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Abstract: [Objective] Peach (Prunus persica) is an economically important fruit crop worldwide. With
the increasing demand and the reduced cultivated land acreage of peach, replant problem (also known
as replant disease) has become increasingly prominent, and has been causing severe economic losses.
Autotoxicity is a special kind of allelopathy, and is considered to be a major factor resulting in the prev-
alence of peach replant problem. Cyanide (CN") is a major autotoxin that causes peach replant problem,
but the information on physiological and metabolic responses of peach plants under CN treatment is
quite limited. Thus, the specific responsive mechanisms of peach plants to CN" are worthy of in-depth
exploration. The study aimed to investigate the effects of CN™ treatment on the morphological, physio-
logical, and metabolic parameters in roots of peach seedlings, so as to provide new insights into the re-
sponse mechanisms of peach plants to CN' treatment. [Methods] The natural root environment of dead
and living trees was investigated in the peach orchard of Huazhong Agricultural University. The effects
of exogenous CN treatment on root growth and seed germination were assessed on peach germinated-
seeds (treated with 0, 0.25, 0.5, and 1.0 mmol-L"' CN") and lettuce seeds (treated with 0 and 0.5 mmol-L"
CN). The peach root tips treated with 0 and 0.5 mmol - L' CN" were subjected to anatomical assess-

ments using paraffin sectioning and staining (including transverse and longitudinal sections). The con-

Ystks HHA:2021-10-25 $EZ HHA:2022-02-21
BEEMAB : [HXRESHERTRIC2018YFD1000300) ; [ 58 H AR R} 5 42 (31701864) 5 I Z IR Ml 3 AR fk 7 # % & T (CARS-30)
TEZ BN i, Lo, it L e A, 5 2 SR AR AL B 7T . Tel:027-87284181, E-mail: wqshen11@163.com

*#{5E# Author for correspondence. E-mail : junwei.liu@mail.hzau.edu.cn ; E-mail : liguohuai@mail.hzau.edu.cn



55

TRgaE, &8 AR Bk Al M AR A B R A PR R i 753

tents of H,O,and MDA, as well as the activities of CAT, POD, and SOD from 0 and 0.5 mmol-L"' CN'
stressed peach roots were detected. The expression levels of CAT, POD, and SOD-encoding genes were
tested using qRT-PCR. To further understand the CN-induced metabolic changes, peach roots treated
with 0 and 0.5 mmol - L' CN for 5 d were subjected to gas chromatography-mass spectrometry (GC-
MS) analysis. [Results]The CN" was mainly distributed in 0-40 cm soil layer, and the content was sig-
nificantly higher in the soil with dead trees than with living trees. The CN" content in soil was predomi-
nantly detected adjacent to peach roots, and gradually decreased with the distance from peach roots.
The CN' contents showed an upward trend year by year in the bulk soils with the dead and living trees,
where the dead trees contained more CN than the living trees. The CN™ contents varied in different size
of peach roots, the fine roots (& << 5 mm) contained more CN" than the middle size (5 mm < ® < 10
mm) and the large size roots (® > 10 mm). We evaluated the effect of different CN concentrations (0,
0.25, 0.5, and 1.0 mmol - L") on the growth performance of peach germinated-seeds. The result showed
that 0.25 mmol - L' CN treatment boosted root growth, while 0.5 and 1.0 mmol - L'' inhibited root
growth with decreased root length and lateral root numbers. The allelopathy sensitivity index indicated
that the effects of CN™ treatment on peach growth in a concentration-dependent manner, showing low
concentration promoted growth but high concentration inhibited it. Additionally, with 0.5 mmol- L' CN’
treatment, the transverse and longitudinal sections of the root tip showed a severely wrinkled root epi-
dermis, ruptured root cortex cells, and larger intercellular spaces. 0.5 mmol - L' CN treatment also sig-
nificantly inhibited lettuce seed germination and biomass. The contents of H,O, and MDA in peach
roots significantly increased, and the activities of SOD, POD, and CAT, as well as their respective en-
coding genes expression, significantly increased with 0.5 mmol-L"' CN treatment. The GC-MS analysis
showed that 0.5 mmol - L''CN treatment dramatically increased contents of numerous amino acids, in-
cluding proline, glycine, serine, asparagine, alanine, glutamate, GABA etc. Moreover, CN' treatment sig-
nificantly affected carbohydrate levels in peach roots. [Conclusion] The CN" contents were associated
with the distribution and size of plant roots, and the decomposition of plant residuals. Exogenous CN°
supply markedly retarded peach root growth. CN feeding also gave rise to oxidative stress, reflecting
by the increased ROS and MDA levels, and antioxidant enzyme activities. CN" supplementation also in-
duced metabolic reprogramming, displaying a disorder of amino acid and carbohydrates metabolism.

