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Abstract: In order to investigate the effect of tomato rootstock, scion and their potential interaction on

chilling tolerance, we grafted chilling-sensitive tomato cultivar ‘060911” (S) and chilling-resistant tomato
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cultivar ‘060112° (R) . We then selectively removed rootstock or scion from the grafted seedlings RS/RS,
and incubated the newly formed 9 kinds of seedlings, i.e., RS/RS, RS/R, RS/S, R/RS, S/RS, S/R,
R/S, R/R, S/S in the growth chamber with light intensity of 22 kix and photoperiod 12 h/12 h. The
seedlings were treated with low temperature at 10 ‘C/3 “C for 9 days and recovered at 25 C/15 °C for 3
days. Chilling injury index, root activity, electrolyte leakage and osmotic adjustment substances were
measured after the chilling treatment and after the recovery. Grafted seedlings behaved similarly in root
activity, electrolyte leakage of root and leaf, soluble sugar and proline content before the chilling
treatment, but showed significant difference after the chilling treatment and after the recovery. Among
these 9 kinds of grafted seedlings, S/S seedlings displayed the highest while R/R seedlings displayed the
lowest chilling injury index. Meanwhile, R/R seedlings showed the lowest electrolyte leakage, and the
highest content of soluble sugar and proline. Meanwhile, R/R seedlings showed the lowest electrolyte
leakage, and the highest content of soluble sugar and proline. While R/RS, RS/R, RS/S, S/RS seedlings
were intermediate between R/R and S/S regarding the chilling injury index, electrolyte leakage, soluble
sugar and proline content. Results indicated that both rootstock and scion are important for chilling
tolerance. We further found that rootstock conferred higher chilling resistance than scion, due to the fact
that the chilling tolerance of RS/RS was higher than that of S/RS, but lower than R/RS. Moreover, the
chilling tolerance of RS-R was significantly higher than that of RS-S, and the P value of interaction was
less than 0.01. The results showed that rootstock and scion had significant interaction effect on the chilling
tolerance of grafted seedlings.

Keywords: tomato; rootstock; grafting; low temperature stress; cold resistance
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F1 TRBRHIBASEMFEHRLETHRMTL
Table 1 Changes of chilling injury index of grafted tomato seedlings with different roots or scion combinations %
A& TTEM R IR EL (+ K RED Low temperature stress days (+ Recovery days)
Root/scion Hepll
combination  Scion 1 3 6 9 9+1 9+3
RS/RS RS-R 0 7.00 +2.05 6.00+1.76 22.00+2.47 28.00+2.34 21.00+1.84 14.00+1.53
RS-S 0 9.00 & 1.06 10.00 +3.03 26.00 + 1.87 38.00+1.33 23.00+1.68 16.00+1.33
RS/R R 0 5.00+2.16 4.00+2.26 19.00 +3.01 23.00+2.27 17.00 +1.48 13.00+1.14
RS/S S 0 10.00 + 1.35 12.00+2.83 30.00 + 1.66 42.00+3.02 31.00+1.22 17.00+2.15
R/RS RS-R 0 4.00+1.27 2.00£2.77 8.00+3.12 13.00+1.63 10.00 +2.04 7.00 £2.46
RS-S 0 7.00+2.14 6.00+1.95 12.00 +2.83 17.00+£2.33 13.00+£2.25 10.00 +3.26
R/R R 0 2.00+3.15 2.00+2.05 7.00+1.94 12.00+1.92 8.00+2.46 5.00+£2.77
R/S S 0 9.00+2.57 7.00 +2.06 14.00 +2.64 22.00+1.86 17.00 +2.67 12.00+2.27
S/RS RS-R 0 8.00+1.83 8.00 +1.45 38.00+2.36 55.00+1.72 43.00+3.17 20.00 +3.08
RS-S 0 13.00+2.03 15.00+2.35 44.00+1.75 62.00+1.61 48.00 +2.89 23.00+2.53
S/R R 0 12.00 &+ 3.05 10.00 +2.94 35.00+3.04 47.00 +2.06 34.00+3.09 19.00 +1.83
S/S S 0 2.00 + 1.67 15.00+1.93 50.00 +2.05 67.00+2.14 55.00 % 1.05 28.00 +2.06

e Re AN 0601127; S: AHUREN 0609117 . RS-R Fl RS-S 43 HIACE WA R A1 S F. .

Note: R: Chilling-resistant tomato ‘060112”; S: Chilling-sensitive tomato cultivar ‘060911” . RS-R and RS-S represent the R and S scion in

the double scion, respectively. The same below.

