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Effects of different R/FR ratios on physiological and
photosynthetic fluorescence characteristics of double—root-
cutting grafted watermelon seedlings

WANG Yaya'?, ZHANG Fan', SHI Yu', BAO Encai®*, CAO Kai®*, WU Xue®*", ZHANG Yi"
(1. College of Horticulture, Shanxi Agricultural University, Taigu 030801, China;
2. Institute of Agricultural Facilities and Equipment, Jiangsu Academy of Agricultural Sciences/Key Laboratory of Facility
Agricultural Engineering in the Middle and Lower reaches of Yangtze River, Ministry of Agriculture and Rural Affairs,
Nanjing 210014, China)

Abstract To investigate the effects of different R/FR ratios on the growth and physiological indices and
improve the quality of seedlings, different lights were used to illuminate double-root-cutting grafted
watermelon seedlings. Four light quality combinations were set as follows: Dark (D), White light (W), High
ratio R/FR (R/FR=3, H) and Low ratio R/FR (R/FR=0.3, L). The morphology, osmoregulatory substances,
antioxidant enzyme system and photosynthetic fluorescence characteristics of watermelon grafted seedlings
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were analyzed using darkness as a control. The results showed that compared with the controlL
treatmentcould significantly improve the survival rate and growth indicators of grafted seedlings,
significantly increasethe antioxidant enzyme activities (SOD and POD) , soluble sugar and soluble protein
H,O, and MDA. L

treatment also had certain effects on the photosynthetic system of watermelon grafted seedlings. After 8 d

mass fractions in the scion leaves, and significantly reduce the accumulation of 0%,

of treatment, the photosynthetic characteristic indicators, Fv/Fm, Fv'/Fm’ and ®PSIl of grafted seedlings
were significantly increased and NPQ was significantly decreased. However, long-term treatment (20 d)
can lead to a decrease inchlorophyll mass fraction and photosynthetic characteristic indicators including Fv/
Fm, Fv’/Fm’, ©®PSIl and gP, while NPQ was significantly increased. In summary, low ratio R/FR treatment
can enhance the antioxidant capacity of watermelon grafted seedlings and affect the process of

photosynthesis, ultimately promoting the survival and growth of double-root-cutting grafted watermelon

seedlings.

Keywords double-root-cutting grafting; watermelon; R/FR; antioxidant system; photosystem
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Fig. 2 Effect of different R/FR ratios on the survival (a) and growth (b) of grafted watermelon seedlings
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Table 1 Effect of different R/FR ratios on the growth index of grafted watermelon seedlings

HeAL TR KL /d i Ab P Treatment
Light Parte T8 45 Index ; w o I
treatment days -

B s /em 10.184:0.73 b 10.6041.16 b 10.324:0.65b 11.4740.66 a

224 /mm 1.4540.08 a 1.44+0.03a 1.4740.06 a 1.4840.06 a

e fif i /g 1.16+0. 16 a 1.19+0. 16 a 1.2340.09 a 1.39+0.12a

TR/ g 0.10120. 009 a 0.10140.007 a 0.10020. 009 a 0.10240.009 a

ZEf/mm 2.3840.26a 2.5340.34a 2.3340.47a 2.62+0.76 a

’ fili A fif i 45 /g 5.774+0.15a 5.734+0.12a 5.7940.20 a 5.8640.09 a
FRiht/g 0.2444-0.015a 0.24640.017 a 0.23140.022 a 0.23740.013 a

