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5212 1 5 gy 1,2%
RRAF, MIRBE, g4
(1 35l PR S o [ 58 o s SR 28 (PP B2 B B ot HIEAT AT, BEAT 2100085 2 FPEBLEBERY:, JLat 100049)

B B KBEHEEA AMTL] EAR AR AR ESROWEZELAS, FRS5ER M LMAEE . xR G 5
R FREE UG AR AR AR BUR, RIARI RS BAESA SURELER A A P2 RS . ARBFSERI OsAMTI 1
DR bR RE, BB ABLZ (LN, RHEZ) . BE(MN, N 200 kg/hm?®)Flid it &((HN, N 350 kg/hm®)3 ASEUKFAY RS, 1
PITEAS OsAMTI, 1 FEPd Fah bk R e A TR R A e . 4500380 MILLETAERL, OsAMTI; 1 FEHIRIA7E LN &4 T ik
WS I B BCE KRR G R R E TR, AR TR YRR 78 MN 00T, RRISIE SERARAE ST RE 2 584
A AE R BRI AE YRR SR 0 SRR R S 5 UL 3 030 19.84% 1 24.30% . YG A i Z(P) A AL T (Go) A 35 m
40.71% F119.39%, T-RidAy=H4r 3130 10.26% 1 17.86%, [FIRTEACR IR (REN) B ERT, A FE AR (PEN AR
BORAEN A TETHEIF AR R 76 HN &0 R, HERIWAHIRE & R =0 24.38% . MMk PO THR, REN BEHE,
PEN Fll AEy BEFRAG. T, SitEiGECYFER T EMIL, OsAMTI; 1 BE 350k R0 B A A N A F) THh R 2
FUI PR RS SCBAR 2 = ko, KR A A ROR -

K4 AEFURCER; JHIEENE; OsAMTI 1 3355, SRA; mRIER

FESZES: S511.2; Q945.1 XEkRERL: A

OsAMTI;1 Overexpression Improves Nitrogen Use Efficiency Under Reduced Nitrogen Input
in Rice
CHEN Tianxiang'?, YANG Shunying', SU Yanhua'*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Rice ammonium transporter AMT1;1 is not only an important component of soil NH;-N acquisition by roots, but also
involved in nitrogen transportation to shoot. In view of the current situation of environmental risks and unpromising nitrogen use
efficiency caused by excessive nitrogen fertilizer input in paddy soil, it is necessary to search for the regulation strategies that can
reduce nitrogen fertilizer input while maintain the current production level. In this study, a field experiment was conducted with
OsAMTI;1 overexpression genetic lines by three nitrogen treatments including nitrogen deficient (LN, no nitrogen application),
moderate or reduced nitrogen input (MN, N 200 kg/hm?) and nitrogen fertilizer overuse (HN, N 350 kg/hm?) to evaluate nitrogen
production characteristics in the later growth period. The results showed that, compared with wild type (WT), under LN condition,
OsAMTI;1 overexpression in rice plants significantly improved nitrogen nutrient statuses in plant and flag leaf, as well as
enhanced biomass accumulation and yield formation. Under the MN condition, the nitrogen contents of single plant and flag leaf
of OsAMTI;1 overexpression lines respectively increased by 19.84% and 24.30%, and the photosynthetic rate (P,) and stomatal
conductance (G;) respectively increased by 40.71% and 19.39% at the grain filling stage, and the 1000-grain weight and yield
respectively enhanced by 10.26% and 17.86%. At the same time, the overexpression lines recovery nitrogen use efficiency (REy)
was significantly improved, physiological nitrogen use efficiency (PEy) and agronomic nitrogen use efficiency (AEy) were
boosted, but not significant compared to WT. In addition, under the HN condition, the nitrogen content of OsAMTI;1

overexpressing genetic lines enhanced by 24.38%, and the plant biomass and P, tended to be saturated at the grain filling stage,

OH_EWH: hEBERRISER B S LI (A 25) (XDA24010201)¥ Bl
* Sl HAE#H (yhsu@issas.ac.cn)
EZRIA: BRRFE(1991—), B, HRIOKA, Eited, FENFHEYEFAB S IR, E-mail: 18795270435@163.com
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while REy was also significantly improved, PEy and AEy were significantly decreased. In conclusion, compared with nitrogen

fertilizer overuse (current nitrogen input habits), OsAMTI, ] overexpression lines are more favorable to collaborate high nitrogen

internal environment of the plant to achieve higher yield and to improve nitrogen use efficiency of rice in the moderate or reduced

nitrogen input.