Key words: Prunus persica; Replant problem; Autotoxicity; Cyanide; Metabolites; Antioxidant en-

zymes
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Table 1 Primers for qRT-PCR

FER 4 FK Gene name

L3519 (57-37) Forward primer (57-3")

TUE5I%(57-37) Reverse primer (5”-3")

PpTEF2 AGCAAGTCACCCAACAAGCATA
PpCAT2 TAAGGTTGGAGGAGCTAATCAC
PpPODI TACGCATTGCAGCTCAGACA
PpSOD2 CTGGACCACAATCAATCATTGG
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CCAACTTGGTCATGGCTTGC
TGAAACTGCATGTCTTGTCTTG
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iy BFE . AUH S-S A A (GC-MS) (Thermo
Scientific, 3¢ [E ) 3% fi§ DB-5MS & 41 & 4 (30 m x
0.25 mm x 0.25 pum; Agilent, 3 [E ) , ¥ £ 1R JE -
230°C , AL MR IR 1250 'C . ZT (> 99.999%) 1F
NER, E 1.2 mLomin'. B EREF 100 C,
1 min, PA3 C -min' A& %2 184 °C,0.5 'C ‘min' FHEE
190 ‘CLRFF 1 min. HEFETT: GC H BN HEFE SRR,
HEFEE 1 uL, TV RN m/z 45~600 amu.
1.4 HIBLEBES%ET 9

. FH GraphPad Prism 8 3347 £ 45 &5 1 F4E &,
Hdl CLP YA AR AR R R . A A58 20 #7 2 AR

A AR 2, * A R KR p < 0.05 Ml p <
0.01 B FZ MK ZREARRIEAT B2 J7 20
(One-way ANOVA) , 31K H] Tukey VA #EAT 72 57t 2. 35
PERLEG , AR RER IR p < 0.05 3 HEKF

2 ZR5

2.1 B ETIEFIRATPHCNEE

WE 1R, CN FE E 5 A #£ 0~40 cm L=,
HAER T ON& B2 0E M L 1 2.20 %, &
Berh ON FE ZAEE TR R, PR B R RilliT, CN
SRR . JER AR 0~5 cm {9 H3EF ONS R 2
TEA2.27 . BEAE N HER, DIEEPCON SRR
BT EA . T 2011 4F, 2013 52 W FEAR A B
0~20 cm L EMRE L CNEFES NN T
18.68%H1 10.78% . FEM AR (d < 5 mm)H CN'F%
EEEETHRG mm < ¢ < 10 mm) A
(p > 10 mm),
2.2 AEIRE CNACIEXTHER REKAE M

W 2 o AR FE CN(0.25 mmol - L) 42 i3 Bk
WARAEK, A CN AL B BT 5, IR R A K2 3
. S5XFREAHEL, 0.5 mmol - L' CNALFE T, 4R
K FE AN AR £ & 4 ) B D T 67.54%
48.57%;: 1.0 mmol - L CN A HE T, B AR & 52 3 /™ &
WK MRARIRFE . R A b V) 7 i3t — 20 WL %% ON- &b
G R RGBS M AR AL . ARARZH LRI A



756 2 R S 4 $39%
DL Dead tree OVEM] Living tree OZE# Dead tree O75# Living tree
4r a a 8 1 a
~ ~ —
Tw 3 F C.l) 6
e b 2
<27 b < 4t . b
, Z
5 1 F 8 d d
E = 27 e
c ¢ |—-—|
0 . L ' 0 1 1 J
0~20 20~40 40~60 0~5 5~10 10~15
+ZURE Soil depths/cm FERH AR AN [ 2

. . Different distances from the coarse roots/cm
OZ%EH Dead tree  OJEH Living tree

5 . . . e,
Tbl) 4 F a —.?0
;g 3 | Eﬂ 1000 b
O © 500 F
< X c
= 1 F 2
0 1 1 J O 1 1 | | J
2011 2012 2013 b<5 5<$<10 $>10
4y Year IR & E.4% Root diameter/mm

ANRNGFRIFRIR p < 0.05 KFFERRE. T,
Different small letters indicate a significant statistical difference at p << 0.05. The same below.
E1 #eTEMRAGH CNEE

Fig. 1 CN contents in soil and roots of peach trees

0 0.25 0.5 1.0
¢(CN)/(mmol-L™") ¢(CN)/(mmol-L™")
_ 25
12 a 3 10 BRI Rootlength
B3 § 20 a i o 4R % Lateral root numbers
E 9 r =
2 b e g 05 T
e 15 b o
W Ep & < o
= 56 | ® = # || | o050 1.00
= 9 R c = 0.0 L ! ,
- c E 2o | = 0.25
S 3 2 :
RN E d  Eoos
5 5 F :E_CJ .
S (1. =
0 L] L /|3 0 I PR I I A , 10 L
0 0.25 050 1.00 0 0.25 0.50 1.00
¢(CN")/(mmol-L™") c¢(CN")/(mmol-L™) ¢(CN")/(mmol-L™")

B2 5MNE CN LIEXHER R E K BISAT

Fig. 2 Effects of exogenous CN treatment on peach root growth
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Fig. 5 Effects of exogenous CN treatment on the antioxidant enzymes activity and their encoding genes expression
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Fig. 6 Effects of exogenous CN treatment on metabolites of peach roots
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