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Abstract: [ Objectives ] The effects of urea containing amino acid (AU) on rice growth, rhizosphere nutrients,

and microbial community were studied under flooding and normal soil conditions to provide base for its
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application in early rice cultivation. [ Methods ] An early rice cultivar ‘Liangyouhua 6> was cultivated in a pot
experiment. The treatments were two different urea types (common urea, U and urea containing amino acid, AU)
with the same N input levels separately applied as the basal nitrogen fertilizers under two different soil conditions
(dry and flooding), while non-application of either urea (no N) under both soil conditions was regarded as
controls. The soil and rice plants samples were collected in all the treatments after the rice seedlings grew for 30
days. The growth and root morphological characteristics of rice, soil nutrient contents, and soil microbial
community composition were analyzed. [ Results ] AU promoted root growth, increased root fresh weight, root
length, root diameter, root surface area, and number of root tips by 9.65%, 45.06%, 25.93%, 6.17%, and 90.52%,
respectively, compared with common urea (U) under dry soil condition. AU also increased these aforementioned
root characteristics more than U and control under flooding, but less than the increase recorded under dry
condition. The root length, root diameter, root surface area, and number of root tips of rice seedlings under the two
urea treatments in dry soil were significantly lower than those under flooding condition. Compared with U, AU
increased organic carbon, total N, and microbial biomass N in dry soil by 17.04%, 18.18%, and 30.00%,
respectively. In flooded soil, AU increased ammonium N and microbial biomass N by 39.70% and 38.01%,
respectively, but decreased nitrate N by 33.70%. AU increased the total number of bacteria in both dry and
flooded soils (1.88 x 107 cfu/g and 1.93 x 107 cfu/g) than U (1.59 x 10’ cfu/g and 1.57 x 10’ cfu/g). AU increased
the number of ammoniating bacteria and nitrifying bacteria in both flooded and dry soils than U and control.
However, the number of ammoniating bacteria under AU treatment was higher in flooded soil than dry soil,
whereas number of nitrifying bacteria under AU treatment was lower in flooded soil compared with dry soil. The
dominant bacteria in dry soil was Sphingomonas (with relative abundance of 18.78%—-22.59%), whereas
Aeromonas (43.09%-52.72%) and Flavobacterium (14.86%—18.87%) were dominant in flooding condition.
Compared with U treatment, the abundances of Aderomonas and Sphingomonas in AU treatment decreased
significantly while uncultured bacterium_c_Subgroup 6 increased significantly. The total N, ammonium N, and
organic carbon contents were significantly correlated with microbial community structure. [ Conclusions ] Urea
containing amino acid shows higher significance in promoting the growth, formation, and development of rice
root through increase in organic carbon and microbial biomass nitrogen in the rhizosphere, reduction in nitrate
nitrogen, and increase ammonium nitrogen content under flooding condition. Increase in bacteria population
improves the structure of rice rhizosphere colony which is beneficial for nitrogen absorption by rice and
maintenance of soil nitrogen.

Key words: urea containing amino acid; rice; rhizosphere; soil nutrient; microbial flora

IKREMR AR WK MR M ae s, IRBEE
e H B AR 5 3 e B A A e D) DGR
KT R LR K SR SNz i 2 MR, H
HRRE K 0 BN R R IR 0T A R R KRR A A
Koo SRR B B e B, AR 4 B i
AW FIRREAR 2R S T BR A X, R TR .
LA K e T8 A S K R AR PR AR R R SR T
fiE, PEMREM M L AR R ARPAEHAY)
— b S A A A X, B SR AR K
SN EIEH AN R G S SYBRAGHEET] P,
S R IERA AR R IR R BT, R SRR
RERT I R AR ARAILE

2 AN [R] SENE Ao 28 8 - SRR 2 0y 10 o S R 2 J8E 7 £
WSR2, T ELAS () B A 0 Xk 7K 0 RN o 7 7 3
AR, TR T A M A S A A
JIBA —E R RS . AR 348 B AR K R 2R
PR PR R RAERURAE, HIE, SR AR
AN YRR IR B KRR 2 AR AR BRI )
TR W) R AL o) B A R A B AR (R R S PR S

