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HEERF AR, B{EANGESRTS5HBE. BaE
A5 HARE SR AR, Rk, 4w Bt
Wi E, s R B B 1k
HETE, RHEER AR A S F ) R w2 . SR,
T3 i P B g e i R v 1 S BRI A 1 O T I A
REZ, BAEFKODEHRSESHW ARG, Bk, KRLE
F STV e ) LA RO 5 1) P 25 i e 2 TS L 5 A XL
Wik iy, A HAAE 40 W 40 oS LE T SR F B 200
PEALTHE, WEEAA 1. 3. 5dE T, @il
AN [ 5 TR 58 T i B [0 T 2% 70 00 BT AR 15 2 1 1 it 2%
WABO. ARKIERAR AR, ikl EEAFmMN
B0 2 & H IO TR B T N ), B N
NGB AR B IRIEE AR S Fr.

1 RS

1.1 RIEMR

F A A oR A 153 FHAEHAR, WA FE R 2 F0IA
BN m]s ot i 5 HAERG A, 8 B WL 2R R B ¥
HBRAF . M RABZEFR S~6h, B THIEERME
o 28 °C EEE, MrEREERERRT 50 Lo, R
AR 7 d3&M, EK 500 mL. B 3 N KACE 3%
B, MESAEE OO, RAbER. kibfERSE, HpH
4 6.5, WHE ML FHEETARAA .

RIS H 1 HATE R AR 2R 20T e X H iR = A
HHAT, A TR e Al K250 = N T A ks 7%
FENEAT. LEDATE TRZTE, AT, S %S
g &, RIE LED 47 AR K ME— ¢, LED T
W E T R R S TR A R AR, e, JeiRAE
Wi, B APP W 4.

1.2 IR
12,1 REMFHAEXEELRTORLRRFAY
R

fiti A RO R 2 I I — O IR R AT XUWT AR 522, il
ARMNZEEEFYINT, AARETH BT 1 em &8 45°MRH),
A EM T Loem 2 45 R, A G #:858 [b w
(HUA% 3 mm, W HFNHRIAREZAHRATD, WG
4 P OCE AE E 725 2% ] Hoagland & 5% 31T /K 8%
H i A4 7 AT AT A Y B, BRI 2 d i —
W, AR e 12h/12h, 6 H &R E 22 C/18 C
(B /), #HIAHXSEE 1~2d8 99% K& UL L,
3~4d N 95%~98%, 5d N 90%~94%, TELIE 7:3
MIFERE b, DASHERE I 5, A ERA 30%!Y,
HEE S AEmEEE (£ 1), L 30-60-90 umol/(m*s)
FXHHR CK, BEANARER 50 #k, BEMLEEUK 35— i 40
SHRTIEESEE 1. 3. 5 REUEE, 3 IRERECFIAME, W
FUAN [F] ' 58 A 350 7 9t O DRI AR (e e il Bl ol 5 T AR R
ERinjAI
122 SRi&sT &5 AR XEBEIIEEE ¥ h

BT A FDER T &m%EEES 1. 3. 5d
JEEATH S, RAEORE B IR AR 7 d, B HIE R

B, EGRESE 12 RERBIFDLEREN g 1. &4
KePE 50 R, TITHHEJE SR 14 REEPLEPUK S — 4w
50k, 3IREEBCFIME, WA FDE A A F I )5
XA A 1 B T AR PR IR

xR1 TEBEMEIEREBE
Table 1 Light intensity in different healing stages (umol-m *s™")

Kb Treatments 1~2d 3~4d 5d
CK 30 60 90
T1 40 80 120
T2 50 100 150
T3 60 120 180
T4 70 140 210

1.3 MEmMBSRHE
1.3.1 H&EFAFNE

PR SRR S AR R B A K S EE S

2O FHIERR R RO 5 1 B AR

HETEAR: AR A A .

MR b KPR M ZE LT BT, 3 i B S R
#, o AR T S B RPN E B
i N R E, RETHENE .

WAREETER: HERRRBR TG, HIRREH
AT FIHE, R A Win RHIZO 84470 BTk R K
KA P EARFEFA
132 mREFME

BE R EEEEEE 5 Rauh i+, AR5
T R S H .

