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1.1 IR

WA KA A oy BAE 8 5, WML\ —4&
BARZAKBEo Ot L-AZR (L-glutamic
acid, 99%) . L-w&M (L-leucine, 99%) Al L-
KITA R (L-aspartic acid, 99%) W4+ FifEsE
ARAER R ARAA, L-FEEK (L-
arginine, =98%) M-It E KRR AR A A .
I O BT\ — R B R E 5RO =
SR G — ML, EHAEWNRE . R
FEAY M BN B R A 131.95 mg/kg . A X 60.65
mg/kg. ERCH 211.20 mg/kg. pH 7.34. A PR
2.47%.
1.2 Rt

I T 2022 4 10 R K F G E 77 AR
AL\ —RBRFPR IR EANRLT, BT
TR 23~28 °C/18~23 °C, IR 18 000 Ix.
R ES— R 7.5 /& OKFE R SN 18 cmx
12.5cmx5cm) , Ji&+ 400 mL, &+ 130 mL (i
+ 5B EARBRALN3D, KEEEAELRES
PUG K HE B BB g 2 A — B0, a2 ) L
H, AR LRIEK. e HATEE, T 3d
JEEFBRHERE . X B AR NH 4 4, A
AL FRANE G B 4 DNANFEREREEE, DA Ak
X, BEANACEIER 3R, WK 1R, THE

F1 AREHAER
Table 1 Experimental design scheme

4151 SO W
Group Treatment Concentration (g/L)
&R Leucine L1 1
L2 2
L3 4
L4 8
RITXE R Aspartic acid Tl 0.25
T2 0.50
T3 1.00
T4 5.00
B % B Glutamic acid Gl 0.9
G2 1.8
G3 3.6
G4 7.2
FEE R Arginine J1 0.85
2 1.70
13 3.40
J4 10.20
X & Control CK 0.00

21 d BUFE, HEATHEOCTR AR E, W& B BUREX )R
10 cmx10 em, EHUE AR P KFEBE 50 %
ME T b5 -
1.3 MEMBSH®
13,1 REMR THEEXE NN E, £5 3
R, BRIRBEALIERCE A ARFVERIE 10 £, XFHR& .
ZEHL TR AT AR AT I, AR SR D R E T
105 °C 7 30 min, 80 °C #tTZEHE, e -
AR YR E, SR SRR A X
TR L Al RS R A KRS (G1E) U9
HR 7 b= T4 o /4 T
P TE 78 SE B =Hh b T 5 /0K
AKRH=EETYRE/EHEE HE) .
132 MHRAEMEREE 5T HFEX E A Bkt
KA TR — B0 20 PRBETFH 22 KIE B T%, 3%
AR R T, @il 6 X8R4 (Epson
CORP, HA) #AT7HH, ¥4 Bl 4@t WinRHIZO
R B+ (Regent Instruments, Inc, Quebec,
MERD #4700, RERRSKAE., ik
TR AR AR S A R . 2 R 1 D S VO iR
(751, RAEMN = 2RIEPZE M (TTC) V2 & #
HIRARE .
133 A& e&EF4% SRAFFEVIITEN
EM G ERS R, BUH KR F B R
21, FH 95% BRI EEDGHREL 12 h, AR5 RIR
TRAE 649 1 665 nm K FEL . 23 /45 Chla=
13.95A665—6.88 Aga9, Chlb=24.96A649—7.32A665 1T
2R B
134 &Kl F4ebE EPUKRERE A R
B JG ORAE T -40 °CUKFE, Z Mok & RUSIH A
(10 5 30 5 I R R R SRR
13.5 MRy HEEFHAR_BEE RPUKRER
B A B R S DR AT T 40 °CUKFaH, 8 RE i
kR, ZRES LI TES— T
HENYEALEE (SOD) | & YIEF (POD) .
AR (CAT) WEHEFAN % (MDA) & &
Ty
13.6 Z#AT R IEBUKFEBE A HBE
AR, PRATT 40 °CUKAR 1, S IBZEE A 71
5 W AR (Pro) FIA MRS ®. SR
Bradford ) 7 vE N & T B B E
1.4 HIENIE
KH SPSS 19.0 #1T ANOVA B ZE K%, H
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LSD vk Ab B 2 18] P<<0.05 /K F R, 3
F Excel 2021 #17 KR AL 5 5 M EL 8T

