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Abstract. Cultivation of tomatoes in Korea grown in soil covers 89% of the total area for tomato cultivation. Tomatoes
grown in soil often encounter various environment stresses including not only salt stress and soil-borne diseases but
also cold stress in the winter season. This study was conducted to comparatively analyze the performance of rootstocks
with cold stress by measuring the growth, yield, and photosynthetic efficiency in tomatoes grown in soil. The rootstocks
were used ‘Powerguard’, ‘IT173773’, and ‘20LM’ for the domestic rootstock cultivars and ‘B-blocking’ for a control
cultivar. The tomato cultivar ‘Red250° was used as the scion and the non-grafted tomatoes. Stem diameter, flowering
position, leaf length, and leaf width were investigated for the growth parameters. The stem diameter of the non-grafted
tomatoes decreased by 15% compared to the grafted tomatoes at 80 days after transplanting when exposed to low
temperatures of 9 — 14°C for 14 days. The leaf length and width of the non-grafted tomatoes were the lowest with 42.4
cm and 41.8 cm at 80 days after transplanting. The total yield per plant was the highest in tomato plants grafted on
‘Powerguard’ with 1,615 g and lowest in non-grafted tomatoes with 1,299 g. As the result of measuring the chlorophyll
fluorescence parameters, Plags and DIy/RC, which mean the performance index and dissipated energy flux,
‘Powerguard’ was the highest with 3.73 in Pl gs and the lowest with 0.34 in DI/RC, whereas non-grafted tomatoes was
the lowest with 2.62 in Plsps and the highest with 0.41 in DIo/RC at 80 days after transplanting. The stem diameter has
positive correlation with Plags, while it has negative correlation with DIo/RC. The results indicate that can be analyzed
by chlorophyll fluorescence parameters can be used for analyzing the differences in the growth of tomato plants grafted
on different rootstocks when exposed to cold stress.

Additional key words : chlorophyll fluorescence, cold stress, stem diameter, plant vigor, Solanum lycopersicum L.
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Fig. 1. Monthly average air temperature (A), photosynthetic photon
flux density (B), and relative air humidity (C) of the greenhouse in
soil cultivation.
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Table 1. Definitions of parameters obtained from the recorded chlorophyll
fluorescence OJIP (Origin Jump Intermediate Peak) transients.

Fluorescence
parameters

ABS/RC

Definition

Average absorbed photon flux per PSII reaction center

DIy/RC Dissipated energy flux per PSII reaction center Electron
ETyRC Transport flux from Q to Qg per PSII reaction center
Fo Minimal fluorescence yield of dark-adapted PSII

Fum Maximal fluorescence yield of dark-adapted PSII
Fv/Fum Maximum quantum yield of primary PSII photochemistry
Plags Performance index on the absorption basis

TRyRC Maximum trapped exciton flux per PSII reaction center
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HZ 770A41S 1 8% =435} t) FluorPen(Photon Systems
Instruments, 1.1.0.3 Version, Czech Republic) 32 1342
E3)| A== OJIP A|4=Fy, Fy, Fy/Fu, Plags, ET/RC, ABS/RC,
TRy/RC % DIy/RC T ARE3FRAAL 2} A5 30f| 4 o5}
STH(Table 1).

6. SHEA

SAREALER T2 E 085101 Tt 7 H]| S Duncan’s
multiple range test(DMRT) 772 53} 95% Al Z|==0]| A
2ol 5 SIS OJIP A|=2f A ARt THe) At
A= 1] o] A} A|g(Pearson correlation coefficient) & 3
A5t Healey, 1993).
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=
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7¥etgl.om oo whel &= A5l lrhFig. 1B). EWLE
T F 2 A5 A2 Powerguard’ 71 1,615g O = 714
ok ‘B-blocking’(1,527g), “20LM’(1,520g), ‘IT173773’
(1,429g) <=o] ¢l o B A g]-h=1,299g © & 71 2 9]
THFig. 2). ¥4 5 A 2|7 =8 270 gF HE A2 te
O} W2 S Kooyl 4] & 1519(33M) S 71307
Srefo) Thadto] F ==Fo] 7Y A ek A F165Y o]
172U 9] H & A7) =5F-2 32— 42%9] T/ Boo
U S Al 12% 2] S7ReS Btk g4 31724
of “20LM’-2334g 2] 7 -2 S vk 7hA F ko]
A€ e 52 B-blocking’ 1t H5HA 7|55 ek
‘Powerguard’ = A 425 2A} 7|7 ol A ol 7Y W2

