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Effect of Ni on the growth and nitrogen metabolism in foxtail millet seedlings of

different genotypes

CUI Xiuxiu, ZHANG Yixian "
College of Life Science, Shanxi University, Taiyuan 030006, China

Abstract: Nowadays, soil pollution by Ni*" is getting more severe in some place of China. Nickel (Ni) is an essential
microelement of plants, however, large Ni** accumulation in crops leads to necrosis of plant leaf, lignification of stem and
growth inhibition of root. The mechanisms of the Ni*" toxicity are not well understood for nitrogen metabolism of higher
plants. In this study, pot culture was conducted to investigate the effects of Ni** on the growth of roots and shoots, biomass,
the uptake and accumulation of Ni’*, the contents of nitrate nitrogen, ammonium nitrogen, free proline and soluble
proteins, the nitrogen metabolism key enzymatic activities including nitrate reductase ( NR) , glutamine synthase (GS),
glutamate synthase ( GOGAT) , glutamate dehydrogenase (GDH) in four genotypes (13-36, B-7, Jingu 51, Jingu 52) of
foxtail millet ( Setaria italica ( L.) Beauv) seedlings from Shanxi, China. The foxtail millet seeds were cultured in
incubators at 26°C for germination with no light, then planted in the pots spiked with five different Ni** concentration,
namely 25, 50, 100, 150, 200 (mg/kg). The experimental results showed that with the rise of Ni** concentration the root
length , shoot length and biomass declined and the accumulation of Ni** increased gradually, which formed a sharp contrast

with the control group (P<0.05). In the range of test Ni** concentration, the content of nitrate nitrogen, the activities of
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NR, GS, GOGAT of four genotypes of foxtail millet characterized by increasing at low concentration (25—50mg/kg) and
declining at high concentration (50—200 mg/kg). The activities of NR, GS, GOGAT reached the peak values when
exposed to 50mg/kg Ni**. The nitrate nitrogen contents and NR activities in 13-36 were higher than other three genotypes
(P<0.05). The activities of GS and GOGAT in 13-36, B-7, Jingu51 were 1.69, 1.47, 1.19 and 2.84, 1.03, 3.17 times
than those of control group in 50mg/kg Ni*" exposure. However, The GDH activities decreased when the Ni** concentration
higher than 100mg/kg. Ni** treatments increased the accumulation of ammonium nitrogen in range of 50 t0150 mg/kg in the
leaves of four foxtail millet and were 1.14 to 3.02 times than control group. Besides these, with the increasing of Ni**
concentration, the content of free proline increased, the soluble protein decreased. Synthesize the above results, we found
that Ni*" treatments impaired N assimilation in foxtail millet seedlings by restraining the absorption of nitrate nitrogen and
inhibiting the activities of NR, GS and GOGAT, which lead to nitrogen metabolism disturbance. And the toxicity effect was
different among different genotypes of foxtail millet. Further, Ni** stress inhibited the growth of foxtail millet. The tolerance

order of four foxtail millets to Ni** was 13-36>B-7>Jingu51>Jingu52.

Key Words: foxtail millet ( Setaria italica (1.) Beauv) ; Ni stress; growth response; nitrogen metabolism
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Table 1 Effects of the growth and biomass on different genotypes foxtail millet seedlings under Ni** stress