2 HER50H

2.1 AREINESEBERN/KIERERZEMHIREE
2,11 KAGHEBGH ERREKRK HER2TLE

H, RIS [F) A 5 2 i R o B MR s 2 B
HHEH, YJRBLH BE 5 AL BRI B 35 0 258 TH e
FRERR A 457 L3 T3, G3 1 J2 kbHEi
PRk B KM, 5 CK AL FE A EE 2 B 8 hn
55.14%-. 57.25%- 74.71%F1 64.78%. ANFSMNER
L T K 7K R e i 25 R 1 R o SR SR B R AN A
A, AINIE A SR FORG S I i L 2R w8 ) A
FARAERCR, 43 AAE G1 A 02 KEFR R A B EOR,

b CK 34110 42.05%F1 36.84% . AN [F] 415 52 3 R %
FRE AR A RS RN, HEREE. SNER
SRR R I Bt A Ab 3R FE (%) 8 n T AR B A, 7
L1 Ab BRI ik R0CR B L FF ik B e R, 5 CK AH
EEHE N 122.35% o HoAth 715 20 82 35 SR 30 o B o5 Ak
T A B 1) 14 B2 e BG hn JE BRAR A 25, 43 0 #E T3
G2 1 J3 Ab BBk B 5 KAA, 5 CK #HEC 3
190.58%-. 222.35%F1 278.82% . {ERLTEH b b3 T
VI ETTI, A [F] A5 2 2 R A B R R
R AR SR B A Ak B R ) 1 b bR
YN, 1 G4 AhHRHA R R KME, 5 CK M
FE3E 0 79.96% . HoAth S 2 L R 35 2 Bk B 4 Ab
TR FEE () 38 T b 5 1 & 2 SR N N S BRI
s, RIE L3, T3 A1 J2 AbFRA Aok, B

*2 TRIFERLEKERERZHREIFE

Table 2  Effects of different amino acid treatments on agronomic traits of rice seedlings

bEL i R

- e ) o N L - g -
Group Treatment height width area Asovi/i?oE?dU;de;ggn::d length surface area  volume :nlill/r:::s) function shoot
(cm) (mm) (cm?) ry(mg)g ry(mg)g (cm) (cm?) (em?) s (mg/d) ratio

FHER CK  13.80+0.95b 1.33+0.06a 0.85+0.07b  6.09+0.14b 7.36+1.09b 80.98+3.69cd 7.07+0.31b 0.05+0.002b 0.44+0.03cd 0.75+0.07c¢ 1.21£0.15a

Leucine L1 15.69+0.67b 1.39+0.08a 1.89+0.39a  7.35+0.48b 8.35+0.15b 88.07+2.41c  7.87+0.65b 0.05+0.008b 0.47+0.01c 0.82+0.04c 1.32+0.07a

L2 16.22+£1.57b 1.39+0.17a 1.53+£0.19a  9.32+1.39a 9.37+0.80b 142.26+9.59a 12.15+1.40a 0.08+0.015a 0.57+0.03a 0.98+0.12b 1.02+0.05ab

L3 21.41+0.96a 1.47+0.16a 1.70+£0.25a 10.65+0.47a 11.88+0.72a 125.78+10.01b 11.07+1.33a2 0.08+0.012a 0.50+0.01b 1.01+0.05b 1.12+0.02a

L4 21.114£3.30a 1.48+0.17a 1.65+£0.20a  9.92+1.04a 7.51+0.45b 70.97+6.11d  6.99+0.37b 0.05+0.005b 0.47+0.02bc 1.21£0.09a 0.76+0.09b

Kljé‘“ CK  13.80+0.95¢ 1.33+0.06a 0.85+0.07c ~ 6.09+0.14c 7.36+1.09ab 80.98+3.69b 7.07+0.31bc 0.05+0.002bc 0.44+0.03b 0.75+0.06b 1.21+0.15a

Aifiic T1 18.77+2.34b 1.38+0.09a 1.75+0.10b  6.80+0.28c 5.88+0.34b 76.87+4.33b  6.55+0.20c 0.04+0.001c 0.36+0.03¢c 0.71+0.04b 0.86+0.02b

acid T2 15.37+1.36¢c 1.37+0.16a 2.07+0.31ab  6.87+0.29c 8.51+0.98a 86.47+7.48b  7.44+0.70b 0.05+0.003b 0.38+0.02c 0.80+0.07b 1.24+0.13a

T3  21.70£0.54a 1.50+0.11a 2.47+0.43a  9.83+0.64a 9.37+0.92a 107.23+8.89a  9.54+0.42a 0.07+0.004a 0.45+0.02b 1.01+0.08a 0.95+0.04ab

