios. The results showed that:
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Increasing the proportion of green light iwithin the appropriate range promoted the fresh weight and dry
weight of cucumber seedlings, and the fresh weight of G30% treatment were increased by 29.65% and
29.26% compared with those in G20% and G10% treatments, respectively. Increasing the percentage of
green light decreased the stomatal pore area but increased the leaf stomatal density. The pore area of
G30% and G20% treatments significantly decreased by 13. 17% and 23. 05% compared to those in G10%
treatment, but the stomatal densities of G30% and G20% treatments increased by 20.22% and 14.66%
compared to G10%. Increasing the green light percentage increased its leaf tissue grid-to-sea ratio (P/S),
and the P/S values of G30% treatment were significantly higher than those of G20% and G10% treatments
by 23.21% and 26.97%, respectively. Increasing the green light ratio also promoted the photosynthetic
potential of plants, and the net photosynthetic rate of G30% treatment was significantly higher than that of
G10% by 77.37% under the measured light intensity of 1 000 pmol/(m®+s) measured light source. This

study provides a basis and reference for plant plant nursery and supplemental light in facilities.
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Table 1 Intensity of red light, blue light and green light under different treatments pmol/(m*+s)
Aib 3 ot ot 5o AR S o
Treatment Red light Blue light Green light PPFD
G10% 144 20 200
G20% 128 40 200
G30% 112 60 200

G102 .G20% 1 G300 735 F 7R 401k 1 1096 .2000 F1 3026 Rl
Note: G10%, G20% and G30% represent 10%, 20% and 30% the radio of green light. Tne same below.
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Fig. 1 Different green light percentage treatment spectra
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Table 1 Effects of different green light percentage on morphological indices of cucumber seedlings

Ak FR G /em ZEM /mm fif 9 /g + /g i AL/ em?
Treatment Plant height Stem diameter Fresh weight Dry weight Total leaf area
G10% 21.85+1.28 a 5.3040.80 a 16.390+5.150 b 1.56240.655b 566.963+59.575 b
G20% 20.74+0.79 a 6.994-2.59 a 16.341+2.328 b 1.534=+0.289 b 550.773+22.058 b
G30% 21.96+0.37 a 5.954-0.62 a 21.186+1.564 a 1.753+0.074 a 698.613+65.928 a

e« [ B0 BOHE AR 6] 7B R 22 7 B35 (P<<0. 05) , Ml PR R 2 F A B E(P>0.05) . FHE.

Note: Within the same column, different letters represent significant differences (P<Z0.05) , while the same letters represent no significant

differences (P=>0.05). The same below.
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Table 2 Effects of different percentage of green light on stomatal characteristics of cucumber seedlings

b # FLE5E / um LB /pm AL FE/pm ALK /pm  KALEE/(N/mm®)  FLBEHE R/ pm’
Treatment  Pore width Pore length Stomatal width  Stomatal length Stomatal density Pore area
G10%  2.933%+0.697b 9.001+1.421 b 14.638+1.040 b 20.351+1.913 b 855. 106+188.152 b 32.060+7.038 a
G20%  3.995+0.779 a 8.801+1.331b 15.811+1.260 a 20.727+1.632b  980.470+235.521 a 26.054+7.033 b
G30%  4.05240.686 a 9.657+1.422a 15.642+1.083 a 21.911+1.701 a 1 027.983+247.246 a 28.328+8.051 b
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Table 3 Effects of different percentage green light intensity on structural parameters of cucumber seedling leaves

Parameter

G10%

G20%

G30%

KR /pm Upper epidermisthickness
A2 4 205 B /pm Palisade tissue thickness
T 247 41 4R /pm Spongy tissue thickness
T K JE R /pm Inferior epidermisthickness
I FJEE B /pm Blade thickness

it Lt P/S

11.286+0.563 a

40.404+4.485 a

72.60441.462 a

5.97040.398 a

135.7264+2.725 a

0.556=0.029 b

10.614+0.658 a

39.250+5.241 a

68.408+1.350 b

5.42940.284 a

134.87743.340 a

0.573+0.038 b

10.00540. 381 a

34.970+2.587 b

49.501+1.315¢

5.24040. 344 a

113.1324+2.840 b

0.706=0.019 a
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Table 4 Effects of different percentage of green light on photosynthetic characteristics of cucumber seedlings