FHEROE R EFFEE 5 12 Rk 1 BasE vk,
SR JE TR AR I S B E A T
1.3.3 FIEESLME I LA

EREEEEAME 1. 3. 5K, BlEEEAL
2cm B, LA 70% HEE- - OB E W (formal-
dehyde-acetic acid-ethanol fixative, FAA) [&E, &L
A, g, et SRR, RGBS S I .
134 RAMET A WA STAE

HAHE T (0, FENES B2 EEED 1
it AR O, S &
1.3.5 HRAEEE R T

0.2 g KU B A 8T 2 mL SO0+, A
1.7 mL T4 B R 22 vh . (0.05 mol/L, pH{H N 7.8),
AL (1415 JXFST) BERLAIHR, 164 °C %M, #
& 12 000 r/min )38 & B5.00 15 min, B L5 AH T HLE
CEEIEPERI E . B PUME (nitroblue tetrazolium, NBT)
I J5 3 D g HE A A ) B A B (superoxide dismutase,
SOD) &ME, EAIARM RN & it A Y (peroxidase,
POD) %P, i % A & 50 i 2k W e i A A A
(catalase, CAT) ¥&EE, ARSI E Bk M iR I 4
1k (ascorbate peroxidase, APX) JihR,
14 BRSO

BUI6 R HT Excel 2019 #EAT £ 4k 40 BEANME 1, {3 H]
SPSS At 23.0 JRFEAT I5 =M. MHSRE T
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3 T AR (7]  SRA E XoF 7 50 UK MR L 1 v AL B, U
W AR R E G A R InmgE L (B 1. &

CK Tl T2 T3 T4
a. TG FEIAR R4

B 1R, T1AERARTT A B T B A AR R
. WHEH IR, ALBEIHRHIHAERR, HE
SRR A BRI ETS . AW SR, T1. T2 A
T3 KB IEIE R EIR R, T4 ALBAHT AR R
A, BRI R EE.

95r
945 a a

93+ mi ab b
92+
91F
90 r ¢
89 r
88|
87T
86
85

53 # Survival rate/%

CK T1 ™ T3 T4
b Treatments
b. T 0GR R

b. Survival rate of tomato grafted seedlings

c. TG HAE S HALADIE

c. Longitudinal section of the junction site of tomato grafted seedlings

VE: StONREA; Sc ML o NEGAL; NLAMEE: Vit NS4 4

Vb AAEE R . ARVNG FRFRORIE B E R B E (P<0.05), FH.

Note: St is rootstock; Sc is scion; c is callus cell; NL is separation layer; Vt is vascular tissue; Vb is vascular bridge. Different lowercase letters indicate significant

differences among treatments (P<0.05), same as below.

1 REQEHRA I FAEEN AR, RERREF NG
Fig.1 Effects of light intensities on the root regeneration, healing and survival rate of tomato grafted seedlings in different healing time

WP S R RIE R (B 1b), AFRDEGERAE T
e AT AR 5 22 7 ) RS R IR, e T T2 5 CK
ERARZE, T3RHBEMRERZEMRT T, CK, 5
T2 ZRAEE . T4 I RS R BT HAb .

WS fli i A A B (B 1o, BEH 1K,
T1. T3 AP A AR FIEAR R ARG E, B8R T HE K,
At b PR A AR RN RE 2 R R R A R E. A
3R, FTAMCERGE: QR LREE S, B ST s
KALFLE S A RTE B . 5 T3 M1 T4 Zb¥AREL, CK A T2
AERRR SR AT K, B H LG A, 5 O]
BREe /e T1ACHEERG B2 DA, @44 &5 5
T GE ORI, @488 5K, rEhENESZED
ZICRL, AEXTT T3 Al T4 4b#E, CK. T1 1 T2 AbFRIGE:
FIRI PR 28 4 i 2 S0 oA T P 4 5 SRR T 463
KGR Z, 5ERMAEE RA ST ER:, T1 AW
KB E TR o, AR AT