F2 HEARSIWASENFRESTEHNTEHHRNS ELR

Table 2 Multiple comparison of average number of chilling injury index of grafted tomato seedlings

with same roots or scion combinations

%

(RHRACEEREL (+ AR Low temperature stress days (+ Recovery days)

3SR MR (5

Factor Root or scion (Combination) 0 1 3 6 9 911 913

fidRoot RS (RS/RS-R, RS/RS-S, RS/R, RS/S) 0 7.75b 8.00b 2425b 32.75b 23.00b 15.00 b
R (R/RS-R, R/RS-S, RR, R/S) 0 5.50¢ 425¢ 10.25¢ 16.00 ¢ 12.00¢ 8.50¢
S (S/RS-R, S/RS-S, SR, S/S) 0 875a 12.00 a 41.75a 57.75a 45.00 a 22.50a

ff Scion RS-R (RS/RS-R, R/RS-R, S/RS-R) 0 6.33b 533¢ 22.67c¢ 32.00¢ 24.67 ¢ 13.67 ab
RS-S (RS/RS-S, R/RS-S, S/RS-S) 0 9.67 a 10.33b 27.33b 39.00b 28.00 b 1633 a
R (RS/R, R/R, S/R) 0 6.33b 533¢ 20.33d 27.33d 19.67d 1233b
S (RS/S, R/S, S/S) 0 7.00 b 11.33a 31.33a 43.67a 3433 a 19.00 a

P{i i Root 0 0 0 0 0 0 0

Pvalue  F# Scion 0 0 0 0 0 0 0
2 x Fd Root x Scion 0 0 0 0 0.002 0 0.018

Ee RPHUEE A RNE TR R AR PR 75 55 0.05 BEKF. N

Note: Values in the table followed by different lowercase letters are significant at 0.05 level, respectively. The same below.
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Fiow s 5y oK A TRIAR RAH [F) BB 2L &5 1 8 1 AR R3S D IO T 2 b, AT WL, (R WrE A,
ANTF) b BERR AR & G54 v AR 2R 0% ) 22 e AN 3, AWM R i DA S e R v T 4 9 R L 0 S 2 222
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F3 TERHBESENREARAFTINTR
Table 3 Changes of root activity of grafted tomato seedlings with different roots or scion combinations ug- g
/AL PE
Root/Scion &R

R E R EL (+ R RED Low temperature stress days (+ Recovery days)

combination  Root 0 1 3 6 9 9+1 9+3
RS/RS RS-R 239.15+£9.11 216.58 £8.61 162.16 £ 6.24 117.85+5.32 71.89+7.64 108.89 £2.14 140.83 £4.22
RS-S 240.18 £ 8.64 205.81 +£3.89 141.24 £9.64 100.02 +9.68 60.94+2.14 93.83 £ 1141 12595+£2.15
R/RS R 238.06 £4.58 220.47£5.77 188.94 +7.73 136.94 +£2.78 97.57+9.71 126.53 £9.12 157.64 £ 8.12
S/RS S 239.20 £6.63 200.98 £ 8.93 124.39 £3.11 80.18+4.73 43.54+£6.32 70.64+12.24  110.97 £8.06
RS/R RS-R 240.04 £9.46 21741 +£2.55 170.22 + 3.46 125.14+£9.94 83.12+4.59 113.74 £ 9.06 145.85+£5.08
RS-S 239.04+£7.21 207.38 £6.52 145.08 £8.11 108.76 £ 8.21 63.78 + 8.54 99.74+15.04 12747+1.14
R/R R 238.79 £2.64 222.78 £5.58 199.90£9.14 143.54 £ 1.59 110.08 +2.45 129.31 £8.14 16691 +£7.12
S/R S 239.81£9.85 201.87+9.15 127.64 £ 9.64 84.95+10.21 50.81 +6.50 77.03+13.62 114.18£3.09
RS/S RS-R 237.94£7.58 211.06 +7.32 151.04 £7.02 115.14+3.14 68.87+5.43 104.13 £8.08 133.31+£6.16
RS-S 239.11+7.94 205.54 +1.68 135.56 £7.61 92.08 +12.37 53.78+7.33 85.78+13.14  120.84+£9.28
R/S R 240.58 £5.48 218.79+£7.16 180.54 £5.03 129.64 £ 6.05 92.08 +9.36 11832+ 7.02 151.89+£1.29
S/S S 237.97£9.05 198.34 £8.21 120.02 £9.54 77.08 +15.05 40.58 £ 8.40 66.17+11.19  104.13+9.72

