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Effects of photoperiods on morphology, photosynthetic
characters and carbohydrate of cucumber seedlings

LI Xue', ZHAO Shiwen', 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 The study was to investigate the effect of photoperiod on morphology, photosynthetic
characteristics and carbohydrate content of cucumber seedlings. Under a light intensity of 250 pmol/(m®-s) ,
four treatments of photoperiods of 8 h/16 h, 12 h/12 h, 16 h/8 h and 20 h/4 h were set to compare the
effects of each treatment on cucumber seedlings. The results showed that: The morphological differences
of cucumber seedlings after different photoperiod treatments were significant. Their plant height, stem
thickness, fresh weight, dry weight and leaf area were all significantly different, and the plant height, stem
thickness, and total leaf area under the 12 h/12 h treatment were significantly better than the other
treatments. As the photoperiod increases, the thickness of various tissues in the leaves increased, and the
activity of Rubisco showed a decreasing trend. The 8 h/16 h treatment significantly increased by 66.23%
and 82.86% compared to the 20 h/4 h treatments. The total nitrogen content of cucumber seedlings

showed a significant decreasing trend with the increase of photoperiod. The total carbon content under 12 h/
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12 h treatment was significantly higher than that under 8 h/16 h and 20 h/4 h treatments. The starch content

in 12 h/12 h and 16 h/8 h treatments was significantly higher than the other treatments. Taken together, the

12 h/12 h treatment was the optimum photoperiod for cucumber seedling growth. The study can provide a

basis and reference for plant factory nursery and supplemental light in facilities.

Keywords cucumber; photoperiod; photosynthesis; carbohydrate content

Kt A (LED) B F X #9006 & 1 3¢ i
R 2 EL AT O Ak O 5 DA 2 A R O IR B
REAELZTAS T AT YA e AER R
MY MBEY RN RSB AYERET 58S
WA AY R R 2SR AR AR A R R ER
S 3 N, Hr o iR R R ) 34 oA T Y R
BE R A A5~

GEE7/DoNs R NEIF & OB A5 S N IR
éiz}@fiﬂ“%%ﬂlﬁ*ﬁ%ﬁﬂlfﬁ%ﬂm‘éﬁ@fiﬂ“tbﬁ%
U B G AR SRR O R S e A
o6 X (PHYA Hl PHYB) Hl & 8 £ (CRY 1,
CRY2HI CRYD A3, Jefi o 1 %t 20 S ik, ﬁﬁ
W (o 200 WG HUR . A BRI R W IE Y AN 2 ik
Tﬁ%ﬁﬂ%ﬂi%ﬂfﬂ@ﬂfi%ﬁi\@fﬁn@%&
SALRE ROGA AR 1 EOAY 4 W O Ak B fig
EP TR R DG MOR RE(OPSID | 7“6
R 25K CQP) I 3R BE 1 3% % (Fv//Fm D I:2 i
R GN(PSID J B H 0 [ FF T

J HES BE 5E R O A RO D A S R
g v, TE— AR PN SR AT L3 A )
KA YR B ORI 64 A Y A A A E e T
PR R e JELEE BT T 5O T K 2 R R IR SC
G A Gl TG P AR 0 A i SRR A

JTEHBE MY AEREENEERNEZ —,
W BT 25 R0 A B K T e AR S A 0k AT
AN kT A ' T I TA) #5 d RE, A A E K AR
R [0 0T 3 A A e R R R O g
A K& B o Soffe S E B IE 24 4E K E 0 AT LA
AR FREMBE MR TR, ALGE LB,
SHFVBE M aR B ALY TR 2 1 A 2 R E SR
Y 87E 12 h/12 hot AW R ik 8 & & , 7 24 h/0 h
TRk, BRI R E K FE AT DAY K P
PG AR 2Rt ARDRE 5 K B AR O T
16 h/8 h i 2544 T, B &l vl v i 1o B L1 0 o A
fief o etk B A K . A R R IS AR SR R
T4 W 5 R 38 K B AE K O JE 0 AT AR S 4
B R S DA O Rl e e R R O R 3 LS

M HAERK KT .
W N CCucumis sativus L. )X T G52 BUAR B
%?Eft{ FEAEY), HA K K& Z3D0 8 B2 i
FR2m, HE AT R R ' A R Y 52 e AF
hiﬁa@‘,Eﬁzl—‘ﬁﬁjuu,%fﬁ&jﬂlﬁgﬁﬁﬂ,Thjbxmﬁlﬁ
JE X BRSOt & Mk KoKk & 9 i
sz, DY) T e it s,

1 ##5FE

1.1 Ry

AR K T 2022 4E 10—12 H 7675 db R AR5 K
2P 2 B AR i A A ) 5 A TR S = AT
ﬁiﬁw*ﬂrﬁﬁfﬂl‘%ﬂiﬁtl 5LR I E T L AR R