212 TE) RIBA D F A EIEG RO E R ABRE
B8 F ot

P 2a vl 501, BEE @A RIKELK, GEEES
W O EEEMN AR ERIKKMESR, Hrh T AH
1O, FrEfEma M —EHRK, T25 CK LREER.
GEEE 1R, TIAEM O, & &R CK. T2, T3 fl T4
Ab FE A4 S BEAR T 35.7% 37.6%- 59.7% 1 52.8%.
S 3R, TIAAEM O, F & CK. T2, T3 fl T4
RS F I 5 B BRAR T 26.8% 25.5% 32.9%. 37.1%. %
BE S K, rALEN O, & &M, T2 T35 CK %

FARE, T4HEE O, FREEE M THALE (P<
0.05).

K 2b~2e [ %1, FEE @A A EK, &b
ff) SOD. POD. CAT K APX iGVE¥ I FT#a%h, H
HOT1 AL EE )V AR 2 B G B R 3 S T H A B
AHXTT CK 4bEE, T1 AbEEH) SOD & PEAE #4251, 3.
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5d ST 39.9%. 9.9%. 12.0%, POD i&MEHE T
18.7%- 23.8%- 7.0%, APXiGMER T 13.8%. 22.0% Fl
213%; WG 3. Sd CATIE R & 17 13.9%.
102.1%. T2 4b#Ef POD &M CK ZR AR, CAT

M APX WG GEE s REZE ST CK, HHEES 1K
MEFE 3RS CK EREER. AREHE 5 KN, T3. T4
ALEER) POD 51 B KT CK, 1 CAT &M EE & T
CK, APXiEthES CK ZRARZE.

OCKOTIeaT2@ T3 BT4

0, ik
O, content/(umol-g™")
wn

a. O, i
a. O,  content

—_ NN
[V =]
oS o O

SODiF It
g

SOD activity/(U-g™")

50

b. SODif 1
b. SOD activity

30 000 35 10
o = =~ 9
e 25 000 w0 w 8
+ 220000 2 B #e !
g 5 20 meo
8 Z 15000 Z s wE S
o5 51 2354
& & 10000 3 10 < s 3
g 2 e
2 so00 5 3 c
0
0 1 3 5
B4 (Al Healing time/d 45 i) [ Healing time/d A4 i (A Healing time/d
¢. PODVEME: d. CATiF 1% e. APX3HHE
c. POD activity d. CAT activity e. APX activity

e AF/NG TR R A (8] R AR 2R 5 (P<0.05), R

Note: Different lowercase letters indicate significant differences among treatments in the same healing time (P<0.05), same as below.

B2 FRREAERLAESEFRFEEGESL 0,78 F A ALEZ K e T
Fig.2 Changes of O,” content and antioxidant enzymes at the junction of tomato grafted seedlings with different light intensities

213 RBA BRGNS ET LS E NN

HIE 3 W1, AN R SRAR BN 7 Al AL AL ], AT
A FIFEEE RO 25 @ A B BUBIE B IO 4% 3 ay HERE by
FKNE MR, BREE.

OCKO T2 T2@ T3@ T4

Chlorophyll b cbﬁltem

1 3 5
45 i (i) Healing time/d bris

a. M4k Kaf i
a. Chlorophyll a content

Mo Ra
Chlorophyll a comtent/(mg-g™")

i} [A] Healing time/d

b. FHER b i
b. Chlorophyll b content

KIE MREE
Carotenoid comtent/(mg-g™")
coocoococoo
O—= =L
SUNnOUNOSDUNOWDnNO
Photosythetic pigment
comtent/(mg-g™")
COOO— ===
[==1 NS ¥ e o tclan] NS ¥ SN o o tclan)

1
@1% fiF [ Healing time/d 45 B} (A Healing time/d
. K MRS doREaESE
¢. Carotenoid content d. Photosythetic pigment content
B3 ARRGE S detied a. ot E b, AT M E
LR VN S AR
Fig.3 Effects of different light intensities on the contents of
chlorophyll a, chlorophyll b, carotenoid and photosythetic pigment
content at the junction of tomato grafted seedlings

AN T CK AEE, T1AEERIM SR a IS EERS
B TREAKTE, HREZE 1. 3. sdFaKa®
B AR 26.9%. 22.0%. 25.8%, Ya RS ED R
PR 18.4%. 16.7% 25.4%. T2 ACFRRIH 4K a. M4
b, KAY MR, LEAESTEAEREE I RNYE
FET CK (P<0.05). @WHHE 1R, 5 CKAHE,
T3 A FEI SRR b WE L, HAd&a ), T3 43
FtsEE a flb 5 CK LR#HER.

