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Effect of Low Nitrogen Stress on the Seedling Growth and
Root Physiological Traits of Fagopyrum tataricum
Cultivars with Different Low-N Treatments
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(1 College of Life Science, Shanxi Normal University, Linfen Shanxi 041004, China; 2 College of Geographical Science, Shanxi
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Abstract: In order to reveal the physiological response mechanism of Fagopyrum tataricum to low nitrogen
(N) stress, were conducted the pot experiment to study the effects of low N stress on the seedling growth,
root physiological traits and nitrogen uptaking. The experimental materials included 2 low-N tolerant culti-
vars (‘Diqing kugiao”’, ‘Guangku 1’) and 2 low-N sensitive cultivars (‘Xiqgiao 17, ‘Heifeng 1’). Three
results were drawn {rom the this experiment. (1) Compared to the normal N treatment (15 mmol/L), the

plant height, stem diameter, leaf area, shoot dry weight, root diameter, root volume and root area were
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declined, root/shoot ratio and main root length were increased under low-N stress (0.5 mmol/L) and very
low-N stress (0. 05 mmol/L). Besides, the root dry weight increased to a certain stress extent under low-
N stress, and the amplification of low-N tolerant cultivars was more bigger (13.69% and 19.26%); (2)
Low-N stress could make leaf chlorophyll content, F,,, F./F, . root activity, nitrate reductase (NR) ac-
tivity and soluble protein content significantly decreased, but make F,, root superoxide dismutase (SOD)
activity, peroxidase (POD) activity, malonaldehyde (MDA) content, soluble sugar content and free pro-
line content increased; (3) Plant N content and plant N uptake significantly decreased under low-N stress.,
while plant N uptake efficiency increased. The study has shown that the different F. tararicum cultivars to
low-N stress were significantly different. Under low N environment, low-N tolerant cultivars had the ob-
vious advantages of growth not only because the less influence of low N pressure to agronomic character,
photosynthesis and root activity, but also because the higher root protective enzyme activity, osmotic ad-
justment substances contents, plant N contents and plant N uptake.

Key words: Fagopyrum tataricum; low nitrogen stress; seedling stage; morphological characteristics;
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at seedling stage under low-N stress

The aboveground growth of different low nitrogen tolerant F. tataricum cultivars

Ab B i i P = EY i T AR E i
Treatment Cultivar Plant height/cm  Stem diameter/mm Leaf area/mm?® Shoot dry wt. /mg
i JX# 3% Diging 15.49+1.02a 1.934+0. 11a 457. 23425, 28a 86.1343.90a
J7 3 1 %5 Guangku 1 12.80+0. 81b 1.5940. 08¢ 370.17+28.33b 77.874+3.16b
N Vi35 1 5 Xiqiao 1 11.36+0. 86¢ 1.26=+0. 09fg 300. 83+29. 44c¢ 64.7745.49c¢
M+ 15 Heifeng 1 11. 86+0. 45bc 1.45%+0. 10cde 277.17+21.11cd 62.40%5.49cd
i PR ¥ 7% Diging 14.81+0.71a 1.8240. 08ab 351.27+20. 10b 62.97+3.53cd
J7H# 15 Guangku 1 11.70+0. 53bc 1.50+0.07cd 240.80+21. 86e 56.5343.70d
N 7§3% 1 5 Xiqiao 1 9.68+0.82d 1. 1840. 09gh 183.05415. 95f 36.83+2. 11f
M+ 15 Heifeng 1 9.34+0. 88d 1.3240. 08efg 165. 63413, 32f 37.40+2. 18f
il PR 5 5% Diging 12.69+0. 57bc 1.7640.05b 262.354+17. 13de 48.5744. 44e
¥ 15 Guangku 1 9.87+0.93d 1.4140. 07def 166. 81414, 721 44,5343, 74e
A P 7% 1 5 Xigiao 1 8.04+0.72e 1.08+0.09h 115. 184 11. 05¢g 24.50+1. 23g
M 15 Heifeng 1 7.82+0. 69e 1.2440.07¢g 109. 44410. 24¢g 23.67+1.63g

W N1.N2 N3 43 51 2 75 B A% 208 38 (0. 05 mmol/L) AR &I A (0. 5 mmol/L) F11E % At %0 (15 mmol/L) &b B8 ; 7 Py 504 7 F 249 (8 & % 1