b 3 HOlt A R/ AR/ H 1) CO, #e BE / RALFE/
Treatment (pmol/(m*+s)) Pn (mol/(m*+s)) E (pmol/mol) Ci (mol/(m*+s)) Gsw
G10% 3.308+0.971b 0.00740.006 b 386.391+24.979 a 0.0314+0.009 b
G20% 5.080+2. 686 ab 0.008+0.011 b 368.661+80.219 a 0.037=+0. 010 ab
G30% 5.867+0.538 a 0.010£0.004 a 393.098+35.127 a 0.04240.008 a
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Table 5 Effects of different percentage green light intensity on chlorophyll fluorescence parameters of cucumber

Purameter G10% G20% G30%
Fv/Fm 0.84340.008 a 0.82540.016 b 0.78240.009 ¢
DPSII 0.3594:0.026 a 0.32840.032 a 0.21340.029 b
ETR 139. 500432, 000 a 127. 250412, 250 a 83.000411. 300 b
®NO 0.2974:0.032 ¢ 0.33240.035b 0.34740.030 a
ONPQ 0.34440.051 b 0.3414:0.003 b 0.43920.001 a
NPQ 1.15740.025 b 1.03840.119 b 1.2754+0.113 a
qL 0.22340.063 a 0.203%+0.121 a 0.17140.050 b

1 :Fv/Fm 2 PSIH K% F 308 ; OPSIEN PSIT AL bRt b2 i

T4 ETR A PSIDG A L1438 1 3 ONO S PSIL R 8 17 M 5 i AR L

T 74 ONPQ Jy PSTI 5 1 A FR I AY 2 777 s NPQ W AR B 24 VK s gL B2 P K
Note: Fv/Fm is the maximum photometric quantum efficiency of PSIT; ®PSII is the actual photochemical quantum yield of PSII; 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; gL is photochemical quenching.
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Table 6 Effects of different percentage of green light on carbohydrate of cucumber seedlings

QIRGRER e o0 R E A

At VE A BT O3/ (mg/g) M BT S350/ (mg/g)

(mg/100 g) (mg/g) ) -

Treatment ) ) ) Starch mass fraction Sucrose mass fraction
Soluble sugar mass fraction ~ Soluble protein mass fraction

G10% 70.4164+3.785 a 7.94940.578 a 15.814+2.764 a 0.74840.054 a
G20% 70.3514+3.211 a 7.5794+0.961 a 10.131+1.156 b 0.878+0.131 a
G30% 72.080+5.116 a 7.39440.581 a 10.1154+0.679 b 1.059+0.239 a

JE W) R A R AR R LA TE N B R B 05 Y T AL
W T RO B SR AR W 52 B a8 B R

EaB RSO ERN . EA PRI L
T EOE I AR A 05 T R B T
27, HIL G2 R M40 19 . B 20t b7 He iy
AR R 2 B SO/ D U E(G/BO i 2
o, AR O T st R LR T S T Y
W 338 BA A5 5 0, 0 2 i B T AR R R R A A
B IO A 3R B 22 G R LA X BB . Kang 46 05T
KBGO T AR SE R R, Kim S5 IE I R B 4k
6T Az S A T AR 2 I 3K 5 AR B 5T T A 4
R — B, A SO0 N, G302 8 G202 A
G10Y0 Ak B po fif 5 | F0 K i T AR 4 S PR
(EC 0 B LT S S EANN P I R 1)
W M0 P R ARG, ke T A 3 A 0 W G 4R T 20 o Y 4%
Ab B AR IR BT WO A RE T BE 2 R R U
R YR AR 2 T e AR A5 R SR, B o

6 EE Y G, B A b YE R i T B
P, R B SO N, BRARL G B, 7E—
B L RRAR THPDOEE = bt

3.2 AEGASEMERNGHESLNMHFEHAY

Ejuru]