F4 HEARSWASENFRERAT N EHHRNS ELR

Table 4 Multiple comparison of average number of root activity of grafted tomato

seedlings with same roots or scion combinations ng- g

A7 e (dAA)D (RIRAIEREL (+ RS RED Low temperature stress days (+ Recovery days)
Factor Root or scion (Combination) 0 1 3 6 9 9+1 9+3
fi¥Root  RS-R (RS-R/RS, RS-R/R, RS-R/S) 239.04a 215.02a 161.14a 11938 a 74.63 a 108.92b 140.00 b

RS-S (RS-S/RS, RS-S/R, RS-S/S) 239.44a 206.24b 140.63 b 10041 b 59.50b 93.12¢ 124.75¢

R (RRS, RR, R/S) 239.14a 220.68 ¢ 189.79b 136.71 ¢ 9991 ¢ 12472 a 158.81a

S (S/RS, SR, S/S) 238.99a 200.40d 124.02¢ 80.74d 4498d 71.28d 109.76 d
fH Scion RS (RS-R/RS, RS-S/RS, R/RS, S/RS) 239.15a 210.96 ¢ 154.18d 108.75 ¢ 68.48 ¢ 99.97b 133.85b

R (RS-R/R, RS-S/R, R/R, S/R)  23942a 21236 f 160.71 ¢ 115.69 ¢ 76.95 f 104.96 a 138.60 a

S (RS-R/S, RS-S/S, R/S, S/S) 23890a 20843 g 146.79 f 103.49 f 63.83 g 93.60 ¢ 127.54 ¢
P1H H Root 0.967 0 0 0 0 0 0
Pvalue 7t Scion 0.783 0 0 0 0 0 0

A x 7 Root x Scion 0.995 0 0.001 0 0 0.024 0

23 KEMEMARRBEASHESTRZEATYRSENTMN

£ 5. K6 KW, MRIRMrEFTA R BT MG E TS IE S a1
BE R e, MR ) S e T L, (R OARER R RGN R (I 2R A T R
W EE ST RS & So WK 9 d i, R BEGEEM M al Bk &40 b RS-R. RS-S. S
R 3.22% 17.22%. 23.90%, 28 & &2l 3.71% 9.04%. 13.66%. {KHLIHE T Ffg s
HHRLL S WL S FHALFE () Fr e, R UK, RS-S+ RS-R JiEtf . difiEWric 9 d i, 435 LA S| RS-S.
RS-R. R HAEM 7 FUAR T2 1% 2655 0 LU JRE TS 0 T 236.10%. 222.29% 194.97%- 179.89%.
WHRMKE T, S ACBE T A o AR TS IE . TV PERE KRR R B R, BRI
UM EFTAE, AR BEXS I R TBIE R AT ERE A R S R R I R I A 2 (P < 0.01)
ORER (NS
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Table 5 Changes of physiological character of leaves in grafted tomato seedlings with different roots or scion combinations

WS %

R B B2 1%

AEPERE/ (mg - g FW)

&R/ (ug- g'FW)