RN N — Bl A= YRR e A E AR R AR
Ko, P A AR S il DR 3Rk, 8 A O I 1) T
P, RTHEIA RIS RS, DL R AL
R AR EERZ U UL . KISIEFE S IEA )2
PUREHT, Ferfok R LRGSR ERERN P, (e



134 FEAR, S BRI (E IR Z0H AR W 31 A R AR B A Wy v A 1 52 37

S, A OCEIEMRIG RGN 5 AR R 37 43 & FLA I K
R, MR ZonMIE R SUE SIS DA T K
SRR, aitiE, AR SON 56 TR B BT
JitE RS HEAE 0 IR o 75 4 B WSR L 4R
B R IR R, BRI AR A it
AR BRI XU 11 ) e R 0 5 /U A2 T ) o)
AT 70 2 B P 448 (L NE R AT R DGR e, (HA G2
FERR I E R R AEA AR B T MK AR R AE K
IR AE AR R 75 43 A 45 LA AR s - S0 A 0 B 114 52 il
fief DL o A ST AU S IR B 1 IR R A KA Y
NHAAT, SRS AR R KERRERS, KRG
FE A LRI H IR Z XA R AR 7 2T 7K R AR & 2R
KARRBRRON , DU R AN [ A A A2 2 /K A S 0 A
Ko KA . RPRAEAR AL DL R S BRI (E IR R
146 B AR PR HE B AR S o
1 MRS
1.1 i

KR Ay WL 67 (Oryza sativa L),
M R A R R R A AR P, e
N E R T KR L, AR AP
J: AHLE 10.24 g/kg, £ 0.78 g/kg . BfFA 42.4
mg/kg . FRHE 9.35 mg/kg . A 138.62 mg/kg .
pH 6.57 . A U W2 W A4 14 28000 i o [ Rl B B
A B 5 Al XA 5T B A, m(RR IR S B
20%, EZEWRNAAR . BEAR . SEARMNE
1%, A 2 BRI (R R 7 SR AE 130°C A
Al PR 2, RIS IR ZZ A, A&
T 5% BARRIIE IR FR . IRE Jy i 8 5 ™
i (N B i 46%), B FIAE i & il Rl iR — LB
s
1.2 Rt

IKFE AR T 2018 47 6—7 H 7E LBk K
BT BB 6 ML RAEARNIEIR R
(GCK) . FEHtiEE IR R (GU). AR = R R
JRE (GAU), KIEARHIRE (SCK). KA 38 R
% (SU) FUKfEiiZ FEmIG{HIKRF (SAU),

R+ S kg, MEEPH NN, PO, Al
K,O #4514 300, 150 1 100 mg/kg, Firf Ab B
PICAF R . BB EOKREYIN 5 78, B2 f.
FRFRa], SR AL B LR A K Dy )RR K
1) 70%~80% , A4 H] >R o o vk 4 i 13K
Oy, KAEWEAIRIE N | ecm, 0P 5 REE, B

PLHRS . KRl i SR 30 RIGWER, REEKFERER
TIERERT, TR B A B B, T-80°C
iR KA A, T R SERUER b, 55—
T ARSI BT s SRR TR AR R =
FEKME by lle + . HFHZEMAGHKYE 2 Yk, MoK 4R
W T REAR LKy, 40 b 55 1R 3 0 A G AR
YrretIk, R R TR RS2
1.3 WEFRZE

T LB R T AR TR AT, AR
[CERDE, AR @Rk, S8k
JH KC1 B 2 —He By i o o g . iRRIES 5007
KL (Epson perfection V700 photo, Japan) %X
A, RIE R RIEE & A4 (WinRHI-
Z0O ProV2007d, Regent Instrument Inc. Canada) 7347
SR BRRMA . SRR, FHRRER.
WKL, 7338, RXBERBILESH, REE
SSHO 3 WEE N FEIE . L0 w80 R
FP SO BOE I, ALt . Sk AR R
B e WA E