T4  14.65+1.64c 1.39+0.16a 1.67+0.30b  8.25+1.16b 6.96+0.66ab 60.03+5.95¢  5.71+0.70d 0.04+0.006¢ 0.54+0.05a 0.85+0.10b 0.84+0.04b

B CK  13.80+0.95d 1.33+£0.06b 0.85+0.07c  6.09+0.14c 7.36+£1.09b 80.98+3.69b 7.07+0.31b 0.05+0.002a 0.44+0.03b 0.75+0.07¢ 1.21+0.15a

Glz:;nic Gl 19.03+0.92¢ 1.90+0.17a 1.73+0.15b  8.87+0.44b 9.78+1.07a 97.94+7.40a  7.73+0.20b 0.05+0.001a 0.47+0.01b 0.86+0.05bc 1.10+0.03a

G2 21.42+0.83b 1.66+0.04a 2.74+0.32a  9.114£0.53a 6.57+0.46b 53.93£2.99c  5.01+0.50c 0.04+0.006b 0.46+0.01b 0.91+0.07b 0.72+0.03b

G3  24.11+0.92a 1.87+0.10a 2.65+0.56a  9.38+0.78a 6.45+0.66b 58.42+2.81c  5.50+0.61c 0.04+0.008ab 0.39+0.02¢ 0.87+0.06bc 0.69+0.03b

G4 19.24+1.46¢ 1.79+0.18a 2.45+0.27a 10.96+0.79a 6.24+0.39b 46.15+3.39d  5.89+2.25a 0.04+0.005ab 0.56+0.03a 1.15+0.10a 0.57+0.05¢

TR CK  13.80+0.95b 1.33+0.06cd 0.85+0.07c  6.09+0.14c 7.36+£1.09a 80.98+3.69a  7.07+0.31a 0.05+0.002a 0.44+0.03c 0.75+0.07c¢ 1.21+0.15a

Arginine I 15.084+0.58b 1.614+0.03b 2.11+0.34b  7.54+0.44b 6.32+£0.41ab 61.04+3.27b  5.69+0.45b 0.04+0.002a 0.50+0.04b 0.77+0.04bc 0.84+0.01b

J2 22.74+0.16a 1.82+0.04a 2.79+£0.29a 11.97+0.69a 5.89+0.49bc 49.43+4.92c  4.81+0.28c 0.04+0.003a 0.53+0.03b 0.99+0.07a 0.49+0.02¢c

J3 20.3242.73a 1.39+0.13c 3.22+0.13a  10.84+1.00a 4.89+0.53c 44.92+4.24c  4.41£0.61c 0.03+0.006a 0.53+0.03b 0.87+0.08b 0.45+0.04c

J4 10.78+1.15¢ 1.18+0.12d 1.04+0.32¢c  6.72+0.80bc 2.95+0.23d 21.01+£2.60d  2.72+0.34d 0.01+0.001a 0.62+0.03a 0.54+0.05d 0.44+0.05¢

ANFENE FRFRIRA R LB ] 2 A B R KT (P<0.05) , TR,

Different lowercase letters indicate the significant difference between different treatments (P < 0.05), the same below.

CK 411 74.87%-+ 61.41%F1 86.55%.

2.1.2 KAGHFRTIRRIHEK HE2TH,
ININAMIE RS IR K FER T AR R B K, iRl
KA SRR A R T i =3 B
HIAER, Bl G Ak 3R (358 i 400 s 85 SR B B S
H AR 28 F R0 HAR R A KR I 9 e g 1E A,

HARRE R B2, 437E L3, T3 Al G1 Ab3 R A
MM R R UL BB . L3 A BE HAE R K
SRR SARAARAA M R 3T i = 5 R
AHEL A 3480 55.32% 56.57%~ 60%F1 61.41%.
T3 AHER HARRBKE. SRR, BRI
AHE R 584 5 2 -5 008 B AH BG40l 3G 00 32.41%
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34.93%. 40.00%F1 27.31%. G1 AbFEI} HAE & &
KB N2 S CK A EL ek B R 5%
Ay BTN 20.94%F0 32.88%.

