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Effects of grafting patterns on photosynthetic characteristics and
antioxidant system of Cucumis melo seedlings

under low temperature stress

FU Yuhang. YANG Tian, WEN Ruiqi, WANG Xiang, ZHANG Xian, MA Jianxiang "
(College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract [ Objective] The study aims to explore the physiological mechanism of different grafting patterns
in alleviating the low temperature stress of melon (Cucumis melo 1..) seedlings, in order to provide a the-
oretical basis for selecting appropriate grafting patterns to improve the resistance of melon to low tempera-
ture. [ Methods] Taking the thick and thin skin melon varieties as scions, respectively, and the white seed

pumpkin as a rootstock, with the self-rooted melon seedling as control, the effects of double root, adhe-
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ring, and attaching grafting patterns on the photosynthetic pigment content, photosynthetic gas exchange
parameters, cell membrane permeability, and antioxidant enzyme activity of leaves of melon seedlings
were studied under three treatments, including before low temperature (15 ‘C/10 °C), low temperature,
and after low temperature treatment (rewarming treatment). [ Results] (1) The photosynthetic pigment
content and photosynthetic gas exchange parameters of leaves of the grafted seedlings of various melon va-
rieties were decreased under low temperature treatment; these physiological parameters were increased af-
ter rewarming treatment, among which the attaching grafted seedling had the lowest decrease and the
highest increase. (2) The relative conductivity, malondialdehyde content, hydrogen peroxide content, and
superoxide anion production rate in leaves of the grafted seedlings of all melon varieties were increased un-
der low temperature treatment, and were decreased under rewarming treatment, among which the attac-
hing grafted seedlings had the lowest increase and the highest decrease. (3) The activities of superoxide
dismutase, peroxidase, and catalase in leaves of the grafted seedlings of all melon varieties were increased
under low temperature, and were increased under rewarming treatment, and the attaching grafted seed-
lings had the most significant increase. [ Conclusion] The three grafting patterns enhance the activities of
antioxidant enzymes of thick-skinned and thin-skinned melon seedlings under low temperature stress and
rewarming, and effectively reduce the accumulation of reactive oxygen species, maintain the photosynthet-
ic capacity of seedlings, and improve low temperature tolerance of seedlings. The attaching grafting has
the best performance.

Key words Cucumis melo L.; low temperature stress; grafting patterns; photosynthesis; antioxidant

system
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Table 1 Effects of different grafting methods on photosynthetic pigment content in leaves of melon