2 e Bglom, ARG o E52 ‘B-blocking Hrk
F9 % o] 88g ot Sao] B2 S0 ek,

‘Powerguard’ 2] Ht T2 106.2g 0 &2 7P =9k v
B 2] 1916202 7} 9kt Table 2). 4] 51652
of B A e 7-o] HE 1} 2E-L2 44, 4mm €} 59.9mm = U
Utk 2= S Tt R Aasielr] wwel &2 1k
Fgo]| thE ol f= B0 AfolRl Ao & etk EnpE
0] Bl ot Sa0] ol A AlEE S 57
7R GR|5ko] ARAYS- tzol= A7) Qltk Latifah 5, 2021).
o] olzfet A Ao A Ids A
(Schwarz -5, 2010) = AF oA B & A 2]7tE Tk = A
2] 7e] EkAo] =9k Ao & wokErh HE At &
‘Powerguard’ 2] 5=5fo] 714} gko} ‘Powergaurd’ = T2 o
ol Hlsff Fejeo] sl 2 $7|7HA] Alds FAlske]
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Fig. 2. Weekly cumulative fruit yield of non-grafted and grafted tomatoes.
Four tomato cultivars, ‘Powerguard’, ‘IT173773°, ‘20LM’, and
‘B-blocking’, were used as rootstocks in soil cultivation. Different
letters above bars indicate significant differences by Duncan’s
multiple range test at p < 0.05.

Table 2. Average fruit weight, the number of fruits per cluster, fruit length, and fruit diameter of non-grafted and grafted tomatoes at 165 days after

transplanting in soil cultivation.

Graft combination Fruit weight No. of fruits Fruit length Fruit diameter
Scion Rootstock (® per cluster (mm) (mm)
Red250 Powerguard 106.2 a* 30 a 58.8 a 729 a
Red250 1T173773 99.3 abc 29 a 56.0 a 69.2 ab
Red250 20LM 103.4 ab 29 a 534 a 68.9 ab
Red250 B-blocking 93.9 be 33 a 52.1 a 64.3 ab
Red250 =Y 91.6 ¢ 28 a 444 b 599 b

“Different letters within a column indicate a significant difference at p < 0.05 by Duncan’s multiple range test. Fruit weight and the total number
of fiuits are mean of fifteen replications. Other parameters are mean of five replications.

YNon-grafted treatment.
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A JBkar BE A 20 7742 12mm oo = A& 279
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Table 3. Changes in the stem diameter (mm) of non-grafted and grafted tomatoes grown in soil cultivation.

Graft combination

Stem diameter” (mm)

Scion Rootstock 667 73 80 87

Red250 Powerguard 135 a* 155 a 11.2 ab 144 ab
Red250 IT173773 145 a 147 a 123 a 154 a
Red250 20LM 143 a 153 a 11.1 ab 144 ab
Red250 B-blocking 143 a 153 a 12.0 a 159 a
Red250 -V 125 a 139 a 10.1 b 133 b

“Stem diameter was expressed as the average diameter of the stem. The stem diameter was measured at the place where the growing tip was

at 7 days before measurements were taken.
Days after transplanting.

*Values represent the mean of fifteen biological replications. Different letters within a column indicate a significant difference at p < 0.05 by

Duncan’s multiple range test.
“Non-grafted treatment.

Table 4. Changes in the flowering position (cm) of non-grafted and grafted tomatoes grown in soil cultivation.

Graft combination

Flowering position” (cm)

Scion Rootstock 59¥ 73 80 87

Red250 Powerguard 28.8 a* 415 a 375 a 306 a 28.5 ab
Red250 IT173773 2270 379 a 271b 374 a 342 a
Red250 20LM 221b 355a 274 b 309 a 328 a
Red250 B-blocking 24.7 ab 378 a 27.7 b 306 a 321 a
Red250 -V 25.0 ab 271b 371 a 243 a 247 b

“Flowering position was expressed as the distance between the flowering truss and the head of the plant.

*Days after transplanting.