213 KREHRBGAEE. AKRIHFRE @
R 2 AR, AN [ AN SR 5 CK A B R
EREE T R A A KR B, 7E L2, T4, G4
A J4 AR SRS R IA BB K, 3l N 29.54%
22.72% 27.27%K1 40.90%, FF1E L4, T3. G4 fl
12 BRI AR KR BOR BB K, 4 AN 61.33%
34.66%-. 53.33%AH1 32.00%. FMEA %R LI A BE
5 4k B A FEE TR 14 0 00 o) AR T b 2 S ek
FAE G2 b BRIk B 2 2 50 o SMIERE RN FLAR
0.7
0.6
05} i
04+
03}
0.2} c
0.1}
0.0

ARG
Root vigor [mg/(g-h)]

56 LU B 3 A R S I RIAE .
22 ARYMNESEBRI/KFEMRERRE DN
W 1 frs, AKRERRE AR R IG JI4E L3, T4,
G4 1 J1 b33 1508, 5 CKOAH EUAR 1t 28R 2
=, BB N 122.72% « 168.18% «  54.54% Al
100.00%. HHZ 2 ATLARIL, & G4 A1 J1 AbBERT,
PERRSKE ., SRR, SR A AT
T4 o s LR 2 TR, AR RIS IR AL
K, I HEW A e i H0 i) B i AR R AR A, (R
TR PR SRR, FERZ B B, 1R
PR ZR I Sy AT W B, W A BRI AT
PERCSR I EAR, R UL SR A AR RV 18K

CK L1 L2 L3 14 CK Tl T2 T3 T4 CK Gl G2 G3 G4 CK JI J2 J3 J4

Qb3 Treatment
ANF/ING SRR R AN R Ab 3 0] 22 8 B R K (P<0.05) , FIA
Different lowercase letters indicates the significant difference among different treatments (P < 0.05), the same below.
1 REALFE 7K R BT AR 2OF FIB9ST

Fig.1 Effects of different treatments on root vigor of rice seedlings

23 AESNERERIKBREMREIEN EIDFREER, 204 L4, T3, G4 M2 &b

A0
M2 3 I, AR AR 2 J IR0 ZKORE Bk
ZERadE. HERb FEMTRRLE T EYGE

PRI HOA BB KAE, MRz B &S5 CK AR 7l 1
N1 100.61%- 20.85%-. 77.91%F1 102.37%. {HMH %
= ab WHIAFREEN IR, HTFEAREE.

®3 TELEKERERRMHEZSENT

Table 3  Effects of different treatments on chlorophyll contents in rice seedlings

il AbFE MR a B MR b SR g ¥sSog 283K a/b
Group Treatment Chlorophyll a content (mg/g) Chlorophyll b content (mg/g) Total chlorophyll content (mg/g) Chlorophyll a/b

T %R Leucine CK 1.30+0.02¢ 0.32+0.01c 1.63+0.03¢ 4.00+0.06a
LI 1.14+0.02¢c 0.32+0.01¢c 1.46+0.01c 3.55+0.16b

L2 1.79+0.01b 0.53+0.01b 2.32+0.01b 3.38+0.09bc
L3 2.04+0.41b 0.63+0.17b 2.68+0.59b 3.27+0.26¢
L4 2.41+0.01a 0.86+0.01a 3.27+£0.01a 2.79+0.02d
KIT4Z R Aspartic acid  CK 1.30+0.02b 0.32+0.01c 1.63+0.03b 4.00+0.06a
Tl 1.14+0.11c 0.31+0.01¢c 1.46+0.13¢ 3.65+0.21b
T2 1.33+0.06b 0.37+0.03b 1.69+0.09b 3.63+0.11b
T3 1.54+0.06a 0.42+0.02a 1.97+0.08a 3.66+0.05b
T4 1.16+0.02¢ 0.32+0.01¢c 1.48+0.03¢ 3.69+1.10b
B E R Glutamic acid CK 1.3040.02bc 0.32+0.01c 1.63+0.03¢ 4.00+0.06a
Gl 1.3740.11bc 0.29+0.03¢ 1.66+0.14¢c 4.02+0.11a

G2 1.49+0.12b 0.41+0.05¢ 1.89+0.17b 3.66+0.17ab
G3 1.51+0.30b 0.56+0.14b 2.07+0.17b 2.91+1.11b

G4 2.20+0.03a 0.70+0.01a 2.90+0.03a 3.15+0.05ab
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%:3% 3 Table 3 (continued)
) pise MERE a SR MR b &R R EE 2% a/b
Group Treatment Chlorophyll a content (mg/g) Chlorophyll b content (mg/g) Total chlorophyll content (mg/g) Chlorophyll a/b
IS %R Arginine CK 1.30+0.02d 0.32£0.01¢c 1.63+£0.03d 4.00+0.06a
J1 0.70+0.04¢ 0.19+0.03d 0.89+0.07¢ 3.79+0.37ab
12 2.10+0.01a 0.62+0.01a 2.72+0.01a 3.41+0.03b
13 1.80+0.06¢ 0.5240.02b 2.3240.07¢ 3.48+0.08ab
J4 1.97+0.10b 0.59+0.04a 2.56+0.14b 3.32+0.08b

