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Effects of root exudates from buckwheat and sorghum on the root border cells

and root growth of Maize
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Abstract: Plant root exudates act as the chemical mediators between root systems and the surrounding environment. Root
exudates regulate the rhizosphere microenvironment and affect the growth of nearby plants by transmitting specific
information. Zea mays L. ( Maize ) and Fagopyrum esculentum Moench ( buckwheat ) are the typically unsuitable
combination in intercropping system of crops, however, the obstacle factors are still unclear. In this study, using maize as a
recipient plant, the effects of root exudates from buckwheat or Sorghum bicolor (1..) Moench ( sorghum) on the root border
cells (RBCs) and root growth of maize were investigated by the method of root suspension culture. Results indicated that the

viability of RBCs of maize treated with the small molecular substances in the root exudates of buckwheat for 4 and 8 hours
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decreased by 71.6% and 72.3% , respectively, compared with the control. The small molecular substances in buckwheat root
exudates generated oxidative stress on the roots of maize, and the activities of superoxide dismutase (SOD), peroxidase
(POD) and catalase (CAT) were 22.6%, 33.9% and 107.2% higher than those of the control, respectively. In addition,
the content of the superoxide anion (O, ) was 33.9% higher than that of the control, while the proline content in the root
was 49.8% higher. Furthermore, the small molecular substances in root exudates of buckwheat increased the permeability of
root cell membrane by 80.0% and the content of malondialdehyde (MDA) by 31.5% compared with those of the control.
The small molecular substances in bhuckwheat root exudates decreased root endogenous hormone (TAA) content, root
activity, and root growth. More specifically, the TAA content decreased by 44.2% , TTC reduction strength decreased by
14.4% , and root length decreased by 36.9%. Sorghum root exudates had no significant allelopathic stress effect on maize
root border cells and root growth. Therefore, the small molecular substances in the root exudates of buckwheat can induce
the apoptosis and death of maize root border cells, which can make them lose the protective effect of root border cells,
further induce the root to produce oxidative stress, reduce the content of IAA in the root, and inhibit the growth and

development of the root. We speculate that this is one of the reasons why maize and buckwheat cannot be intercropped.

Key Words: maize; sorghum; buckwheat; root exudates; root border cells

HRZR 53U (Root exudates ) 2 AR 5 [l AR BRARBE 43006 (14 I A AL 24 B 1) AR 8 A 540 AR
Wy, ankE NG5 A LIRSS G 1, AR R R S AN 28 A5 LA K s A AL S, AR B B AR
WA Hrb R BAR =) IR BAR S = o5 N BRI PEACIR Y Biedrzycki A
G ARSI FE M AR R 5 R AL Z R Ak 2 WA | mT AL 3 e 1A 8., NI I T AR B R B | o
LR A BRI AR L SN R, EK(Zea mays L.)/ K55 ( Glycine max L.) [AfEARZ T, £ K
R ZR 53 WA RE A AR 12 K AR A 8, AR o o) B R0 8 4, il B e 7 i . Kim A8 MY P90 6 0, PG 41 A
( Lycopersicon esculentum Mill.) /35 JI ( Cucumis sativus L.) [BIVER FR | 38 A 4 52 21 75 20 Fi AR 2R 4316 ) #4) )
fil, Bertin 25 A" HZ 38, BBk (Juglans regia 1.) MR Z 43 W6 (0 Z5 T . 0 B R 2 T 9 &8 FL AL 90 100 A K
Baziramakenga 5 A" HiGH  AHYIAR FR 50060 T S B RS ) I, 35k 2 TR AT ok 1 157 R RNl v A TR G
SERGIS I E M R A KR E . Weiner 28 N BRI R W, 4 422 ( Polygonum popovii Borodina ) HR 5
SRR IR R R I, A W R REE S L R A KR . BB RN g 4
R, T RAEY AR FR MR T 38 IR T i & 2% SR Rgh i A KR H . R REE N i se
SEREW T (Beta vulgaris L) R WPIEARK G A ZF 3 KL ZFN ], MR R AR AT, 280
PR AR

