NSRS A2 2009, 15(3): 289~294 2009-06-25
Chin J Appl Environ Biol=1SSN 1006-687X DOI: 10.3724/SP.J.1145.2009.00289

RS SKB L BN ERE NIGRBA 5 F ARSI

TlBt? MRt k2 LHEL? KA AMEmAN? AMOUELT
(R ERA AR AR 2 S b2 A ) 2 T R o S 2, P AR MRS A Bl 22 B 81 350002)

B E MUK REPI3L2777 ARk K Lemont A it 4R, LG (Echinochloa crusgalli L) A3z A, R K 5514 7 ik
WFFEAHE (P, 0.5 mg LYO)WE T 8 /LR R 22 K A8 AL I A I 89 40 AR BRI, 25 5 30, B 45 1F T, fhigok Fa
PI31277 74 B4 by 35, Xof A B A F 47 it 1 A L A B A AL b S O S A B R VR — 2 T R B, (R 2 1,
AWK A PI3127 77 NI 20 21 rpy 2 P A 2 i BTG P R A & B 7, LA v T A4k K A Lemont. X /K ARAR 2243
WIS T AT HPLC/M M 45 5 26 B, (Ml 25 1, MR BOK R PIS127774R 28 4310 40 vk s %) By R 2 400 o it 22 1
W RS R 928915, i AR Ak B K ARG Lemont b 1) IR 1 F B B A TR LATAE. WA 7K e i AR 50 AR v S I e 1 24
A% e Gl il R TR 114 25 S 3R R 40T 45 SR R I, b JROK RS PI3127 77 R 4R 354 4R 1 A DG B L TR 2 LR 225k, i ARk R
JK R Lemontr BT 2R TR 20 i ffe 2 B PR, AR 3 . AT, (IRES 25 T, AL B OK AR PIB127 774k B4 R RE T 145 5
ST TR A QU A O B ity i PR B iR e 58, (RSh R AR T, T S SO R K W R B B A 6. TR15 63 219
KHER /K FG(Oryza sativa L.); fLEAVERT; TR ; (RBHEMraE 5 JEIR 3Rk
CLC Q945.78 : S511.01
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Abstract In order to explore the changing mechanism of rice allelopathic potential under lower phosphorus supplies,
allelopathic rice P1312777 and non-allelopathic rice Lemont were employed as donor plants, and the morphological and
physiobiochemical characteristics of receiver plant branyard grass (Echinochloa crusgalli) mediated by the two donor
plants were investigated under lower phosphorus supplies [0.5 mg (P) L%, denoted as P-) and normal phosphorus [6 mg (P)
L1, denoted as P+]. Simultaneously, the content of phenolics and activity of phenylalanine ammonia-lyase in the two rice
accessions were detected. Furthermore, differential expression of 4 genes encoding the key enzymes involved in phenolic
metabolic pathway was also detected in rice by Real Time Fluorescent Quantitative PCR (FQ-PCR) to evaluate the expression
changes in the two rice accessions under lower phosphorus supplies. The results showed that under lower phosphorus supplies,
the two rice accessions inhibited the growth of barnyard grass to different extents. The inhibitory effect (IR, %) of allelopathic
rice P1312777 on barnyard grass was greatly higher than that of non allelopathic rice Lemont, showing 56.51% (IR, the same
below) vs 8.59% in the suppression of root length of barnyard grass, 38.49% vs 5.59% in plant height, and 40.21% vs 4.24% in
dry weight. Under lower phosphorus condition, the contents of MDA, soluble carbohydrate and soluble protein, the activities
of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), and root activity of barnyard grass were decreased at a
higher rate by allelopathic rice PI312777 than those by non-allelopathic rice Lemont. Furthermore, the content of phenolics and
activity of phenylalanine ammonia-lyase in allelopathic rice PI312777 were also significantly enhanced compared with those
in non-allelopathic rice. The result from the analysis of phenolic acids in the two rice root exudates by using HPLC showed
that the total amount of ten phenolic acids concerned in allelopathic rice P1312777 under lower phosphorus supplies was 2.89
times as high as that under normal phosphorus condition. However, it was only 1.17 times in non allelopathic rice Lemont
under the same condition. Simultaneously, the expressions of the genes encoded phenylalanine ammonia-lyase, cinnamate-
4-hydroxylase, hydroxylase, and O-methyltransferases, which are the key enzymes involved in phenolic acid metabolic
pathway, were all up-regulated in the roots and leaves of allelopathic rice PI312777 under lower phosphorus supplies. But
all these enzymes were down-regulated in non-allelopathic rice Lemont except phenylalanine ammonia-lyase in the leaves
under the same condition. The results suggested that enhancement of rice allelopathic potential in the suppression of the target
weeds under lower phosphorus supplies might be attributed to the up-regulation of the key enzymes involved in phenolic acid
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metabolism, which led to the activation of phenolic metabolism, and increased phenolic allelochemicals and consequently inhibited the