w ot WAL/ (mg/kg) A/ mm HK/mm Y/ mg LEENTRuE /e
Varieties Concentration Root length Shoot length Biomass Root tolerance index
13-36 CK 91.1+0.06eB 93.0+3.44bA 438.12+0.02eA 1.00+0.00d
25 90.5+0.15eD 77.1+4.57aA 418.63+0.81dA 0.99+0.16¢C
50 60.8+0.06dB 78.7+2.73aA 412.5+1.28cA 0.72+0.24¢C
100 49.4+0.31cB 81.0+2.42aA 403.72+3.19bA 0.59+0.36bA
150 31.4+0.32bA 87.3+3.28abA 395.70+0.26aB 0.37+0.03aA
200 28.0+1.15aA 85.8+3.54abA 395.96+0.44aC 0.33+0.08aA
B-7 CK 88.3+0.17fA 116.4+4.47bB 510.36+0.34fC 1.00+0.00d
25 76.5+0.29¢C 105.2+3.09aB 486.60+0.15eD 0.98+0.11dB
50 83.9+0.50dD 110.5+6.69aB 476.43+0.29dD 0.87+0.15eD
100 46.6+0.17cA 110.6+2.73aB 468.61+0.45¢C 0.60+0.07¢B
150 37.9+0.23abB 115.6+3.64bB 456.09+0.06bD 0.48+0.03bB
200 28.4+0.31aA 103.3+4.47aB 436.44+0.39aD 0.36+0.08aB
B 51 % Jingu 51 CK 88.8+0.37eA 96.9+4.84aA 512.78+0.26{D 1.00+0.00e
25 57.9+0.21dA 100.0+2.07bB 451.43+0.25¢C 0.65+0.27dA
50 52.9+0.67cA 104.6+3.82bB 436.58+0.30dC 0.60+0.12¢A
100 52.3+£0.17¢C 105.2+£2.72bB 432.84+0.22¢B 0.59+0.06cA
150 45.9+0.26bC 109.3+6.35bB 420.65+0.35bC 0.52+0.02bC
200 40.3+0.35aB 113.3+4.88bB 363.79+1.90aB 0.45+0.08aD
B 52 % Jingu 52 CK 112.1+0.49¢C 111.8+5.63aB 442.73+0.74fB 1.00£0.00e
25 72.9+0.06dB 104.7+5.43aB 437.25+0.16eB 0.65+0.12dA
50 72.9+1.10dB 104.4+4.77aB 432.43+0.17dB 0.65+0.03dB
100 67.0+1.15¢D 101.5+4.50aB 429.12+0.14cB 0.60+0.08bB
150 56.4+0.21bD 109.5+5.15aB 343.43+0.13bA 0.50+0.02¢C
200 48.4+0.24aC 98.8+5.13aAB 290.87+0.13aA 0.43+0.07aC

[ B AR 7] B PR BRUAS [ /N5 5 ) 2 5 3 (P<0.05) 5 A [l R B2 A ) S PR BRUAS [ K5 5 B 2 57 3 (P<0.05)