Key words: Nitrogen use efficiency; Regulation strategies; OsAMTI;1 overexpression; Nitrogen fertilizer overuse; Yield

formation
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1.1 IR

YT 2019 4EH1 2020 AFHAREIE e EBLF
B B AR H AR S R G I K BT AN B A 0 I B 5
(31°15'15" N, 120°57'43" E)i#f7. iz bk 4358
FERBERKRE (ML), FEREEHEO ~ 20 cm +)2)
PRAEMET R - pH 7.36, F ML 46.06 g/kg, A AR (NH;-N
FINO;-N) 30.93 mg/kg, AW 12.82 mg/kg, HRH
63.8 mg/kg,
1.2 kst

P A= B (WT) M LA A S H A1 (Nipponbare,
NB), OsAMTI;1 BRI FRIRER M AT T = AT
ARTE . B OsAMTI; 1 FEHAH A pUN1301 284k, IF
WA B ARG SEA T4 AR TR ho v P A R
FIFh 2R, A T2 Rk R . I35 T AT
HI2iE 2, PR OsAMTI; 1-OX1 Fl OsAMTI;I-
OX2, #EFEN/KFERE R RNA KRS ERT, HA
4iGF OsAMTI; 1 FEHNMFRIEFEENE AR 20
fE2iti . WRBRRLEE T HIWITFH: F(5'-3):
TACGGGCTCAAGAAGCTC, R(5-3"): CACTTGG
TTGTTGCTGTTGGA . WEHEH Osdctin P g 0514
JF5) K F(5'-3"): TGGTCGTACCACAGGTATTGT
GTT, R(5"-3"): AAGGTCGAGACGAAGGATAGCAT .,
1.3 RI@igit

K 2 X5, B A BLZ (LN, AR .
R s E A AMN, it N 200 kg/hm?) Fl&GE B
i F(HN, Jiti N 350 kg/hm?®)3 Nt ZKF, FA b3
3, /NXHEMA 12 m = 7 m, /)X ] 45 55 R
B, 0 SRR MR S A, DRAIEAS /N X Bl HEEE
IR R M AR BREE FATIE N 0.2 m x 0.2 mo EFE IR 2 (&
N 460 g/ke) W AENEALYER, F2REFLAL - 4rEEAE « FAE=
5:2: 3MIEIEH], HroEIEERIRRTEA , /BE
HEF 7 A frit A, HALT 8 HHaliEA . BEAEAE I
N R ES (& P,0s 120 g/kg), FRACACIE K581k

http://soils.issas.ac.cn



1178 +

e %55 %

B K0 600 g/kg). B AL R P,Os 90 kg/hm?,
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A, &R RS 2511 (Smartchem 200, Westco
Co., Ttaly)#EATI0%E .

TR IAE H R 1T 8 6 A 2R 0 « LLSF
FEMAVE S, B/ NP K A — B ki, E i
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PRI Ne=a x DM JHEA S A 5 52 PR A& X R
BT J5T 2 (DM)AH [R] Bsf i 202 2 >4 NINI<1 B,

TRRA G IR T IR R A S i, RN AR T
PRAPIRA; 4 NNI>1 B, SCRRAE S s TIn R A&
i, FORARIAN AR A TAERRHRA ;. NNI=1 B,
PR SRS T IR R A S i, FoRMRAE TR A
FEFRE LA G BTG AR ST, kA
A A TR AE K
1.6 HIBELESFHITSH

RIS BHE R Excel 2019 3k {b#Ei7ab30, FIH
SPSS 13.0 BAFHATG TR 225007, HEETBH %
PEAT B VER I, R Sigmaplot 12.5 #4F k4TI
P32 B R I + AR, BEMKE N
P<0.05.

2 HBREHSH

2.1 OsAMTIL;1 3REKRENERREFEE

1 RZ5 R R, Gl X RIF A Al A R R
OsAMTI;1-OX1 Fl OsAMTI,;1-OX2 #EiT R #3h
JEMSEE, BRI AR, FEWABEEREHRRT
OsAMTI; 1 WFRIRFRES RS T 20 544, R
OsAMTI ;1 B Zeik F FEAERRAK AR R TR KRR EE 1Y)
27t

