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Effects of nitrate on the root growth and salt tolerance of
Suaeda physophora seedlings under NaCl stress
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Abstract Effects of NaCl and nitrate on the root morphologic characteristics and nitrogen accumulation in the shoot of
Suaeda physophora seedlings were investigated in order to elucidate the relationship between nitrogen nutrition and salt
tolerance. S. physophora seedlings were grown under four NaCl levels 1 150 300 and 450 mmol/L and three NO5 -
N levels 0.05 5 and 10 mmol/L.  making twelve combination treatments. The results showed that the dry weight later-
al root length surface area absorbing area and active absorbing area of root of S. physophora seedlings increased with
an increase in salinity or nitrate level. Meanwhile ions and nitrogen accumulation in shoot had significantly positive cor-
relations with those root morphologic characteristics. Increasing of nitrate levels in the high NaCl solution increased the
Na* NO;j organic nitrogen concentrations and nitrate reductase activities while decreased Cl~ and K* concentra-
tions. Positive response of S. physophora seedlings under high NaCl stress could be attributed to N application which in-
creased root growth and improved Na* and nitrogen accumulation in the shoot of seedlings. Contribution of NO; and Na*
to osmotic adjustment increased and nitrogen nutrient deficiency was ameliorated and hence the tolerance to high NaCl
was enhanced.
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1
1.1
3 Suaeda physophora
¢ N44°09'56"  £87°50'55" 4
C 2007 1 4
56
Na* K* 30 £3/25+£3°C 40% ~ 65 %
7 14/10 h 12000 1x
8 10% H,0, 5 min 3
25C
3 cm 30 em 20 em
12 24 h
Cistanche salsa 1 Fe 90 pmol/L
C.A.Mey. G. Beck Fe-EDTA 46 pmol/L H;BO; 9.1 pmol/L MnCl, 0.32
pmol/L CuSO, 0.76 pmol/L ZnSO, 0.56 pmol/L
NayMoO, NaOH HCI pH 6.5+
0.1 2d
1 mmol/L
Table 1 Chemical composition of large number of elements of nutrient solution
NO; -N Ca NO; , CaCl, KNO, K,S0, MzSO, KH, PO,
1 0.5 2.5 — 2 2 1
0.05 0.025 2.975 — 2 2 1
5 2.5 0.5 — 2 2 1
10 3 — 4 — 2 1
1.2
NaCl 1 150 300 450 mmol/L 4 1.3
NO;-N  0.05 5 10 mmol/L 3
1 12 3 1 mmol/L NOj -
N 30 d NaCl 75 mmol/L 105°C 30 min 80C
75 mmol/L
450 mmol/L 30 d Na* K* CI= NOsy 15 mg
Cl™ NOs 550 C 6 h
Nitrate reductase NR Na* K* 25 mL
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Thermo Solar M Thermo Electron Ameri- SAS
can Na* K* SPSS 11.5
100°C NO;
Cl- NOs UV - 120-02
Spectrophotometer Shimadzu Kyoto Japan Cl~ 2.1
0.02 mmol/L. AgNO; 1
Fs=48.5 P <0.001
3 50°C 1% 10
5 min 50% mmol/L N 1 150 mmol/L NaCl
300 mmol/L NaCl
0.01 mmol/I. NaOH 79.3% 54.5% NaCl 450 mmol/L
600 DPI TIFF N 0.05 mmol/L
Rootedge 2.3b 0.05 5 mmol/L N
? N 10 mmol/L
3 N
10 Fy=54.3 P <
0.001 300 mmol/L NaCl 10 mmol/L. N
cm = - 0.05 5 mmol/L N
9% = / % 100 118.3%  148.5%
em/g FW = / Fs«n=1.8 P >0.05
cm/em? = / Fs=27.4 P <0.001 Fy
NR =99.0 P <0.001
NR 1 Fsxn=3.7 P <0.05
500, —o— NO.05 T
~ —a N5
Eté ool —— NIO %fim-
£ £ a0l 3
; g 200} ‘g*‘ﬂ 20
0 - : - 0 : : - ;
1 150 300 430 1 150 300 4350
NaCli#¢ 5 (mmol/L) NaCl concentration
1

Fig.1 The effects of NaCl and nitrate on the shoot and root dry weight of Suaeda physophora seedlings

NO.05 N5 NI10

NO; -N

0.05 5 10 mmol/L

NO.05 NS5 and N10 mean 0.05 5 and 10 mmol/L NO; -N concentration treatments respectively. The same below.
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NaCl
NaCl 300 mmol/L

0.05 mmol/L N
NaCl 150 mmol/L
N

300 mmol/L NaCl 10 mmol/L N
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0.05 5 mmol/L N 382.0%
107.6%
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Fig.2 The effects of NaCl and nitrate on the lateral root length surface area absorbing area and
active absorbing area of root of Suaeda physophora seedlings