Root/Scion Scion Electrolyte permeability Soluble sugar Proline
combination 0d 9d (9+3)d o0d 9d (9+3)d 0d 9d 9+3)d
RS/RS RS-R 14.49+1.25 42.04+1.41 2698+1.25 132+022 697+0.65 2.56+0.54 11594+5.18 333.81+423 173.22+3.68
RS-S 14.48+1.75 49.02+2.04 33.95+0.98 142+024 6.07+0.88 2.36+0.55 11582+3.77 313.07+532 162.80+4.55
RS/R R 1452 £2.50 41.15+1.12 26.11+1.98 1.31+0.31 7.11+0.78 2.67+0.64 116.17+4.12 340.75+£3.61 174.56+4.08
RS/S S 1452 +1.25 49.76 +£1.25 34.69+2.11 1.46+0.36 590+1.01 220+0.74 116.13£6.15 30598+3.72 161.70+5.15
R/RS RS-R 1439+ 1.12 3541+1.22 21.65+1.45 136+0.26 8.02+0.85 2.82+0.71 11515+433 387.69+3.73 191.39+4.88
RS-S 14.47+2.02 39.04+2.03 2498+0.87 1.27+025 7.63+1.02 2.94+0.68 11579+5.13 37555+3.84 179.11+5.13
R/R R 14.53+£2.05 30.12+1.67 18.98+1.59 1.35+0.11 8.43+093 3.01+0.84 11621+3.75 409.69+6.33 207.24+6.05
R/S S 1451 £1.55 39.87+0.95 25.88+1.27 1.30+0.20 7.53+£0.69 2.74+0.52 116.06+6.05 364.16£4.05 177.22+6.03
S/RS RS-R 14.44+1.65 51.04+1.87 48.27+1.07 1.39+033 4.59+0.92 2.14+£0.74 11551+3.82 282.50+6.02 159.60+4.82
RS-S 14.58+1.75 51.97+0.97 41.28+1.05 1.42+037 3.55+1.00 2.03+£0.55 116.60+5.66 266.30+3.58 147.40+4.64
S/R R 1437+0.55 50.22+1.76 39.58+2.08 1.34+0.32 4.69+0.74 220+0.69 11496+492 290.80+5.22 160.71+3.89
S/S S 1447+0.85 56.03+1.04 49.88+0.99 1.40+0.27 2.87+0.67 197+049 11572+4.62 24601505 12744+5.26
%o HERIBESENFESHFEEHETHRNSELE
Table 6 Multiple analysis of average number of physiological character of leaves in grafted tomato seedlings
with same roots or scion combinations
TR A WRRBEE TR (e FW) WA (g FW)
Factor Root or scion (Combination Electrolyte permeability Soluble sugar Proline
0d 9d (9+3)d o0d 9d (9+3)d 0d 9d (9+3) d
Ui RS (RS/RS-R, RS/RS-S, RS/R, RS/S)14.50a  4549b 3043 b 1.37a 6.52b 245b 116.02a 32340b 168.07b
Root R (R/RS-R, R/RS-S, R/R, R/S) 1448a 36.11c 2287c 1.32a 790a 2.88a 115.80a 38427a 188.74a
S (S/RS-R, S/RS-S, S/R, S/S) 1446a 5232a 44.75a 1.39a 393¢c 2.08c 11570a 271.40c 148.79c¢
il RS-R (RS/RS-R, R/RS-R, S/RS-R) 1444a 4283 c 3230b 1.35a 6.53a 251b 115.53a 334.67b 174.74b
Scion  RS-S (RS/RS-S, R/RS-S, S/RS-S) 14.51a  46.68b 33.40b 1.37a 575b 244c 116.07a 31831c 163.10c
R (RS/R, R/R, S/R) 1447a  4050d 2822c 1.33a 6.74a 2.63a 11578a 347.08a 180.84a
S (RS/S, R/S, S/S) 1450a 48.55a 36.82a 1.38a 544b 230d 11597a 30538d 15545d
P1{A i Root 0.880 0 0 0.482 0 0 0.928 0 0
Pvalue ## Scion 0.969 0 0.001 0.866 0 0 0.947 0 0
e x & Root x Scion 0.975 0 0 0.780 0.003 0 0.975 0 0
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Table 7 Changes of physiological character of roots in grafted tomato seedlings with different roots or scion combinations

HYREER —_ RSB % /% A% ERE/ (mg - g FW) %% (pg-g' FW)
Root/Scion - Electrolyte permeability Soluble sugar Proline
00
combination 0d 9d (9+3)d od 9d (9+3)>d o0d 9d 9+3)d

RS/RS RS-R 21.84+2.14 54.72+1.35 39.82+2.04 0.81+0.17 4.09+£0.76 2.67+0.63 59.84+6.24 232.03+4.11 121.81+4.91
RS-S 22.75+£1.99 61.23+2.02 43.59+1.83 0.82+0.11 3.46+0.71 230+0.32 59.75+7.13 227.46+6.53 105.43 +6.32

R/RS R 2291+3.02 49.04+1.28 31.56+1.88 0.81+£0.20 4.67+0.51 3.01£0.52 59.91+£5.96 272.53+3.86129.32+5.24
S/RS S 21.99+1.84 69.25+3.01 49.63+2.79 0.82+0.16 3.01+0.63 2.13+£0.69 58.99+6.57 191.63 +5.25102.53 +£5.66
RS/R RS-R 22.19+£3.08 52.24+2.09 37.54+3.03 0.78+0.19 4.21+042 2.80+044 59.19+4.86 240.79+6.33 123.66 +4.81

RS-S 22.54+2.55 60.14+223 42.63+2.15 0.80+0.23 3.56+0.55 243+036 60.54+5.11 228.33+5.46110.83 +£5.65
R/R R 21.48+3.07 41.35+£1.63 28.76+3.01 0.77+0.14 4.96+0.62 3.24+0.39 5848+4.71 291.83+6.57 136.91+5.83
S/R S 22.15+3.02 67.43£3.05 48.09+2.83 0.77+£0.15 3.12+0.76 2.16+0.47 59.15+5.81 198.45+4.97 103.54+£6.43
RS/S RS-R 21.65+2.25 5596+2.43 40.55+2.57 0.81+0.09 3.85+0.33 2.56+0.58 58.65+6.55 230.15+5.15119.85+6.45