®2 NTEABERESFHHEEANRK RRE5ES

Table 2 The uptake,accumulation and transformation of Ni**

in different genotypes foxtail millet Seedlings

s WM/ (mg/kg) M BB/ (me/kg)  HRAFEHE/ (me/kg) CEES iz 7%
Varieties Concentration Leaf and stem Root Bio-concentration factor Translocation factor
13-36 CK 40.58+2.01aB 92.17+3.13aC 3.24+0.57dC 0.44+0.27aA
25 124.78+3.05bD 168.70+1.60bC 3.32+0.42dD 0.74+0.39dD
50 139.68+7.08cD 225.30+1.97¢C 1.93+0.49¢B 0.62+0.73¢cC
100 160.55+5.44dC 285.17£2.03dC 1.43£0.47bC 0.56+0.28bB
150 213.63+3.92eD 336.32+1.08eB 1.31+£0.57aD 0.64+0.35¢C
200 279.41+5.79(D 464.26+4.29(B 1.31+0.08aD 0.60+0.18¢D
B-7 CK 38.25+8.39aB 75.26+£6.31aA 3.06+0.36{B 0.51+0.82bC
25 98.43+4.04bC 159.10+4.20bB 2.62+0.57eC 0.62+0.18dC
50 120.80+4.65cB 196.33+5.02¢B 1.93+0.38dB 0.62+0.15dC
100 146.24+5.01dB 256.38+2.87dB 1.30+0.27¢B 0.57+0.40cB
150 178.42+2.19¢B 348.90+2.41eC 1.10+£0.57bB 0.51+0.13bB
200 201.63+4.72(B 546.70+1.90fD 0.95+0.69aB 0.37+0.68aA
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Y%
w ot WAL/ (mg/kg) i BB &R/ (mg/kg) MR E R/ (mg/ke) HERR iz 7
Varieties Concentration Leaf and stem Root Bio-concentration factor Translocation factor
T4 51 % Jingu 51 CK 36.98+7.13aA 76.88+0.88aA 2.95+0.25fA 0.48+0.19¢B
25 75.04£2.59bB 193.58+2.35bD 2.00+0.90dB 0.39+0.87aA
50 138.29+1.98¢C 267.20+2.33¢D 2.21+0.68eC 0.52+0.52dB
100 169.35+£5.43dD 310.55+7.01dD 1.51£1.03¢D 0.55+0.43eB
150 186.12+3.18eC 369.70+5.10eD 1.15£0.42bC 0.50+0.34cB
200 211.63+5.621C 489.26+3.16fC 1.00£0.84aC 0.43+0.55bB
W4 52 %5 Jingu 52 CK 41.17£2.77aC 86.39+5.18aB 3.29+1.91eC 0.48+0.76¢B
25 56.79+4.65bA 132.85+3.81bA 1.51£0.98dA 0.43+0.27aB
50 78.31+£3.88cA 175.30+0.95¢cA 1.25£0.28cA 0.45£0.46bA
100 101.51+2.64dA 234.11+2.11dA 0.90+0.37bA 0.43+0.36aA
150 119.35+5.65eA 249.51+3.43eA 0.73+0.18aA 0.48+0.78cA
200 135.19+8.02fA 279.80+5.70fA 0.64+0.49aA 0.48+0.67¢C
2.3 NP ORI SR8 T B R R, L 0 B 72 1 A R B

3 3 A LLAEH TEMIRHREE (25—50 mg/kg) Ni*" Ab B4 H | 4%9@@!%%?@&;%)#435%@ B B 2 i
NP2 LB >50 me/kg I, 4 B4 T A A
4 FhEE BT B i RS S A S BN 13-365B-7>B 4 51> 4 52, NivAbBRF 4 M4t A &S

T, SXFRRAH L2255 B3 (P<0.05) .

j(/—‘/\

wB %,

R BEAL R 1 5 TF i SE IR B 7E 50—100 mg/kg 36 FEI P 0 X BRAY 1.14—3.02 135, HAS W) 4b BH2H 7]
Z R E(P<0.05) , Hi B4 52 A &8 E S B B T HAb 3 A3k

®3 NPHEXMAREREAFHEBSRA S5 FEREBRNTAENEARIENTM

Table 3 Effects of Ni** stress on contents of nitrate, ammonium, free praline and soluble proteins in different genotypes foxtail millet Seedlings

