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Abstract To investigate the effect of grafting technology on alleviating drought stress in tomato, cherry tomato
‘Jingfan Chuanhong No. 1’ was used as the scion, and ‘Torubam’, ‘Qiezhen 3’, ‘Fanzhen 2’, and self-grafted
cherry tomato were used as rootstocks. Through natural drought treatment, the growth performance,
photosynthetic characteristics, osmotic adjustment capacity, antioxidant system, and related gene transcription

under drought stress were systematic conducted. The results showed that: 1) Drought stress significantly
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inhibited tomato seedling growth, reduced net photosynthetic rate (Pn) and stomatal conductance (Gs), and
induced membrane lipid peroxidation and reactive oxygen species (ROS) accumulation. 2) The type of rootstock
significantly influenced the drought tolerance of grafted plants. The performance of ‘ Torubam’ rootstockgrafted
plantswas the best. Compared with self-grafted plants under normal water supply, the total chlorophyll content
and carotenoid content of ‘ Torubam’-grafted plants decreased by 17. 9%, while the activities of SOD and POD
increased by 120% and 285. 6%, respectively. The contents of proline, soluble sugar, and malondialdehyde
(MDA) increased by 58.6%, 41. 1%, and 83. 3%, respectively. Although ‘Qiezhen 3’ and ‘Fanzhen 2’ provided
some drought tolerance advantages, their effects were weaker than ‘Torubam’. 3) Gene expression analysis
indicated that grafted plants with ‘ Torubam’ rootstock can better maintain the expression levels of genes related
to photosynthetic pigment synthesis (GSA, PBGD, PSY2, ZDS) and aquaporin-related genes (PIP1. 2, PIP1.5,
PIP2. 1, PIP2. 4), while coordinately upregulating the expression of antioxidant enzyme genes (SISOD1, SISOD2,
SIPOD42, SIPOD17), thereby significantly enhancing the overall antioxidant defense capacity of tomato
seedlings. This study reveals the physiological and molecular differences among rootstocks in regulating tomato
drought tolerance, providing a theoretical basis and practical reference for rootstock selection and efficient
utilization in drought-prone areas for tomato cultivation.

Keywords rootstock screening; Cherry tomato; physiological mechanisms; antioxidant defense; gene
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Primers used in this study

B/

Primers name

J¥ 41 (5'>3")
Sequence (5—>3")

SISOD1(Solyc01g067740)-F
SISOD1(Solyc01g067740)-R
SISOD2(Solyc03g062890)-F
SISOD2( Solyc03g062890)R
SISOD3(Solycl11g066390)-F
SISOD3(Solycl1g066390)-R
SISOD4(Solyc08g079830)-F
SISOD4( Solyc08g079830)-R
SISODS5 (Solyc064048410)F
SISOD5(Solyc06g048410)-R
SISODG6(Solyc03g095180)-F
SISOD6(Solyc03g095180)-R
SISOD7(Solyc02¢g021140)-F
SISOD7(Solyc024021140)R
SISODS8(Solyc06g048420)-F
SISOD8(Solyc06g048420)-R
SISODI(Solyc06g049080)-F
SISODI(Solyc06g049080)-R
SIPOD42(Solyc06g049080)-F
SIPOD42(Solyc06g049080)-R
SIPOD17(Solycl1g010120)-F
SIPOD17(Solycl1g010120)-R
SIPIP1. 2(Solyc01g094690)-F
SIPIP1. 2(Solyc01g094690)-R
SIPIP1. 5(So0lyc08g081190)-F
SIPIP1. 5(Solyc08g081190)-R
SIPIP2. 1(Solyc09g007770)-F
SIPIP2. 1(Solyc09g007770)-R
SIPIPZ. 4( Solyc064011350)-F
SIPIP2. 4(Solyc06g011350)-R
GSA(Solyc04g009200)F
GSA (Solyc04g009200)-R
PBGD(Solyc07g066470)-F
PBGD(Solyc07g066470)-R
PSY2(Solyc02g081330)-F
PSY2(Solyc02g081330)-R
ZDS(Solyc01g097810)F
ZDS(Solyc01g097810)-R
W% EF-1-aF

W2 EF-I-aR

GAGCTGTTGTTGTTCATGCTGATCC
CTGGAGGCCAATAATACCACAAGC
GTTGTGCATGCTGATCCTGATGATC
CCCAATAACGCCACAGCCAAC
ATACCATTGACCGGTCCAAACTCAG
CAGCATTGCCAGTGGTAAGACTGAG
AATCAGACCCAGGACTTACAGCAGC
ACCATCACAAGTGCAAAGCTTCTTG
GGATACACACCACTCCTCACCATCG
ACTGACTGCTTCCCATGACACCAAC
AGCTTGTATCATGGGAGGCAGTGAG
TTCCTCTCTTCTTCTTTTTCCCGCT
TTGCGTGGGAGCATGCTTATTATCTGG
AAATTTACAAAGGCCTGTGCTCGAG
CATCGACGTTTGGGAGCATGC
TACTGACTGCTTCCCATGACACCAA
TTGAAACCACTGCAAATCAGGACC
ATGCGTGTTCCCAAACGTCTATACC
CAAGGAATTTGCAAGAGCCATCAC
GAGCTTGTTGGCAAGATTACACTGC
GCCGAAGGAATGGTTAAGATGGG
GCCGAAGGAATGGTTAAGATGGG
AAGAACATGCATGGGATGATCATTG
TTTCCACTCTTGAATGGAATGGCTC
CATCTACAACGACGAGCATGCATG
AGACCTGTGGAATGGCATAGCTCTG
CATTTATTGGTGCTGCAATTGCTG
ATTGCTCCTGAATGAACCAAGTGCT
TTATTTTCAATGGTGACAAGGCGTG
ATGAACCTAGAGCTTTAATTGCGCC
GAAGACCGGTCATGCAATGTGTG
TCAGCTGCAGCTACAGTCCTTTGAA
ATGCTCTTATGGTCGACCTCTGCC
ATTCACCATTCCTCGGATACACTCC
TCTTTGATGAGGCAGAGAAAGGTGTC
CTAGAGATCTTGCATAAGCAATGGGC