RS-S 23.07+£2.89 62.57+245 44.77+2.26 0.79+0.12 3.27+£0.59 227+0.72 60.07+7.05 210.57+6.33 105.75+4.54
R/S R 21.74+3.03 50.18+1.81 32.87+3.09 0.80+0.21 4.51+0.64 292+0.63 58.74+6.17 261.88+4.63 127.24+5.53
S/S S 2236+2.53 78.03+£1.78 57.76+1.99 080+0.10 2.44+0.73 191+0.71 5936+5.57 153.26+526 85.41+6.41

%8 HARRIMASEMFERRAEEHFETHENS EILE
Table 8 Multiple analysis of average number of physiological character of roots in grafted tomato

seedlings with same roots or scion combinations

T e LIRS A% - AEERY (mg - g FW) HH@E‘?&/ (ng-g'FW)
Factor Root or scion (Combination) Electrolyte permeability Soluble sugar Proline
0d 9d (9+3>)d 0d 9d (9+3)d o0d 9d (9+3) d
Ui RS-R (RS-R/RS, RS-R/R, RS-R/S) 21.89a 5431c 3930c¢ 0.80a 4.05b 2.68b 59.23a 23432b 121.77b
Root  RS-S (RS-S/RS, RS-S/R, RS-S/S) 22.79a 6131b 43.66b 0.80a 343c 233c¢c 60.12a 222.12¢  107.34c¢
R (R/RS, R/R, R/S) 22.04a 46.86d 31.06d 0.79a 472a 3.06a 59.04a 27541a 131.16a
S (S/RS, S/R, S/S) 22.17a 71.57a 51.83a 0.79a 2.86d 207d 59.17a 181.11d 97.16d
il RS (RS-R/RS, RS-S/RS, R/RS, S/RS) 22.37a 58.56b 41.15b 0.8la 38lb 253b 59.62a 23091b 114.77b
Scion R (RS-R/R, RS-S/R, R/R, S/R) 22.09a 5529c¢ 39.26¢ 0.78a 396a 266a 59.34a 239.85a 118.74a
S (RS-R/S, RS-S/S, R/S, S/S) 2221a 61.69a 43.99a 0.80a 3.52c 24lc 59.21a 21397c¢ 109.56¢
P{H R Root 0.641 0 0 0999 0 0 0641 0 0
P value 4 Scion 0.979 0 0 0786 0 0 0979 0 0
il x 74 Root x Scion 0.992 0 0 1.000 0 0.005 0992 0 0.002

IR SR 1446 . SERe MA FE i E RN (HPHS %, 2011). Cao %5 (2011)
WU, KR BB 2 B T AR 4 v 0 ARG, L v 3 i 5 R 2l ol F ) P S T St 25 19 0 o
AT, ARTENE 3 d I, S UM BAR I I T vA B HR B 1 d R TR, i R AR R ) G
HIAE 1~ 3 d WA BT T B, 3K 0T RESZ AT 30 P ER I PBip X 0T I o4 M 0 I R G5Bz R 21 T — 8 A
FH, A BURT) S W52 B TR G . AH R (KA BRI (] (R e, A S D N, 5 A BRI
FEH A FARECY R G, (AL R 9 B R G 4 W VA AR RS AR T S A BRI s i

AEAWFFER I, W v AT A it G I, BB AR R AR R 15 R4 R e v, AT 8 e L i
At CuEe 55, 2003; EE S, 20100 ABFFTH, AV A P4 55 6 FR 2 ] 38 o 20 i 1 £ e
PE, WD RSN, TR VA PR SR B AR AT A (R R, R WA M SR AR B T3 s i 1 1
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O B T R A 2R T O, S IRAREL, TR EAE (1998) IR FTIESE, g F 4 rd JICAG
AR VAR S IS B N e, 75— R LT HISShh AR R IbrdtE. AMUantt, AutsihAs
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FREORT G 2 P i 4 M A7 A0 30 25 10 AR KON

0 i ST 4y R A4 T R SR S A, AR R B v RS R bt e, AT S 4
IO S ) 953405 R MBS il T B ) 24038 ( Thomashow, 1999), (EARIR MG N FE 444 ] 38 L 7 A 1835 I 5 ) R
SRV FEAH N (1 A AR I 428, DA R B AR sl o AR 423 1 i) 493 3 (AT 25, 20155 RS 25, 2016),
T 20 JF 2 B ] s MR S AR A S5 5000 00 R B DI T i (ZEFHFH 45, 20165 Bkifg
Mg 45, 20160, ANRIGACE A, H S EAali R H RS/R. R/RS. S/RS. RS/S H R it
SR ZR T R S =R o KT R/R, RN A PESS 1) S Bl iR R 2] T FEIK R $1d
PERIVERT: TR R BERHER R I E54% 1 RS/R. R/RS. S/RS. RS/S 1S i KM 5 1 vl v b A i
AR BN AT /S, R TERM R SR R & T S MbtdtE. Al T RS/RS H1# R
5 S ik B FIAR R 0 AT PR A 2R B A T S/RS, MR T R/RS, 3 WIAR R eI o i e
i 4 1 T PRI FH R T4