AL 2 B AL B RAL T Y A R 5
M1 o AR AF 5 3 Ak e A L L B T AR AT I A A
RIS 5 i3, G30% i G20 % 4b #AL
G10%0 Ak B AL AL B AR f 2 T R, v] LS 4ol
ST 0 R S AL RO B X S Lin S5O0 5 — B
A 5T 2R IR A 2 R A 5O A T S il R A
Hil ALK B KIESES IS8 S M AL
IRV W TSR B R Bl SR L Y
I, 3 G B R T B Sk 7 L BE B B, S B
FAAALE R R, X 5 Li %" Son & B9 BF 58 2
L

S RO I R SR L TS N U7



64 0 LN ES I Y NS S 4

2024 4F 55 29 %

M2 A v I O i B s B ik R R B B 4
SR RN 4 L UL FE Y Bl A5 SO TR 0 E A 1
P YO E TR G/B I, 7 — 2 FE
g g R Y AR 5 Rl SR
(R 188, A 2 23 0 36 4 20 0 JEE TR o =2 PRI, <
B RN bR 2 B =2 R
3.3 AEASKESEMNERSEXEHEXERREM

ZERASHHNF I

HINBIEFE = W, (I AE 9 06 4 T 2 4303 W
W5 AN TA] 06 7 B A2 30t G e 0, Hog ot b # e
RFAB NG LW A . R TR R
X ) W s 0 A 2T O, R T O W AT R A
I, AT 7E B AR 2108 DG4 T80 5 e iy 28 Ab B v,
LA RE S bR LR 2 T RE R, AR 00 A 34
T RO A5 BN I 5 R4 B e OB/ )
1B, 25 5 WR B & S0O6 & F B3, & 4 B g6 AR
BAAREREBEEREZ FT, KRR
Claypool 28 ' Bff 77 45 S — . FEAH Y6 A e 1306
5% 241 1000 pmol/(m*s) T I 5 i L 4] 2 S Ab B 1 8
JNGIT G 1% 0 25 8 TIK L) Ak B

PSII i KOG T 30K (Fyv/Fm) 7% PSTI i fa
A A% b A W ) o BE R U D PSTI Y 3 B2 iR 27 {4
Q™ IZ AR b vl - # #iE 4 32 B AR A 9 W 38 1 K
o M Fv/Fm AR T 0. 83, /R #4752 £ b 361 1
ARG A BE S TR . AW F W Fv/Fm H7E 3
AR ] 25 55 8 2, G30% M G20% 4b 3 Fv/Fm
BIEAR T 0. 83, 3R 7 H 32 3 4 5l ikt 97 200 19 1
. OPSIIH TR/RHEYOCEIEH SR o
(1) 2 7= 6, R s g HR O 43 AL A IR 1 S B o B
T 3R 3 A PSTT 3% i 450~640 nm 09I K i &k , %
JEAE PSITFLTE bl 4 F 2 AR ™ o A< L 56
B & 28O0 7 LU A BS I, 9 L A e/, OPSTT R
MRS ETRERCER TABEE, 5Fv/
Fm F1 ©PSIL ¥ Ry PF M 6B ROCR 6 bn o AR5 R
B = 19 G309 b B35 & K T HoAxy 2 S Ab B, 3%
W BE & 206 5 e i, HOb SR 20 T R
e, ONPQ K 7 i i I 45 Pk 1y O Or 47 AL i FE B R
LIS S L7/ DO e 8 (AT T}
Bl 5 2% o5 L 3G N, L RE R AR . AR
LRI G30% AL FE R ONPQ 5 T HAvAb B, %
WO = s T TR

4 % it

TE [ 5 21 W% Lo 9] f2 o' s i) JE Rk b, — o 2
JE 4R O 7 X TR A K R R B R
PEVE T, A AL i L B i 3 b TR B R4
G A BN, A0 G30 %0 Ab BR () S E R T PSITIG
PE L RCR i B SRRk 1 RN IR L T AR A
g3 a5 H o 2090 B 6 B E E BN 4D
Ak,

S EZ Tk References

(1] EEHE,BRE, ok L, Ak, RXF . EF LED RiBFKEERRERRS
BaSEE (], STHRAR A RIS, 2020,48(16):152-155
Cui S G, Chen M, Zhang Y L, He L, Wu X L. Screening of optimal
light formula of hydroponic lettuce based on LED light source [J].
Jiangsu Agricultural Sciences,2020,48(16) :152-155 (in Chinese)