2.2 IR EM MR KT RE E M
221 KEBATFFAFEIE G I AERE R Gk

BHEEENE TEARSHET &% EEs 1. 3.
5dEHTHE, 14d NS, RIERERAE, i
ks, WMAEKL (H4a), BOIERL TR & KF
(E 4b) . d 1d a4, B b B8 5B s R
TRFEER, WE3dEFHE, T3AENRERSE CK
EZRARE, TIMNT2 HEFAEE, HET CK (P<
0.05) , T4 4b ¥ +F 46 (1) B3 2 &% KA 96.3%. B &
5d )5, FrA AER R O R AR, T1 AT T2 A E
EXES, T3. T4 EPEIEREZEKT CK (P<0.05),
Hrh T4 15K,

222 RIRATITIEE AR G AR A K H R

MEEAN ) () e N G B A AR A 5, F746
MIAERKE. WK 2 RAIRIL, AEGER T &% S &
G 1dJEFE, CK MMk fm, TR M. HiaE
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b A AR B, MRS T2 ZRAEE, T3W
R &% m T T4, HHEALIERS T4 Z5AWHE. A
[F5R N % A 3 d JEHHE, T1 BIMkE RG22,
TR L v T A AR, e LS CK A T2 Z R AR
F, (HREEZFEST T3, T4 48, NFEDGIER T &% &
& 5d JEHE, T1 5 T2 AR RE e B KT Hfl b 72,
ZHEESET T3. T4, T2 AHEEHmA S, LKA
T1 4. T1 5 T2 WRE ZRARE, HEES
HABALFE, T3 AL BEFR 7 1A 2 = T T4, HARIERR
R E W ERAEE.

&2 A A&, AR N EEEEA 1 d T,
T2 Kb AR K AR AR R 2 v T A b HE, AR
MEAS CK. TI ZRAEE, HEZESET T3, T4 i
. AFRDESE N EEEEA 3dEHER, Ti. T2
b B ) AR K R T A AR B, ARAARAR. IREARK
A5 CK Z3 A5, T3. T4 B REKEEEER.
ANFER R R EEE S daHHdE, T3, T2 BRI SR

%2 TAXBTSEERL

1\ 3\ 5

Ko IR AR AT BmKT, HUGE T1 AR,
T4 KPR AR AR 2 = T CK, HAIR R 4R 5 CK
ZRARE . AFEDCIEEEEE . A I AR AR

R EA L R, L 02 At L
T REH.
100, OCKETIET2ET3IRA T4
99 a,
98 7
97

Survival rate of cutting/%

i ;
¥ 96 g
=5 oslIHE
it 94 2
T 93 %
TE » g

91 g

1

3
@4 Al Healing time/d

CK

T1 T2 T3 T4

a. fTi 14 dJS I HE A2
a. Morphological changes of grafted
seedlings after 14 days of cutting

B4 ZHEELEERFRER &l #3146 mE £ 0 n
Fig.4 Effects of different light intensities on survival rate of

b. ST T O
b. Survival rate of cutting
tomato grafted seedlings

cutting tomato grafted seedlings after high density healing

d EHHER RIS B EMREEOESER

Table 2 Morphologic indices of two-stage grafted tomato seedlings after high density healing with different light intensities treating for 1, 3,

5d
P ey H%T%? %*ﬂ AR e b SR R HRARAR WER
Healing time/d Treatments Plant height/ Stem diameter/ Leaf azrea/ Root §hoot Total root  Root surfe;ce Root volume/ Root diameter/em
cm mm cm ratio length/cm area/cm cm