seedlings under low temperature stress mg/g
AL ¥ Treatment 4% a Chl a 4% b Chl b BFgt % Total Chl K% NE Car
B-EH 5.360. 69c 2.43+0. 25b 7.8040. 55¢ 0.67+0.12b
B-EHg 6.86+0.56a 2.97+0.48a 9.83+0. 40a 1.05+0.09a
B-EHg 5.1540. 43¢ 2.30+0.07b 7.44+0. 25¢ 0.65+0.11b
B-EH . 6.1470. 54b 2.76=+0. 28ab 8.9040. 41b 0.76+0.07b
L-EHk 4.3140.71b 1.70+0. 45¢ 6.07=+0.58b 0.55+0.05b
L-EHg 6.05+0. 74a 2.527+0. 28a 8.5840.51a 0.95+0.12a
L-EHg 4.6840.73b 2.0940.59b 6.87=+0.66b 0.63£0.07b
L-EH. 5.907£0.52a 2.597£0. 34a 8.4940. 43a 0.74=+0.74b
A-EH ¢k 4.43740. 56¢ 1.81%£0. 29¢ 6.48+£0.42¢ 0.5740.07b
A-EHg 6.74%1.01a 2.74+0.47a 9.48+0. 74a 0.93%40. 04a
A-EHg 5.30£0.71b 2.214£0. 46b 7.51£0.58b 0.65+0.03b
A-EH 6.86=+0. 66a 2.81%0. 44a 9.67+0.55a 0.74=+0.04b
B-SP« 6.5140.56b 1.97+0. 37b 8.4940.47b 0.69+0.11b
B-SPq 7.057+0. 40a 2.97+0.69a 10.03+0. 55a 0.8740. 06a
B-SPy 6.03=£0. 64c 2.727£0.50a 8.7640.57h 0.65%+0. 18b
B-SP 6.10£0. 88¢ 2.75%0.10a 8.8640.49b 0.93+0.02a
L-SP« 4.03740. 66¢ 1.4940. 26b 5.52+0. 44b 0.53740.02b
L-SPq 4.79+£0.55b 2.63+0. 44a 7.42+0.50a 0.81+0.11a
L-SPy 4. 6940.49b 2.41%0.41a 7.11%£0. 45a 0.6040.07b
L-SP; 5.4841.00a 2.63+0. 26a 7.87+0.63a 0.9240.07a
A-SPg 4.5340. 48c 1.52-£0. 48c 6.0540. 36¢ 0.56+0.05b
A-SPyq 5.53+0.55b 2.73+0.41b 8.2640. 48b 0.85+0.13a
A-SPy 5.5440. 30b 2.66+0.37b 8.2040. 34b 0.64=40.11b
A-SP 6.4840. 94a 3.06+0. 63a 9.31%£0.78a 0.9340. 08a
B-SH« 4.96=0. 75b 2.12+0. 28¢ 7.08+0. 56¢ 0.81+0.05a
B-SHg 6.1540.67a 2.81%0.17a 8.9740.42a 0.91+0.08a
B-SH 5.34+0. 26b 2.4240.07b 7.76+0.16b 0.64=+0.12b
B-SH; 5.8140.13a 2.56+0.48b 8.3740. 18ab 0.83%£0.11a
L-SH 4.3840.38b 1.7240. 15b 6. 1040. 26¢ 0. 600, 06b
L-SHg 5.7240. 88a 2.527+0. 33a 8.2640. 22a 0.80+0. 10a
L-SHy 5.01=£0. 34ab 2.327£0.21a 7.33%£0.27b 0.53%+0.37b
L-SH; 5.73740.23a 2.547+0.21a 8.3440. 60a 0.75%+0.09a
A-SH 4.3840. 43¢ 1.734+0. 14b 6.11+0. 28b 0.6240.11b
A-SHg 5.9240. 68a 2.60+0. 3% 8.30740. 43a 0.8840.09a
A-SHy 5.1940. 44b 2.41+£0. 25a 7.41+0. 35ab 0.6540.10b
A-SH 5.93740. 70a 2.65+0.17a 8.4240.53a 0.8240.01a

TE B AR 0 AT % AL B (25 °C /20 C) s L ARIRLALBE (15 °C /10 *C) 5 A ARIELPA 5 PR & % ik Ak 21 (25 °C /20 °C) s EH.SP.SH 43 5l %R
AR 1S KRS AL LA 2R CK e SUKLT 43 2R AR A0 R B SURR IR 2 A B RN 4 T 5 SR P BB O B AR 2R
7] B BE 6 81 AN 7] 1) /N5 3 9 R Ab BRI AE 0. 05 K25 57 B 3 (P<<0.05), T,

Note: B, normal temperature treatment (25 ‘C /20 “C) before low temperature stress; L, low temperature treatment (15 °C /10 C); A,
normal temperature treatment (25 °C /20 °C) was restored after low temperature stress. EH, SP, and SH represent cultivar ‘Early Honey 17,
‘Snow Pear’, and ‘Sesame Honey’,respectively. CK, S, K, and T represent self-rooted seedling control and double root grafting, close graft-
ing. and bonding methods, respectively. The values in the table are “mean &+ standard deviation”. The different lowercase letters in same col-

umn and duration indicates significant differences among treatments at 0. 05 level (P<C0. 05). The same as below.
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Table 2 Effects of grafting methods on the photosynthetic parameters in leaves of
melon seedlings under low temperature stress
b Heolt G N R | CO, e AL
Treatment P, /[pmol/(m” + )] T./[mol/(m”® + s)] C;/(pmol/mol) G./[mol/(m* « &)