[2] Bian Z H, Cheng R F, Wang Y, Yang Q C, Lu C G. Effect of green
light on nitrate reduction and edible quality of hydroponically grown
lettuce (Lactuca sativa 1.) under short-term continuous light from red
and blue light-emitting diodes [J]. Environmental and Experimental
Botany, 2018, 153: 63-71

[3] Smith H L, McAusland L, Murchie E H. Don’t ignore the green light:
Exploring diverse roles in plant processes [J]. Journal of Experimental
Botany, 2017, 68(9): 2099-2110

[4] Wang Y H, Folta K M. Contributions of green light to plant growth and
development[J]. American Journal of Botany, 2013, 100(1): 70-78

[5] Materova Z, Sobotka R, Zdvihalova B, Oravec M, Nezval J, Karlicky
V, Vrabl D, Stroch M, Spunda V. Monochromatic green light induces
an aberrant accumulation of geranylgeranyled chlorophylls in plants[J].
Plant Physiology and Biochemistry, 2017, 116: 48-56

[6] Lanoue J, Little C, Hawley D, Hao X M. Addition of green light
improves fruit weight and dry matter content in sweet pepper due to
greater light penetration within the canopy [J]. Scientia Horticulturae,
2022, 304: 111350

[7] Johkan M, Shoji K, Goto F, Hahida S, Yoshihara T. Effect of green
light wavelength and intensity on photomorphogenesis and photosynthesis
in Lactuca sativall]. Environmental and Experimental Botany, 2012,
75: 128-133

[8] RRE.FAE.ERE FRHL,EME, TRE BBX IGHF, G ETES
RRENERRBMNAD T ERMEBEEER~EMRRTNZMI]. R
T, 2023,39(11):1-9
Yuan Q,Lu W, WangJ,ChenR,LiY S,YuXC,He CX,Sun M T,Yan Y.
Effects of the irrigation strategies of accumulated solar radiation on cucumber
yield and quality under different soil textures in the greenhouse [J].
Transactions of the Chinese Society of Agricultural Engineering, 2023, 39
(11):1-9 (in Chinese)

[9] Zhang T T, Maruhnich S A, Folta K M. Green light induces shade
avoidance symptoms[J]. Plant Physiology, 2011, 157(3): 1528-1536

[10] E&R. EWEBRFIRES(M]. LR SEHF HAMRE, 2006
Gao J F. Experimental Guidance for Plant Physiology [M]. Beijing:
Higher Education Press, 2006 (in Chinese)



2 3]

BHG . REEEOL N X EIRA A Do d Hok K oKk 165 9 5 i 65

[18] LiLE, Tong Y X, LuJL, Li Y M, Liu X, Cheng R F. Morphology,

photosynthetic traits, and nutritional quality of lettuce plants as affected
by green light substituting proportion of blue and red light[J]. Frontiers
in Plant Science, 2021, 12: 627311

[19] Son K H, Oh M M. Growth, photosynthetic and antioxidant parameters

of two lettuce cultivars as affected by red, green, and blue light-emitting

diodes [J]. Horticulture, Environment, and Biotechnology, 2015, 56

[11] kER, BFEE. EUEEEIRIER(M]. k= SEHE HA, 2003 [20] Song Z H, Ni X B, Yao J A, Wang F. Progress in studying
Zhang Z L, Qu W J. Experimental Instruction of Plant Physiology[ M. heteromorphic leaves in Populus euphratica: Leaf morphology,
Beijing: Higher Education Press, 2003 (in Chinese) anatomical structure, development regulation and their ecological

[12] Franklin K A. Shade avoidance [J]. New Phytologist, 2008, 179 (4) : adaptation to arid environments[J]. Plant Signaling & Behavior, 2021,
930-944 16(4): 1870842

[13] Kang W H, Park J S, Park K S, Son J E. Leaf photosynthetic rate, [21] WuY S, Gong W Z, Yang W Y. Shade inhibits leaf size by controlling
growth, and morphology of lettuce under different fractions of red, blue, cell proliferation and enlargement in soybean [J]. Scientific Reports,
and green light from light-emitting diodes (LEDs) [J]. Horticulture, 2017,7:9259
Environment, and Biotechnology, 2016, 57(6): 573-579 [22] Claypool N B, Lieth J H. Green light improves photosystem

