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Mechanism of magnesium oxide nanoparticles effectively stimulate the Mg
absorption and growth of tomato plants

CAI Lin, FENG Hui, JIA Huan-yu, YANG Hui-kuan, SUN Xian-chao®, DING Wei"
( College of Plant Protection, Southwest University, Chongqing 400715, China )

Abstract: [ Objectives ] To evaluate the effect of the antibacterial-concentration magnesium oxide nanoparticles
(MgONPs) application on growth and transportation efficiency of tomato, which would provide theoretical basis
for the application of MgONPs in the field of plant nutrition and disease control. [ Methods ] Taking tomato as
the model plant, the tomato seeds and seedlings were treated with different concentrations of MgONPs to measure
the seed germination, plant biomass, tissue cell morphology, chlorophyll content and relative water content, as
well as the MgONPs-uptake in tomato plant using ICP-OES and TEM. [ Results ] MgONPs had no inhibition on
the tomato seeds germination at the concentration of 50-250 pg/mL, and significantly increased the tomato
seedling growth, especially at the 250 pg/mL treatment; In the 250 ng/mL MgONPs group, the root length, dry
root weight and dry weight of aboveground part of tomato were 20.33 cm, 0.11 g, 0.20 g and 1.65 cm,
respectively, and the corresponding values in the control were 15.63 ¢cm, 0.03 g, 0.15 gand 1.16 cm,

respectively; The chlorophyll content and the relative water content of tomato were respectively increased by
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47.37% and 10.33%. Furthermore, MgONPs enhanced Mg absorption and increased the Mg content in leaves
by 35.16%; meantime, the aggregation of nanoparticles around chloroplasts in leaves was observed in TEM
images. In addition, SEM and paraffin section observation confirmed that MgONPs did not damage tomato
plant tissue and cell morphology, further clarify the non-toxic side effects of MgONPs on tomato plant cells.

[ Conclusions ] Although the dispersing of MgONPs in soil is not as good as in di-ionized water, it still shows
good promotion effect on the germination and seedling growth of tomato significantly, within the tested
concentration range of 50-250 pg/mL, without toxicity to plant cells and organ structures. After applied into
soil, MgONPs could be absorbed by root and up-transported into leaves through fibrovascular system
completely. The increased Mg thus increases chlorophyll content and relative water content of leaves, and

stimulate the growth and accumulation of dry biomass of tomato. Under the experimental condition, higher

MgONPs concentration performs better than the lower concentration.
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Fig. 1 Images of the MgONPs dispersing in deionized water and soil by transmission electron microscope
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Fig.2 Germination rate of tomato seeds treated with different concentrations of MgONPs
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The same small letters above the bars mean not significantly different among treatments (P > 0.05).]
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Fig. 3 Effects of root length, height and corresponding weight of the tomato plants with different
concentrations of MgONPs
[iE (Note) : ANFE/NE FHFR/RALHL A 2% 7 .3 Different small letters mean significant difference among treatments (P > 0.05).]
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Fig. 4 Effects of stem girth of the tomato plants by different concentrations of MgONPs
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Different small letters above the bars mean significant difference among treatments (P > 0.05).]
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Fig. 5 Chlorophyll and relative water content of tomato leaves after 30 days of MgONPs treatment
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Different small letters above the bars mean significant difference among treatments (P > 0.05).]
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Fig. 7 Images of tomato leaves after 30 days of MgONPs treatment by transmission electron microscope
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Fig. 8 Paraffin section images (cross-sections) of the tomato plants
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Fig. 9 Scanning images of electron microscopic of tomato plant at 30 days of 250 pg/mL MgONPs treatment
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PR GEE B ACRE R I, XN R BE S RN T 4
mg/g®?, [RIA, TEM WELEIM: F v gk ks (& 7),
FHIER 5> MgONPs il AR AR AR W, 28l 2533z
iy, fEFAH AR . MIBEC R AEYOCEE
MHBRITRZ —, REd 4R &, RIHts
YEHT, ey R E i, e dtm Y A4
Ko AWFFTE AR A T AL FEA R, MgONPs 1]
A H 1S5 TP A R R R I AT AR e Ak, 4
fil AR 2R 1T A FLBR , R 2R A1 W e 4 K A RS P
PR BT iR AR SOk — iz, REmAEERAR
BEorAT THRARIRS . GEKAEHR T HA BNk
R R TIEPE, AR T IR 1) 5 Y I 5
K SE53 MRS , BeAE R 5 =Rl RE AR E T R IR 1 B

AR R PR o ANLANIG, A LA 4K B R
REGHEZEAE R H AR 8 IR ARDT, CF XN, AT
WF5E ELZRAESE . MgONPs ZE R A Hhas IE HL fr, 3k
I Lt 1/ MgONPs 76 75 AR AR AR P9 TR i % 5
B EEJFN . H MgONPs i fE1E B i 77 2 A 4 14
ETA AT TR TN S SO I 3£ 1115~ SRR S 1
MgONPs FEAM Az 7= U A7 5 R R v g, (12
5 AH Py A i oA 1 ELAE AL A R — 2B R 2R
4 ZhiE

MgONPs 7E 1= 5 v 19 7 HORE B BOR N ANAE 25
Tk, B SR AR B X 30 A K A A
H L BHXRp & ZE Mg i AR R AR AR W, it
A TS, MgONPs fe#k i AR R e, 8 ik 4E
WRSG N L=t b, D g 3 et 2 = &
R FK R, AR T A A KR
R EREARE &M, SkE (250 pg/mL) 1Y
MgONPs fi& it F i A= 1K ORI TR .
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