B-EH« 3.28+0.47d 0.07=+0.02b 273.29419. 89¢ 0.0340.01a
B-EHg 5.65%+0. 74a 0.1340. 05a 337.71412. 48a 0.07=£0.01a
B-EHy 4,08+0.42¢ 0.08+0.02b 300. 46+25. 76b 0.04+0.02a
B-EH 4.,9140.37b 0.0940.03b 333.5346.50a 0.052£0.01a
L-EHk 2.21+£0. 46¢ 0.0440.02a 203.12412. 42b 0.022£0.01a
L-EHg 4. 8940. 36a 0.104+0.01a 284.52+9.87a 0.05+0.02a
L-EHg 3.6640.37b 0.06=40.01a 261.00412.51a 0.032£0.01a
L-EH. 4.65+0.42a 0.08+0.02a 312.1248. 20a 0.03=+0.01a
A-EH g 2.554+0.99c¢ 0.06=+0.01b 216.05418. 86b 0.02+0.01b
A-EHg 5.51%+1. 28a 0.14+0.01a 301. 75448, 48a 0.08+0.01a
A-EHg 4,63%+0.77b 0.112£0.02a 284.39448. 44a 0.08=+0.01a
A-EH 5.80+1.07a 0.15%40.01a 341.57426.87a 0.09£0.01a
B-SP« 5.33+1.46b 0.0740.02b 267.26+32. 66a 0.07-0.02b
B-SPq 9.86+1.18a 0.15%40.02a 299. 344 20. 26a 0.13%£0.11a
B-SP¢ 6.12+1.37b 0.1140.02a 272.15+21. 86a 0.08-+0.03b
B-SP 6.97+1.36b 0.13%40. 06a 286. 07425, 46a 0.08-+0.03b
L-SP 4.2940. 81b 0.0440.01b 209.72418.02b 0.03£0.01c
L-SPq 9.00%0. 69a 0.13%40.01a 253.16+18.57a 0.10£0. 06a
L-SPy 5.56+1.35b 0.102£0.01a 236.00422.71a 0.06-0.04b
L-SP; 6.73+£1.19b 0.112£0.02a 256.28420. 62a 0.07£0.02b
A-SPog 4.34+1.02¢ 0.04-0.01h 230. 78+ 22. 43¢ 0.0340.01b
A-SPy 9.50+1.17a 0.15%40.03a 284.94436.69b 0.10£0.01a
A-SPy 6.31+1. 44b 0.1340.02a 276.134+15.32b 0.09-+0.01a
A-SP 7.77-+1.00ab 0.1540.01a 307.51438. 22a 0.114£0.01a
B-SHx 3.60+0.18a 0.057+0.01c 292.134+16.76b 0.05%+0.02a
B-SHg 4.60+0. 66a 0.1440.02a 346.73418. 22a 0.07=+0.01a
B-SHy 4.27+1.47a 0.09-40.02b 311.38420. 21b 0.052£0.01a
B-SH; 3.97+1.64a 0.104+0.03b 322.044+11.41b 0.05%+0.01a
L-SHk 2.55+0. 36b 0.012£0.01c 483.93+16.62a 0.022+0.01a
L-SHg 4.014+0. 89a 0.1240.01a 316.104+21.91b 0.04-+0.01a
L-SH 3.90+0. 89a 0.08=+0.02b 293.43+42.83b 0.04+0.01a
L-SH; 3.72+1.30a 0.0940.03b 311.34432.43b 0.06+0.01a
A-SH 2.60%0.50c 0.044+0.02b 252.85+27.23b 0.02-+0.02c
A-SHg 4.67+0.93b 0.16=+0.02a 334.87437.09a 0.06=+0.04b
A-SHy 4.91+1.08b 0.137+0.02a 330. 36415, 56a 0.074+0.04b
A-SH 6.3940. 87a 0.16=+0.01a 355.73+33.51a 0.10-£0. 08a
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Fig.1 Effects of grafting patterns on the REC, O, generation rate, MDA, and H, O, levels in leaves

of melon seedlings under low temperature stress
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