2
Table 2 Two-way ANOVA of the effects of NaCl and nitrate on Suaeda physophora seedlings
Items NO; -N N Salinity S Sx N
Lateral root length cm 137.58" " * 54.17° " 6.60" "
Surface area cm’ 157.93" " 36.27° " 7.56" "
Absorbing area cm? 100.72* ** 25.90" " 5.73" "
Active absorbing area cm® 214.34" * 33.62" " 36.82° "
Primary root length c¢m 3.15™ 0.34" 1.60™
Root diameter mm 2.63% 0.06™ 2.00™
Specific root length cm/g 3.42% 0.24" 1.45™
Root length density cm/cm? 1.38% 1.06™ 2.40M
Note % * x *o* % 5% 1% 0.1% Indicate significant at 5% 1% and 0.1% levels respectively NS

Indicates no significant difference Same as table 3 and table 4 F F values are shown.
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NaCl NO; K* N cl- K* K*/Na*
K*/Na* NaCl 10 mmol/L
NO; -N NaCl NOy NOy Cl~- Na*
NOy Na* K* K*/Na*
3 NO; CI- Na* K* K*/Na*
Table 3 The effects of NaCl and nitrate on the concentrations of NO; ClI~ Na* K®* and K*/Na* ratio
in shoots of Suaeda physophora seedlings
Treatments NO; mg/g DW Cl™ mg/g DW Na® mg/g DW K* mg/g DW K*/Na*
N 0.05 Nal 4.43 +0.66 59.81+0.21 31.45+1.00 92.31+3.15 2.90+0.00
Nal50 2.35+0.19 87.15£2.38 50.24+0.56 81.85+2.17 1.63+0.03
Na300 1.12+0.14 116.27 £ 6.37 73.72+2.84 75.70+2.30 1.03+0.02
Na450 — — — — —
NS5 Nal 11.71£0.44 34.29+2.03 33.89+0.73 76.53+1.73 2.26 +0.07
Nal50 7.47+0.30 49.90 +2.36 67.67 £6.51 69.52+2.75 1.03+0.05
Na300 5.10+0.34 75.44+1.62 99.72+6.42 59.10+2.39 0.59+0.01
Na450 4.00+£0.12 81.52+2.68 116.28 + 6.46 52.24+1.85 0.45+0.02
N 10 Nal 14.92+0.94 32.37+0.45 32.85+0.56 74.93 +£1.38 2.28 £0.08
Nal50 12.48 +0.36 55.45+£2.27 68.46 + 3.90 66.09 +1.89 0.97+0.04
Na300 15.94 +0.44 65.22+2.08 107.24 +6.03 49.08 £1.92 0.46 +0.01
Na450 14.70£0.76 74.37 £ 1.68 119.11+£5.11 42.34+2.52 0.36+£0.00
F Analysis of variance F' values
NO;y-N N 440.33" "~ 141.97° "~ 47.95" " 133.56° " * 236.85" " "
Salinity S 16.62" * 159.14* 183.78" * * 122.90" *~ 1227.09" * *
Nx S 9.69" " 26.62" " 0.00™ 0.00™ 0.00™
Note 3 + All data are means of 3 replications +SE n=3 .
2.4 300 450 mmol/I. NaCl N
N NR 1 mmol/L NaCl 35.8% 45.6%
N NR 21.3% 31.1% N
NR NR N Fy
N NR Fs=9.3 P<0.001 =19.8 P<0.001 Fy=25.3 P<0.001
Fs=12.3 P < 0.001 3 5 mmol/L N 300 mmol/L NaCl 10 mmol/L N
40 - ] 10 r
‘G‘E% 30 EE 8 r
3 aE
B 7 \ £2 |
g gz *
gg ol I§2.05 ‘52 .
Sz —a— NI10 %
0 - - - ; 0 . - . |
1 150 300 430 1 150 300 450
NaCHEHE(mmol/L) NaCl concentration
3

Fig.3 The effects of NaCl and nitrate on the organic nitrogen and NR activity in shoots of Suaeda physophora seedlings
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N 0.05 5 mmol/L N
156.0% 52.5% NR 4
56.1% 33.3% N NR N NO; Na* CI- K*

Fs,n=6.2 P<0.01
FS*NZS.?) P<0001

2.5
4
Table 4 Correlation analyses between the ions N accumulations of shoot and root morphologic characteristics
of Suaeda physophora seedlings
Items Organic N NO; -N Na* Cl~- K*
Primary root length 0.293 0.307 0.161 0.077 0.238
Root diameter 0.161 0.189 0.086 0.007 0.158
Specific root length -0.301 -0.372 -0.312 -0.212 -0.263
Root length density 0.075 0.026 0.042 0.100 0.020
Root/shoot -0.162 -0.062 -0.246 -0.422"  -0.349
Lateral root length 0.936" ~ 0.937" " 0.882"* 0.751" "  0.827""
Surface area 0.901" ~ 0.917" " 0.869"* 0.726" "  0.815" "
Absorbing area 0.875* " 0.882" % 0.811° " 0.682" 7 0.736" *
Active absorbing area 0.829" " 0.865" * 0.796"*  0.598" * 0.638" *
Root dry weight 0.907" " 0.916" " 0.824""  0.692" " 0.779" "
Messedi 17
3 .
Sesuvium portulacastrum
N K*  Ca®*
Okusanya  Ungar '8
47
1921
12 13
Plantago
.. 2
maritima
1 150 mmol/L NaCl
14-16
N
0.05 5 mmol/L N
10 mmol/L N 10 mmol/L N Na+ NaCl

NOs
Na*
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