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Antioxidant enzyme activeties of soybean varieties with different
iron efficiency growing in calcareous soil

BAO Yuelin', CHEN Ge', WANG Tingting' . ZHANG Wei*" , JIN Dongchun'"
(1. College of Agriculture, Yanbian University, Yanji 133000, China;
2. Soybean Research Institute, Jilin Academy of Agricultural Sciences, Changchun 130000, China)

Abstract To illustrate the differences of different iron efficiency soybean varieties in antioxidant enzyme activity, iron
efficient soybean varieties (‘jiyu 99”, ‘jiyu 75, ‘changnong 15”, ‘changnong 20’) and iron inefficient (“jinong 277,
“jiyu 877, ‘jiyu92”, ‘jiyu93’) were taken as study material plants were grown in pots containing calcareous soil. The
soybean agronomic traits and grain iron content and different development periods of chlorophyll content (SPAD) and
antioxidant enzymes and other indicators were determined. The results showed that: There were significant differences
in plant height, pod weight, grain weight, biomass and iron content in seeds between high and low efficiency soybean
varieties. In calcareous soil, the SPAD and SOD activities in the leaves of soybean with high iron efficiency were
significantly higher than those of soybean varieties with low iron efficiency the three-leaf stage and four-leaf stage. The
CAT activity in the leaves of iron efficient soybean varieties was significantly higher than that of iron inefficient soybean
varieties at the one-leaf and two-leaf stages. There was no significant difference in the POD activity at different stages
(V; —Ry). In conclusion, the iron-efficient soybean varieties (‘jiyu 99”7, “jiyu 75”, ‘changnong15’ and ‘Changnong
20’) can avoid the decrease of photosynthetic capacity caused by membrane peroxidation by maintaining high
antioxidant enzyme activity under the condition of iron deficiency.
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Table 1 Differences in agronomic characters and iron content in grains of 8 soybean cultivars in calcareous soil

KPR B/
. KRR /g HKLE/g HRRKLTE /g
i A ¥ /cm YR/ g o (mg/kg) . .

. ) ) Individual Hundred Grain weight

Variety Plant height Biomass Iron content
weight grain weight ) per plant
of grain

HAR 27 50.47£0.46 eE  10.1740.10 dC  6.240.21 dD 4,77+0.15eE  15.35£0.13 hH  2.30+£0.15 dD
WH 87  45.34+0.44 gG 7.9340.59 eD 8.1%£1.16 cC 6.00+0.1 dD 17.164+0.29 gG  2.4040.20 dD
HHE 92 48.3£0.35fF 10.73£0.68 dC  7.4%£0.85 ¢cdCD 5.63+0.15 dDE 19.4040. 98 {F 2.50%0.26 dCD
HEH 93 61.3£0.26 cC 6.32+0.29 {D 6.7+0.36 dCD 4,6040. 30 eE 22.5340.36 eE 3.00£0.10 cC
FTH 99 62.910.42bB  18.84+0.56 aA  12.5+0.83 bAB 15.73+0.47 bB  45.27+0.31 bB  6.50+0.31 bB
HH 5 63.3+0.31 bB 16.13%+0.85 bB 11.440.61 bB 15.6340.38b B 47.3040. 21 aA 6.30+0.25 bB
K& 15 69.840.61 aA  19.640.12 aA  13.940.70 aA 16.8340.55 aA  38.81%0.41 dD 8.20£0.21 aA
KA 20 59.47£0.38dD 14.4240.13 cB 11.4%+0.31 bB 12.00%£0. 82 cC 42.50%£0. 34 cC 6.50£0.15 bB

T« R S AN TR/ T BE 3R 22 5 1 3 (P<<0. 05) , A5 BUR J5 i AN TRl R S - B R 22 5 3 (P<<0. 01, R A,

Note: Different lowercase letters after data in the same column indicate significant differences (P<C0. 05), and different uppercase letters

after data in the same column indicate significant differences (P<C0.01). The same below.
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Table 2 Changes of chlorophyll content (SPAD) in soybean varieties with different iron

