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Effect of wild watermelon rootstock grafting on high temperature toler-

ance of watermelon seedlings

XING Nailin, YAN Leiyan, WANG Ying’er, HUANG Yunping, WANG Yuhong'
(Ningbo Academy of Agricultural Sciences/Ningbo Key Laboratory of Characteristic Horticultural Crops in Quality Adjustment and Re-
sistance Breeding, Ningbo 315040, Zhejiang, China)

Abstract: [Objective] In order to further explore the effect of rootstock grafting on the high tempera-
ture tolerance of watermelon seedlings, this study aims to compare and analyze the growth performance
of self-rooted watermelon seedlings and watermelon seedlings grafted on wild watermelon rootstock Ye
zhuang No. 1 under high temperature stress, reveal the mechanism of grafting technology in improving
the high temperature tolerance of watermelon seedlings, and provide scientific basis and technical sup-
port for stress-resistant cultivation of watermelon. [Methods] In this study, the self-rooted seedlings of
Zaojia watermelon variety was used as a control, and the watermelon rootstock variety Yezhuang No. 1
as the rootstock for grafting. The grafted seedlings and self-rooted seedlings were subjected to high tem-
perature treatment at 42 °C for 5 days. By measuring and recording the length and thickness of the hypo-
cotyl under scion, the relative chlorophyll content and leaf color parameters of cotyledons and true
leaves, the photosynthetic fluorescence parameters of true leaves, as well as the content of stress related
substances such as malondialdehyde (MDA) and antioxidant enzyme activity such as peroxidase
(POD), the effects of grafting on watermelon seedling growth under high temperature stress were com-
prehensively evaluated. [Results] Agronomic traits performance: Both high temperature and grafting
can significantly increase the thickness of the hypocotyl below the scions, but had little effect on the
length of the hypocotyl. Grafted seedlings showed higher relative chlorophyll content (SPAD) between

cotyledons and true leaves under high temperature treatment, and the leaf color was more vibrant green,
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indicating that grafting can alleviate chlorophyll degradation and leaf chlorosis caused by high tempera-
ture. In addition, the changes in brightness (L* value), red green value (a* value), and yellow blue value
(b* value) of the cotyledons and true leaves on grafted seedlings also showed a positive effect of graft-
ing on leaf color. Photosynthetic fluorescence parameters: Under high temperature stress, the actual
quantum efficiency (Y (1)), photosynthetic electron transfer rate (ETR), and photochemical quenching
coefficient (qP) of photosystem II (PS II) in grafted seedlings were significantly higher than those in
self-rooted seedlings, while the non photochemical quenching coefficient (NPQ) was lower. These re-
sults indicated that grafted seedlings can maintain higher light energy capture and conversion capacity
under high temperature conditions, maintain relatively stable electron transport chain activity, and re-
duce the degree of damage to the photosystem. At the same time, although the PS II maximum photo-
chemical efficiency (F./F.) and potential photochemical efficiency (F./F,) of grafted seedlings de-
creased, they were still higher or close to the level of self-rooted seedlings, further verifying the heat tol-
erance advantage of grafted seedlings. Physiological indicators related to adversity: In terms of physio-
logical indicators related to adversity, grafted seedlings showed higher chlorophyll a, chlorophyll b, and
total chlorophyll contents under high temperature stress, as well as lower MDA content and POD activi-
ty. These results indicated that grafting can enhance the antioxidant capacity of watermelon seedlings,
reduce the degree of membrane lipid peroxidation, and maintain the stability and integrity of cell mem-
branes. In addition, although there was no significant difference in soluble sugar content between graft-
ed seedlings and self-rooted seedlings under high temperature treatment, grafted seedlings were able to
maintain a relatively stable physiological state under high temperature stress. [Conclusion] Grafting en-
hanced high- temperature adaptability by coordinating morphology and pigment metabolism: Grafted
seedlings exhibited more significant morphological adaptive adjustments under high temperatures, such
as a significant increase in hypocotyl thickness, which may be related to auxin mediated cell wall re-
modeling. At the same time, grafted seedlings also exhibited advantages in pigment metabolism, such
as higher chlorophyll content and more stable leaf color, which helped maintain light capture capacity
and photosynthetic electron transfer efficiency. Stability of Photosynthetic Mechanisms and Heat Resis-
tant Core Mechanisms Revealed by Fluorescence Parameters: Grafted seedlings can maintain more effi-
cient light energy conversion efficiency and relatively stable electron transfer chain activity at high tem-
peratures, thanks to the stability of their photosynthetic mechanism. Specifically, higher qP values and
lower NPQ values indicated that grafted seedlings can more effectively utilize light energy for photo-
chemical reactions and reduce energy loss caused by non photochemical quenching. In addition, the PS II
damage of grafted seedlings was relatively mild, further demonstrating the heat resistance of their photo-
synthetic mechanisms. Membrane system protection and oxidative stress balance: Grafting significantly
alleviated the phenomenon of membrane lipid peroxidation induced by high temperature, mainly due to
the higher antioxidant capacity and stable chlorophyll content of grafted seedlings. Chlorophyll, as a
key pigment in photosynthesis, its stability is crucial for maintaining the integrity of membrane sys-
tems. At the same time, the lower POD activity of grafted seedlings also indicated that their basic anti-
oxidant capacity was sufficient to eliminate reactive oxygen species (ROS), thereby reducing oxidative
stress damage to the membrane system. Physiological integration effect of grafting heat resistance:
Compared to cross rootstock grafting, this rootstock grafting may have unique advantages, such as opti-
mized material transport, signal transmission fidelity, and integration of circadian rhythms. These advan-
tages helped graft seedlings maintain a more stable physiological state and higher growth vitality under