FEL W R 321 2% 41 Bt ( Root border cells, RBCs) F& MRS et 125 3k 1 58 SR AE MR AR J] Fl B9 — FeEARr R 4 0., 7E 41K
TEVAR B JE] Bl A AR 2 P Wt 6 R P AR L AR AR R Sz it R i Y AR R
B, +IIF ( Chenopodium ambrosioides L.) LB 175 S KGR NS4l =381, D4R NS &
PR, SEZ5 % 2% (Ageratina adenophora ( Spreng.) ) HEEU) X T K | 44 B K 2% 22 ( Chenopodium glaucum L.) FHE
( Echinochloa crusgalli L.) F1AELUE ( Amaranthus antiflexus L.) H3 Z2 F= A= AL B0 153 75 AR Z 40 i i 758
T2 MR A AR . /NS B SE R TR, 2515 2 B U 0o i TR 00 G A0 L LA 1) S P

Sani 25 A HRGE Bk SR ( Sorghum bicolor (L.) Moench) [RIfEAACH HARH (B A K Togem , Hiffg—
SERRSE AR R B R OK 55722 (Fagopyrum esculentum Moench ) [RIEAENIAR E WA K, SR ARAE Yy T B4
TR ZR LR AN RERE L AL A TR 5 FRE AR REIRIEE M BfG I T A IR AR R /M I TR MR 2
I B AR Z 7 A AP E 75 AR ZR A PR T T AR 2R Z5h ZR A B i DA VR T R0 KRR &R A2 4k
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Fig.1 Effects of sorghum and buckwheat root exudates on maize root length

Control ; Wi 7818 7K Treated with distilled water; A ; Bt = SEHL 40 AR K2 T4 JTU 5 W Treated with the macromolecular substances in the root

exudates of sorghum; B ; Wit =5 AR 43 WP HH /NG>T4 ST W Treated with the small molecular substances in the root exudates of sorghum; C M
iiFEEE R W Ky W LA R Treated with the macromolecular substances in the root exudates of buckwheat; D : Mili 5722 #3439 H /Ny
FYI TR Treated with the small molecular substances in the root exudates of buckwheat; /A [E)/NG FHEF /R %7 B3 (P<0.05)
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Fig.4 Effects of sorghum and buckwheat root exudates on the content of reactive oxygen species in maize roots
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Table 1 Effects of sorghum and buckwheat root exudates on the viability of maize root border cells

e 4 h 8 h
Treatment FET-5/ % T/ % FHE 3/ % BT 5/ % T/ % FEIE 3/ %
Mortality rate Apoptosis rate Survival rate Mortality rate Apoptosis rate Survival rate
Control 6.97+0.74c 50.66+6.43¢ 42.37+5.76a 7.80+0.66¢ 78.50+2.86¢ 13.70+2.33a
A 6.96+0.59¢ 50.69+2.74¢ 41.35+2.44a 7.88+0.27¢ 78.31+2.09¢ 13.81+1.94a
B 6.97+0.64c 50.71+1.36¢ 42.32+1.21a 7.92+0.35¢ 78.87+1.98¢ 13.21+1.81a
C 8.23+0.55b 67.88+1.54b 23.89+1.33b 10.04+1.01b 83.22+2.01b 6.74+1.89b
D 10.53+0.61a 77.45£1.55a 12.02+1.45¢ 11.08+1.20a 85.12+1.31a 3.80+0.44c

Control : Wil ZZ 187K Treated with distilled water; A . Wit &5 AL 73U h K3 F W B Treated with the macromolecular substances in the root
exudates of sorghum; B Wit 75 AR MM /NS T4 B W Treated with the small molecular substances in the root exudates of sorghum; C:BEiiFE
Z R K> F YA Treated with the macromolecular substances in the root exudates of buckwheat; D Bl 3732 #8434 H /Ny T8 T %
W/ Treated with the small molecular substances in the root exudates of buckwheat ; AN [R]/NG F-hEF IR 25 53 .3 ( P<0.05)
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Fig.8 Effects of sorghum and buckwheat root exudates on IAA content and IAAO activity in maize roots
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Fig.9 Fluorescence observation of the viability of maize root border cells at 4 h and 8 h treated with sorghum and buckwheat root exudates
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