fficiency at different developmental stages

st o — I Zi =M o - 1 AL R AL
Variety Vi V, V, V, R, R,
FHAe 27 14. 38 eD 12.56 eD 18. 36 gG 25.81 efE 32.21 eD 33.12 ¢cBC
HH 87 12. 84 fE 15.81 dC 21.37 {F 27.50 dD 28.15 fE 30.57 eD
HEH 92 16.10 dC 12. 88 eD 25.30 dD 26.20 eE 33.60 cdC 35.30 aA
HEH 93 12.63 {E 13.39 eD 23.47 eE 25.27 {E 33.25 dCD 31.98 dC
HEH 99 19. 20 ¢B 31. 43 beB 29. 88 bBC 33.80 cC 34.28 ¢C 33.87 bcAB
HRH 5 20. 45 bAB 34. 44 aA 33.31 aA 37.75 aA 35.63 bB 34.65 abA
K415 20.93 abAB 30.99 cB 28.79 cC 38.36 aA 33.23 dCD 34.46 abAB
K4 20 21.52 aA 32.10 bB 30.09 bB 35.74 bB 37.98 aA 35.16 aA

£3 FEGHERTRAFEL S HBHEEL LN (SOD)EHEH
Table 3 Changes of superoxide dismutase (SOD) activity in soybean varieties with
different iron efficiency at different developmental stages

Lﬁa i g =t pu 4 A B
Variety Vi V, V, V, R, R,
Hae 27 274.72 eE 213.99 ¢B 269.76 dC 351. 35 eEF 228.57 {F 485.91 eC
HH 87 329.67 dD 210.08 cB 272.30 dC 365.59 eE 308.13 eE 401.51 gE
HH 92 352.27 dC 228.30 cB 270. 14 dC 343.19 efEF 305.08 eE 507.35 dC
HH 93 264. 36 eE 233.76 cB 283.72 dC 323.52 fF 317. 46 eE 438.46 D
HFH 99 432.09 cC 290.19 bA 357.14 beB 491.52 dD 476.19 cC 731.54 aA
HH 5 425.00 cC 302.42 abA 368.63 bB 594. 44 ¢C 622.45 aA 721.85 abA
K 15 493.67 bB 322.95 aA 343.87 ¢B 741.75 aA 412.69 dD 702. 80 bA
K4 20 623. 65 aA 318.99 aA 425,78 aA 646.73 bB 565. 44 bB 657.71 ¢cB

x4 AEASHUEXREGMARELENHETENLWE(POD)FEHEEL
Table 4 Changes of peroxidase (POD) activity in soybean varieties with different iron
efficiency at different developmental stages

il T — 48 il | =4 Ly | IR A4 &AL
Variety Vi V. \'A V, R, R,
FHAe 27 8.12 bcAB 8.90 abcA 8.6 abcAB 7.32 aA 7.18 dC 6.29 cA
HH 87 6.37 cB 7.83 cA 6.8b cB 6.74 aA 10. 02 ¢dBC 6.68 bcA
WE 92 8.52 bcAB 9.11 abcA 9.09 abAB 7.44 aA 12.33 beAB 8.19 abcA
HEH 93 8.18 bcAB 8.32 cA 6.12 cB 6.02 aA 9.54 c¢dBC 9. 08 abcA
HH 99 9.00 abcAB 9.94 abcA 8. 63 abcAB 7.95 aA 11.49 beBC 9.55 abA
HH5 10. 35 abAB 8.67 bcA 7.72 bcAB 6.81 aA 16.04 aA 8.16 abcA
KA 15 10.53 abA 11. 49 abA 8.55 abcAB 7.80 aA 11.73 beAB  10.50 aA
K& 20 11.66 aA 11.72 aA 10. 64 aA 7.80 aA 13.7 abAB 7.53 abcA
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Table 5 Change of catalase (CAT) activity in soybean varieties with different iron

efficiency at different developmental stages

st — -39 — = g e 54 U 7E Y AL
Variety Vi Vv, V; \ R, R,
Fge 27 151. 65 dD 186. 71 dCD 169.07 dD 315. 68 cdBCD 160. 57 dC 167.35 bC
HE 87 152.58 dD 185.74 dCD 174.09 dD 280. 57 e[DE 153.58 dC 160. 3 bC
HH 92 148. 80 dD 173.21 dD 245.20 cC 259.10 {E 140. 79 dC 153.51 bC
HE 93 162.05 dD 179.18 dD 225.05 cC 291. 21 deCDE 141. 96 dC 150. 66 bC
HH 99 226.53 cC 261.90 bB 318.39 bB 351.36 bB 214.64 cB 173.03 bBC
HE TS 261.00 bB 217.11 ¢C 399.97 aA 327.09 beBC 244.06 bB 216.99 aA
KA 15 318.70 aA 298.87 aA 307.63 bB 415.15 aA 224.5 beB 205.76 aAB
K4 20 320.59 aA 284.49 abAB 388.82 aA 339.48 beB 324.17 aA 207.68 aADB