A 25 Bl A BR TR W\l o 6 R SR FH P 22 R AR
Eﬁﬂﬁﬁﬁﬁé} A ZE 7719 LED AT Al R LED #21il & 48
V1.0, A[ 1 LED YGFRfD Hb SO RS FE

W5 5 TR P 2E 5 3% T 10 em X 10 em & FR
TEN TAMEAR N A K, 38 658 150 pmol/(m?:s) , &
AR B 28 °C/25 °C, 06 JH 1 12 h/12 h, A X% &
6050, i it GEHE K A3 s FEAE R B2 3 d Fih o8 & JR T
W, RS R B R LED 6 IR /Y Ak 55 28 v, BEiE 1/4
Hoagland # JX % 9% ¥ (pH } 6.5+0.1, EC {i A
2.2~2.5 ms/cm) , H i B IR BE 28 °C/25 °C, A Xt
MR 40%~50% , K & 25 d 29 4 i 1.0 B 52 A0 56
e hr o
1.2 RWigit

2 12 30 ' B A 880 S5 B (400~700 nm) 2y
250 pmol/(m*-s) S A #E 8 h/16 h 12 h/12 h,
16 h/8 h 120 h/4 h, £ kb B [ 4 &1 1 /i .
1.3 mEUZE
1.3.1 BA#HF

FE NG P A K & 4 0 10 B RE ML R ER 6 Bk
i FH 220 3 RO i G b 1 3 o R 5 i A R R

SE ZE ML s Al R e T AR A CAM350 £ 48 2 i i ARAY

e D I 25 i R TR R RO D L |
fief 7 5 R ME A BT R T, 60 O ML F E H
T



166 0 LN ES I Y NS S 4

2024 4F 55 29 %

s))

SIS EE/(w mol/(m? -
ight i i
w
[=}

0 X . A ) . . .
400 450 500 550 600 650 700 750 800
K /nm Wavelength

E1 AEXEBEAEEE

Fig.1 Different photoperiods treatment spectra
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Table 1 Effects of different photoperiod on morphological indices of cucumber seedlings
6 JH BE & /em 22 /mm /g TH/g T AR/ em?
Photoperiod Plant height Tem diameter Fresh weight Dry weight Total leaf area
8h/16 h 15.803+0.699 ¢ 5.23740.361 ¢ 10.67040.920 b 0.797+0.092 ¢ 327.620+£17.425 ¢
12 h/12 h 28.313+2.442 a 7.11740.197 a 27.274+2.522 a 1.930+0.518 b 727.790+34. 366 a
16 h/8 h 23.560+1.140 b 6.5554+0.175b 21.737+1.055 a 2.708+0. 266 a 509.415+30.485b
20 h/4 h 14.575+0.075 ¢ 5.69540.225 ¢ 19.48440.579 a 2.229+0.093 ab ~ 432.435+30.615 be

T« [R5 AS 7] 0 30K 25 57 i 35 (P<<0. 05) . 8 h/16 hfR LI 8 h, Mk 16 h, LAtk T,
Note: Data in the same column with different letters indicate significant differences (P<<0.05). 8 h/16 h represents 8 h of photoperiod and 16 h

of darkness, and so on. The same below.

R2 FREEEEXE R4 &S FL R0

Table 2 Effects of different photoperiod on stomatal characteristics of cucumber seedlings

J JE 3 LB FE/ pm LK /pm ALY/ pm ALK /pm RALHE/(N/mm?*) LB AR/ pm?
Photoperiod ~ Pore width Pore length Stomatal width ~ Stomatal length Stomatal density Pore area
8h/16 h 3.63540.686 b 7.877+1.418 ¢ 15.541+1.504 b 18.272+1.859 ¢ 156.808+27.454a 22.860+5.463 ¢
12h/12h 3.69440.685b 9.9334+1.859 a 15.800+1.309 b 21.089+2.416 a 133.964+18.087 bc 29.15148.959 a

16 h/8 h  3.860+0.630a 8.015+1.289 ¢ 15.870+1.106 a 18.633+1.709 ¢ 139.7494+15.741 b 24.573+6.919 b
20h/4h  3.46640.525 ¢ 8.343+1.266 b 15.193+1.093 ¢ 19.027+1.716 b 122.835+15.237 ¢ 22.916+6.013 ¢

x3 AREFSEMERYEMFEHEARMN
Table 3 Effects of different photoperiod on structural parameters of cucumber seedling leaves
e JE R TR/ pm A 2 2R BE / pm AR 2R/ pm TR EIEE/pm

Photoperiod ~ Upper epidermis thickness  Palisade tissue thickness  Spongy tissue thickness  Inferior epidermis thickness