i AN E/ (mg/kg) HWER/ (ng/g) AR/ (ng/g)  ANEYEEHBY (pg/s) I/ (ne/s)
Varieties Concentration Nitrate Ammonium Soluble protein Proline
13-36 CK 338.66+0.73¢C 927.44+0.56bD 81.13+0.35dD 9.88+1.31aA
25 351.65+0.95dC 1198.72+0.56dD 79.31%1.13cdD 10.41£0.05abA
50 381.16+0.55eC 1343.57+0.05eD 77.71£0.39beD 11.75+0.10bB
100 422.64+1.20{C 1199.68+0.04dD 76.12+0.96abD 16.13+0.20cC
150 195.77+0.55bA 1072.32+0.68cD 76.16+1.47abD 22.11+0.05dC
200 168.25+1.19aA 828.12+0.56aD 73.63+0.71aD 25.40+0.30dC
B-7 CK 423.92+0.27eD 568.42+0.56dC 62.45+0.48¢B 12.44+0.05aB
25 233.70+0.06aB 636.10+2.01eC 58.14+0.75¢B 13.65+0.04bB
50 249.35+0.04bB 677.87+0.03fC 56.24+0.81bcB 15.55+0.04cC
100 292.02+1.42dA 518.19+0.06cB 53.23+2.67aB 15.77+0.14¢B
150 480.94+0.27fC 498.43+2.01bC 52.87+1.27abB 23.12+0.11dD
200 264.23x1.52¢C 434.95+0.07aB 51.35+0.25abB 56.57+0.11eD
WA 5175 Jingu 51 CK 142.22+0.28aA 534.99+0.56bB 50.74+4.83bA 13.49+0.03aC
25 331.02+0.27¢C 628.86+0.55dB 49.12+4.39bA 14.90+0.03bC
50 391.49+0.04eD 634.56+1.24¢B 47.60+4.92aA 15.33+0.14¢C
100 373.99+1.00dB 558.93+0.56¢C 43.98+2.59aA 16.19+0.03dB
150 339.44+1.46fB 487.11+0.56bB 46.13+8.04aA 16.33+0.05dD
200 198.02+£0.97bB 463.57+0.09aC 42.84+4.14aA 19.32+0.06eB
WA 5275 Jingu 52 CK 243.72+0.55dB 320.40+0.27aA 76.51£0.94¢C 9.72+0.05aA
25 134.38+0.82aA 344.26+0.06dA 73.27+1.26bC 10.51+0.05aA
50 212.87+0.27bA 361.07+0.28fA 68.55+0.54aC 10.97+0.08aA
100 736.01£1.09fD 356.03+0.28eA 72.53+0.80bC 13.93+0.03bA
150 532.46x1.25eD 332.69+0.28cA 71.19+0.28bC 14.49+1.27bA
200 157.14£0.27¢cA 328.73+0.74bA 70.71£0.55aC 14.76+0.10bA
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4 FhEEPI RIS T A p Al i v R A FR B N ™ AL B R BE A B I T R, 24 N2 R JEE IR #1) 200
mg/kg I A 2 B AR, 23 0 L X BRFRAR T 9.24% ,17.77% ,15.57% ,7.58% . 13-36 FIS4 52 M H- Rl v 1
TR T B-7 HEA 51, NiZ WA, 4 LB RS 40 it b %) il 228 5 f: B A B 2 g S8 T 14
Lﬁxiﬁﬁ*ﬁ b 25 5 3 (P<0.05) , HORIR) R A 2 [a] £E7E 25 5% (P<0.05) , 13-36 Fil B-7 Ml %2 & i w3 = T
WA 51 FREA 52,
2.4 Ni** s XA FESEF B T4 H NR (GS .GOGAT . GDH il i 14 [ 5%

4 FhEEPRIAIA 4 i 8y NR TG YRR Ni”mﬂ?&ﬁ%ihnf‘aﬂ%FTﬁ“( F 4) 1F 100—150 mg/
kg IR X6 FRAY 1.02—1.54 35, AS[a) 5 A 0[] 25 7 i 35 (P<0.05) o BRTEAS 52 #b, Hlh 8 F 401 o GS . GOGAT
TEPEYBE N> Ab Bk B T S T B, 7E 50mg/kg Hﬁz_?fuﬂijtﬁ,éa\%ﬂjm‘ﬁﬁ% 1.69.1.47 1.19 f5F12.84 .
1.03.3.17 {5, Ni**' i~ 4 FpsF4hint 7d GDH G 7E 100 mg/ kg B BH 5 &5 F X B ( P<0.05) |, b5 &
TR, 7E 25—100 mg/kg (19 Ni** AL FEVEF Y, 4 #4715 GDH (TG PR K/ R B-7> 854 51> 4 52>
13-36,

F4 NBHHEXNAEEERSF4E GOGAT,.GS.NR,GDH EiFE EH M
Table 4 Effects of Ni** stress on activities of GOGAT,GS,NR and GDH in different genotypes foxtail millet Seedlings

