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Effect of Manganese Stress on Soybean Growth and Yield

ZHAO Yun-na,QU Chun-yuan,JIN Xi-jun, LI Wen-xia, ZHANG Yu-xian
(College of Agronomy,Heilongjiang Bayi Agricultural University , Daqing 163319, China)

Abstract ; This experiment was conducted by sand culture with controlling different manganese concentration to study the effect
of manganese stress on soybean growth and yield. The results showed that: Manganese stress had no significant influence on
soybean plant height at seedling stage,but significantly inhibited that at R2,R4 ,R6 and R8. Manganese stress significantly in-
hibited stem diameter at R2 and R4 and root length at R6,and no influence at the other stage. Manganese stress had no signifi-
cant influence on leaf area at R4 and R6,and no influence at V4 and R2. Besides seedling stage ,manganese stress significantly
inhibited nodule number,nodule fresh weight,and nodule dry weight. Manganese stress significantly inhibited dry matter accu-
mulation of leaf,stem,root,and whole plant,and dry matter accumulation of pod at R6 and R8,and seed yield. In conclusion,
manganese stress had no significant influence on soybean growth at earlier growing stage , but significantly inhibited at the mid-
dle-later period,which finally caused seed yield significantly decreased.
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Table 1 Effect of manganese stress levels on plant height,stem diameter and root length
SyE| pag:itl
[tem Treatment ve 2 i o s
Kk Plant height/cm T1 26.96 +1.76 a  48.50 £0.77 ab  61.22+3.43 a 66.68 £5.95 a 66.21 £1.82 a
T2 25.61 £1.38 a 53.56 +£2.32 ¢ 71.50 £2.28 b 72.96 +5.286 ab  71.43 +3.53 bc
T3 25.48 +1.59a 53.26+2.87 be  76.66 +3.95 b 78.11 +6.11 b 78.55+1.78 d
T4 26.36 £0.46 a 50.13 £3.23 abc 73.48 +1.48 b  75.94£5.70 ab  74.53 £2.72 cd
T5 25.29 +£0.28 a 45.55+2.74 a 63.66£2.10 a 67.12+5.21 ab  68.24 +3.34 ab
224 Stem diameter/cm T1 0.18 £0.01 a 0.55+£0.04 ab 0.62 £0.02 ab 0.76 £0.06 a 0.69£0.02 a
T2 0.19+0.02 a 0.55 +0.01 ab 0.60 £0.04 ab 0.75+0.07 a 0.69 +£0.05 a
T3 0.19£0.02 a 0.58 +0.02 b 0.63 +£0.01 b 0.79£0.04 a 0.70 £0.05 a
T4 0.18 £0.02 a 0.55+0.02 ab 0.63+0.02 b 0.77 £0.05 a 0.68 £0.02 a
T5 0.18 £0.01 a 0.53£0.03 a 0.58 £0.02 a 0.72£0.05 a 0.67 £0.04 a
MR K Root length/cm T1 33.10£2.53 a 38.79£2.39 a 41.68 +3.27 a  43.16 +3.25 ab —
T2 32.31+3.12 a 38.17£3.90 a 42.67 +4.99 a  44.91 £3.91 ab —
T3 32.31+2.58 a 38.35+3.41 a 45.65 +£2.86 a 48.18 +4.24 b —
T4 31.07 £2.76 a 38.71 £3.74 a 42.52+1.33 a  43.57 +4.63 ab —
T5 34.30£2.73 a 36.34£2.92 a 41.69 +£5.80 a 40.08 £3.17 a —

RPEAE N I = PifEiR” , FIFVBUES AR NG FREMUR 5% KPR B . TIH.

Values in the table are” means + standard error” ; Values in the same line followed by different lowercase letters are significantly different at 5% . The

same below.
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Table 2 Effect of manganese stress on leaf area(cm’)

AL FE Treatment

V4

R2

R4

R6

T1

T2

T3

T4

T5

260.87 £20.89 a

264.25 +37.67 a

229.00 £16.79 a

248.13 +46.33 a

218.36 £9.42 a

803.60 £61.53 a

944.07 +91.41 a

961.78 +76.92 a

870.91 £77.41 a

711.22 +56.59 a

1156.69 +87.21 a

1290.42 +115.79 ab

1440.85 +71.87 b

1296.34 +85.11 ab

1130.01 £74.43 a

1215.87 +69.67 a

1438.76 +98.17 be

1540.25 +86.96 ¢

1306.34 +31.35 ab

1290.37 +98.77 ab
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Table 3 Effect of manganese stress on nodule

R SERIN AbF

Traits per plant Treatment Ve e fie o

HIEEH Nodule number T1 45.63 +3.94 a 50.94 +£5.97 ab 167.50 +£9.16 ab 154.38 +14.51 b
T2 47.07 +6.73 a 53.79+3.12 b 177.44 +14.43 b 168.06 +13.03 b
T3 50.75+5.78 a 63.58 £2.80 ¢ 211.81 £2.85 ¢ 176.56 +11.73 b
T4 48.88 +6.08 a 50.10 £2.57 ab 172.69 £18.19 b 161.94 £11.41 b