high temperature stress. This study indicates that rootstock grafting significantly improves the high-tem-
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perature tolerance of watermelon seedlings by enhancing hypocotyl stability, maintaining chloroplast

pigment homeostasis, optimizing photochemical efficiency and heat dissipation balance, inhibiting

membrane lipid peroxidation, and coordinating antioxidant enzyme activity through multiple mecha-

nisms. These findings provide important theoretical basis and technical support for the stress-resistant

cultivation of watermelons, and have broad application prospects and promotion value.
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Table 1 Performance of agronomic and physiological traits in grafted and self rooted watermelon seedlings
under high temperature

PEIR Trait YZ1/ZJ-T YZ1/ZJ-CK ZJ-T ZJ-CK
BN IR ¥ Hypocotyl length of scion/cm 2.76+0.08 b 2.74+0.03 b 3.71+0.04 a 3.67+0.07 a
BT IRSHLEE Hypocotyl thick of scion/mm 2.89+0.01 a 2.79+0.02 b 2.37+0.03 ¢ 2.27+0.02 d
T SPADfH Cotyledon SPAD value 71.05£0.27 a 68.73+0.79 b 59.95+0.22 ¢ 61.08+0.24 ¢
FIH SPAD {H Leaf SPAD value 52.46+0.48 b 51.01x0.34 ¢ 56.01+0.62 a 53.44+0.29 b
FI i L* Cotyledon color L* 44.66+0.39 b 45.90+0.07 b 47.68+0.15 a 47.34+0.46 a
FIFith a* Cotyledon color a* -6.55+0.15 ab =7.69+£0.07 ¢ -6.46+0.10 a =7.15+£0.07 be
FIEith b* Cotyledon color b* 18.46+0.31 a 16.91+0.52 b 18.14+0.27 a 19.03+0.16 a
B IHZi(h L* Leaf color L* 41.67£0.26 ¢ 45.06+0.71 a 42.62+0.44 be 42.97£025 b
HIHFith a* Leaf color a* -5.71+0.18 a ~7.98+0.15 ¢ -5.1840.22 a -6.69+0.06 b
HHFith b* Leaf color b* 13.25£0.38 b 15.11£0.22 a 11.85£0.30 ¢ 13.08+0.12 b

EAFATRREEREE (P<0.05), FH.

Note: Different letters represent significant differences (P<<0.05). The same below.
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Table 2 Performance of photosynthetic fluorescence parameters in grafted and self rooted watermelon seedlings

under high temperature

IR Trait YZ1/ZJ-T YZ1/ZJ-CK ZJ-T 7ZJ-CK
YD 0.34£0.00 b 0.512£0.02 a 0.24£0.012 ¢ 0.50£0.01 a
ETR 27.36+0.93 b 40.46£0.71 a 19.11£0.93 ¢ 40.21+0.72 a
qP 0.64+0.01 b 0.71+0.01 a 0.47£0.01 ¢ 0.72+0.01 a
NPQ 0.47+0.01d 0.73+£0.01 b 0.55+0.02 ¢ 0.84+0.02 a
Y(NO) 0.43+0.01 b 0.290.00 ¢ 0.50+0.01 a 0.27+0.01 ¢
Y (NPQ) 0.22+0.00 b 0.21+0.01 b 0.26+0.01 a 0.23+0.01 b
F./F, 0.64+0.01 b 0.81+0.01 a 0.66+0.02 b 0.82+0.01 a
F./F, 1.84+0.08 d 4.15£0.06 b 2.20+0.04 ¢ 4.49+0.09 a

FZE TR, YNO) [ PS I A /] 1% 51 475
FERE . EART mEALE Y (NO) f 51 (0.50) , i 3
TG (0.43),1X 5 FJ/F M F/F, 45 R —3.
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Table 3 Adversity related substances content in grafted and self rooted watermelon seedlings under high temperature
847 Index YZ1/ZJ-T YZ1/ZJ-CK ZJ-T 7J-CK
w(I 2% 2 a) Chlorophyll a content/(mg- g™) 0.97+0.02 ab 1.00+0.02 a 0.83£0.10 b 0.87+0.03 ab
w4t % b) Chlorophyll b content/(mg-g™") 0.49+0.02 a 0.41£0.00 b 0.33+£0.05 ¢ 0.40+0.01 b
w4 3) Total chlorophyll content/(mg-g™") 1.46+0.03 a 1.41£0.046 ab 1.16+0.15 ¢ 1.28+0.05 abc
w( A YA ERE) Soluble sugar content/(mg- g") 3.66+0.14 a 3.32+0.08 a 3.69+0.22 a 3.38+0.12a
b(MDA) MDA content/(nmol-g") 28.66+1.27 b 22.88+1.42 be 45.83+5.58 a 18.73+0.13 ¢
POD it POD activity/(AODy,- g - min™) 393.73+16.16 ¢ 445.32+4.02 b 546.77+8.45 a 449.12+7.44 b
CAT % CAT activity/(mmol- g"-min™) 1.00+0.22 ¢ 11.69+0.25 a 4344032 b 1.97+0.07 ¢
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Fig. 1 Photosynthetic protection strategies of grafted seedlings under high temperature
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