. A S TR A it it AR e 5 BARRE W B AR
:/ijilies Concentration/ Nitrate reductase/ Glutamine synthase/ Glutamate synthase/  Glutamate dehydrogenase/
(mg/kg) (pgg'h™) (pmol g™ h™") (pmol g™' h7") (pmol g™ h7™")
13-36 CK 11.79+0.09bB 299.91+0.47bD 11.73+0.02bB 218.02+5.03cA
25 11.96+0.06aB 342.19+5.48cD 22.61+0.04cB 165.10+£5.02bA
50 12.08+0.05aB 506.34+0.95{D 33.26+0.22dC 243.48+0.04dA
100 15.73+0.05bD 418.07+0.73eD 11.74+£0.03bA 287.93+3.08eA
150 18.14+0.07¢D 374.38+0.37dD 11.08+0.22aAB 165.18+5.02aA
200 12.11+0.05aB 257.83+0.78aD 11.09+0.21aA 148.09+5.03aA
B-7 CK 8.86+0.03dA 193.39+0.31cC 45.22+0.03dC 581.11+4.37eD
25 8.16+0.01bA 241.15+0.54eC 22.61+0.01bC 450.12+5.81bD
50 8.40+0.02cA 284.30+0.44fC 46.52+0.43eC 533.54+5.39¢C
100 8.91+0.04dA 215.03+0.45dC 33.26+0.22¢C 896.97+0.20dD
150 7.24+0.04aA 184.83+0.67bC 11.52+0.22aA 356.45+7.95aAB
200 8.32+0.02cA 100.32+0.30aB 13.92+0.44aB 347.96+7.92aB
H4 515 Jingu 51 CK 14.02+0.09bD 131.60+0.50cB 10.57+0.11aA 543.24+0.031eC
25 14.19+0.06¢D 129.83+0.30bA 13.91+0.43bB 379.67+2.27aC
50 13.84+0.05aC 156.01+0.28eC 33.47+0.03dC 605.43+0.66¢D
100 14.23+0.05¢C 140.06+0.25dB 22.39+0.22cAB 791.61+3.89dC
150 14.85+0.07eC 130.47+0.13bB 11.09+0.22aA 469.75+7.92bBC
200 14.61+0.05dD 86.16+0.38aB 10.65+0.13aA 487.63+2.97bC
A 52 %5 Jingu 52 CK 13.90+0.02bC 104.75+0.65dA 34.79+0.44dC 431.45+3.04ceB
25 13.86+0.03bC 62.35+0.89¢B 11.31£0.12aB 353.41+0.44aB
50 13.93+0.02bD 82.15+1.14aA 11.52+0.22abA 394.20+6.38aB
100 14.14£0.10cB 88.07+0.20aA 22.82+0.22¢B 498.45+5.33bB
150 14.14+0.01cB 78.07+0.62cA 22.39+0.21¢B 516.66+4.80cD
200 13.68+0.03aC 57.15+£0.55bA 11.52+0.22abA 531.33+2.26dD

RAEWIFIEN] , 8w IEA L35 BAT AR R VERUR AT i PE R R, 02 5 SR AR IR iR R
AL 30 Ao R A e AT R ACKR 240 PN, 36 2o 240 ) 3 A 1) b R RS L ARBIE SR A SRR T I
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W (25—200mg/ kg) [P , 4 Fi L PRI R A% 4l AR A N> 35 8 B 35 19 0 ( P<0.05 ), FLAR 3 3% it 3z i 1 1l
LA, AT AR Z B A AR R R R, B B AR Y R R A, 4 P T
(AR ZR T 148 BT X IR, 5 45 R BN 2 R B R R BE R R () A7 B B A Rl 25 52, R B Ni™* B AR AT
YA K BT O IO R (R AR5 im0 TR A B I X6 403 v 1 A K Tl e ol B S ) 0 ok R 2 S AR, e SR S H A 2
BAENE Tk KRR T IR T 45 AR —50 "