*Values represent the mean of fifteen biological replications. Different letters within a column indicate a significant difference at p < 0.05 by

Duncan’s multiple range test.
“Non-grafted treatment.
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o ERol e ALr) EAAEoIAe] Bl A 54 1A
S ARG Mol ] 1%, S Ml el usji o o= 24 e ol Aol Aol BT 1A
35% ©] ZHeE GUPAGARS BT Table 4). ‘Powerguard’ /b ZLO.2 FheheIch B AT +aEE BA-L A9 thito] 4L
BES RS MQ1 o] s ALY 7)) GJopl gl Tl 1 of WA ZHex) Brksked] A@at @A RA0R BE X
AJZo] A8 F71744 olojfiy] oz gheteick ol tf )7} Ao YR mFEo] AL AEFHAS Woky

5 RS AS 27| Aol S7RRITHe Hareh et IS Aot HE Aol vl Ao wiAdol ¢l
tH(Suchoff -5, 2018). thigat}t =0 Hi5 Z3to| whet Enf o QS RS Hol A o' ke HiE At F
E o] e} 4okl o2 A YEPdtiSoe et al., 2018). 5 ‘Powerguard’ 2} ‘B-blocking’-2 A5 % 7] 7|3} %2} S3F

2
)

3 o) ‘Powerguard’ & W& EVHE F5 Nonari' 9} 23} 9 G 50| gho] & A0 Ho} Alafo] sl A%
of 57l 4] Aeiet ATk A8 5710) o] BAlsk T2k Aj2lE fAIske] 4ol qkel Ao wekec,
% o] W2 WhEl(Lee of al, 2021), Y4ENE BE B4 5 802e] ONPS] PTZelA] “B-blocking’©] gto]

‘Gama’ 9} F=F A= T KT} o] 7P 9Bttt 40,7252 31 v E Al o] gho] 34,7542 WHoiriFig.
(Lee ctal, 2020). % Aspido] ol wejololo] Fefst  3A). PTRO] GhS QB4R A5 Fyah FAT how, 2
) wof wgy} AR T EEe] Ay 5O BAA 4B Ay EalAs v AR 3l B4o] Aol Fyol Zad)

(o

AR5 & 2 ‘Powerguard’ = ‘Red250° T} ‘Gama® 5-2] £ - o
SEnbE g4 B 4% 18] ot gl Wkl (o [~
epilo] s Al 0w FhebErh
A4) 38020} WM Xl 0] Gt G L 42 4eme}
41.8cm = & ZFS R ol HhH, A 4] 587 U of “B-blocking’
9] AR} HJZ O 482cme} 52.5cmE =L ZFS HYTH g .
(Table 5). 4] 5 80| Ak} 0|43 A2l 7o) ¢ =17]7}
725t o] 9 A .0] el Ao wolth Agel FH & I I
¢1-2- 3} CO, 2(Stanghellini 5, 2019) 24 |5 220} 5 -
£o] FF= Wol(Fig. 1B) Aol w0 Frd} o] 2 L T B
a3t 7o = AetEnh BvlE Aufoll ARt G 65
— 80%Z(RDA, 2018) TR 2 Aol Al ZAkefo] 7F43}o] Fig. 3. Changes in the chloropl'lyll f.luo?escence OJIP transients (OJIP
curves), plotted on a logarithmic time scale, of non-grafted and
5o Ao Al 270 wite] Liix]=t|(Harel -5, 2014) grafted tomatoes grown in soil cultivation measured at 80 days after
Al 580U 9] 7t i AG = 96% 2 7] 2] EZSIATE] transplanting (A), 172 days after transplanting (B).

¢

30000

Fluorescence intensity

Table 5. Changes in the leaf length and width (cm) of non-grafted and grafted tomatoes grown in soil cultivation.

Leaf length and width (cm)
59* 66 73 80 87

Leaf Leaf Leaf Leaf Leaf Leaf Leaf Leaf Leaf Leaf
length width length width length width length width length width

Red250  Powerguard 454 a° 342 b 458 a 487 ab 458a 490 a 456a 552 a 45.6 ab  40.8 be

Graft combination

Scion Rootstock

Red250  IT173773 43a 347D 458 a 446 ab 463a 493 a 470a 512a 443 ab 458 ab
Red250  20LM 459a 362 ab 464 a 468 ab 472a 507 a 482a 490ab 433b 442 ab
Red250  B-blocking 478 a 413 ab 473a 423D 499.0a 5l2a 482a 527a 482 a S525a
Red250  -* 482 a 435a 478 a 508 a 482 a 563 a 424b 418D 414b 356¢

“Days after transplanting.

*Values represent the mean of fifteen biological replications. Different letters within a column indicate a significant difference at p < 0.05 by
Duncan’s multiple range test.