R RE B MEIEVR RN AE K, MR RILR S, B0 BB s (B 55, 2014),
WA SN (Li et al,, 2008), J“HPHAG TR IR0 IRz (BHEE 55, 20100, R
SEMERAERKKEAR . SHEE (200600 PR, FIFHPUHERTRIAT B3 0] 525 SR b
XTI R FEE . ARIE T, AL R/S ALAGH R IR RIS EE & T SIS LA
SHRZE, HSRAALT SHIRAIE N EERT SIS 4lG, R HmA TR R LY fE 5 2% 1
SRIGRE MR RIS S, $RE A, T R/S A S/R ALAIEEEN R R Bk S MR ARG ) B E KT
R/R W4, RWAMATESSIR . B0 SEGE R RIE I TR, AT 59 8 # A v . A
WEFTHIE &I, RS/RS BEA R IR XA SR, HXUR RIS HE )58 T R/RS #1 S/RS, {H RS/RS
AR N AR R35 AT S/RS, A K R/RS, X A[fig2 M1 T RS/RS 4147 S . BRI
JlE AR P A T ORI O 5, Wik 25 (Aloni etal., 2010) M4% 32 RNA 4> ¥ (Harada,
20105 ML 55, 2014) &%, M55 T G R Mtk HEAVERPUEEIE A frdE— 2.

References

AiZ, BieZL, Yuan H, LiuZ X, Li Q. 2010. Effects of scion and rootstock genotypes on the anti-oxidant defense systems of grafted cucumber
seedlings under NaCl stress. Soil Science and Plant Nutrition, 56 (2): 263 - 271.

Aloni B, Cohen R, Karni L, Aktas H, Edelstein M. 2010. Hormonal signaling in rootstock-scion interactions. Scientia Horticulturae, 127 (2):
119 - 126.

Bo Xiao-pei, Wang Meng-xin, Cui Lin, Wang Jin-he, Han Bao-yu. 2016. Evaluation on correlations of three kinds of osmoregulation substances in
tea fresh leaves with low temperature during winter and spring respectively and their difference among cultivars. Scientia Agricultura Sinica, 49
(19): 3807 - 3817. (in Chinese)

HieRE, TR, BOM, EER, SEEHL 2016, A5 3 KBIE MY S A FRARIRAR S E S LR A R 1 ZE S A, bR
49 (19): 3807 - 3817.

Cao HX, Sun C X, Shao H B, Lei X T. 2011. Effects of low temperature and drought on the physiological and growth changes in oil palm seedlings.



g, WES), XA, ko Hh
T MR T AR T v £ 5.
b &2, 2018, 45 (2): 279 - 288. 287

African Journal of Biotechnology, 10 (14): 2630 - 2637.

Etehadnia M, Waterer D, Jong HD, Tanino K K. 2008. Scion and rootstock effects on ABA-mediated plant growth regulation and salt tolerance of
acclimated and unacclimated potato genotypes. Journal of Plant Growth Regulation, 27 (2): 125 - 140.

Francisco F B, Sanchez-Bel P, Estan M T, Martinez-Rodriguez M M, Moyano E, Morales B, Campos J F, Garcia-Abellan J O, Egea M I,
Fernandez-Garcia N, Romojaro F, Bolarin M C. 2010. The effectiveness of grafting to improve tomato fruit quality. Scientia Horticulturae,
(125): 211 -217.

GaoQH, WuY, JiaS S, Huang S C, Lu X M. 2016. Effect of rootstock on the growth, photosynthetic capacity and osmotic adjustment of eggplant
seedlings under chilling stress and recovery. Pak J Bot, 48 (2): 461 - 467.

Gao QH, XuK, Wang X F, WuY.2008. Effect of grafting on cold tolerance in eggplant seedling. Acta Horticulturae, (771): 167 - 174.

Gao Qing-Hai, Wu Yan, Xu Kun, Gao Hui-yuan. 2006. Responses of grafted eggplant seedling roots to low temperature stress. Chinese Journal of
Applied Ecology, 17 (3): 390 - 394. (in Chinese)

T, S M, R M, moEERE. 2006, TG AT RO IR PR A g ma . R AR SR, 17 (3): 390 - 394

Harada T. 2010. Grafting and RNA transport via phloem tissue in horticultural plants. Scientia Horticulturae, 125 (4): 545 - 550.