22 3 il — F R [R) /N 5 5 B R 7 Ak B ) 22 S 36 I K S (P<C0. 05) . R Al

Note: N1, N2 and N3 represent very low-N stress (0. 05 mmol/L), low-N stress (0. 5 mmol/L) and normal nitrogen treatment (15

mmol/L) , respectively. Values in the table are given as meand SD. Different letters in the same column indicate significant difference among

treatments at 0. 05 level (P<C0.05). The same as below

R2 REPETAEMEEEFRMOBEREABSHEL

stage under low-N stress

Table 2 The root morphology of different low nitrogen tolerant F. tataricum cultivars at seedling

b 3 L il ﬂ‘i*EK‘ WRTFHER LN R KR WAETE e
rhimen  cl  Minmer  Koowwwe  Rerohme  Rowye Koy Reoroho
g / /mg

i PR #5 5% Diging 14.44+1. 22¢ 0.53740.02a 1.404+0. 10a 18.83+1.73a 32.87+2.42bc  0.38+0.01d
) J7 3 15 Guangku 1 9.53%+0.55ghi 0.46+0.03bc 1.154+0. 06b 17.58+1.08ab 30.80+2.17c 0.40=+0.01d
N P§3% 1 5 Xiqiao 1 8.17+0. 661 0.4740. 04b 1.2240.06b 17.29+1.61ab 25.30+1.01d 0.3940.03d
M4 15 Heifeng 1 10.04+0.92gh  0.4240.02cd 1.0040.07¢ 17.44+1. 42ab 24.03+1.21d 0.3940.01d
i P # 5% Diging 17.28+1.05b 0.48=+0.01b 1.124+0.07b 15.89+1.49bc  37.37=+1.85a 0.5940. 04c
Jo87 1 %5 Guangku1l  11.74+0.57ef  0.42+0. 04cd 0.96+0. 08¢ 14.4440.56cd  36.7342.80a 0.6540.05bc
N 75 15 Xigiao 1 9.16-0. 44hi 0.37240.03def 0.94+0.05¢ 13.05+1.13de 26.83+1.17d 0.7340.05a
M+ 15 Heifeng 1 10.93+0. 83efg  0.36+0.03f 0.78%+0.07d 12.92+1.03de 26.67+1.07d 0.71+£0. 04ab
it PR 5 5F Diging 19.20+0. 66a 0.41740.01de 0.92740. 06¢ 14.23+0.66cd 34.5341.31ab 0.71+£0. 04ab
7 1 5 Guangku 1 13.44+0.84cd 0.3740.02ef 0.80+0.06d 12.37+0.62de 32.43+1.42bc 0.73+0.05a
A P§3% 1 5 Xiqiao 1 10.64+0.71fg  0.3140.02g 0.7540.05d 11.13£0. 94e 18. 13+ 1. 06e 0.7440. 06a
M+ 15 Heifeng 1 12.21+0.79de 0.2940.02g 0.6040. 05¢ 11.67+1.03e 17.87+1. 45e 0.75+0.01a
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Table 3  The enzyme activities and MDA content in root of different low nitrogen tolerant F. tataricum