growth of barnyard grass. Fig 5, Tab 3, Ref 19

Keywords rice (Oryza sativa L.); allelopathy; allelochemical; phosphorus deficiency; gene expression
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Table 1 The primers and their suquences used for FQ-PCR analysis of the relative gene expression involved in phenolic metabolic

pathway in the two rice accessions of PI1312777 and Lemont

P TRy ESA S
Key enzyme Accession number Source Primer sequence (5°-3”)
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TR 2 T G i ia- i
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AT 4 FA ; e
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Fig. 1 Inhibitory effect of different allelopathic potential rice cultivars on root length, plant height and dry weight (From left to right) of barnyard grass
under lower phosphorus supplies
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Fig. 2 Comparison of inhibitory effects of different allelopathic potential rice cultivars on physiobiochemical characteristics indices of barnyard grass
under normal (Left) and lower phosphorus supplies (Right)
A FEAEACEE: B: W C: iU RS: D: A ¥ E. VETERE: F: WIATESEN: G: IAWE D
A: SOD; B: POD; C: CAT; D: MDA E: Soluble carbohydrate; F: Soluble protein; G: Root activity
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Fig. 3 Changes of phenolic content and PAL activity in allelopathic and non-allelopathic rice roots (Left) and leaves (Right) under lower phosphorus supplies
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A: Catechins; B: Protocatechuic acid; C: m-dihydroxybenzene; D: Caffeic acid; E: 4-hydroxybenzoic acid; F: Syringic acid; G: Vanillic acid; H: Salicylic acid;

I: Ferulic acid; J: Cinnamic acid
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Table 2 Relative content ratio of phenolic compounds in the root exudation of allelopathic and non-allelopathic rice accessions
under different phosphorus supplies (Ratio of peak/area)

T PI312777 Lemont PI312777 : Lemont (area)

Phenolic acid compound P- : P+ (Area) P- : P+ (Area) P+ P-
JLZ&% Catechins 111 1.00 1.29 1.43
JRLASIR Protocatechuic acid 1.13 1.16 1.53 1.49
[B2X % m-dihydroxybenzene 2.63 1.38 1.09 2.08
WHERZ  Caffeic acid 2.64 1.20 1.70 3.73
WIFHIEHE 4-hydroxybenzoic acid 2.70 1.16 1.49 345
T#I% Syringic acid 4.58 1.21 1.24 4.69
FFHR Vanillic acid ND ND ND ND
KMl Salicylic acid 2.93 1.24 231 5.49
[ ZEPR Ferulic acid 2.01 0.99 2.41 4.85
WEERZ Cinnamic acid 2.27 1.11 1.22 2.50
A Total 2.89 1.17 1.57 3.89

ND: AKZE]  Not detected
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Fig. 5 The basic metabolic pathway of phenolic acid!'!
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Table 3 Differential gene expression of the key enzymes

involved in phenolic acid metabolism in roots and leaves of
allelopathic and non-allelopathic rice accessions under lower

phosphorus supplies
Kt it Root i Leaf
Key enzyme PI312777 Lemont PI312777 Lemont

FNEIRIR AN
Phenylalanine 1, 5.74 ** 1, 1.87 1, 6.79 ** 1, 2.13
ammonia-lyase
EERR-4-F2 AL B
Cinnamate-4- 1, 3.27 ** 1, 1.39 1, 3.86 ** 1, 1.02
hydroxylase
FRAGTE ok -
Hydronylase 1, 279 1,130 1,367 1, 0.84

_ LT
O-ILACAS Ml 1, 2.09% | 239 1,359 % | 1.02

O-methyltransferases

te Bals bR

t: Up-regulated; |: Down-regulated
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