TGCTGGCTCATATACAAAACAGGACTAC
AGAGATGTCATTCAACTCAGCAGCAGT

TACTGGTGGTTTTGAAGCTG
AACTTCCTTCACGATTTCATCATA
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SS-w: Self-grafted ‘Jingfan Chuanhong No. 1’ under normal water supply conditions; TS: Tolubam grafting under drought stress; QS:

Grafting of eggplant rootstock No. 3 under drought stress; FS: Grafted plants with ‘Fanzhen 2’ rootstock under drought stress; SS: Self-grafted

‘Jingfan Chuanhong No. 1’ under drought stress.
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Fig. 1 Response of different grafting combinations of tomato seedlings to drought stress
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Within the same figure, 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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Fig. 2 Effects of different rootstocks on the growth and leaf moisture content of tomato seedlings under drought stress
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Fig. 3 Effects of different rootstocks on photosynthetic pigment content of tomato seedlings under drought stress
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Fig. 4 Effects of different rootstocks on the expression of photosynthetic pigment related genes in tomato seeding

under drought stress

(3. 7EARMEHEATT I, 4 R34 B SS-w 4b
350 3 AR (P<20. 05) , 22 W T 5L Wy 3t b A bk A 43 25
Wt R T SR EL MBI . Mo, TS A B B
W BE /N, O 44700, QS JFS AL SS b BT [ i JEE 3
Ak 71.3% .66. 9% F180. 8% . FEE LA MR I,
55 SS-w Ab FEA H L SS Ab PR K R B R L R R

50.9% (P<C0.05) 5 TS 4k B R [ i B 5 /)y (P<
0.05), 4 18.7% ;FS 1 QS &k F 43 51 F & 31. 8%
41. 5% (P<C0. 05) , U6 B AS [R) il A I8 2 B AE — o 72 1
R R AR T . RALSEETE T R iE
T E T (P<<0.05), 5 SS-w Ab BEAH L, SS Ab 3
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Table 3 Effects of different rootstocks on photosynthetic parameters of tomato seeding under drought stress

s B/ Wl 4 R/ AL/ M0 COL Y /Cumol /L)
Treatment (mol/(m*+s)) Cpmol/(m*+s)) (mmol/(m*+s)) Intercellular CO»
’ Transpiration rate ~ Net photosynthetic rate  Stomatal conductance concentration
SS-w 7.34+1.00 a 54.8040.60 a 1245.784+28.30 a 0.048+0.000 d
TS 4.0640.80 b 44.56+0.40 b 657.48+7.30b 0.067+0.000d
QS 2.11£0.40 ¢ 37.35+0.80 ¢ 551. 00+ 14.40 be 0.14340. 000 ¢
FS 2.4340.30 be 32.074+1.10d 452.70+£33.70 ¢ 0.201£0.030 b
SS 1.414+0.10 ¢ 26.91+2.20 e 387.4540.20d 0.33740.020 a

U+ [ 5 KR A ] 7 B 4 2% 5 3 (P<20. 05) , MRl 7 B R 2% R i 3 (P=>0.05) . F [l
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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Fig. 5 Effects of different rootstocks on the expression of stomatal conductance related genes in tomato seeding

under drought stress
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Table 4 Effects of different grafting combinations on osmotic adjustment substances of tomato plants under drought stress

AT R/

Soluble content

i 24 PR 5T o 43 B/ Cpg/ @)

Proline mass fraction

Qb B FHX L 88/ % MDA % & /(pmol/g)
Treatment  Eletrical conductivity MDA content
SS-w 29.62x0.01 ¢ 133.15+=7.36 ¢
TS 35.1840.01 be 244.08+25.70 b
QS 36.25+0.02 abe 216.31+18.73 b
FS 38.6540.04 ab 261.29+11.56 b
SS 42.68+0.01 a 316.84+16.73 a

8.3340.40 ¢ 27.55+0.28d
11.7540.48 b 43.704+0.92 ¢
15.10£1.10 a 54.98+1.51b
15.3540.89 a 57.3343.62b
17.46+1.75a 76.1843.09 a
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Fig. 6 Effects of different grafting combinations on antioxidant enzyme activities of tomato seeding under drought stress
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