R SR A ZE W FAE R R AR K E B 0 — A R B R AR A R
FEAA T HETAA R (NO,) FIE A (NH) Y AR R (NR) A% WA NO; Y5 —4
ik, NR AT LA BT NOS AR, AT 2RI, A AR SRR NO; 3 Sk R v ) 28 8000 5 1
PARERE NR AOIETE RN ARSZR 4 L R RIS 4 i ik A P g A R & NR T MR B R B IR
(0—50mg/ kg ) A =5 Mk B (100—200mg/ kg ) T A FA, HAS [F] 5 8 Y (0] A7 7 35 22 5, SR T Ve BE 19 Ni™
JHMIE X A T AS AU G BORT NR TG M EA W58 A4 A T, DTS I T 481X G 28 AU R WOORIR . e e
) Ni** 5 R A T4 H R NR I PR R T AR « NR J&2—F0if S0, i B P NR A2 AEXT NOS A — &
RIS , Ni™ JBhaE T NR IS PERYRR RS NOS A Eidi A6 X5 Renata™ 7E B RP I3 A9 B 52 45 SR 40
—,

TEFHERIEOUT M) 28 ok 4 SR & BB 15 20 RR 6 L ( GS-GOGAT) T PR 72 AR N 1 NH, [A]
R EHLUE, M HAL S BA I A AR EERTIA ) GS 240 TR/ .0 1 2 ThRERE | it H LS &R
5 NH; A R AR BUA ZA B , 0 M A 4 3 T 38 s RAR I 2% . GOGAT A Mkt b 5 ¢S A
[FIVER, AT AL A A e AE s R, U — 20 A A e R RR PR R ARSEIRIET, 13-36 \B-7 &
4 51 1E 25—50mg/ kg 19 NiZ A B A4 F | i B A8 GS HT GOGAT 1% P78 Kk, 3 R vk FE Y T Y Ni2* % GS
GOGAT ISR — 2 MMIBVE T, 3 5 Mick 250 FE K2 A OB E 45 AL, 24k ik 5 50mg/kg AL,
GS . .GOGAT Wyt /%, e T & i AL EA, B RN AN A S B, W4 52 19 GS.GOGAT
T PELE B ialv B 3 B N 24 32 203 28 R AR R sy T DAL 3 R DR Y ) 3R B NG 3 % A [] i [R AU 4%
FR FLAVE MR R, T ik ™ e iR I, /N2 (58 v 6 I, YR 40 400 i e
B AP A LIGE T GDH iR e R AR, A . ASLg T, Y Ni¥ Wl 100mg/ kg B, A+ F 4l i
M ) GDH W P i 2 4 e S AU BT IR TR IEW] GDH XY 28 NH, 185 3 E E2AE

FESBEMA T A A T I B I R 0 & R — AR L RE S I WA A B P PE ) L Brugiere ' 5 H
YA B Y AS A T AR T VE S NHY 585818 Z2 08 (9 16 B IV 560 I, ok 2 iRl 28, A
B, FE 25—100mg/ ke VR EEIE N, A F A A P Il R o i 5 A S A S R, (S E R T 100
mg/kg B M2 & 3G, AU S A I R R R R 1) K A BT NH, 574 T MER .

A A 0 R A5 A A M 32 R A B A 40, A A i A B R A A AL T
A, AR et — e R L RE R i ) A R A RS AR SIR 45 R R, 7E 50—200me/ kg Ni** ¥
FEYE R P ,4 RS R B T4l B B TR TS R S A R R, B-7 B 51 R R R T 13-36

A 52, I G T g5 R R W Ak i 72 OCHE B (NR LGS \GOGAT) 1% P F A ¢, S B HLA I ZJE R
P2 Az B0 DA T of 8 15 ) 6 sz B0 o

4 ZHie

(1) Nl 4 R RIS T2 ORI AY Ni* SR8 4 1A TR A BRAIR T A i, 4 Fib
FERIRIZT 0 N TE R /NA 13-365B-7>5 4% 51> 4% 52,

(2) 50 mg/kg LB Ni*" b RIS 4 P74 i 1A N B 25 R 2 2 T I, R AR AR v LA OG5
Bl (NR .GS .GOGAT) i P2 ZHm ], (4 T2 (A N RS R R s T4 A XU R L, XAl
e EL A PR 2 [ 1 22 55
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(3) TEASZERAAE T NG B a3 52 SOk N AT PP 2R 1 T 3 i e, IR ot g, LI R &

EHA RS
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