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FAF R BEZ 4.01%, W 0. 50~0. 90 mol/L. NaH,PO, # 3 # & £ 4 F & 3 £ 5 = B 48 b B 4%
16.00% ~24.00% ,0.05~0.07 mol/L Fe, (SO, ), 4 2 &4 & s £ A+ F & 3 & 5 st B A8 54K 10, 0096 ~24.00% ,
EAKEEMH T, NaH, PO, \Fe, (SO ) B A FHAAERRZEAHAAFEAGRRRAZSHN A 0.30 F
0.04 mol/L;2 # K5 &4 F .NaH,PO, LA B EFRGLANEYD G FERH4ZH . Fe, (SO LR EEF KNS T
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AR FEAL FAHTURSZLADEYDGHOAZALSARFATEEL T . KETYHEHRESERA. RS T HAREA
WEEE R RT NG ENFRIHE,

KB Bm A4 ABRG; A0k AATHA; 9 FED

FES %S S512.1 XEHS 1007-4333(2023)04-0001-12 MEFRRRS A

Effects of P and Fe treatments on seed germination
and seedling vigor of winter wheat

ZHANG Wanging, DAl Mengya, HU Naiyue, ZHANG Yinghua"
(College of Agronomy and Biotechnology. China Agricultural University, Beijing 100193, China)

Abstract In order to clarify the effects of P and Fe treatments on the seed germination and seedling vigor of winter
wheat, winter wheat cultivar ‘Jimai 22’ was taken as study material. NaH,PO, and Fe, (SO, ); were used as the
treatment solutions, and the maximum molar concentration which did not reduce seed germination rate was selected as
the treatment concentration. The changes of dry weight, plant height, leaf area, SPAD and antioxidant enzyme activity
of winter wheat seedlings under normal water (T,) and drought treatment (T,) at seedling stage were measured. The
results showed that: Compared with the control, the germination rate of winter wheat seeds treated with 0. 05 —
0.30 mol/L NaH, PO, increased by 2.00% — 14.00% , and the germination rate of winter wheat seeds treated with
0.01—0.40 mol/L Fe, (SO, )5 increased by 4.01% . Compared with the control, the germination rate of winter wheat
seeds treated with 0.50 — 0.90 mol/L NaH, PO, decreased by 16.00% —24.00% , and the germination rate of winter
wheat seeds treated with 0. 05 — 0. 07 mol/L Fe, (SO, )s decreased by 10.00% — 24.00% . Under the experimental
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conditions, the maximum concentrations of NaH, PO, and Fe, (SO, ); that would not inhibit seed germination and growth

were 0.30 and 0.04 mol/L, respectively. Under the two water conditions, NaH, PO, treatment significantly increased

the dry weight and seedling height of winter wheat seedlings, while Fe, (SO, ); treatment significantly increased

seedling height only under normal water condition. Both NaH, PO, and Fe, (SO, ); treatments significantly increased the

leaf area, SPAD, SOD and CAT activities of newborn leaves of winter wheat seedlings, but not POD activity. In

conclusion, the appropriate concentration of NaH, PO, and Fe, (SO, ); treatments can promote the germination of winter

wheat seeds, and NaH, PO, and Fe, (SO, ); treatments can improve the photosynthesis of winter wheat seedlings by

increasing the effective photosynthetic area and chlorophyll content, and increase the activity of antioxidant enzymes in

leaves, and then further enhance the seedling vitality and drought resistance.

Keywords NaH,PO,; Fe, (SO,);; winter wheat; seed germination; seedling vigor
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Table 1  Concentration settings for treatment

Ab e & / (mol/L)
Treatment Concentration
NaH, PO, 0. 00 0.05 0.10 0. 20 0. 30 0. 50 0.70 0.90
Fe, (SO, )5 0. 00 0.01 0.02 0.03 0.04 0. 05 0. 06 0.07
FEAR I AR R 51 B i 45 2R, R FE AR VK AR (— 80 CH W - AF . F T I & %)) i A [+

A B K 1 e Ve B AR Sk A AR K 56 A BV
NaH, PO, &b ¥k 5 2 & 0. 30 mol/L,Fe, (SO, ),
b R FE 5 A 0. 04 mol/L,