TS5 47.09 +3.76 a 45.75+4.23 a 148.19 £12.40 a 123.82 +10.88 a

HRIEEE T Nodule fresh weight/g T1 0.58 +0.04 b 0.66 +0.05 a 2.82+0.20 ab 2.58+0.13 a
T2 0.53 +0.04 ab 0.69 +0.04 a 3.21 £0.28 b 3.24+0.22 b

T3 0.54 +0.02 ab 0.95+0.07 ¢ 4.92+0.20 ¢ 4.40+£0.24 ¢

T4 0.53 +0.04 ab 0.81+0.06 b 2.91+0.17 b 2.83 +0.30 ab

T5 0.49+0.03 a 0.68 £0.06 a 2.48+0.15 a 2.41+0.15 a

MR F I Nodule dry weight/g T1 0.11£0.01 b 0.16+0.01 a 0.26£0.02 a 0.24 £0.02 ab
T2 0.09 +0.01 ab 0.17+0.02 a 0.30 +0.04 ab 0.29+0.02 b

T3 0.11+0.01 b 0.25+0.02 ¢ 0.47 £0.05 ¢ 0.41 £0.03 ¢

T4 0.11+0.01 b 0.21+0.02 b 0.33+0.03 b 0.37+0.03 ¢

T5 0.08 £0.01 a 0.17+0.02 a 0.25+0.03 a 0.23+0.01 a
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Table 4 Effect of manganese stress on dry matter accumulation( g)

LIk/SEZIN Ak
Traits per plant Treatment Ve e i e i

it Leaf T1 1.64£0.09 a 4.99+0.19 b 7.18 £0.57 ab 7.26 +0.13 a 6.95+0.47 a
T2 1.42+0.02 a 5.86+0.10d 8.02 +0.42 be 8.94 +1.09 be 7.63 £0.42 ab
T3 1.50 £0.11 a 5.97+0.18 d 8.95+0.53 ¢ 9.57+0.31 ¢ 8.02+0.36 b
T4 1.61+0.22 a 5.41+0.15 ¢ 8.05 +0.25 be 8.12 +0.80 ab 6.87 +£0.40 a
T5 1.42+0.07 a 4.42+0.29 a 7.02+0.64 a 7.11 £0.17 ab 6.92+0.39 a

2% Stem T1 0.57+0.03 b 2.66+0.05 be  3.97x0.33 a 4.54+0.24 a 4.18+0.40 a
T2 0.51+0.05 b 2.81+0.10 cd 4.51x0.26 a 5.76 £0.62 a 4.72+0.37 a
T3 0.55+0.04 b 2.91+0.11d 5.31+0.41 b 6.10+0.19 b 5.04+0.16 a
T4 0.49 +0.02 ab 2.45+0.13 ab  4.53%0.17 a 5.07£0.27 a 4.15+0.34 a
T5 0.48+£0.02 a 2.24+0.18 a 4.27+0.40 a 4.87+0.10 a 4.11+0.41 a

#2 Root T1 0.72+0.02 b 1.49+0.11 a 1.78 £0.16 b 2.02+0.18 a 1.69£0.15 a
T2 0.54 +£0.03 a 1.72+0.12 b 1.91+0.17 b 2.37+0.14 b 1.62 +£0.09 ab
T3 0.68 +0.03 b 1.84+0.03 b 2.20£0.01 ¢ 2.49+0.11 b 1.81 £0.168 b
T4 0.56 £0.07 a 1.74+0.11 b 2.05 +0.20 be 2.24 +0.18 ab 1.70 £0. 14 ab
T5 0.58 £0.08 a 1.36 £0.10 a 1.50 £0.09 a 2.05+0.15 a 1.78 £0.12 ab

JEq Pod T1 — — 3.80 +0.29 be 7.11£0.70 a 8.53+£1.24 a
T2 — — 4.08+0.19 ¢ 7.84+0.41 b 12.86 +0.87 b
T3 — — 3.32+0.17 ab 9.76 £0.15 ¢ 15.81 £0.84 ¢
T4 — — 3.42 +0.40 ab 7.54+£0.30 ab  12.34+0.48 b
T5 — — 3.27+0.13 a 7.34 +.53 ab 8.81+£1.26 a

4#k Whole plant T1 2.93+0.14 b 9.14+0.79b 16.73£1.35ab 20.93+1.36 a 21.35+3.90 a

T2 2.47+0.10 a 10.39£0.32 e¢d 18.51 £1.04 be  24.90 £2.53 bc  26.83 +3.62 b
T3 2.74+0.18 ab 10.73+£0.32d 19.77x1.12 ¢ 27.91+1.48 ¢ 30.68 £3.38 ¢
T4 2.66 +0.31ab 9.60 +£0.46 bec  18.11 £1.02 abc 22.96 +2.20 ab 25.06 +2.10 b
T5 2.48+0.17 a 8.02+0.57a 16.05+1.27 a 21.37 £0.95 ab  21.63 £4.04 a

2.4.2 F% WK PR, T3 A FRFR P s,
DEETHAM4 NEFE(P <0.05) , =K N T2 Fil T4
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