*Non-grafted treatment.
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sHol(Ziveak 5, 2008) AL AEFAS HES A A 5800
Zro] Al 1724 9] ghect W2 7 o = gk A4 &
80 0] ‘B-blocking’ 2] ET//RC:= 0.99% =9kl H|H =
A= 09002 okt A & 172¢¢) ETo/RC+=
‘Powerguard’ 7} 0.99 2 714 =)l ETo/RCE= AL A
ARG REES el = A2 AEHAS WO Fho] 7h4
3K Yoo 5, 2013). ABS/RCS} TRYRCE= 2 2] 71 -9-9]
) Zjol= GIIATE = A 2] te] A 4] T 80U 2] Fho] 4]
F 17249 gt} =9tk ABS/RC=3AI vhg5419] &

438k =5 Ltz X4m0] L TRYRC B4 941) 1

e

AYE - g

W80l %2 %]7] wfiZo|th Thach et al., 2007). 4] 5
802 Ao oJaf| FAI ¥h-3-Z4l2] &3}t J=r} wof
ABS/RCE}TR(/RC glo| A A& A 0 = et A4
% 80Yofl DIYRC+= “IT173773° 2} v Ae|+t7} 2F2¢
0.399} 0.41 2 =9tom A4 & 1729 v A2|+7}
0.32 = =5}ttt DIyRC= 555 o U A7 g3 d ol ARE-=
A Zokal G e Soke Ao |t Thwe 2 Kasemsap,
2014). AAPAEO] A2 AU A5 AMESHA] Zaf A A HA|
O 57|12 e A 7= A SR, DIYRCE $7H= €& £
A== ofYA7FES-S 2Jn]gitiBaghbani 3, 2019). F=
ATt 5 A27]Q1 %44 $80 Yol ‘IT173773° ] DI/RC=
H| 35 A 2]qte} o] gho] ot A2 A thigo=a o] 4
Fo| F& Ao g etk HErs AR vls] gHd
T ebAESRE, 1831 Fy/Fy©] £718F(Suchoff 5, 2018),
A2 AEH AE W 2RO Fy/Fy 0] TFAgithAazami 5,
2021). 4] 580 Uof| v A 2]R= 7371t Fy, Fyv/Fu, Plas
ZETY/RCE| gro] -2 7 0 & Hof 2|2 u|af & ol P53

B a0 At A o= wekEr) W, ‘Powerguard’
9} ‘B-blocking’-2 A&7 of| = 53 3t 58-S F-AI5t
o F gefo] S7lek=t] 71ogt A 0= )

AYEA| 3 F 772 Fu, Fy/Fu 2 Plaps@F A o) A S
HERH AL Fo 2 DIYRCE}= F-9] At AlE Vet ick
(Table 7). 73} Plags, 7472} DIo/RC 7+ At Al4== 2t
Z+0.702}F —0.74 2 11%= 9] {01403 Helok gt P2
Plaps 2} 75 2] AIAIE 7FA 2L DIYRC L H-0] ARl &
7H4IE Zhang 5(2014) 9] ¢1+- Aol wh=H ¢F 5%=7}
ool whet Fy/Fyu@t Plaps-< 2] A4S, DIY/RC=

daES 5ot AEAE Hod £ A= SIS g2l A S UER it Fos BAI REsSH o2 AT
(Ajigboye 5 2016), o]= WARIEE = = QuetPQ7F  E7] A GE4 #AE0] HEShe WA =g Hehd A

Table 6. Minimal fluorescence yield (Fy), maximal fluorescence yield (Fy), maximum quantum yield (Fv/Fu), performance index (Plags), electron
transport flux (ETy/RC), average absorbed photon flux (ABS/RC), maximum trapped exciton flux (TR¢/RC), and dissipated energy flux (DI/RC)
measured at 80 and 172 days after transplanting in non-grafted and grafted tomatoes in soil cultivation.