Li He-sheng, Sun Qun, Zhao Shi-jie. 2000. Plant physiology biochemistry experiment principle and technology. Beijing: Higher Education Press:
164 - 194. (in Chinese)
oA, Ih B, B 2000, REAEBAAL S SR E U EOR . JbT: m S ACE AL 164 - 194,

LiJY, Tian HX, Li X G, Meng JJ, He Q W. 2008. Higher chilling tolerance of grafted cucumber seedling leaves upon exposure to chilling stress.
Agricultural Sciences in China, 7 (5): 570 - 576.

Li Yang-yang, Geng Qing-yun, Fei Cong, Fan Hua. 2016. Physiological responses of sugar beet ( Beta vulgaris) to drought stress during vegetative
development period under drip irrigation. Chinese Journal of Applied Ecology, 27 (1): 201 - 206. (in Chinese)

ZEBHBH, BTz, B M, BE AR 2016, HERISEN MR T A I AL B R, Y AR A4, 27 (1) 201 - 206.

Liu Hui-ying, Zhu Zhu-jun, Lii Guo-hua, Qian Qiong-qiu. 2003. Study on relationship between physiological changes and chilling tolerance in
grafted watermelon seedlings under low temperature stress. Scientia Agricultura Sinica, 36 (11): 1325 - 1329. (in Chinese)

KD, KA, BEYE, BB 2003, PRGN PG AR B S PEC R MBS, B ARRRE, 36 (11): 1325 - 1329,

LiulJJ, LiJQ, SuXH, XiaZL.2014. Grafting improves drought tolerance by regulating antioxidant enzyme activities and stress-responsive gene
expression in tobacco. Environmental and Experimental Botany, 107: 173 - 179.

Luo Ning, Wei Shi, LiJing, Gu Wang-rong, He Dan, Qu Tian-ming, Qiao Tian-chang, Yang Zheng-fang. 2014. Effects of low temperature stress
on root system characteristics and electric conductivity of maize seedlings. Chinese Journal of Ecology, 33 (10): 2694 - 2699. (in Chinese)
o W, A & BUIR, B R, SeRK, BT, 2014, (RIRPRE R TR BT RERAE KO S . RS
Ziki, 33 (10): 2694 - 2699.

L De-guo, Wang Ying, Qin Si-jun, Ma Huai-yu, Liu Guo-cheng, Du Guo-dong, Meng Qian. 2010. Effects of cool and cold conditions on nitrogen
uptake kinetics in Malus baccata Borkh. seedlings. Acta Horticulturae Sinica, 37 (9): 1493 - 1498. (in Chinese)

BHE, £ %, FmE, ST, EE, RER, & . 20100 AR LT IR BRI I S B . T 2
i, 37(9): 1493 - 1498.

Martinez-Rodriguez M M, Estan M T, Moyano E, Garcia-Abellan J O, Flores F B, Campos J F, Al-Azzawi M J, Flowers T J, Bolarn M C. 2008.
The effectiveness of grafting to improve salt tolerance in tomato when an ‘excluder” genotype is used as scion. Environmental and Experimental
Botany, 63: 392 -401.

Schwarz D, Rouphael Y, Colla G, Venema J K. 2010. Grafting as a tool to improve tolerance of vegetables to abiotic stresses: thermal stress, water
stress and organic pollutants. Scientia Horticulturae, 127: 162 - 171.

Serraj R, Sinclair T R. 1996. Processes contributing to N,-fixation insensitivity to drought in the soybean cultivar Jackson. Crop Science, 36:
961 - 968.

Sun Jing-shuang, Li Shao-feng, Dong Chen-xi, Sun Chang-zhong. 2014. Research progress and prospect of long distance transmission of RNA

molecules in grafted plants. Scientia Silvae Sinicae, 50 (11): 158 - 165. (in Chinese)



Han Min, Cao Bili, Liu Shusen, Xu Kun.
Effects of rootstock and scion interaction on chilling tolerance of grafted tomato seedlings.

288 Acta Horticulturae Sinica, 2018, 45 (2): 279 - 288.

IV, /b0, HRA, IMKIL. 2014, BIERAA T RNA 23 P RUEE BTt . MolkRla%, 50 (1D: 158 - 165.

Thomashow M F. 1999. Plant cold acclimation: freezing tolerance genes and regulatory mechanisms. Annual Review of Plant Biology, 50 (50):
571 - 599.

