Botanical Research TE#)2£HH 5T, 2026, 15(3), 187-196 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/br

https://doi.org/10.12677/br.2026.153022

SNBRERRERBBEE KZHENEYF
IR IEVIES

BAEL # &, FHRAL B K, NhH3, asEY

L) R A R P M AO PR BE R AE B e, W
R T=aR it PN P | 7 s i Leo i R =
3P A TG M DR B AR Ry, IR PR
e AL R TR S AT, B

Weks H . 20264F4H 100 FHER: 20264F5H14H; &A7 HI: 20264F5H27H

R

A TR B E TR KA AN — R B2 5 A W) L P08 5% BB A SR B2 AR T R
DR E AR, R R, ES3mM NH; /K& MT, MEEKZIZEMH,; MHENM
BERRERSMNERR G, WEM LA T HEME. MREE LSRR EEY M, RISNERER
BEREBERTIEREREROME, #—P2RY, ZERIEHBEERER. —E0E. B
RER NS REEEME S U B FHIZR AL, R FomT R 1 R 55 S AR N 455 5 M B 8 25 M Al F e B2
puy B

XK ia

wEhE, ME, SMNERR, —fHBRES, SERE

A Preliminary Study on the Biological
Mechanisms Underlying the Alleviation
of Ammonium Toxicity-Induced Growth
Inhibition in Tobacco by Exogenous Urea

Guanglian Peng?, Lu Han!, Qike Luol, Bin Peng?, Lijun Liu3, Yucheng Xiang#

IHunan Xiangxi Agricultural Environment Protection and Management Station, Jishou Hunan
ZHunan Xiangxi Tea Industry Development Center, Jishou Hunan

3Hunan Xiangxi Baojing Agricultural and Rural Affairs Bureau, Baojing Hunan

4College of Resources and Environment, China Agricultural University, Beijing

EIREE

CESIH: WOGE, Wik, TR, WK, X5, WEE. SRR R MR A K AR A AU RER D). Y
S IT, 2026, 15(3): 187-196. DOI: 10.12677/br.2026.153022


https://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2026.153022
https://doi.org/10.12677/br.2026.153022
https://www.hanspub.org/

Received: April 10, 2026; accepted: May 14, 2026; published: May 27, 2026

Abstract

Ammonium toxicity and its underlying mechanisms are long-standing fundamental issues in agri-
cultural science and biology that have attracted sustained attention and urgently require further
investigation. Using tobacco as a model plant, this study found that tobacco growth was significantly

inhibited under hydroponic conditions containing3 mM NH;.However, the addition of exogenous

urea at micromolar concentrations significantly increased shoot and root biomass, lateral root
number, and total root length, indicating that exogenous urea can effectively alleviate the growth
stress caused by ammonium in tobacco. Further analysis showed that this alleviating process was
accompanied by changes in the levels of signaling molecules such as arginine, nitric oxide, spermine,
and spermidine, suggesting that exogenous urea may participate in the tobacco response to ammo-
nium toxicity by regulating related signaling and metabolic networks.
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1. 5|18

BRI TR 5555 B 50 A S WA R 40 2 KA 7 B 0 J R P 1 R 35 e A UM 9 — b 2 S R R
PEGEE, fER WA, HEREEIELLGI 20%~30% A1 HEER A e, Mk, S
Y, WA, HEHSETK, IR, 1EYRe BRI SR A . i B S AL S5
WY B IR, SR KB, TER R (8 mM)IE R EIR L (1 mM), S RCHAR
= 3:1 B, SHIEEE, R ERRR, YRS R IE2] HNL AR I T e,
525 A R I B IR 3] A e 1 BB BRI R, AR KW B2, I (4] KR
SR, BRI 5 mM F] 20 mM I, HHEE K230, BN AT/ FET 59.8%, MRS
BT 19.0% [5].