K /em 2.0940.53 ¢ 4.0640.68b 3.87+0.56 b 4.6440.60 a

R i I it/ g 0.51£0.03 ¢ 0.7220. 06 ab 0.690.07b 0.7940.01a

FRiht/g 0.01820.001 b 0.01920.001 b 0.02020.001 b 0.02640.002 a

B /em 25.83+1.75¢ 32.4144.57b 27.3045. 28 ¢ 43.2745.56 a

224 /mm 2.3840.47b 3.3140.33a 3.3440.25a 3.4740.49 a

e fif i i /g 1.0340.37 ¢ 3.4940.26 b 3.06=0.76b 4.9840.91a

FRiht/g 0.09920. 036 ¢ 0.249-40.054 b 0.249-40.067 b 0.37140.064 a

25 /mm 4.2740.47b 4.5840.47b 4.5140.58b 5.5040.72a

“ Bl A fif [ i / g 2.24+0.26 a 2.484+0.37a 2.284+0.31a 2.5240.31a
FRiht/g 0.15140.030 a 0.1594:0.032 a 0.1404:0.021 a 0.1654-0.024 a

HE/em 14.3141.49 ¢ 17.2343. 36 ab 15.6342.60 b 19.43+3.60a

R bt/ g 0.65+0.21 ¢ 1.0940.21b 0.94+0.25b 1.3540.38a

FRiht/g 0.028+0.010 ¢ 0.04920.008 b 0.045+0.010 b 0.06440.012 a

TE DB W 8 H 8 MU R/FR(R/FR=3); L R U f R/FR(R/FR=0. 3), [AFI15HE A 78 %Rk 22 5 8 3% (P<<0.05). Fl,
Note: D: Dark; W: White light; H: High ratio R/FR (R/FR=3); L: Low ratio R/FR (R/FR=0. 3). Within the same column, different

letters represent significant differences (P<Z0. 05). The same below.
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Fig. 3 Effect of different R/FR ratios on O production rate (a) and H,O, contents (b) of grafted watermelon seedlings
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Fig. 5 Effect of different R/FR ratios on SOD (a) and POD (b) activities of grafted watermelon seedling scions
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Fig. 6 Effect of different R/FR ratios on soluble sugar (a) and soluble protein (b) mass fraction of grafted watermelon

W
S

o ODOWMSHIEL

—_ = NN
(=R =

AR A ST R 20 B (mg/g)

Soluble protein mass fraction

S

0 2 4 6 8 10 20
FeAbFER A/ Light treatment days

seedling scions

X2 AERFRIEEMARGEEHEERESHWZN

Table 2 Effect of different R/FR ratios on the Chlorophyll mass fraction of grafted watermelon seedling

mg/g

AR/ R aRRAH WSRO TR BTSRRI K R S
Light Chlorophyll a mass Chlorophyll b mass Chlorophyll mass Carotenoid mass
Treatment ) . R .
treatment days fraction fraction fraction fraction
D 1.12440.003 a .607+0.095 a 1.731%0.096 a 0.101=0.019 a
W 1.164+0.179 a .5764+0.075 a 1.740£0. 115 a 0.10140.010 a
8
H 1.082+0.082 a .551%0.052 a 1.633+0.048 a 0.108=+0.014 a
L 1.103£0.088 a .59740.060 a 1.70140.027 a 0.10140.015 a
D 1.205+0.102 a .2397+0.019 a 1.44540.083 a 0.233+0.010 a
W 1.130£0.039 a .22340. 048 ab 1.35340.029 a 0.21640. 067 ab
20
H 0.987+0.016 b .217+0.008 ab 1.20540.022 b 0.158=+0.016 be
L 0.90040.030 b .1714+0.018 ¢ 1.071£0.048 ¢ 0.1364+0.012 ¢

2.7 AER/FRICENEHFRERKZEEHLEE
TR R R R LR

ARG BT AL 3R 8 d B, 5 X BEAE L, LAk 2 A
I A AR R ) P Tr (CiRl Gs 2 3 i 5 4 T
18.68% .48.71% . 15.44% H142.35% . H7E VG R
Ab B 20 d B, 5 X BEAH H, HORT L b BEAE AR P T,
CiFl Gs ¥ 10 5 BRAK, Forp L A 2450 0F IR 2 53] Jd 55
ik 27.92% .27.91% .6. 51 % F128. 36 % (£ 3).