3 54
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i AL AR (CAT) M AL Y g (POD) 25, H )
TE SR ER 30 B AR ) 38 i — 2R 2 A R R A R A
PRIE 25728 A R S e Dl 2 Jh 38 36 F B B 5 . A
FELERARW L A1 B b, R A B T8 52 AR
i, 3z 3w pH P VR AT A1 B 3 v BR AR AR
PNCR/NEINGE7/ RN Y /S NS TG i /N
Ut Al . Trurbe S50 W5 % B 50 52 i b 75 A% BR B
HBE FECR ARG, R s R S T
B, AP RBLTE V., 5V, BB ks 80 SRR
ROR TZ A it it 4 2K 5 25 5 W BRI el
I BB B RO R VI~ R2 I i
RO E R T BRARRAL A DI AE A KA
B e RO Ll Bl i A2 AR Bk T 38 /9 BiE 7 5 T B AR K
sy Bl

TEAIFFE R Bk o A% R T i b i 1) S A il 3
P S 225 S T R AR A L el O A O A
A RN S BRAR ROKR T2 Hhy T BE T R W YL

5 445 1 2 T 8 AR 5 5 T K R AR R L R
Tl e — R G B A A A B R il Fe't Ay
Fe* " n] g WOSCR L B8 3E 24 3006 ROS & BR g, 5 30
S I IR I R AIG . R R AR AR SR A SR R, B
Bl R, %48 B R SOD e Tt = R AR
Yadavalli %7 B 50 45 2 22 01 L 78 Bl 2k 38, /K R
R SOD W6 H @ F Hhn . A kM 4 i ek
Jp 36 N [ A503R TR T i R e B SOD il 0 4 3 %8
FeRE bt Bl A 7 300 100 28 K, 42k 80K 2 A Ak
o SOD I P55 I, J5t PRI BE 2 e T A [ 4R 4 X6 ik
BRI AR . R AR 6 450 W 5 & B, Bk 8 4% 14
K E POD [ P 5, 5 A< 5050 i o0 25 2R — 3L
FEAT P B SR W 3 A R A AR 1 B 4R Ak Tl
bR R U 1 R N R T N G R ¥ & S NI
ol ) A Ak e AAS — 50, U B 7R Bk 1 4 R 1 - g v
B 1 28 R TR B2 1 S T AR AT A R L A B B 1 A K
P 1 v R 1 RIOF R R R

S %k References

[1] Froechlich D M, Fehr W R. Agronomic performance of



5% 2 3

LB A [ R AR A0 O i R 7 7 R P 38 b e SR A T M Y 22 S 53

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

soybeans with differing levels of iron deficiency chlorosis on
calcareous soil[ J]. Crop Science, 1981, 21(3): 438-441
Aksoy, Emre, Maqgbool, Amir, Tindas, lknur, Caliskan,
Sevgi. Soybean: A new frontier in understanding the iron
deficiency tolerance mechanisms in plants[J]. Plant and Soil ,
2017, 141(1) . 333-346

VoseP B, Roriz M, Carvalho S M. Iron nutrition in plants: A
world overview[ J]. Journal of Plant Nutrition, 1982, 5(4-7):
233-249

Roriz M, Carvalho S M P, Vasconcelos M W. High relative
air humidity influences mineral accumulation and growth in
iron deficient soybean plants[J]. Frontiers in Plant Science
2014, 5(5): 726
Vasconcelos M W, Grusak M A. Morpho-physiological
parameters affecting iron deficiency chlorosis in soybean
(Glycine max 1)[]J]. Plant & Soil, 2013, 18(2): 215-222

oK B, . KR IR 0 3 R Rk s i A g .
RERE, 1996(2): 159-163

Zhang G P, MA G R. Genetics of iron nutrition in soybean
and Breeding of iron efficient varieties[ J]. Soybean Science,
1996(2): 159-163.