“HIWNEETE” TGN R R 55 A 2 K SV A0 A A BT A e O S A B4 5 82 T
PR, A E(NH, ) S R(NO; ) B R E K& M 33 s R F B B TE ML, (E RS 2 LA g
SRELHINH, (U1 3 mM~10 mM)FEME— BB & 5 ELIR s i, 2 S R “Balmik” , vk
K%, RS EaEm R M3, REBHE6][7]. 25, FARRBORI L L
Rl IE R A B 2y T AR T, B SR B B R . BEBE pH BRI TR . RIS MEE(ROS) ML
e NHy/ NH; (TR0 BEOEEE . NH (1R KRS #5128 8 F1(GS1, AMTL.1/1.3) 3% P28 165 i 75 4% (8]
[9], {ELRE , AR A Kot NHL S0 S IS PR 40 28 B B LB 7 o 00 A AT J 4 TR FEE FRO AT

AT, PR R RIS PR 25 6 I SR N TR AE . T0URE T S A K ([ 101,
BESRR KRR, SRR R R A R R K EERRAE, R IR AR TR I B A
i 1) REMEAIREER(<100 uM); 2) JREZREBU IR IS 3015 5 RO R G K BE B35 S A%, 3) A
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Wi N2 AN PR 2 BAT AL AZE . RO AR B2k 100 uMFRER 12~24 /N5, A2 DA I8 2 g 2 2 1T A K LA
4) WA - ZRERRATHES 5 IR REMETE(11].

BT, AWTTCCURE OB, JTRE TOKIESEER, BE TR R SRR R R R ARIR L, e
TR BN JRE K “ACALIE” g, ARSI DAL B B N SR B AE T K4 E

2. MN5E7E
2.1. MR

ARG FH 00 2 R 0 g K326
22. WHF%

FER S ENE: KM o ZEM- T It tayk, AP ERS%[12].
—EAEIR BN : RS IRIL 5 BE-Griess BRI LU 3%, RALIRZ#(13].
FEE . WABRZHOME : RS R0RAR (i, AP ERZ%(14].

23, HEIRFREKEH

THEL L KB TG 7% TERFFREER TR 10 RGOS, RO/ N34t . FHEKES S
(1.5 mM NH4NOs, 0.8 mM K,S04, 1 mM KH,PO4, 1 mM MgSOs, 2 mM CaCly, 5 uM MnSOs, 1 pM ZnSOs,
0.1 uM CuSOs4, 0.1 pM (NH4)sM07024-4H,0, 1 pM H3BO4 and 30 pM Fe-EDTA)R; 5%, fERFRE KM T AEK
TR, EHAEMRFRERS, [AH—K.

24, WEERFREKES

PR AR v B AR S e S0 . B /K TR FR M B4l 1, S O — BN 8 2 —
P58 1.5 mM (NH)2SOs B K EFE R REFRTLER S 2.3 #MiA —BOAI 3 K (T4 FEMH A4 4 16
BE, B 24h#—UWEFRM). JG7 N5 MO, RHRMIRE NI, SR 4 K E IR 220, 50,
100, 500 uM), FE AR ARFF S ZIRE N 3 mM, FIEAN(NH)2S04. EK 3 RIGHUFE, FuitH®k
Al

JREGMRETE it S st Sk IR IR 3 mM 481 AR EE 3 KRS, R
KK AR BRI E N 1.5 mM (NHa),SO4 HIHE KBS E MR E R ILR S 2.3 #iid—5)
AEFE 3 FR(FF 24 h B REFER) . AMNEIAN 100 uM KR ZK(RIEI(NHL).S0s, R EF R EIKE A 3 mM),
3 RIGGIREL,

PR E RTINS RS . Zod KI5 FildE 32 A 3mM 8 B85 T AL B MR B 4 v, e B/ 34— B0
JHEL T, AR 2 NP5y, B T ANKEE R, —#84 LA 1.5 mM (NH4)2SOs J9ME—%0E, 55—
#538 1.5 mM (NH4)2S04 1 100 uM (ISR % . 3 RIESEiHRA, FHFBUR AL, FiitRAl.

IR R GRS SR SL0e . Sl /KBS G F2 R4, BRI KRB — RS
ME—ZUEA 1.5 mM (NHa),SO4 B RUK R E SRR EF iR S 2.3 iR —204H 3 K. LA sk
JEERIN 100 uM IR R, WIRAUNATRINRZR, 3 RIGBURAFES, WHRAEFFER .