AN TR BT Ak R 8 d i, 5 X BROA L, L Ak 2 A A
Fv/Fm ©PSILI qP 4351 & 3% T+ & 2. 59% .20. 81%
M 16.72% , NPQ W 3 FEAK 17.23%, Fv//Fm' 5 %t
MR25 S A b 2 o HAE G BT AL 2] 20 d 1, 5 %5 fRAH
e, LA FE {45 Fv/Fm  Fv'/Fm'  ®@PSII #l qP £ %
Iy S AR 3.21% .5.15% . 2.48% H10.92% ,NPQ

WEFE38.24% (R, 5 L LA AT, 41
TR AR bR Fv/Fm (©OPSITAI qP 341,
P T OGRE A R EDE AR 20 d B S EORS
FEPE Be PSR H 0 6 Ak 2 RO BRI, T IR S Ak 27
PR FZBW T m R T g v R OE R AT
h

3 g
3.1 7[E R/FR b B X X H AR 78 JIN 85 48 B B iE &
Y 8= N A

AR, 56 TR N3 210 AT 0 AR 2158 S 4T
6 Ho A X 8 S A A Kk ORI 338 7 A 5 I 1Y
W H 2534 2 . FRAE S 2 JF 79 IR 42 1 19 25 6
M R 0 Ky B FROAT LA s i k25 9 4 4 0 g
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Table 3 Effect of different R/FR ratios on photosynthetic characteristics of grafted watermelon seedling

JeAk R K /d e Hob A AR/ 7 AR/ JiL [E] CO, #e i / RALEE/
Light (pmol/(m*+s)) (mol/(m*+$)) (pmol/mol) (mol/(m*+$))
Treatment )
treatment days Pn Tr Ci Gs
D 5.69140.936 b 0.004 0£0.000 4 d 317.577+£24.624 b 0.399=0.045d
w 6.123+0.367 b 0.006 1£0.000 7 b 330.602+£29.143 b 0.475+0.036 ¢
8
H 5.91440.790 b 0.004 940.000 7 ¢ 367.223+16.567 a 0.521=0. 050 b
L 6.99840.228 a 0.007 8+£0.000 4 a 375.567+£19.022 a 0.568+0.258 a
D 14.477+1.125 a 0.008 6+0.000 2 a 353.606+3.841 a 0.678=0.021 a
w 13.978+0.713 a 0.007 0£0.000 4 b 345.344+4.056 a 0.532+0.039 b
20
H 10.79840.676 b 0.006 8+0.001 4 be 331.776+3.237 b 0.502=+0.102 b
L 10.4314+1.356 b 0.006 2£0.001 3 ¢ 330.036+£7.225b 0.456+0.138 ¢
F4 AERFREEMNENGEERIRASHHZIN
Table 4 Effect of different R/FR ratios on chlorophyll fluorescence parameters of grafted watermelon seedling
e Ak 2R e /d i PSITH ROt PSITAROLES St b etk
Light i i R PR 2R HREH
Treatment , ,
treatment days Fv/Fm Fv//Fm O PSII NPQ qP
D .78940.006 b 0.67740.028 a .44840.085b  0.795+0.034a  0.60540.101b
w .790£0.006 b 0.682+£0.052a 0.469+0.055ab 0.68940.078 ab 0.624+0.112b
8
H .80240.010 a 0.64240.020 a .38740.086 ab 0.599+0.119b  0.79040. 086 a
L .810£0.010a  0.681£0.031a 0.538+0.032a 0.658+0.117b  0.764=£0.110 a
D .8094+0. 006 a 0.777+0.042 a .649+0.010a 0.1974+0.052b  0.867+0.013 a
w .799+£0.010 b 0.748+0.102a 0.628+0.022a 0.257%0.111 ab 0.818+0.094 a
20
H .79240.007 ab  0.735+0.015 a .63240.025a 0.298+0.058a  0.85940.199 a
L .783+£0.012b  0.737£0.023 a 0.633+£0.029a 0.3194£0.059a  0.859+0.013 a

