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1 GUS X-Glue(5- -4- -3- -B-D-
1.1 5-Bromo-4-chloro-3-indolyl-beta-D-glucuronide
(Arabidopsis thaliana cyclohexylammonium salt hydrate)
L.)Columbia-0 (Col-0) NaClO 37°C 16 h
(sodium dodecyl sulfate, SDS) GUS
(21] 0.1% 20% 35% 50% 75% 90%
4°C 2 30 min 75%
(13 cmx GUS Olympus BX51  DIC
13 cm) [22-23] 2 mmol/L KH,PO, Olympus DP71
5 mmol/LNaNO; 2 mmol/L MgSO, 1 mmol/L CaCl,
0.1 mmol/L Fe-EDTA 50 pumol/L H;BO; 12 umol/L 1.2.3 5 )
MnSO4 1 pmol/L ZnCl, 1 pumol/L CuSO,4 0.2 pmol/L 5
Na,MoO, 0.5 g/L 2-(N- ) (2-(N-Morpholino)
ethanesulfonic acid, MES) 1% (w/v) 0.8% (w/v) 124 EB 5
(5 mol/L NaOH pH 5.7) 5
MES pH pH 23 0.25%
Parafilm (w/v)  Evans blue 15 min
3 10 min
16h/8h (23+1) C N,N- 1 h 600 nm
100 pmol/(m®-s) (30 mmol/L (optical density  OD) ODego
NH;) 15 mmol/L (NH,),SO, (2
K 02 4.0 mmol/L( 02 mol/L 125 DAB H,0, Li ©¥
K,SO, ) (150 : 1) 0.1 mg/ml
(751 DAB( 50 mmol/L Tris- pH 5.0)
KH,PO, NaH,PO, 2 mmol/L 24 'h 80%
5 ( 1.5 ~2 cm) 70°C 10 min 75%
DAB Olympus BX51 DIC
3 Olympus DP71
30 mmol/L NH; 1.2.6 Excel 2003
(221 SPSS 20.0 P<0.05
1.2 OriginPro 8.0 Photoshop
1.2.1
( ) 4 )
2.1
1.2.2 5
4 GUS(B- 1 NH;
B-glucuronidase) GUS (0.2 4.0 mmol/L)K"

“Arabidopsis : A laboratory manual”

(24] 1.5 ¢cm

1 ml

(30 mmol/L) NH;
K* 4.0 mmol/L
7.5
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20.3 mm 38% K 0.2 mmol/L. 28.6% 49.2%
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NH,
I 0.2 mmol/L K" ] 4 mmol/L K*
35t a &
30+
NH; (30 mmol/L)
z 25t
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g 201
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Fig. 1 The changes of root elongation under different NH; and sk
K" treatments I
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NH; 0.2 mmol/L K* + NH! B4 mmol/L K* + NH;
60 ® a
1~3 ;_\3/ 50
4~7 = F
R 40
2A NH. s L
= d
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NHZ (30 mmol/L) Fig. 2 The changes of lateral root number and stage distribution
under different concentrations of NH,; and K treatments
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Fig.4 The EB staining of shoot (A) and root (B) under different
24 concentrations of NH; and K' treatments
EB K’ 2.5 H,0,
4A NH
(02 4.0 mmol/L)K" (reactive oxygen species,
+
ODsoo (30mmolL) ~ ROS) NH; K’
NH; EB ODgoo DAB H,0,
ODyoo 5 NH; K DAB
14.4 EB NH;
ODgoo 27.9 NH (0.2 4.0 mmol/L)K"
1.7 2.9 DAB H,0,
4B (0.2 4.0 mmol/L)K" DABI: 4,
) EB ODgoo . NH NH
NH; (0.2 4.0 mmol/L)K
EB ODgoo
(30 mmol/L) NHj 4 mmol/L K*
EB OD¢00
OD¢o0 47.3
EB ODyg0
66.2 NH; 2.0 0.2 mmol/L K*
2.8 NHZ
( 0.5 mm)
ODqoo 5 A[FE NH; 1 K" &2 THH DAB £ &155%

Fig. 5 The DAB staining of leaf under different concentrations
of NHj and K treatments
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(30 mmol/L) NH;

NH;
H,0, NH;
NH; >
NH; Li B7 K" AMOS2
NH;
NH;/K*
3
NH,"
[4,22,26] Lasa [27]
NH;
NH;
NH; K
[38]
NH; K K"
NH; K NH; (30]
K+
[15,29] K NH;
NH;
15 5 K*
[20]
(ROS)
Li 8
[39]
4~8 ROS
NH;/K* [40] NO
NH; [29-32] (RNS)
NH;/K* o
K* NH; H,0, [41-43] Wang [44]
[15,33] K NH; Hydrilla verticillata
[15,3133] MS 0, H0,
20.6 mmol/L  NHj 20 mmol/L H,0,
K [15] Wang [44] 2
NH; K*
1 mmol/L NH; (34] 5 NH;
Balkos " NH; NH;/K* K
( ) DAB
150 7.5 H,0, NH;
DAB
[40,44]

Wang
Li B3 NH; H,0,
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Effects of Different Concentrations of NH, /K" ratios on
Shoot and Root Growth of Arabidopsis thaliana Under
High Ammonium Condition

SONG Haiyan'?, LI Guangjie'*, SHI Weiming'"

(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: Potassium plays an important role in the process of protecting plant species from ammonium toxicity. In the
present study, primary root, lateral root (LR) and shoot developments of Arabidopsis wild type (Col-0) were analyzed under
excessive NH; (30 mmol/L) with two concentration ratios of NH;/K" (7.5 and 150) in agar medium. The results showed that
under high ammonium condition (30 mmol/L), high NH3/K" ratio (150) increased the ammonium stress, inhibited the shoot and
root development and aggravated the oxidative stress compared with low NH;/K" ratio (7.5). Compared with the low NH,"/K"
ratio, the high NH;/K" ratio inhibited the primary root elongation by 57.4%, the relative number of LRs by 33.3% and the shoot
fresh weight by 69.9% under the high ammonium condition. The results of DAB (3, 3'-diaminobenzidine) staining of leaf
indicated that compared with no ammonium treatment, the different external K* levels (0.2 and 4.0 mmol/L) did not show
significantly different effects on shoot oxidative stress of Arabidopsis; while under the high ammonium condition, the high
NH,/K" ratio further increased the H,0, content of leaf and aggravated the oxidative stress compared with the low NH;/K" ratio.
Evans blue (EB) staining showed that the different external K* levels did not show significantly different effects on shoot and root
membrane permeability of Arabidopsis in the treatment without ammonium; while the high NH3/K" ratio significantly enhanced
shoot and root membrane permeability under the high ammonium condition. All the results indicated that high ammonium
inhibited the development of shoot and root of Arabidopsis, and the inhibition would be enhanced by the high NH,/K" ratio. In
addition to the reduction in the absorption of ammonium by the plants due to presence of high concentration of potassium, the
reason may be also ascribed to the exacerbated oxidative stress by the high NH;/K" ratio. Therefore, appropriate NH;/K " ratio
plays an important role in response of plants to ammonium toxicity.

Key words: Arabidopsis thaliana, NH; toxicity; NH;/K" ratio; Oxidative stress