2.4 AEYNEEEBRIT KSR E RS R0

B 2 BT DUR I, AMEORE SRR Bk B I B
BAE J2 Kb FEE R AR B, 5 CK A BRI
29.26% .. FHoAth A I R A I A BH T B RE BE
o AMNERTEARRME R L RS =4 B

20 -
18 1
16
14+
121
10
8.
6k
4|
2L
O 1 1 1 1 1

] &
o
[

o

] &

HEREE R
o

Sucrose content (mg/g FW)

EAEHEER], 76 T4 M G2 MEBRR A B KMl 5
CK FHECH N 72.72%F0 27.27%, it FH 25 5 B A0 kS
ARG RINEES BEE P, AMNERITAR
TR RIS 2 R v S (R IR T VE R & &, 79 JilAE T3
AT I AL PR A BB ORME, 5 CK AHEERE I 7.07%

a

] &
K
[~
Sy

=2

0.20
0.18 -
0.16 -
0.14 -
0.12F a b
0.10 -
0.08 - b
0.06
0.04 c
0.02 -
0.00

25

&
Fructose content (mg/g FW)

g/g FW)

L)

E 15}

R

Starch content

1.0

0.5F

0.0

CK L1 L2 13 L4 CK Tl T2 T3 T4 CK Gl G2 G3 G4 CK J1
AbFE Treatment

B2 TREISIE KSR E RS = R0

Fig.2 Effects of different treatments on carbon metabolite of rice seedlings

H116.16%.
2.5 ARSNEREEBRI/KIEHRE R EEEEMERN
A
WL 3 ORI, AR BRI fE T P
SOD i, FF7E L2, T4. G3 1 J3 AbF A ik 31 %

be b

2 13 14

K, 5 CK AHELAr HI3E I 16.71%- 15.11%- 14.58%
F1 14.85%. HMFRZHEER 0l $2 5 POD y& M, Hik |
BEKT, JHAE L3, T4, G4 A 12 AbFRINHE 5
K, 5 CK MG 106.24% . 89.79%-

60.84%7F1 67.98% . AMRZ L v $E = CAT i1,
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MR EE, I L2, T4, G2 F1 I3 hbFR, EEIE
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Fig.3 Effects of different treatments on protective enzyme activities of rice seedlings
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Effects of Different Concentrations of Exogenous Amino Acids on
Growth and Related Physiological Indicators of Rice Seedlings

Liu Fanchao'?, Fang Shumei'?, Wang Qingyan'?, Wang Hanxin', Niu Juanjuan'?, Liang Xilong'-?

("College of Agriculture, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China; 2Heilongjiang
Plant Growth Regulator Engineering Technology Research Center, Daging 163319, Heilongjiang, China)
Abstract  With the test material of Kenjing 8, the effects of different exogenous amino acids (L-leucine,
L-aspartic acid, L-glutamic acid, L-arginine) on rice seedlings growth and related physiological indicators were
studied through greenhouse experiment. The results showed that, the addition of exogenous leucine (4 g/L),
aspartic acid (1.00 g/L) and glutamic acid (0.9 g/L) could increase the accumulation of dry matter content,
chlorophyll content, osmotic substance content, increase antioxidant enzyme activities and reduce malondialdehyde
content, further promote root growth of seedlings, and improve the quality of seedlings. Specifically, the plant
height of seedlings increased by 55.14%, 57.25% and 37.90%, respectively, the stem base width increased by
10.53%, 12.78% and 42.85%, respectively, the total dry matter mass increased by 66.91%, 42.75% and 38.66%,
respectively, and the total chlorophyll content increased by 64.41%, 20.85% and 1.84%, respectively. The
exogenous arginine mixed soil treatment showed that the root growth and underground dry matter accumulation
of seedlings were significantly inhibited in the concentration range of seedlings. This study showed that
exogenous leucine, aspartic acid and glutamic acid had significant regulatory effects. In particular, 4 g/L
exogenous leucine had an outstanding effect, which could be used as a technical means to control seedling

growth in production of cultivating high-quality rice seedlings.

Key words Amino acid; Rice; Seedling quality; Agronomic traits; Resistance
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