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Effects of manganese stress on assimilation of mineral nitrogen in soybean

JIN Xi-jun, QU Chun-Yuan, ZHAO Yun-na, LI Wen-xia, ZHANG Yu-xian
( College of Agronomy, Heilongjiang August First Land Reclamation University , Daging, Heilongjiang 163319, China)

Abstract: To investigate the effects of manganese on assimilation of nitrogen in soybean, sand culture method with
SN tracer technique was employed in this study, using optimal Mn concentration as a control to evaluate the results from
four manganese stress treatments including 2 manganese deficiency treatments (including serious stress and light stress
which were 1/25 (S1) and 1/5 (S2) of optimal Mn concentration respectively) and 2 excess stress treatments (including
serious stress and light stress which were 5 (S3) and 25 (S4) times of optimal Mn concentration respectively) . The re-
sults showed that manganese stress had no significant effects on the activities of NR at seedling stage, but showed signifi-
cant inhibitory effects at the other growth stages (P < 0.01) with decreasing rates at 15.26% ~ 53.10% . The higher
the stress level was, the more severe the inhibitory effects were. Different manganese stresses inhibited NO; — N content
in leaves, stems and roots at seedling and mature stage and in pods at mature stage, and caused promotion effects at other
stages. N contents in vegetative organs during the period from seedling to seed filling stage and in toots at mature stage
were inhibited by manganese stress, and were promoted in leaves and root at mature stage. Manganese stress had no sig-
nificant effects on N contents in pod at pod beginning and seed filling stages, but decreased the N level significantly at
mature stage. Manganese stress had no significant effect on mineral nitrogen accumulation in leaves at seedling and ma-
ture stages, but inhibited that at full flowering and seed filling stages, with a maximal decreasing rate by S4 at 37.34% .
Mineral nitrogen accumulation in stems and roots were not affected by different manganese stress during the period from

pod bearing and mature stages. Mineral nitrogen accumulations in pod and the whole plant were also inhibited by man-
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ganese stress, displaying decreasing rates by S1, S2, S3 and S4 at mature stages as 40.93% , 22.85% , 26.83% and
42.15% , and 34.27% , 18.38% , 22.05% and 34.19% , respectively. The result indicated that assimilation and ac-

cumulation of mineral nitrogen were inhibited by deficient and excessive manganese significantly, and inhibitory effects

became increased with the increases of stress levels.

Keywords: manganese stress; soybean; mineral nitrogen; NR; NO; — N content
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Table 1  Effects of manganese stresses on NR activities of leaf
i) Hii] RS R B S AW LRI RS 453E) LiEROE Ly IEES ORI RS R B S
Treatments V4 RIR/ % R2 RIR/ % R4 RIR/ % R6 RIR/ %
S1 79.77+3.23¢ -0.78 98.60 + 6.86¢ -26.33 28.31 +1.40a -53.10 10.45 £ 0.44ab —-45.48
S2 86.99£0.92¢ 8.21 113.41 +3.11d -15.26 43.49+3.33¢ -27.95 12.14 £ 1.10¢ -36.64
CK 80.39+3.72d — 133.83 +4.67e — 60.36 +1.98d — 19.17 £0.59d —
S3 72.25+2.24b -10.13 88.00+2.27b -34.24 35.36+2.12b -41.42 10.82 +0.60b -43.57
4 57.48 £3.70a —-28.51 78.93 £2.38a -41.02 32.86+1.41b -45.56 9.50 £0.49a -50.45

T CEBIME = bR AN FRERIR 22 5738 5% 5 #E7KF  RIR - Relative increasing ratio; I [fl.

