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Abstract The purpose of this study was to analyze the release pattern of phenolic acids and their biological
toxicity to rice in the process of seedling raising with straw substrate block, and to explore the feasibility of
manganese oxide for reducing phenolic acids and improving seedling raising effect. Experiments on
seedling raising were conducted using straw substrate block and rice “Nanjing 46” as research objects.
The main types and contents of phenolic acids released in the process of seedling raising with straw
substrate block were determined by using liquid chromatography-mass spectrometry to measure the
dynamic changes of phenolic acid compounds. The biological toxicity of main phenolic acids was
determined by germination test. Furthermore, manganese dioxide was selected as an additive to detect its
removal effect on phenolic acids and the improvement effect on seedling raising with straw substrate block.
The results showed that: 1) During the 15 d seedling raising period, the concentration of total phenolic
acids produced by straw substrate block increased first and then decreased, and the highest concentration
was 328 mg/L on the 10th day. The content of p-coumaric acid was the highest in the emergence stage (0
to 3 d), followed by ferulic acid, which accounted for about 95% of the main phenolic acids; 2) When the
concentration of p-coumaric acid reached 200 mg/L and ferulic acid reached 350 mg/L, the germination
index of rice seeds decreased significantly; 3) The degradation rates of p-coumaric acid and ferulic acid by
manganese dioxide were negatively correlated with the phenolic acid concentration. The degradation rates
were 49.9% and 69.9% at 100 mg/L, 25.8% and 32.2% at 300 mg/L, respectively; 4) The addition of
manganese dioxide in straw substrate block could effectively improve the effect of rice seedling raising, and
the plant height, stem diameter, dry weight of aboveground and underground parts were significantly
increased. When the additional amount was 0.025%, the effect of seedling raising was the same as
commercial substrate. In conclusion, the main phenolic acids released in the early stage of straw substrate
seedling were p-coumaric acid and ferulic acid. Manganese dioxide had a good degradation effect on
them. Adding manganese dioxide to the straw substrate block could significantly improve the rice seedling-
raising effect.

Keywords straw substrate block; seedling raising; phenolic acid; autotoxicity; manganese dioxide
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Table 1 Basic physicochemical properties of rice straw, straw substrate block and control substrate

B LR/ MR/ S/ S/ A A / HAA /
PR R (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) - EC /
Test material ~ Total organic Total Total Total Ammonium Nitrate P (mS/cm)
carbon nitrogen phosphorus  potassium nitrogen nitrogen
= 11
7J(.$a7fuﬂ' 452. 54 9.03 1.20 10.13 26.92 2.46 6.72 1.43
Rice straw
il T 3 ot e
Straw substrate 421. 20 10.12 1.51 11.20 242.03 158. 36 6.52 1.21
block
PO
T IR R 243.42 14.58 1.75 8.52 281.46 140. 57 7.05 1.52

Control substrate

“‘:'\,

1 FBHFERRTRA(a) REBRBR(b)

Fig. 1 Straw substrate block (a) and seedling raising effect (h)
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Fig. 2 Changes of phenolic acid concentration in straw

substrate block with seedling raising time.
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Fig. 3 Concentrations (a) and proportions (b) of phenolic acids produced by straw substrate block
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Fig.4 Effects of different concentrations of p-coumaric acid (a) and ferulic acid (b) on rice germination
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Fig.5 Effects of low level phenolic acids produced by straw substrate block on rice germination
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Fig.6 Degradation effect of manganese dioxide on different concentrations of p-coumaric acid (a) and ferulic acid (b)
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Table 2 Effects of straw substrate block with different amounts of manganese dioxide addition and control

substrate on seedling emergence

¥8 4% Index CK T, T, T,
H R /% Emergence rate 84.3 a 80.2 a 81.7 a 82.3 a
T #/ (B /cm®) Seedling number 2.5a 2.2b 2.3 ab 2.4 ab

TE:CK, X MEERT; T, KU — SRR BT T, BN 0. 005% — % AL 5
NI o RIATAS ) R b B 22 57 4 35 (P<<0. 05)

i SRR T, W0, 025 % — S 1k il 3 o B

Note: CK, control substrate; T, straw substrate block without manganese dioxide addition; T,, straw substrate block with
0.005% manganese dioxide addition; T,, straw substrate block with 0. 025% manganese dioxide addition. The same

below. Different letters in the same row represent significant differences among treatments (P<Z0. 05).
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Table 3 Effects of straw substrate block with different amounts of manganese dioxide addition and control substrate

on rice seedling quality

fb B P /em 25 ML /mm A /em R %L WM THE/g MWTFHTHE/g
Treatment  Plant height  Stem diameter  Root length  Root number  Shoot dry weight  Root dry weight
CK 13.85 ab 2.18 a 7.55a 11.5a 0.027 0 a 0.0155a
T, 12.58 b 1.97 a 5.97b 11.7 a 0.0218b 0.0136 a
T, 13.03 ab 2.04 a 6.56 b 12.5a 0.0219b 0.0154 a
T, 14.05 a 2.17 a 7.63 a 13.4 a 0.026 7 ab 0.016 7 a