2.5. it Ak

JTA SERREAE T 3 ML A A AT, SR DCTEME + ARiEiR(mean + SE)ERIR . X JRUAHL
AT R RS, SRR, TR B s MR AT S
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3. ZRE S
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Figure 1. Experiment for identifying the minimum concentration of urea to alleviate ammonium toxicity

E 1. REEBESRRKELEIR

ME T RTEVE 1, AEANEIR 2R DY 100 pM, 500 uM N, JHECT 52 2 (8 349 2 22, Hodts B3
REA & SRR MR 2SS X R NN R 20) A LU AT B3 AR A 0 b 5 B IR i i 2 1) SRR
RN 100 uM.
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3.2. REEMSRE “iBizle” L8
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Figure 2. Identification of the memory effect of urea on ammonium toxicity alleviation
B 2. IRREMREZICICEEESR
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3.3. REZEREHFNTIRTLE
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Figure 3. Split-root assay for ammonium toxicity alleviation by urea
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K3 GURERN], AR BRI OLT, —MSNEZRINIR R (100 uM), 55— MR ARl IR R 1S 5L
T IR AR SRS, MR, SARK EXUET B2, At b bt B ROy RO AT S P 5
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Figure 4. Assays for partial signaling substances in urea-alleviated ammonium toxicity

4. REEMEB T RN SESMREE

WIS 4 15 BB, Bl 3 /NN A, X R RIS 2 A e S B S B T ORIRR K, e
55 6 /NS RIREEAR, 12 /INEF A I3 % HEZEL PO B & R AR 0 S R B K, — B RE 3 24 /NI, TS
W NTE 12 /N IEAARIFARAS, 24 /NEWE AR . EX RSz b, — S E o i 3 /N
HBUMERIK:, 6 N AIEIK, 12 N, 24 NEE, R & B ARG (LR 1, T S0 4 I B S
W BRI . RS AE RS 5 — EAL B2 KA.
4. i

T I A RS T BRI E A K SR E R AR MO AR WA > —, T2 e T S Al
BRI S PR AR R 6]. AT I ORI £ R SRR R S LB B RS e Ah TR S A A
WM 2 B VE T« IR B AP B G 15 K, Ca2ty M2l B TR, B8R/ a2 15];
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AL RS S-TAHEA B H IO R R R AR B AR, (RPN T 5OKFER & e 2 s vE i 16]: #b
FEAS B ] 38 I 2 EHARUK R I 5 e R A2 (175 ANRERIN o-BH IR R . HEE O BRSH LR, T
I I SR E A RS A R T S MR B R IR R R, A AR E R 5 R
il NI AEK18]. R 2 A TR R R . B AR YR RR SRR 2 T 1 R AEMLE, TR
RIVA B BERE S TRV RGNS B A LA G FFER AT [19]

AHFFE LU E AR R, BAEG T 100 uM AR IR R ACEE 12 h B AT 5 25 22 AR 3 mM 2 30 6 00 AR K )
HER, HAZZMSN I EAR RO R AL S, IFSHRIKR SR Z A UE A RIR K IEEFEM, Brf
VENTE S0 TR RAED H) RSV T P R [20]. N BAR LA O IR PENUEE, A 70 DA a4 e Ab 31
HRAD) M5 5 20 T 7 sh A e i REA R, ARG ATT FMIR PR 20 0] e 253 Wi o2 X 48 PR R AR FH o 75 Al o e
FUR, MHENEGES S T2 N2 - FREREEL” MRHE, 505 A KRS Z M R 5 w43
Ho BIABYIEA0~6 h), XTIEZAGEIR & 8=AE 3 h HILKIEM R, 6h BEEVE, FIH—FAIENO). ik
A AR R FD BT XA RV R BB E G RSN mE N R, IR
AN, @ RE S S R IR — BN R R R R, SO R ) A ] E DA T
B[21]; FR, BERIENZ O, 28 0AAHNOS). F2 I AE(ADC) S 2 i % (ODC)i&
BREMEA NO 520, Baipiaih. WRAKERESEGUEmN, USO8 e A5k R s . (=
TEMRE T G HA(12~24 h), X RRZH AR Em R e 4 k% . FERIR S EAE 12 h BRI ZIE K I RF % 24
h, NO. K5 Wk Ie & EIRFET T R IR FRE m ALK o X — RS RABUFIEPTM AR 35, 2K
Wi B e N AP R R ARI AL oI B R 4% PR A% o b 7 BRI 8 PR R R A 2 o R 4 e Py AR
KfF21], MFRRSRIRER) NO 251 R TR, i s A A A% 5 AR 3L [22], & 2 215
SIETEER R MR R AR GUSE[23], B2 e 25 o O B A K R4k A S 3t ot R 2R 00 R A
WE. WRARA KRR E ZHHI %0 N EEEFE 6]