8 h/16 h 11.72743.193 b 58.76545.211 a 96.7414+19.193 a 7.143+2.179b
12 h/12 h 13.897+2.181 a 52.915+3.819b 88.148+16.98 ab 7.94641.959 ab
16 h/8 h 15.067+3.086 a 52.978+6.659 b 101. 00+ 14.462 a 8.04442.553 ab
20 h/4 h 14.011+1.710 a 54.929+3.819 ab 85.441+9.803 b 9.51142.093 a

R R4S 20 h/4 hAb B g 3 1T+ 18. 21 % ; Bl & Y6 A (K 2(e)),

WA, R R R TR
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8 h/16 h represents 8 h of photoperiod and 16 h of darkness. The same below.
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Fig. 2 Effects of different photoperiod on photosynthetic characteristics of cucumber seedlings
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Table 4 Effects of different photoperiod on chlorophyll fluorescence parameters of cucumber

e
Photoperiod

Fv/Fm ®PSII ETR ®NO ONPQ ql NPQ

8h/16h 0.859+0.012a 0.314+0. 037 a 114. 200+ 14. 100 a 0. 4034+0.003 a 0.478+0.003 a 0.22240.001 a 2.093+0. 117 a
12h/12h 0.858=40.001 a 0.294=+0.006 a 110.800%2.300a 0.271+0.031b 0.45440.031a 0.199£0.008 a 1.830+0. 159 ab
16h/8h 0.84440.030a 0.294+0.055a 102.650+8.600a 0.251+0.065b 0.415+0.065a 0.146+0.071 a 1.59040. 395 b

20h/4h  0.81140.013b 0.252+0.056 a 97.90047.750a 0.228=40.037b 0.345+0.037 b 0.14140. 057 a 0.86940.210 ¢

I Fv/Fm 2y PSIUR KO i 205 ; @PSIUN PSISE BRL A2 5 F 72 ETR S PSIDE & L 4% 838 2 s ONO Sy PSTHFE I8 15 1 fiE ft #E L1
BET P8 ONPQ Jy PSTUA T 1 B 4k FE Y 1k T 7280 NPQ O AR e Ak 2 1 5 qL e 2 K

Note: Fv/Fm is the maximum photometric quantum efficiency of PSII; ®PSII is the actual photochemical quantum yield of PS1I; ETR is the

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

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

£S5 FEEEEENL & B BRI

Table 5 Effects of different photoperiod on total carbon and nitrogen of cucumber seedlings

e A R/ SAEE /% i S L
Photoperiod  Total carbon content  Total nitrogen content C/N

8h/16 h 35.69540. 209 ¢ 12.27440.158 a 0.344+0.006 a
12 h/12 h 37.57040.217 a 8.28040.318 b 0.220+0.007 b
16 h/8 h 37.280+0.061 a 5.224+0.175¢ 0.140+0.004 ¢
20 h/4 h 36.39640.209 b 4.742+0.108 d 0.13040.004 ¢

x6 AREFAHUMELRSEBKLEUEENZN
Table 6 Effects of different photoperiod on carbohydrate of cucumber seedlings

L TR R DB/ (mg/100 @) M TR 4B/ Cmg /)
Photoperiod Soluble sugar mass fraction Starch mass fraction
8h/16 h 7.048+0.116 a 3.09440.882 ¢
12 h/12 h 7.055+0.887 a 9.4314+2.344 a
16 h/8 h 7.306+0.587 a 10.60142.385 a
20 h/4 h 7.6014+0.431 a 8.898+1.311b

3 % it
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I BE 0 A 0 4 S W B ' S T Y 34
ONPQ 1 NPQ Fifi Z B Ik B & & € 8519 20 % b 2
R

Rifi 5 6 30 4 B4 0, B R 4 i iE B Rubisco
Wk R RS, 8 h/16 h 4k B 4Z 16 h/8 h I
20 h/4 h & 3 30 66. 23% 1 82.86% . B # ¢ &
TR0 B4, 2% A B ) AT M RE i R B T SE
ML R EMNZER . WM& EA 16 h/8hbH T
KB KRG o 3K 5 o AR R il 2 2 SR
WREER -3 ALK RER, 20 h/4 hib BT
M 3E R & B E KT 8h/16 h i1 16 h/8 h 4b B, 3%
55 Liu 8850 1 8 15 0 BIF 5T 25 % — 2, i KO R
N4 25 T BUS T AL ZE LT O R B, R R
oK AE MR

% %

AN TR JE 0 4 38 5 1 B R 1B S 25 AR,
12 h/12 hAh BT A W 0 #k sy 2L S R A T AR
BP0 T Ay 3/ b #E 5 B A O R 0 A 1S n i R 45 4
YL A T4 5 12 h/12 h 4R 3 R Rubisco i 1% 1
BEE T 16 h/8h X% 20 h/4 hhb ¥, 5 8 h/16 h 4bH
AT S N D A B e S I R i I i
76 12 h/12 h AR 3R it 7 L B 1w AR G 2 o T H A 4k
KGR F RIS AR F] B 12 h/
12 h R
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