T« R BAS [R] 5 B e 7 4k B ) 2 53¢ 2. 35 (P<<0. 05)

Note: Different letters in the same column represent significant differences among treatments (P<Z0. 05).
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Xof A R R BB R AR A ) ARG 1 Ak R
22 B 9% 06 T8 AR AR W 3% AR B B v X AR AR A B 1Y
F 8 1E F O 0 R e KR s
PR REM A B R D . AR R N
FR He B AE 0~200 mg/L, Bl B B2 W F AE 0~350
mg /L 3 [ XS 7K A8 & 2F R B AR A S 2
e B 3 531 3k 2 200 F1 350 mg/ L BRI 25 317 1] 7K A R
A, HARR I R 8 8 35 K. B Xt
T TR T A58 R A o K R VR AR A K AR RN K T
060 b 7 15 K AR . 2R R B A
355 X5F A 5L TR R BT B TR AE N 1Y 22 Fof 1y R X ) A IR AR
2 o S 1 I 7 - A R R < - U E 1 79 - S D)
B G AHE TR A5 R R W SR A0 AR 2R K
T A5 VT B 1R A 5 0 1 b JER R T AT AR 2 R AR B
H R SRS, 6 TR R A AR IR Tk 4y ) T
0~100 mg/L i 0~200 mg/L fig fi& ¥ /K i Ik 42 4=
K, B R R BUAE & 25 18 B0 Lo IR T s o, &
MK EFH R B HG . BB
A ) o VR AR A BRI e A 8 B AR
FH A 31, (R 2 A [R] i 28 1 2 X AS [ 4 4 114 3%
IO [ 25 S B RV SR e B B e, 7R K
e B GBI (O~3 dD X 7 R vk % i iy 1 3k 311
mg/L, 20 KRG & 28 77 A B B B R VA B A
fH8 132 mg/L XK EFRATLTE . UEEE
TR AKERR 3-K IR NMERR T AR T &R F
TR A B RN R R R H R E PN 19 O A T R A R
J B A B v A R S 2 X K R 2R OB AR
BEH
3.3 ZEHNENFETEMBRNEBIRUARITERT

ERREMRENREH

AR R — R T H R AL 1 4 R R

A4, O A B 3 TR 1Y 5 A 4R E il kA AR Ak
W R RN ABE S A R R I, A A R A AL
ot i ot o 1 T R T 2 R, LR [) 2% 1 T ) 8 A )
fEACRE T HEER . AR, AL i
1% 1) % A A 3 28 R A AR I 2 B 0, L 2 S 4T
DL A 4 L SE A ) B 5 e R AR BT BRIRR oy T
M 2 ISR & A WAL | T4 T3 I A
PR - e i S AR TC U AL, R U, BT 2 7R o )
TAEALE AL X S5 S AR A R — B W
0.25% A A4 BE 98 K 300 mg/L Xt 7 & R I it &
223 mg/L, B3R 25. 8%, b 35 LR M Xt KRG & 2E Y
I 5 100 mg/ L B] B2 B i 3¢ R 69. 9 0 , e B2 ]
R %5 30 mg/L, BB BIME K Fi & 2E UVE . B RSS
S R B R FF L B AR in SR RE A R0 T
KRS BB, R A ML L R A R R
BRI, ST 0. 025 %% I B R fE B AT k3
Pl 2 T KO

4 & it

W RS AR T e B AR b EE R S
B W) R TBONT 7K R 9 A= 0 8 A AS AIF 9T LA RS A R BT B
AR HEAT B RO IR F RS R R 2R A
Y ORI AR L B 3 W R o K RS A 2 A5 TR s
TE B T AEUAR R VR D WS 0 R B 9 L T T O TR
HAEBEE WM., RELSBWNT .

1) AT 2k 0T B A8 3 B 5k A v BRI ) T TR Wk
R 5L P8 Th R, N T R RS I S i S
el FEA 2 M ENER , HAEH AT 3 KA
7 EL B 24 95 %

2% 7 R A B 2RI X K R A 2E ) R B IR
P " G, 35 ik B 43 3 E 0~100 mg/L i 0~
200 mg/ L REAR i /K R R AR 2B 4, T 2 2 R B 43 )
K #) 200 F1 350 mg/ L D)2 00 i) A e R AR A= 4K

3) A A BB 0 AT R I A ) A TR R BT AR R
A& BRSO AR T & BRSO SRy ik g 2
iViiP S

A0 T FF 3 o B b s i AR AR A RE A AR K
FE B B &, YA 0. 025% B & B s & B Al
K B T i KO
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