AR RG2S 7 A R 94 T b B e R AR
L DA A2 2 7 3 0 A2 K5 Tan 58148 R AIR
R/FR FAA 2551 % FE 90 (09 JFE B9 52 107, Jon s 25 v 1) 40
P 3 24 RV 40 Aol DA TR B0 e v o AR IR 86 b, 5
HEAHEG, 76 R/FR HOAE M 0. 340 FE 8 d I i e i T
DRC P4 JI 5 2 B A 7 A I i M A s Ak 3 20 d
B DRC I8 1 bk e B2 A T fF 5 RS K 250 AR K
TR T 5 S5 RS 4R Ar . T . BEUIR L (E R/

FR BB i 2 42 25 DRC 78 JIVIG 8 T 19 U6 5 K it
TEABEIR 5 AR AR A X 5 A5 45
F L MR IE R W, R/FR FeAB R 0. 10 0]
i § O 4 % B4 ] F (Phytochrome interacting
factors, PIFs) 5 i A= K 2 A4 ) & AL % 5 AR 45
&L T IR AR R R E B AL AR R E AR
ME R . B X T FRIE S DRC PR 32 i A 5E
AR T A AH DG HIL T 2 6 A5 A 5 410
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3.2 AER/FREEEXNNEHRANRNGEEZEEREMWL

MARZERSERATYROZM

) 7 % 4 1) 32 B ALK AR 105 25 8 5 O F1 HO,
4 6 R, DA T 5 B0 A0 e S B o Ak, S BUE I —
RANR A E . T S R S A A T
1 v KRB A B S R A AN B R i Ak
R WY R AL R/FR B B AR I 42 35 i
- AR H ROS AT MDA 5 8 2 R A A0 A U0
A I b, 5% BEAH E L 7 R/FR HG{E R 0. 3 B, 75K
I B AR O b OF P AR 3 R HO, % i AT MDA
JoT o JEE R VR B S PR AR, 3X 5 Gavassi 550 (1 0F 5% 45
B3, VLMK L R/FR AT DL A 20 1 DRC 75 I
Ik 2 v A G 0 R R e b 0 R SR MDA LY
TR R I 1 B BB A 0E A7 1E % i AE B 3

SOD Fl POD {1 A AH BB A AL OR3P B2 —ATY)
PU AL B 1 3R e 1 — 50 43, RE A A5 b i ok PR 06k 422 it
FM A ROSSAH FW R, X5 £ R/
FRIGAE N 0. 80 $2 /5 1 & Al i & SOD . POD #il
CAT 25 EALEE IS E 29 ROS B 5, A 56
HO7ER/FR G 0. 34 HL T, SOD A1 POD R I P
FEG BT AL B 2~20 d #4 f 355 T 0 R, H 5[] e 0 H
b S5 A A L b AR R AR R KO o B AR E
R/FR W] DL 200 S0 160 4 A 4 01 42 At | v i) 4
AR N, 35 4 = Al vk SOD A POD $t A AL i TG
P AR 1E ROS B Z M MDA A 7451, T 2%
fift DRC XF 75 JI I #2287 AILARCA0 7 , 002 1 0k 42 e A i 5
FAEKKE . 5380 AR5 R/FR AR 0. 340
B 20 d 15 POD A1 SOD il 1 M 475 5 F Hog e Ab B,
X AT BESEAIC H (A R/F R § 6806 R ABUIR i iR -4
IO H IR A B B CAS A -GSH) B 5 160 322 1 1 A0 45 7
A (18 7 3RS 28 T 9 Y e AT e T R R

He V35 Y FR BE % 5 25 58 0 28 3 nl i ok 28
FI RV PERERIAE 5 R & ik . MR R, )
VoS P W R R O PR R R R A R — A
B R R S R W TR Rk AR 0 R
W AT LLAE R B S AN M Ay 2 K A A AU B
R FEARBFFEH  R/FR GAE K 0. 3 4 BT ] %
P R R I R T A O A B 2~20 d 1
3 xR BN L R/FRFE IR 3 @ & A
% it v TG0 B T B AR B 0 R MR S T M R A
MR RE R EES GG IERET. X