FHASE T2l e R PR B 35 L, AR IR R A% O AE FITE T “REEIR-NO-Z 1”155 I /7 14
FEAER TR, SIS Shuadim B DUOgE g kA 7 5 BN I A BT [24] . ZERREYIIE(0~6 h), MR R AL
HXRA RIS KRR 3 h KIEF R, 6 h BEFE, NO 5Z&FMT A, RWHIREH
A% BH WA A 0t e ol ) e 5 B AR I LR S B, R B [ A T BT [ S PSS S R B, A
J SR S (RS VT P B T A, X R R R B AR R B AN TR 12 h B AT R A . TR
EHEI(12~24 h), JREFAEFH S RA RO E MR IS RHE: RS R 12 h fREFFEE, 24h
W ERIEKT s NOL Ko 5 MR i & N FR2E 194, 24 h [FIFERE BV AR KT o X —g5 R0 T
JREMIZ O ThEE: 8 R RS, MUEEH] NO 5 2 i & SRR e, BE7 4 F A
T ZHETERREI I BT AR, SR T AR P S R S AN A SR IR AE EE S, AT AR
AR BT T A E N CRERm R A AR EREL - AR R RRE, AU A E SR A
AKIRERE .

IR, 454 B PR 22 A 3 R AT S RUMAR R B AR ISR I0 &5 1, —DAE Sz i N B4 R4
Pk SAFE: JREFIZAERN NO 52 nE NG S 7T, BdEERAGESEamiiR,
RS AR I B IR B A AR A RS, I R UBE IR AR IR FE TR 2 RV ] R A% 235 SR A AU PR A% O
Blfil. o, NO R A -5 ) Bz 38 5 K PR B i, A PR APk R G MEPUgima B 1S [25]; £
Jin]d it BT N s B SIS A 2 iE, IR I i 2 BB [26]. 1B P RS RRE S Liv 55114
e Ke Z&[27 M P R IR E IR R bisk s . MR - 2RI RE&SEYS, FRA
W — DI T iz B NO 5 2 e P I [FIRFE, LRSS 1 REMEAL SR, w8 TIREEN
5590 TR . A, RBFFRIUR RS S 0E 5ROy — i R R M AR RS N, B
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FE “RBCAL” FRIE, XONE BT RS RO TR B LA 28]

Zrb, ARWEFUE RYI T AMERE R KBS T AHEIR-NO-Z L I PR 5 Rk, SCHUN B £
B RRIE . RGEEMIEY NG, 478 T RERGE T IR A ER AR R, DRb A
SRR AR R aERN RO TR BB SERTT M. ETATITAAEIN, KRG
LML TT A FHRNRIC: H—, PR RE S MRS Rl AU, LI IR R R Fs S A
DUR3 K JR). #e#is B AL IRERAR S5 BRI D IIRE, MR IR MM 5 U B F ARSI ) 58 B oy
TIEER[29]; H T, BRI YR R AR AL B ST B, R A EIR-NO-Z L (5 5 U R
HBE(INOS. ADC. ODC %5)[IThRE, WM 2% o AL O 79T 11201 =, RITIZHLHIFEAR
TRV B DR F I S RE R, X EE M B AR (KRS ) S R B AR D (IR 5 . JBURE ) PR 3R G g e 5 Lo
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