Note: Means =+ standard error; different letters means significantly different at 5% probability levels; RIR — Relative increasing ratio, and hereinafter.
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Table 2 Effects of manganese stresses on content of NO; =~ — N
i FRAL Hi i) AL S53E ORI )
Treatments Organs V4 R2 R4 R6 R8
S1 6.02+0.42a 5.19+0.05b 5.02+0.05b 4.34+0.10a 9.32+0.16b
S2 7.20+0.72b 5.02+0.37a 4.40+0.16a 4.14+0.52a 8.43+0.16a
CK Iljetf 11.57£0.42¢ 4.29+0.10a 4.55+0.31a 4.03+0.11a 11.15+0.63d
S3 11.42+0.78¢ 4.22+0.52a 4.19+0.05a 4.29+0.16a 10.24£0.73¢
4 6.23 £ 0.54ab 4.92+0.37a 4.56+0.32a 4.62+0.47a 10.53 £0.04cd
S1 10.00+£0.52a 3.30+0.10a 2.24 +0.08a 1.78 £0.05b 1.05+0.16b
S2 11.20 + 0.26ab 3.77+0.37a 2.25+0.2la 1.89+0.11b 0.78 £0.21ab
CK S%m 15.86+2.51¢ 4.34+0.2la 2.20+0.06a 1.03+0.08a 0.68+0.11a
S3 13.16 + 0.54b 5.76 +0.58b 3.30+0.63b 0.94 +0.06a 1.73+0.31¢
4 11.78 +1.78ab 6.59+1.10b 2.30+0.05aA 0.95+0.05a 1.05+0.05b
S1 4.43+0.23a 2.25+0.10a 1.35+£0.11c¢ 1.35+£0.10a 12.09 + 12.09a
2 4.44 +0.30a 2.53+0.03b 1.20+£0.32a 1.20£0.32a 11.27+£11.27a
CK fj{j&ot 5.48 +0.49b 3.51+£0.21¢ 1.21+£0.11be 1.21£0.11a 17.33 £17.33b
S3 5.32+0.26b 3.56+0.05¢ 1.94+0.03ab 1.94+0.04b 11.99 £ 11.99a
4 4.49 +0.40a 2.14+0.10a 1.15+0.15¢ 1.15+0.16a 11.83£11.83a
S — — 6.86+0.10c 4.45:0.31a 6.04+0.63d
S2 — — 5.55+0.05a 5.55+£0.37a 5.26 +0.58bc
CK P%d — — 6.49 +0.05be 4.56+0.11a 3.88+0.25a
3 — — 6.02+0.21ab 4.08 £0.05a 4.58 +0.31ab
4 — — 6.80+0.47¢c 4.12+0.24a 5.62+0.10cd
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Table 3  Effects of manganese stresses on content of N