25.00

i

iz 20.00f I
<
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10.00 -

OsAMTI; IFI%13
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b
WT 0X1 0Xx2
/3
(R BT AN/ NE 5 B 3878 AN ) Mk 2R 18] 22 7 18 35 (P<0.05))
1 IRIEKFRR OsAMTI;1 FikKFE
Fig.1 OsAMTI;I expression level of overexpression lines
22 OsAMTLI EREHREXRETHNEY
ERATIHE
HIZR 1AL, 76 LN &0 F, 0 BEIR I Rk tk
FAEYRYBER TEAB(WT); 78 MN &4,
HEFRIKR R AR WT BAT LR I0H; 78 HN &5 T,
P RIBR R 22 R AR~ 78 MN KT,
SR RS BB WT AR A i 4 &
FRHARI TN 1.28 £5; WFh OsaMTI1;1 i
FIKVRAR 2019 4FIIEIEIYT N 1.69 17, 2020 4F 5351
i 1.67 fAN 1.33 45, FIHEN 1.59 4% : OsAMTI;1
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1B AR R A R E HE SR B B R SR AN B B
Fe % R 2o 2 3R X AR AR AR K R A AR ) R i R
A B A 1 o R 2 58 TR AR S 1 G
R, OsAMTI; 1 b 3RabbR R B0 AR ) AL XL
Frpir= I A R o FESERIY, OsAMTI 1 i3
BHRARAEY RS 3 DRI R R L IERL
B, TEHAE MN £F T, OsAMTI; 1 i3 Fikvk R4
A WT BRI, 5 LN LA, WT RbkA)
HEW AR B A ik 54.49% I 35.23%, F3
KON 44.86%; TFAP OsAMTI ;1 it Fk Bk R AE 2019
AE(R A RS I N 56.8% F1 95.25%, 2020 4E43 4
M 66.32% 1 51.18%, P340 67.39%. Al UL,
1o 2 TR ZR X RN it D ) e 7 0 SRURES F F 4 A
RASHHIL WT A, 76 HN 0T, BEREAET
Py 5t HE 77 8 g % it R 7K T 38 3R IR SR (A T
MN Ab3l), A=) BRI,

F1 O0sAMTL1 BFREKAXBEEHEREY ST
L 451E (/hm? DW)
Table 1 Biomass characteristics of OsAMTI, 1 overexpression lines
at key stages

G EAKE RR EE FrA ] e
2019 LN WT 0.93+0.03b 6.06+£0.39b 14.04+0.83 b
OX1 1.11+£0.08a 6.51+0.61b 16.55+0.70 a
0X2 1.07+0.11a 8.15+0.50a 15.38+0.20a
MN  WT 2.18+0.04a 9.33+0.68a 21.69+0.95c
OX1 2.38+0.26a 9.65+1.62a 25.95+0.22b
OX2 2.46+0.26a 11.17+1.52a30.03+0.23 a
HN  WT 245+022b 920+0.83a 23.04+0.32b
OX1 220+0.11b 9.38+1.04a 24.08+0.12a
0X2 3.03+0.29a 9.89+0.94a 25.16+0.68 a
2020 LN WT 091+0.04b 575+030b 12.63+0.41b
OX1 1.11+£0.08a 5.79+0.53b 13.30+0.31b
0X2 1.07+0.11a 6.62+0.07a 1446+0.54a
MN  WT 13120.10b 7.670.11b 17.08 £ 0.48 b
OX1 1.52+0.09 ab8.27 +1.05ab22.12+0.18 a
0X2 1.79+0.12a 9.40+0.68a 21.86+0.19a
HN  WT 1.98+0.09b 811+0.55b 18.33+0.18 b
OX1 1.90+0.07b 8.45+0.63b 19.64+0.58a
0X2 2.17+0.18a 9.34+024a 21.42+04a
T RPEFIARE NG FEEFRIR ] — 4R [ — i 2K TR
[FIkk 2 0] 22 S AE P<0.05 KFEB.3; TR,

23 OsAMTI;1 FRIEKBREERMEHERKIR
SR EERESML
& 2A ATLIE 1, OsAMTI ;1 3t 3ikkk 27

S B AR R E , RIILEAT L WT 3= i &
Rim PR EMWNLHE ST 3G it & i, WT Fl OsAMTI; 1
I SRR R SR A AR E SR A TR, AE
MN %A F, OsAMTI;1 533635 kk 2R BARRAE Wyt
WT 15 26.98%; 1E HN 5444 F, OsAMTI;1 i
F AR R AR A YR WT SR 0N 7.18%, 34
FEAHLE MN 250 ] i BRI (&l 2B). &l 2C RW, 7E
LN Hl MN £, OsAMTI ;1 333500 Bkk & A &
TR R HEVER  7E MN 254 T B & F WT,
T 19.84%; 7E HN 544 F 8RB & T WT,
SEHHETIN 24.38%. K] 2D W, 7 LN Fll MN &4 T,
OsAMTI; 1 33 kR 0 AR R R R R B
FEEVER , JLHAE MN 254 TR ST WT, Pt
AR ZESE RN 52.2%; 1E HN &44:F, 8 WT 3
Hihn 28.87%, HEMNBREAH L MN 2544 T B i AR
AU, St ik OsAMTI 1 JE PR SRAb 4 W i g
AT i 2 A AR R 3R RSO [ L3S A 43 B K S, i
R A ) o 1 AR A e R A 35T 8 TR
2.4 OsAMTIL;1 SRFEKAREERPHYMHRE