Graft combination Fo Fum Fv/Fm Plags ETy/RC ABS/RC  TRyRC DIyRC
Scion  Rootstock 80" 172 80 172 80 172 80 172 80 172 8 172 80 172 80 172
Red250 Powerguard 6911 2" 6,296 a 39,631 a 38314 ab 083 a 0.83a 3.73a 473ab 095ab 099 a 193a187a 159a156a 034 b 031 ab
Red250 1T173773 7,030 a 6270 a 36,526 ab 37,397 b 081 ab 0.83a 295ab 426 b 095ab 091 b 202al8la 163al5la 039a 030ab
Red250 20LM 7,152 a 6,358 a 38,948 ab 39,176 ab 0.82 ab 0.84 a 331 ab 452ab 097ab 097ab 20l a 1.87a 1.64a 1.56a 037ab 031 ab
Red250 B-blocking 7,304 a 6,463 a 40,725 a 41,672 a 082a 085a 342ab498a 099 a 097ab 20la l84a 165a 1.55a 036ab 029 b
Red250 -* 6,989 a 6264 a 34754 b 36,602b 080b 083 a 262b 422b 090b 09 ab 200a 1.8a 1.59a 156a 041 a 032 a

“Days after transplanting.

*Values represent the mean of seven biological replications. Different letters within a column indicate a significant difference at p < 0.05 by
Duncan’s multiple range test.

*Non-grafted treatment.
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Table 7. Correlation analysis among chlorophyll fluorescence parameters and growth parameters.

Growth  Flowerin; Leaf Leaf
E;?:Irr:f:rrslce 0 Fu Fvfw Plas  ETYRC - ABSRC  TR/RC  DI/RC strength positiong length width
Fo 100 —0.02™ —053° —0.697 —028™ 084" 0727 068" —047 —027% -030% —028™
Fu 100 086™ 056 056 —025% 024 0737 051 0.10% 0597 0.42"
Fy/Fy 1.00 086" 0677 —063" —015 —097" 0697 025 0647 0.50"
Plass .00 0797 —071" —035™ -089™ 070" 040 048 0.45"
ETyRC .00 —0.16™ 025 -057" 041 020 047 0.43"
ABS/RC 1.00 086" 081" —066" —038° —023" —023"
TRyRC 1.00 040™  —038™  —032% 012 003
DIy/RC .00 —074™ —031™ —055  —045
Stem diameter 1.00 043 031 040™
E :)‘;::izr;“g 1.00 036 056"
Leaf length 1.00 0.89™
Leaf width 1.00

NS: non-significant, *, **  ***Correlation is significant at p < 0.05, 0.01 or 0.001, respectively.
Fo: minimal fluorescence yield, Fy: maximal fluorescence yield, Fv/Fy: maximum quantum yield, Plags: performance index, ETy/RC: electron
transport flux, ABS/RC: average absorbed photon flux, TRy/RC: maximum trapped exciton flux, DIy/RC: dissipated energy flux.

T2, B2 A9 854 BT EotAH o #] 285
o] 7+43}o] 7ho| Z718tc(Baker2} Rosengvist, 2004). O]
2| 20| AEHAS WEOH Fy I} Fy/Fy-2- 7H4astal Fo=
Z715HcH(Baker2FRosenqvist, 2004). 2 A13] 0] EujE = *]
= AEYAE Wol 33ty aaat Aol asto] 2o 3§
3 2 UEhH= Fy, 37 20 33teh4] 882 Vel
Fv/Fy, 12|31 250 2Rk Q] S =5 Ve = Plags
A= 7Bl BB Aol s 1A} BT 2
o] Z71h= oo} Mo A7 Q1 salehe AES vehiis
DIYRC 2713t A2 2 Welr, ]2} ko] ClIHONIP 74
o] oju]g sloto}i ZTHEe] 4415 o] §3F e wL)
B o) 2 F50 12 Eokre] 42 g Bt}
53 A o= gotE

M 2

S b A B e AR A ) 89% 2 e e
H1&-2 A5t Qe B ErkEl @R gsle wop
A B T 2ok wak ok} A2 AL w3
2 97] 47 W 2o EhE YER9E A Hlo] St 2
AT A 7] B Aol A e] EukE o] F5o) uket it
BRHE A%, S ol W TR o] vl BAlska
stk =] SR 7R S A AE W B
‘Powergaurd’, ‘IT173773’, ‘20LM’ I} tl| % &% ‘B-blocking’

MEAZHSS|X|, M31H XM= 20224

2 ARGBIITE Hheh HHE HolE dhEnlE EE
‘Red250"2 AFE5}GIE ZHEo] 14217F9— 14°C 2] 220
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10.1mm = 55 Z2]=to] ulal] 15% W@okar Grdat g2
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7}1,6150.0. =9k51 H]HE 2227} 1,299¢ © & Lobrh.
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3= A42l DIVRCE 2747 2k 44 ¥ 80200] =
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