Tian Dan-qing, Ge Ya-ying, Pan Gang-min, Shen Xiao-lan, He Yong, Zhang Zhi, Liu Xiao-jing, Zhu Zhu-jun. 2011. Morphological and physiological
characteristics of different cultivars of Anthurium andraenum under chilling stress. Acta Horticulturae Sinica, 38 (6): 1173 - 1179. (in Chinese)
HPHS, BT, WRWIEG Shmeid, 7 53, 5k 3, RIBed, RO 2011, AREUMMART 3 AL RN B AL SRR ) 5 0.
&A%, 38(6): 1173 - 1179.

Tramontini S, Vitali M, Centioni L, Schubert A. 2013. Rootstock control of scion response to water stress in grapevine. Environmental &
Experimental Botany, 93 (3): 20 - 26.

Venem J H, Dijk B E, Bax J M, Hasselt PR V, Elzenga J T M. 2008. Grafting tomato (Solanum lycopersicum) onto the rootstock of a high-altitude
accession of Solanum habrochaites improves suboptimal-temperature tolerance. Environmental and Experimental Botany, 63: 359 - 367.

Wang Hong-tao, Ai Xi-zhen, Zheng Nan, Jiang Fei, Li Qing-ming. 2010. Effects of graft on lipid peroxidation and antioxidative enzyme activities

of Capsicum annum seedlings under low temperature and weak light intensity. Chinese Journal of Applied Ecology, 21 (5): 1289 - 1294. (in

Chinese)
EE, AL, A f, £ T AR 2010, BERHIGELSS 6 T B BRI AL R BUR AL BEE TR . RS2 21 (5):
1289 - 1294.

Wang Li-juan, Li Tian-lai, Qi Hong-yan, Zhao Ming-xing, Hao Wen-hui. 2006. Effects of long term sub low temperature on growth and development
and dry matter distribution in tomato. Journal of Shenyang Agricultural University, 37 (3): 300 - 303. (in Chinese)

EEE, FFRok, FLlE, BRI, SO 2006. KB EARIR X 8 AR KR & BG-GB . DB AR R 24R], 37 (3):
300 - 303.

XingW W, LiL, GaoP, LiH, ShaoQ S, ShuS, SunJ, Guo S R. 2014. Effects of grafting with pumpkin rootstock on carbohydrate metabolism
in cucumber seedlings under Ca (NO;) ; stress. Plant Physiology and Biochemistry, 16: 1-9.

Xu Lan, Gao Zhi-qiang, An Wei, Yuan Ya-qi, Li Yan-liang. 2015. Low temperature response and cold tolerance at spike differentiation stage of winter
wheat varieties sowed in spring. Chinese Journal of Applied Ecology, 26 (6): 1679 - 1686. (in Chinese)

W, RRE, % M, R, BEZR. 20150 L FRRN RO BT BO R M 8 R SR e AR AR, 26 (6):
1679 - 1686.

Yao Hai-mei, LiYong-sheng, Zhang Tong-zhen, Zhao Juan, Wang Chan, Wang Han-ning, Fang Yong-feng. 2016. Effects of combined drought
and salinity stress on germination and physiological characteristics of maize (Zea mays) . Chinese Journal of Applied Ecology, 27 (7):
2301 - 2307. (in Chinese)

WeibME, 2ok, SRR, B 4, £ OB, BT, kAR 2016, T3 A a T FORFP T AR A ERRR R . N AR AR
i, 27(7): 2301 -2307.

Yu Xian-chang, Xing Yu-xian, Ma Hong, Wei Min. 1998. Effect of different rootstocks and scions on chilling tolerance in grafted cucumber seedlings.
Scientia Agricultura Sinica, 31 (2): 41 - 47. (in Chinese)

R, RS, L4, B IR 1998, ARG SO S T ST TERRE . T ERMERNY:, 31(2): 41 -47.

Yu Xian-chang, Xing Yu-xian, Ma Hong, Wei Min, Feng Xin. 1997. Study on low temperature tolerance in grafted cucumber seedlings. Acta
Horticulturae Sinica, (4): 348 - 352. (in Chinese)

BEE, RS Lo, B, 0 21997 SN HPUARRET T [ 2R, (4): 348 - 352

Zhang Xiao-yan, Xu Kun. 2009. Effect of interaction between rootstock and scion on chilling tolerance of grafted eggplant seedlings under low
temperature and light conditions. Scientia Agricultura Sinica, 42 (10): 3734 - 3740. (in Chinese)

FKIEHE, R 32000, RIELS G AT R R E EX T PR . P E AR NERLE, 42 (10): 3734 - 3740.

Zhao Shi-jie, Shi Guo-an, Dong Xin-chun. 2002. Techniques of plant physiological experiment. Beijing: Chinese Agricultural Science and
Technology Press. (in Chinese)

BHEA, Lz, ERLE 2002, MY ERESLRIR S, bat: P ERMERFEROR IR