S EMNREIFE

TEHESR W, BE A M E KSR, WT Al
OsAMTI; 1 i FiE bk R SN A A 22k (#
3A). £ LN, MN, HN &M, OsAMTI; 1 i3
KRR SRR WT A BER N, 55
SN 22.98% . 24.3% Fil 24.82%. 1 Bl % it 2
I BTN, OsAMTI, 1 33 3 ik 4k 22 G- &
(P, E 3B I TE(Gs, B 3C)RIMHB LT
A MR R S . 7E MN &1 T, OsAMTI; 1
WFRBVRRGIMN P, MG, B WT 435157 2438 n
40.71% F1 19.39%, Z5W3#; £ HN &4 T,
OsAMTI; 1 i FRX 8 P, FI Gy AE S (5
MN A ). iAW, £ HN &KM4FTF,
OsAMTI; 1 T RKIKRFR Py FIl Gy W Tt A K- B o )3
b B DR AR B T AR
2.5 OsAMTI;1 3 RER R 244

2 A LVEH, BEEEEAKCEMR, 5 WT
FHEG, OsAMTI; 1 i Fik bk R XK R R IE A —
. ARBEKFET, OsAMTI; 1 33K FT
P& PR S0 BEER A3 38 2 X P AN A K TR AR 1 2
ROMEY, 76 LN X F, OsAMTI, 1 id Rkt R
PARRNBERL . PARREEEAS WT I, A E WT
- E L 18.2%. 22.43%; 7F MN &1, —
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Fig.2 Effects of OsAMTI;I overexpression on plant growth and shoot nitrogen accumulation at grain filling stage

HREWT 23 B0 22.11% F1 24.38%. [fifE HN
T, OsAMTI; 1 33 F63k5% 5 BERUR AR HEVE FH Rt
JIES it P PR T T 0 i R AR 1 AR A T
W, FE W AR OsAMT I 1 3 3650 T AR I
AFIF AR AT . AR IR IS5 R T LLE
R s BT, X OsAMTI; 1 i3 Fik bR BT

B I TCPBAEH . 76 MN &5, OsAMTI; 1 333
AR RA L WT TR E3E0 10.26%, AR N
B RIEIN; FPRL= i R, AHEL WT SFE 42
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Fig. 3 OsAMTI;1 overexpression lines flag leaf nitrogen contents and photosynthetic characteristics at grain filling stage
£2 OsAMTI;] B FEF KGR BTN EM
Table 2 Effects of OsAMT1I; 1 overexpression on grain yield components
Ay s K &R R BEWNo./plant)  FEET(No./plant) R T (g) 7= (t/hm?)
2019 LN WT 26.8+0.7b 22.1+£12b 0.82+0.02a 26.73+0.04 a 441+0.16b
0OX1 31.2+1.1a 259+06a 0.83+0.07a 26.15+0.04 a 503+0.12a
0x2 338+ 14a 284+12a 0.82+0.04 a 2528+ 0.05b 498 +£0.07 a
MN WT 29.3£09b 246+ 1.1b 0.84+0.02a 26.03+£0.03b 6.89+0.19b
0OX1 364+09a 313+14a 0.86+0.02a 28.69+0.13a 8.01+0.19a
0x2 392+13a 333+2.1a 0.85+0.04 a 28.55+0.05a 790+023a
HN WT 423+1.7b 326+15a 0.77+0.02 a 26.31+£0.03a 7.97+030a
0OX1 458=+1.1a 30.7+1.6ab 0.67+0.01b 24.65+0.07b 7.59+0.07 a
0X2 46.5+0.6a 293+04b 0.63+0.02b 2534+£0.05b 7.62+0.26a
2020 LN WT 344+£19b 26.6+14Db 0.77+0.02 b 25.81+0.03a 4.06+0.17b
0OX1 394+21a 31.9+08a 0.81 +0.02 ab 25.43+0.04 a 4.86+0.18a
0X2 39.8+03a 33.0+06a 0.83+0.03a 24.88 £0.04 a 491+0.15a
MN WT 40.8+1.2b 338+1.3b 0.83+0.03a 26.33+0.04 b 6.49+£0.33b
0OX1 46.8+3.2a 393+29a 0.85+0.08 a 29.10+0.07 a 7.75+027a
0X2 472+25a 40.1+04a 0.85+0.02a 29.12+0.05a 7.86+0.16 a
HN WT 43.7+£23b 348+1.8a 0.80+£0.02a 26.94 £ 0.04 a 793+0.11a
0OX1 46.5+ 1.8 ab 298+14Db 0.64+£0.06b 23.52+0.04b 7.43+0.17 a
0X2 483+14a 295+2.1b 0.61+0.02b 24.80£0.04 b 7.49+0.43a
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Fig. 4 Effects of OsAMTI;I overexpression on rice nitrogen use efficiency
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