CK 14.37+1.27a  4.97+0.11b  179.33+£2.48b 0.19+0.012c 167.21+4.29b 42.06+0.26b 0.83+0.05a 3.36+0.14a
Tl 10.87+0.32¢  5.52+0.35a 194.06+£0.16a 0.28+0.004a 162.54+1.85¢ 43.37+1.51b 0.84+0.02a 3.47+0.09a
1 T2 12.93+0.84b  5.07+0.16b  193.82+180a 0.21+0.004b 187.75+0.14a 47.76+1.36a 0.85+0.05a 3.47+0.14a
T3 11.57+0.06c  4.99+0.09b  173.99+1.59¢ 0.20+0.008bc 146.94+0.12d 33.59+0.74c 0.71+0.02b 3.47+0.10a
T4 11.90+0.17bc  4.95+0.19b  175.96+2.13¢ 0.17+0.006 d 147.95+0.13 d 33.65+1.59¢ 0.69+0.02b 3.34+0.06a
CK 13.20+0.31a  5.51+0.05b  229.92+1.66¢ 0.14+0.003a 223.47+3.52b 50.36+0.56b  0.96+0.05a 3.53+0.18a
T1 11.60+0.08b  5.82+0.03a 240.66+1.64a 0.14+0.005a 235.31+1.85a 50.98+0.93ab 0.95+0.03a 3.45+0.10a
3 T2 12.93+0.84a  5.53+0.02b  237.77+2.14b 0.14+0.008a 236.18+0.93a 51.80+0.16a 0.98+0.07a 3.56+0.02a
T3 13.50+0.38a  5.52+0.19b 200.46+0.99d 0.13+0.009b 200.79+0.98c 42.32+0.38¢ 0.84+0.03b 2.71+0.12b

T4 13.00+0.42a  5.57+0.19b  211.17+0.57¢ 0.13+0.0021b 200.98+3.39¢ 42.36+0.26c 0.86+0.02b 2.70+0.01b

CK 15.00+0.14b  5.51+0.05ab 209.87+1.53d 0.15+0.008b 209.80+3.95¢ 42.49+0.48d 0.72+0.06b 3.72+0.07¢

Tl 13.50+0.19¢  5.82+0.03a 222.05+1.64b 0.20+0.005a 221.96+2.95b 49.58+2.19b 0.85+0.02a 4.45+0.40a

5 T2 13.66+0.20c  4.96+0.17b  234.39+0.34a 0.18+0.016a 232.20+3.29a 53.99+0.35a 0.87+0.08a 3.76+0.04c
T3 15.60+0.39a  4.45+0.13¢  215.36£2.19c 0.15+0.007b 231.72+1.21a 52.30+2.67ab 0.85+0.08a 4.38+0.06ab
T4 15.60+0.03a  4.33+0.12c  181.09+0.26¢ 0.15+0.011b 214.77+4.16¢c 46.46+0.86¢c 0.72+0.06b 4.05+0.10bc

F 1§ F-value

W& 6] Healing time (7) 89.31** 63.08** 2590.96** 314.54%%* 2429.31** 4699.07** 34.47** 160.18**
JEIRALEE Light intensity treatments (7)) 23.29%* 38.14%* 697.07%* 74.94%% 186.15%* 250.28%* 13.43%* 10.76%*
T, 8.67%* 13.22%%* 121.81%%* 21.72%* 54.4%%* 33.85%* 3.77%* 18.69**

W RPEIE I EARHE R . ARG F RN FEAIEN Z R B (P<0.05). **, P<0.0l. T,

Note: Data in the table are average + standard deviation. Different lowercase letters indicate significant differences (P<<0.05). **, P<C0.01. Same as below.

223 CRERATIAEE AR AR A KB vh 69 L8R

SET RN ST AKER, R STEL,
FRE TP WA KRR, S AR S8 R AR
W= ZER. ARCR T EEZEEES 1. 348, T2
WHEFREERSE RS, LA TIS CK, T3/ T4 K
FIEREE RN AFENE T EEEERS SdETFE,
Ti. T2. T3 WIREREME RS, CKE T4 N4+
AR, 1 B A B ) A 22 55 B 2 i 1 o' B B B TR AN
THEGENAK. AEDGBRTEHEEEE3 . 5d)E
(9 1 42 1 ) TS 2 o ol S b RS bR AR RIEAR
BHATH RSN (K 3), RIAE SIS, FFHRER
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Fig.5 Subordinative function value of cutting tomato grafted
seedlings in different light intensities after high density healing
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Table 3 Correlation coefficients between survival rate and growth indexes of cutting tomato grafted seedlings under different time of high

density healing

AN A B Xl NIEA M E ISYIESS HRT A R WE#E
Healing time/d Plant height Stem diameter ~ Leaf area Root shoot ratio Total root length Root surface area ~ Root volume Root diameter