Al RE S RO IG HE A R/FR n] 51 & e i (o Z #g B & A4
Ak Wl E S SRR TR S Y R
B, e K G i Dk e 2o TR &y T 3 L LR AR 45
3.3 N[E R/FR bb B X XM AR 70 R S5 4 B AR

BERESHMAEGEABEHNZ N

Mg R S S Y A e B VIR G T
JEREAH 2K A B A0 RN A 8 S )y T B LA
VER, B8 O it 2 28 10 % o 5 4 B T 4 5 W AL A 1
M6 A RE S, Lee VMRS R B, 55 % BRAH HE
IR R/FR AL B 3 REAR T A= 3 nt i b4 %
J B Ay R R . ARBFSEH L R/FREGE R 0. 3
Ab R 8 d I, 55 X BRAH B g R T A B B
2550 GG R R bR 3 T X AT RE S O FR XF
Bk 4 T 7 A R R A B AR O T AR T A BRI
5B 2N 16O B AL B 20 d S RRAR T I HE
R S 2R R A A SO A AR X AT RE T FR
X 968 H V7 A O DR T T i T B 45 0 Y B
ZRENIRZ B ABE UL R/FRG ¥ 4 R
FG G e M T B Ry ol R A, DL S B Ol e B KPR
JERHR AR . X5 & S F AR FE FR X UK R
A R Y 5 b F S 45 SR

TP 4 3 R B M RO b A TR
1o T IAGRE B 3 A 34 45 WO RE FROE AR 1T I 4k R
AR AR AT DL WS A A R BAGRE B0 I Y . B G
W58 2 B, 18 i FR AT LAAT 208 & A 28 PSTLR B o
DA DT 4 e 2B S = i Hy g 4RO
FE RN, B4 AT 4 R v N iy Fv/Fm ATNPQ, M
7T $i 73 A BRI O O 0 BB 0 B R O RE R 4 AR
AW, S5 XA, 7E R/FR HCE M 0. 340 BE 8 d
IF, B 45 8 B9 Fv/Fm  ®PSIL A qP 2 %0 58 2% 71
B, NPQ I F AL, 7EI5 B M N K R/FR
RE 0% W 2 4 = P I 2 1 PSTLRON Hhon 1 6 1k 2
R i DPSTTHE AT NPQ sk /b m BE & T8 21 5%
X PSP J6 3 & L 3 A F T PSIT B A0 5558 IF
T, A 068 42 ' 5 Ak B A i TR A Ak A s b e A
FH R, 3K AT fig 2 6 B 1 v O & B 3G i R
WY, e B AL B 20 d B, Fv/Fm (Fv'/Fm' . ®@PSII
M qP T/ NPQ W3 Tt i, R VE G 2 b v &
T W AT B AAFE HOY 2Ok T AR Z Ok RE b
I HAE R/FR B2 06 422 B HLARAR 193 %) ' & B 3 46
F MR IR AR
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& O’

AWFRIRDT T AR R/FR A X DRC 75 R 5

PV A PR RO A DGR Y B, 45 B R R/FR
Le{E R 0. 3B i {2 #F DRC PRI M i A K &

2
H >

=
o,

S I T A R S R T R R
$ 5 T BRI R S RE T, AT AR 2 T IR Y

AREH. 75, ASE LB R/FRICE N 0. 3 1Y
X 0% 4 AT LI (8 dD AR B, 25 4 Ry I 4 B DLk
HI I T Ak 30 ] 5 4 (20 d) 23 %8 P I 068 42 1
RE I 7= A2 TR A T 2 T ) 06 4 2k R R
Lot & 9 e, IR e 75 B — 2D IR R FR
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