[14] Kim H H, Goins G D, Wheeler R M, Sager J C. Green-light stoichiometry in cucumber seedlings (Cucumis sativus) compared to
supplementation for enhanced lettuce growth under red- and blue-light- monochromatic red light[J]. Plants, 2021, 10(5) :824
emitting diodes[J]. HortScience: A Publication of the American Society [23] Janeeshma E, Johnson R, Amritha M S, Noble L, Raj Aswathi K P,
for Horticultural Science, 2004, 39(7): 1617-1622 Telesinski A, Kalaji H M, Auriga A, Puthur J T. Modulations in

[15] Fanourakis D, Giday H, Milla R, Pieruschka R, Kjaer K H, Bolger M, chlorophyll a fluorescence based on intensity and spectral variations of light
Vasilevski A, Nunes-Nesi A, Fiorani F, Ottosen C O. Pore size regulates [J]. International Journal of Molecular Sciences, 2022, 23(10) : 5599
operating stomatal conductance, while stomatal densities drive the [24] Bjorkman O, Demmig B. Photon yield of O, evolution and chlorophyll
partitioning of conductance between leaf sides [J]. Annals of Botany, fluorescence characteristics at 77 K among vascular plants of diverse
2015, 115(4): 555-565 origins[J]. Planta, 1987, 170(4): 489-504

[16] Liu B, Liu H T, Zhong D P, Lin C T. Searching for a photocycle of the [25] Schéttler M A, Téth S Z, Boulouis A, Kahlau S. Photosynthetic
cryptochrome photoreceptors [J]. Current Opinion in Plant Biology, complex stoichiometry dynamics in higher plants: Biogenesis, function,
2010, 13(5): 578-586 and turnover of ATP synthase and the cytochrome b6f complex [J].

[17] Ehonen S, Holtta T, Kangasjarvi J. Systemic signaling in the regulation Journal of Experimental Botany, 2015, 66(9): 2373-2400
of stomatal conductance[ J]. Plant Physiology, 2020, 182(4): 1829-1832 [26] Z=3F, EBEX, S8, ki, Z#E, B4, K5 . TEHEX AHHRE

MEER SBELHREMERRESHHZMI]. £FFH, 2017, 37
(5): 1515-1524

LiZ, Tan X F, Lu K, Zhang L, Long H X, LvJ B, Lin Q. Influence of
drought stress on the growth, leaf gas exchange, and chlorophyll
fluorescence in two varieties of tung tree seedlings [J]. Acta Ecologica

Sinica, 2017, 37(5): 1515-1524 (in Chinese)

FrAE G A E Ak

(5): 639-653

E—EFE N FF BI04 BT IR Bl &2 B B el 2%, BT 1 N
JCHRIE X AR A IR F R o AR TP AR ARBH R RO R Bl 5 TRk . 3R
Z 0 [E 5 G A HS GBI B8 ST, I 8 R BT A S HEAS 7 R SR A A e SR e S AL
AT B H S U —EH LR SCIHE 1R, PRI, 25k R ERB IR (EL
WS, 2 5 P R KR G (R B R SR AR 1 B ey T AL 3 3 G B R AR BB 5 AR R I
BH RN R BORBOG T LI A I REE * ekl R G e B R B & AR .

WIWAEE B IR, AR, A U, 32 3 it Al PR 8 TR A AT . Wb MRRHEE K
27 G B2 T A AR IR 7% 3 35 1 A 12 7% 9 DX ST A S Ak 7l H R 6 B B R, rp Ol TR AR Sy
B P I TSR N 0 e SN N e o 1 B S B (e o A B B ) S B 10 o /A 0 )
Al AR A A B FDGAR AR o BFFE T AR Y T 6 HOK S S BB 4 AR A L2
FF B 57 W04 HILAE 2506 30 0 F AR LA R BRAR A Ml bel X R0 545 70, S8 )5 2 7 R <8637 1 il MR A | [
IR SCPETT R AR B 0 2 B SOG4 & I 20 2300 1 AR BOM 81 % 35 14 4%, R 2RI 3060
A Hh SCI/ETIE 10 435 s A AT Z R LA B E PR R 10, B L) 6 44 5 3k | R e
BUR AR 1T,