T HERUEY) S DNA K DNA 42 UG & i 17
K4, KR EREAlifb 5 ) DNA /58 PCR #ifl, FHE
FHRFEYES 1Y) 338F (5~ACTCCTACGGGAGGCAGCA
—3") #l1 806R (5'-GGACTACHVGGGTWTCTAAT-3")
PIEANTT 16S rRNA V3+V4 X, FERANFE S Y L i
514 5" N Barcode J¥ 9 X A0 i o BEASAE AL E
23, KRR PCR P H0IR A 5 H 2% Bl
WEEERE UK, I ™4 . SR SO, #4
g 4 1 SCE 2233 Quibit sE AR, A% 5 1
[lumina MiSeq =38 5 I3 F- 5 SEA T B bl 5 o 3l
Je R 55 AL A B A YR A R S
14 BiRSH

$¥i R H Excel 2017 #3345, iz JH SPSS 22 i#f
1175 2253 B AR G20, T Origin 8.0 B2 ;
T Ao R S I R R T R ST B R R G R BT AR
Br; {1 Canoco 5 34T E ST 53HT -

2 HPRE

2.1 FEBIEERFEIKIEE KR

e 1 s, BIRRREAETT AT, RUIEE IS
BAEHE KRR AR, SAMAMCA B ILE, KAE
B MDA T RIAR AR . AR
NEFPE X AR A K B e AR IR A —, 585l IR
RALPRARLL , E LRI (1 R 3R AL 0 AR R A 5%



38

W) E SR 50 R

27 %

Table 1 Effects of amino acid value-added urea on biological characters of rice seedling

*1 FEREERENKEEHEYF KA

Kby FRES (cm) M | FREEE (g/plant, FW) MR GETE (g/plant, FW) R L
Treatment Plant height Shoot weight Root weight Root-shoot ratio

GCK 43.60c 33.22 be 1.03 ¢ 0.031b
GU 55.40 ab 40.52 ab 1.14b 0.028 be
GAU 5840 a 4224 a 1.25a 0.030 be
SCK 47.70 be 29.02 ¢ 1.09¢ 0.038 a
SU 63.00 a 4356 a 1.19b 0.027 be
SAU 65.00 a 50.02 a 1.28a 0.026 ¢

i (Note) : GCK—REMNiti IR % No urea without flooding in pot (control); GU—FAE i %1 JK # Common urea without flooding in pot;
GAU—EAEiti &3R4 {H K £ Urea containing amino acid without flooding in pot; SCK— K/ENJiti /X % No urea under flooding (control);
SU— K AEJifi -3 JR 2 Common urea under flooding; SAU— K AENitE & &R IG{E IR % Urea containing amino acid under flooding; [7) 5 44iE )5 A~ 7]

FRFORARRILLBLR] 22 5 B3 (P < 0.05) Values followed by different letters show significant difference among treatments (P < 0.05).
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Table 2 Effects of urea containing amino acid on rice root morphology

b3 R (em)  ARER mm)  BEEEEE (em?)  BEREOH (md)  RER (emd) HRISEL 533 H
Treatment Root length  Root diameter ~ Root projection area  Root surface area  Root volume = Number of root tips ~ Branch number
GCK 49.05¢ 0.69d 17.45¢ 6.11¢ 1.13d 2091 e 6451d
GU 76.72d 0.81c 2048 ¢ 697 ¢ 1.51¢ 3387d 12434 b
GAU 111.29b 1.02b 21.99b 7.40b 201 a 6453 b 14678 a
SCK 53.60 ¢ 0.73d 18.79d 6.54d 1.25d 2326 ¢ 7888 ¢
SU 103.96 ¢ 0.96 b 2048 ¢ 7.15 be 1.68 b 3936 ¢ 14152 a
SAU 11840 a 1.09a 2323 a 7.83a 2.12a 7441 a 14895 a

 (Note) : GCK—2EANiti /R Z No urea without flooding in pot (control); GU—5:AEifi %1 JK 2 Common urea without flooding in pot;
GAU— R R EMRIE(E IR & Urea containing amino acid without flooding in pot; SCK—/K{EAJifi JKZ No urea under flooding (control);
SU— K AE it %318 JK 2% Common urea under flooding in pot; SAU—/K ARt Z FEFRIE(E /R 2 Urea containing amino acid under flooding; [F] 5404
JE AN PR AN R A Hi A 24 55 18 3% (P < 0.05) Values followed by different letters show significant difference among treatments (P < 0.05).
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Table 3 Effects of urea containing amino acid on nitrogen in rice-cultivated soil under flooding and dry conditions

osei! AR (mg/ke) AR (mg/kg) 24 (g/kg) A A (mg/kg) H LK (g/ke) A
Treatment pH NO,; -N NH,*-N Total N Microbial biomass N Organic C C/N