Davis J] M, Auten R L. Maturation of the antioxidant system
and the effects on preterm birth[J]. Semin Fetal Neonatal
Med , 2010, 15(4): 191-195

SORIPH. R SBAE Y BT 5 e A it L) 1. D BEAE TR . 2002,
7(7): 15-15

Guo C Y. Prevention and transformation of iron deficiency in
soybean[J]. Xiaokang Life, 2002, 7(7): 15-15 (in Chinese)
Cianzio S R D, Fehr W R,

evaluation for iron deficiency chlorosis in soybeans by visual

Anderson 1 C. Genotypic

scores and chlorophyll concentration[J]. Crop Science, 1979,
19(5): 644-646

R, R, B E AR Y LB B AR OG K R 5
HEJELT]. H3EE . 2010, 6(4): 994-999

LiL M, Wu L H, Ma G R. Research progress on iron
absorption mechanism and related genes in plants [ J]. Soil
Bulletin s 2010, 6(4): 994-999 (in Chinese)

JRHE, SR, FLIZE, BRBEIR A I i X 3 S TORLER B AT
MR R C SR MY EF SRR,
2006, 12(2): 245-249

Zhang J. Wu L H, Kong X J. Effects of Fe and Zn on iron,
Zn, soluble sugar and Vitamin C content in pea seed sprays
[J]. Journal of Plant Nutrition and Fertilizer , 2006, 12(2) ;
245-249 (in Chinese)

Nozoye T, Nagasaka S, Kobayashi T. Phytosiderophore
efflux transporters are crucial for iron acquisition in
graminaceous plants [ J]. Journal of Biological Chemistry ,
2011, 286(7): 5446-5454

Bashir K, Inoue H, Nagasaka S. Cloning and characterization
of deoxymugineic acidsynthase genes from graminaceous plants

[J1. Journal of Biological Chemistry, 2006, 281(43): 32395

Curie C, Panaviene Z, Loulergue C. Maize yellow stripel

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

encodes a membrane protein directly involved in Fe(III) uptake
[1]. Nature, 2001, 409(6818): 346-349

Weiss M G. Inheritance and physiology of efficiency in iron
utilization in soybeans[J]. Genetics, 1943, 28(3);: 253-268
Cianzio S R, Fehr W R. Genetic control of iron deficiency
chlorosis in soybeans[J]. Journal of Great Lakes Research ,
1980, 54(22): 142-151

kA, R, BT, REEEL SRR, BRAHE, R yE. Fe
. R OR T B A A R R 0 R TR BRI L
S]] RALRL AN, 2016, 4(4): 813

Zhang W, Qiu Q, Zhao J. Han X G, Zhang W L, Xu C H,
Zhang M H, Yan X Y. Identification of different iron
efficiency varieties based on chlorophyll content and biological
yield accumulation of soybean [ J]. Northeast Agricultural
Science, 2016, 4(4): 8-13 (in Chinese)

VR BACH Y AR B S R M ML b at: B W
A, 1999

Tang Z C. Experimental Guide of Modern Plant Physiology
[M]. Beijing: Science Press, 1999 (in Chinese)

SKIEH. AR ARSI BORIM. TR L T R ROR R
., 1994

Zhang Z X. Experimental Techniques in Plant Physiology
[M]. Shenyang: Liaoning Science And Technology Press.,
1994 (in Chinese)

AREF. AW AE A SLER R LML U AU ROl R iR A, 2000
Zou Q. Experimental Guidance of Plant Physiology [ M].
Beijing: Beijing Agricultural Press, 2000 (in Chinese)
VAR, B R AR B R M. T DR VY R R A AR
i, 2012

Tang S H. Course of Plant Physiology [ M.
Chongqing: Southwest Normal University Press, 2012 (in
Chinese)

Tturbe O I, Moran J F, Arrese I C, GogorcenaY, Klucas RV,

Luo C.

Becana M. Activated oxygen and antioxidant defences in iron-
deficient pea plants[J]. Plant Cell and Environment, 1995,
18(4) . 421-429

FERAE, FEEC, SROCIL B PR B A R o A A Ak
it o 480 W R 22 By AR DS PR B b A LD L Rk 2B AR
2020, 11(2): 100-104

Yuan Q H, Gui Z, Zhang W S. Comparison of the activities of
SOD, POD and PPO within alfalfa cultivars resistant and
susceptible to alfalfa common leaf [ J]. Acta Pratacultural
Science , 2002, 11(2): 100-104 (in Chinese)

Yadavalli V, Neelam S, Rao A SV C, Differential degradation
of photosystem 1 subunits under iron deficiency in rice[ ] ].
Journal of Plant Physiology, 2012, 169(8): 753-759
TRAR I XIS A% 4 5. B it X K & POD A EST [R] T g (9 3
Wi [J . Wi ARl 242 2008, 6(6) 1 457-460

Xu G D, Liu P, Yang W F. Effects of iron stress on POD and
soybean [ J ]. Journal of Zhejiang
Agriculture , 2008, 6(6): 457-460 (in Chinese)

EST isoenzymes of

FAEG . B