b3 AL Hil AL 453 ORI A
Treatments Organs V4 R2 R4 R6 R8
S1 3.27+0.2la 3.33+0.33a 2.61+£0.14ab 2.03+0.15ab 1.46+0.12b
2 3.66+0.20b 3.41+£0.22a 2.74+£0.24ab 2.23+0.03bc 1.45+0.09b
CK I[l:f 3.69+0.17b 3.57+0.20a 2.85+0.18b 2.38+0.16¢ 1.21£0.09a
S3 3.89+0.22b 3.26+0.25a 2.81+£0.04b 2.32+0.17¢ 1.51£0.10bc
4 3.59£0.23ab 3.08£0.28a 2.49+0.12a 1.91+0.12a 1.67+0.08c
S1 1.74£0.10ab 1.55+0.09a 1.58£0.07a 0.86+0.06a 0.54+0.02a
2 1.89+£0.19b 1.59 +0.10ab 1.57+£0.09a 1.04 +0.08bc 0.63+0.04b
CK S%m 1.86+0.16b 1.81+0.06b 1.86+0.03b 1.10+£0.07¢ 0.55+0.03a
S3 1.90+£0.02b 1.64+0.11ab 1.83+0.13b 1.06 £ 0.05be 0.66 +0.03b
4 1.61+0.12a 1.55+0.02a 1.42+0.09a 0.97£0.07ab 0.59 +0.04ab
S1 1.62+0.02a 1.93+0.13¢ 1.79+0.13ab 1.43+0.09a 1.77£0.10bc
2 1.63+0.11a 1.66+0.13b 1.65+0.11a 1.48+0.07a 1.45+0.11a
CK Ifit 1.65+0.14a 2.04+0.18¢ 1.82+0.03ab 1.72£0.08b 1.95+0.03¢
S3 1.63+0.02a 1.61+£0.11b 1.86+0.13b 1.39+0.09a 1.70+0.12b
S4 1.65+0.09a 1.31+£0.11a 1.83£0.10ab 1.48£0.02a 1.73+0.11b
Sl — — 3.50+0.27a 4.45+0.39a 5.83+0.39ab
2 — — 3.68+0.24a 4.45+0.07a 5.87+0.42ab
CK P%d — — 3.58+0.17a 4.20+0.20a 6.42+0.40b
S3 — — 3.54+0.27a 4.55+0.07a 5.32+0.38a
S4 — — 3.63+£0.23a 4.30+0.37a 6.11+0.08b
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Table 4  Effects of manganese stresses on mineral nitrogen accumulation/ ( mg* plant ~!)
sl kA W MR RN AR AS3E MR el AR Bl MR
Treatments ~ Organs V4 RIR/ % R2 RIR/ % R4 RIR/ % R6 RIR/ % R8 RIR/ %
sl 50.90£2.83a  12.94 92.05:3.49 - 17.08 74.04:5.83a -23.55 59.19x1.09a -23.75 36.47:2.45a  4.80
2 47.19+0.54a 4.70 110.29+1.88¢c -0.64 85.63+4.50b -11.59 72.15+9.41b -7.05 40.66+3.30a 16.83
CK Iljj_af 45.07+3.37a — 111.01+3.26d — 96.86 +5.01c — 77.63 £2.36¢ — 34.80+4.16a —
3 52.88+7.18b 17.34  2.64+2.60b -16.54 77.62+2.74a -19.86 64.90+6.37b -16.39 37.49+2.17ab 7.73
4 49.25+2.47a 9.28 74.75+4.89a -32.66 80.72+7.40a -16.66 48.64+1.19a -37.34 41.53+£5.37b 19.35
S1 9.13+0.46b 5.51 23.48 +0.47b 4.09 25.84+2.16a -12.27 18.62+0.97a -21.25 10.59+1.14a -10.64
2 8.13+0.81b -6.02  22.09+0.78b -2.04 28.41+1.65ab -3.54 23.75+2.55d 0.45 13.35+£1.06c 12.58
CK Sfm 8.65+0.58ab — 22.55+0.89b — 29.45 +2.26bc — 23.64+0.74d — 11.85+0.38hc —
3 8.28+0.37b -4.24  21.66+1.17b -3.9 34.29+1.27¢ 1642 20.67£1.09c -12.55 12.65£1.05bc 6.70
s 7.39+£0.25a -14.57 18.35£1.50a -18.62  32.36£3.03bhc 9.86 20.41+0.40b -13.67 10.40+1.03ab -12.23
S1 10.98 +0.24b 3.74 22.60+1.67b 25.38  20.42+1.8a -19.94 15.40+1.4la -3543 14.74+1.28b -1.02
2 8.33+0.46a -21.26 22.44:1.52b 24.51  20.55+1.8a -19.41 19.63+1.17¢  -17.71 10.57+0.45a -29.03
CK fjfot 10.58 +0.51b — 18.02 £ 1.30a — 25.50+0.74b — 23.86+1.04c — 14.90 +1.30b —
3 8.66+1.11a -18.21 21.94+1.41b 21.72 24.95+2.45b -2.15 17.91+1.47Tbc -24.92 13.16+1.08b -11.68
s 8.95+1.25a -15.41 21.76 +1.57b 20.75 18.04+1.12a -29.25 17.15+1.25ab -28.13 14.09+0.97b -5.43
S1 — — — — 62.86£4.79% 2.38 147.37+14.58a -25.84 189.46+8.83a -40.93
2 — — — — 78.31+3.64b 27.55 190.53+9.96b -4.13 247.44+13.53b -22.85
CK P%d — — — — 61.39+3.21a — 198.73 +3.05¢ — 320.72 £ 15.55¢ —
S3 — — — — 65.92+£7.80a 7.36 175.76+7.08b  -11.56 234.68+12.03b —26.83
) — — — — 58.75£2.40a -4.31 151.90+11.02a -23.57 185.53+8.94a -42.15
S1 71.01 +3.54a 10.43  138.12+5.63b -8.88 183.16x14.63a -14.09 240.58+18.06a -25.71 251.26+4.87a -34.27
2 4obk 63.65+1.82a -1.02 154.82+4.29¢ 2.14 212.90+11.64bc  -0.14 306.06+23.08bc -5.50 312.01+4.93¢ -18.38
CK Whole  64.30+4.46a — 151.58 +4.45¢ — 213.21+10.62¢d  — 323.86+7.19cd — 382.26+5.84d —
3 plant 69.82+8.65a 8.58 136.24+5.18b -10.12 202.77+14.26b  -4.89 279.24+16.0lb -13.78 297.97+4.30b -22.05
4 65.60 +3.98a 2.01 114.87+7.95a -24.22 189.87+13.95a -10.95 238.10+£13.86a -26.48 251.55+7.36a -34.19
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