GCK 7.03 b 1.62b 447d 0.67 ¢ 46.46 ¢ 782¢ 11.67 a
GU 6.57d 2698 a 4.57d 0.77b 58.08 ¢ 8.98 be 11.66 a
GAU 6.55d 2544 a 4.67d 091 a 75.50 ab 10.51 a 11.55b
SCK 742 a 0.0l e 545¢ 0.55d 49.37 ¢ 6.36d 11.56 b
SU 6.87 ¢ 0.89¢ 7.01 b 0.75b 60.98 be 8.66 be 11.54b
SAU 6.83 cd 0.59d 9.80a 0.80 ab 84.21a 9.25b 11.56 b

# (Note) : GCK—2EMNiti /R & No urea without flooding in pot (control); GU—S:AEifi %38 /X & Common urea without flooding in pot;
GAU—FAEjiti & FE R (5 R £ Urea containing amino acid without flooding in pot; SCK—/K{EANJififR Z No urea under flooding (control);
SU—K ARt %38 JR &% Common urea under flooding; SAU—/KAENiti Z LRI /R % Urea containing amino acid under flooding; [F] 5% 5 A~ A
TR R RIAL B 22 573 53 (P < 0.05) Values followed different letters show significant difference among treatments (P < 0.05).
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Table 4 Effects of urea containing amino acid on bacteria
composition in rice-cultivated soil under flooding
and dry conditions

e TR T s fL A v
Bacteria ~ Ammoniating bacteria Nitrifying bacteria
Treatment
(x 107 cfu/g) (< 106 cfu/g) (x 103 cfu/g)
GCK 1.35¢ 5.26d 0.84 de
GU 1.59b 8.14 cd 1.13¢
GAU 1.88a 16.20b 1.96 a
SCK 1.36 ¢ 5.97d 0.60 ¢
SU 1.57b 8.46¢ 1.08 cd
SAU 1.93a 22.59a 1.64b

# (Note) : GCK—FREAEIRZE No urea without flooding in
pot (control); GU—1Eiti 1% JR 2% Common urea without flooding
in pot; GAU—1ENiti R HE R I {H /R 28 Urea containing amino acid
without flooding in pot; SCK—/K{EAJifi X Z No urea under flooding
(control); SU—/KAEiti %38 Jk % Common urea under flooding;
SAU—/K ARt & LB (i JR 2 Urea containing amino acid under
flooding; [R5 44 5 A [ - Bk Fes ARl AR 3R] 25 53 i 3 (P < 0.05)
Values followed by different letters show significant difference among
treatments (P < 0.05).
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B uncultured_bacterium_f Chitinophagaceae
SCK
B Flavobacterium
B Ellin6067
GAU
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Fig. 1 The bacterial community structure at the genus classification level under different fertilizer application
(Average relative abundance > 1%)
[7E (Note) : CK—ANJiti /R Z No urea (control); U—5if JR 2% Common urea; AU—ZFEFRIE{H R Z Urea containing amino acid. GCK—5:
YEAE PR Z No urea without flooding in pot (control); GU—S-VEifi % JK 2 Common urea without flooding in pot; GAU—5-1Fjifi & LA 14
JR# Urea containing amino acid without flooding in pot; SCK—/KVEARJifi R 2 No urea under flooding (control); SU—/K 1 jifii 3 X &
Common urea under flooding; SAU—/KAEJiti & FEHLHE {4 X Z Urea containing amino acid under flooding.]
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Fig. 2 Principal components analysis of the bacterial
community structure under different treatments

[ 7 (Note) : CK—AJ&JRZ No urea (control); U—%f JR 2%
Common urea; AU—ZFEMRIE(E /R & Urea containing amino acid.]
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Fig. 3 Redundancy analysis between soil properties and the bacterial community structure
[ (Note) : TN—4% Total N; MBN—/# 4 ¥ % Microbial biomass N; TOC— &4 #L & Total organic C; GCK1, GCK2., GCK3—54E
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