cultivars at seedling stage under low-N stress

s o R i MRS EEAE BRI AR A
Treatment Cultivar Root ﬂCtl\jlty NR astlwtyﬁ S/()D aCTI:HTy POD aCtl\{ltX MDA comgnt
/(mg g 1) /(pg+g '+hD /(Ueg ) /(Usgemin 1) /(nmol » g~ 1)
i P 5 3% Diging 0.6140.03ab 5.9240. 44a 234.26+12. 16f 36.66+2. 55¢f 9.51+0.43gh
] J7 3 15 Guangku 1 0.63740.05a 5.66740.49ab 212.71+16. 80f 35.7241. 54ef 10. 68+0. 75g
N Pi3% 1 5 Xiqiao 1 0.59-+0. 05ab 5.51£0. 11abc 240.75+11. 591 32.7742.50f 8.57+0.63h
M 15 Heifeng 1 0.57+0.04b 5.6840. 49ab 233.52+15.52f 35,33+ 1. 05¢ef 10. 06+0. 93¢
il P77 5% Diging 0.4540. 04c 5.2840. 15bed 324.39+15.62d 46.3043. 31c 13.74+0. 451
I 1% Guangku 1 0.46+0. 04c 4,94740. 22cde 289.85+23. 35¢e 44,6542, 41cd 16.2040. 50e
N 75 15 Xigiao 1 0.3740.03de 4.154+0. 17fg 309. 82+ 14. 10de 39.22+2. 74de 16. 4840. 89e
M3 15 Heifeng 1 0.4040. 02cd 4.5340. 36ef 290.29+21. 05¢ 42.4943.93cd 18.18+0.91d
it P 77 5% Diqing 0.4240.01cd 4.867+0. 33de 465.98+26. 73a 63.70%5. 64a 16.97+0. 84de
I 15 Guangku 1 0.4140.02cd 4.6010. 34ef 417.43+18.05b 63.6642.73a 19.81£0. 94c
B 538 1 5 Xiqiao 1 0.3340.02¢ 3.72+0. 35g 398.04+14. 16bc 54.56+4.52b 21.8640.59b
M3 15 Heifeng 1 0.3470.01e 3.8470. 30g 371.85+18. 98¢ 57.8642.36b 24,1040, 53a
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Table 4 The contents of osmotic regulation substances in root of different low nitrogen tolerant F. tataricum
cultivars at seedling stage under low-N stress
b g il ﬂ%@%/ﬁﬁ E{?ﬁ"l‘iﬁﬂ/ﬁﬁ U 5 I 2 IR
Treatment Cultivar Soluble sugarﬁ1 Solub}e protelg1 Free/ prohnei1
content/(mg * g~ 1) content/(mg + g ') content/(pg+ g ')
il Pe 3% Diging 1,480, 07g 6.6740. 55¢f 29. 751, 38el
J7# 15 Guangku 1 1.5640. 04g 5.91+0. 18f 26,2341, 151
N 3% 1 5 Xiqiao 1 1.4640.07¢g 7.26+0.48¢g 21.0641.93¢g
M4 15 Heifeng 1 1.5340.12¢ 6.04+0. 241 27.7041. 23f
il PR #5 5% Diging 2.7040. 19de 5.22-+0. 15bc 46.7442. 73bc
J7 3 15 Guangku 1 3.00+0. 16bed 4.60740.42¢ 43.454+2.91c¢
N P 7% 1 5 Xigiao 1 2.31+0.23f 4.17+0. 18e 32.4242.68e
M4 15 Heifeng 1 2.50+0. 22ef 3.714+0.19d 38.224+3.20d
i P35 5% Diging 3.1640. 17ab 5.03+0.40a 55.1743.70a
73 15 Guangku 1 3.45+0. 28a 4.25%+0.37b 49.80=+1.55b
A PiFE 1 %5 Xigiao 1 2.78+0. 22cde 3.86+0.22d 37.50+2. 46d
M. 15 Heifeng 1 3.067+0. 21be 3.57+0. l4c 42,7343, 84c
x5 REPETARMEREEFRMOEHTIMHEZERENXALSHNTL
Table 5 The Chlorophyll content and fluorescence parameters in leaf of different low nitrogen tolerant
F. tataricum cultivars at seedling stage under low-N stress
Jb g uﬁ"rﬂ’ Elhﬁfﬁz}% 32 $ Fluorescence parameter
Treatment Cultivar content/(mg » g~ 1) F, F., F./F,,
1 PG5 57 Diqing 3.80+0. 30a 526.50425. 69fg 1969.67+90. 17a 0.70740. 03a
I 1% Guangku 1 4.20%+0. 35a 548. 674 27.79ef 1938.17485.97a 0.71£0.02a
w 7§%% 1 5 Xiqgiao 1 4,1940.37a 489.83+27. 45¢g 1883. 67+ 78. 00ab 0.73+0.03a
M4 15 Heifeng 1 3.97+0. 24a 547, 17441, 99ef 1998. 50456. 45a 0.7240.02a
it PR 5 5% Diging 2.54+0. 22bc 569. 33437, 79def 1774.00+82. 77bc 0.63%+0.04b
37 1% Guangku 1 2.87+0.19b 579. 50432, 79cde 1780. 33487, 72bc 0.61-+0.05bc
A T§5E 15 Xigiao 1 2.4240.18cd 547, 33454, 87ef 1579. 83+84. 06d 0.59=0. 04bed
M4 15 Heifeng 1 2.03+0. 16de 602. 83447, 14bced 1747.67+69. 68c 0.59+0. 05bed
it PR35 5% Diging 2.38+0. 18cd 622.83+48. 94bc 1436. 50483. 42e 0.59+0. 05bed
J7H7 15 Guangku 1 2.49-0. 21bc 638.17+27. 27ab 1417. 83479. 04de 0.58-0.03cd
N 7§38 1 5 Xiqgiao 1 1.9940. 17de 635.50+33.07b 1198. 17451, 55 0.56+0. 04de
M4 15 Heifeng 1 1.8340. 12¢ 682.50+43. 65a 1358. 17487. 96e 0.52+0. 05e
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Table 6 The nitrogen utilization of different low nitrogen tolerant Fagopyrum tararicum cultivars at seedling

stage under low-N stress

b3 o B R AR R FU T &S
Treatment Cultivar Plant N content Plant N uptaﬁke Plar}t.N uptake
/(mg g ) /(mg « plant™!) efficiency/ %
il g% 3% Diqing 2.02+0.04b 0.24040.017a 0.046=40.003g
] ¥ 1% Guangku 1 2.30%£0. 10a 0.25040.014a 0.048=40.003g
e P§3% 1 5 Xiqiao 1 1.7940. 15cd 0.16240.008b 0.03240.002¢g
M4 15 Heifeng 1 1.90+0. 06bc 0.16440.009b 0.03140.002¢g
i P # 5% Diging 1.4840.08e 0.14940.013b 0.85040. 026e
73 1 %5 Guangku 1 1.6740.06d 0.15640.015b 0.89040. 083e
N 73 15 Xigiao 1 1.16+0. 11gh 0.07440.003d 0.425+0.032f
M+ 15 Heifeng 1 1.1540. 10gh 0.07440.006d 0.42040. 032f
i Pe#=35 Diging 1.30+0. 081g 0.1084-0. 009¢ 6.189--0. 096h
I 1% Guangku 1 1.4340. 12ef 0.11140. 006¢ 6.32540.073a
N P§3% 1 5 Xiqiao 1 1.01+0. 10hi 0.04340.002e 2.45640. 098¢
M4 15 Heifeng 1 0.92+0. 061 0.03840.002e 2.19540.072d
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