3 —0.669 0.583 0.734 0.700 0.845 0.743 0.649 0.675

5 —0.902" 0.789 0.904" 0.774 0.307 0311 0.605 -0.099

i HRFEMK (P<0.05),
Note: * significant correlation (P<0.05).
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Effects of different light intensities on the healing and growth of grafted
seedlings in two-stage grafting of tomato seedlings

WU Guoxiu , ZHANG Jiazi , LI Yanman, LI Yang , CUI Dandan , HE Xueying ,
WANG Fan , LI Shengli*

(1. College of Horticulture, Henan Agricultural University, Zhengzhou 450046, China; 2. Henan Research Center of Protected Horticulture
Engineering Technology, Zhengzhou 450046, China)

Abstract: Tomato is one of the most popular vegetable crops with the largest facility cultivation in China. Succession barriers,
soil-borne diseases, and environmental stresses can often occur in actual production, leading to decreasing quality and yield.
Fortunately, grafting has been one of the most effective operations to control the major diseases for the high resistance in recent
years. Among them, two-stage grafting of tomatoes can be expected to cultivate high-quality seedling resistance. It is of great
significance to precise control the light environment for better grafting during the healing and cutting stages. However, it is
unclear on the specific parameters of the light environment during two-stage grafting. This study aims to explore the effects of
different light intensities on the healing and growth of grafted seedlings in the two-stage grafting of tomatoes. The double-cut
grafted seedlings rapidly healed and then took root after cutting under a high-density environment. The strong seedlings were
cultivated after optimization. The grafted seedlings were then placed in a self-developed container made of acrylic and high-
density foam board. The light intensity was selected to regulate the light environment at the ratio of red, blue, and green light
during the healing period. The tomato variety 'Fendu 153' was used as the scion, while the 'Jinzuan' was used as the rootstock.
The healing status and root regeneration of grafted seedlings were investigated under different light intensity gradients of 30-60-
90 (CK), 40-80-120 (T1), 50-100-150 (T2), 60-120-180 (T3), and 70-140-210 (T4) umol/(m*-s) during the healing period (1-2,
3-4, and 5 d). The grafted seedlings were cut under different light intensities after high-density healing for 1, 3, and 5 d,
respectively, in order to evaluate the growth of plants. The growth indexes were measured, such as the plant height, stem
diameter, leaf area, shoot ratio, and length, as well as surface area, diameter, and volume of root. The results showed that a
higher survival rate of grafted seedlings was achieved in the T1 and T2 treatments. There was no significant difference,
compared with the CK. The grafted seedlings under T1 treatment shared the fastest healing, the higher activities of antioxidant
enzymes, the content of photosynthetic pigment, and the lower content of superoxide anion at the incision. There was a higher
survival rate of cuttings after 3 d of treatment with the different light intensities. Among them, T1 and T2 treatments presented
the highest. There was no significant difference among the treatments at 1 d of treatment with different light intensities. But the
survival rate of cuttings decreased after 5 d. After evaluation on the growth of cutting grated seedlings, the root and above-
ground growth of grafted seedlings were the best after T1 treatment for 1, 3, and 5 d, followed by T2, T3 at 5 d. In summary,
the most favorable healing was achieved in the light intensity mode of 40-80-120 umol/ (m?-s) at 1-2, 3-4, and 5 d, respectively.
The best performance was obtained to cut within 3 d during the high-density healing stage of two-stage grafted tomato, in terms
of the survival rate and the quality of grafted seedlings. The finding can also provide technical support to the two-stage grafted
seedling of tomatoes.

Keywords: tomato; light intensity; two-stage grafting; healing; growth
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