PEH 30 em X 40 em [ ¥EBHE #L L B A% 15 kg
BRI RHE L B K ZE & . R AR IX
Wit LKA 4 £ XL 5 kAN AIIX . %8 IE
KA CT o R KAF K& 1 70 %6~ 75 %) F1 1 5
AR T, , H B e RFF KB 50 % ~55%)2 DK 4
Ak B KA 54T % B K (H)  NaH, PO, (P) |
Fe, (SO, (Fe)3 F b3 7 20, 3 6 b3, 1> 4b
PREE 6 NEA . TEABRS M FP 7 Bk K/ —
) 20 RS EEE AT B R Z EEM T LS
2 em 4+ BLHE T, T, 475 — KA &8, M4
AR R 3 M, B, AR 15 bR, EAIETAE 4
MR IFES X Ty LTy 40 0 A7 1E 5 K 43 4 3R+ 2
AhEE, T, TRANHE 10 d J5 453, K & 1E & K 445
BELIESLIAME T, M AR IE R KB B, R4
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I J7 S s B A [) 7K Ak B 4y 224 RIS oA 7K o A #E
J50 d, TR PRSE 6 dCUERT T, A IE# K4 # .
T, T 5FAED 12 dCR T, MIE# K4S B, T,
ELVK A IE H K A0 HD 43 2 W E 45 4 40 R )
37 i R B SPAD, FF X5 AS [ 437 B4 i R R 47 BRURE:
BRI A AR, B ELZR 2 . BHE
R R AR T AL TR R R 25 i

M 0 R B P A B TR M . O T AL BEE 10 dCUbi
T, RWIEH KEH, T, T 540 HE 24530 W 2 4h 1
T H R R A ORI
1.2.2 MEAH 7%

P51 20 vh & 2 3 R 2R B R e BT
CR/N- (Il

RAFF = CREFMFE/ AT 50 < 100%
REHE G = >, (G,/D)
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HTHE,
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FE S B R VG S
1.3 SitaHm

i Excel X488 #E1 73838 516 &, ffi F SPSS
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£
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K ZFFEBAE NaH, PO, 4bFRYE A 0. 50~0. 90 mol/ L
Ao 48 S R AIR L 4l P 2R AR AR B B2 0. 70~0. 90 mol/ L
I i ARG 0 AR K 7 AN [) Ak B v B R 5 K Ak B
TS A T EAE YR E N 0. 90 mol/L B
3B AR L 3 J1 AR BUE AL B R A 0. 50~0. 90 mol/ L

B J S A . F e AT L, NaH, PO, AbBEFP 7 % 28 %
FEV B 0. 50 mol/L BT 4R B 25 T B, £ UL 3 Atk - 4k
5L L VI T 9 T RS — 2 B
PRI s AR 330 P AN 52 i A K 2F R0 B | NaH, PO,
AL PR FE A 0. 30 mol/L,

&2 NaH,PO, 4 I3 &/ E T F i & M40 & & KB R0

Table 2 Effects of NaH, PO, treatment on seed germination and seedling growth of winter wheat

RHFEHE) N RIFAREL YK/ em L E R/ cm T H /mg , .
W (mol/Ly SR _ , , i 148 M
Germination Germination Seedling bud Seedling root Seedling dry
Concentration . Vigor index
rate index length length weight
0. 00(CK) 83.33 a 38.63 ab 11. 04 ab 11.50 a 16.78 ab 0. 65 ab
0.05 88.33 a 41.09 ab 11.68 a 11.14 a 17.18 ab 0.70 a
0. 10 95.00 a 41.76 a 11.72 a 11.39 a 17.10 ab 0.71 a
0. 20 83.33 a 37.46 ab 11.74 a 10. 86 a 17.31 a 0.62 ab
0. 30 85.00 a 34.86 b 10. 64 bce 9.91 a 16. 55 ab 0.51b
0. 50 70.00 b 22.13 ¢ 10. 13 bed 11.19 a 14. 42 be 0.32 cd
0. 70 63. 33 bc 19.96 ¢ 9.93 cd 11.09 a 14. 34 be 0.35 ¢
0. 90 46.67 ¢ 10.24 d 9.33 de 9.91 a 13.76 ¢ 0.14 e

T« 7] — S0 BCHR B9 R [ /INE 0 3R AN () 4b B e B2 2 ) 22 53 W35 (P<<0.05), £ 3 [dl,

Note: Different lowercase letters in the same column indicate significant differences between different treatment concentrations ( P<20. 05).

Table 3 is the same.

f 2 3 "%, 5KA B (CKO A I, b7 & 28 %
TE Fe, (SO, AbPEHR 4 0. 05~0. 07 mol/L B} i
FREAR, BB B E R 0. 03~0. 07 mol/L
s I 2 AR, 00 2R AR AL B 22 0. 04~0. 07 mol/L
G 3 A AIG L & T RR A N 4 T T AR A BV EE N
0.03~0.07 mol/L B} & & FEAR , 1% 7 48 BCAE A # Mk
JE R 0.02~0.07 mol/L W B FEEM, Htl W,
Fe, (SO,);2>0. 05 mol/L B & 2 R IT1h B % F %,
FE M FL A - 2k SR 4 v Ak B R R BT K A2 B0 R
JEE— PR B, ARG O S B R 2E R
B Fe, (SO, AAFRHREE M 0. 04 mol/L,
2.2 NaH,PO,.Fe, (SO,); B EZNZHEFAN
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22,1 HEBHFERYES

f &1 AT OE K4y (T 444 F . NaH, PO, (P)
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Table 3 Effects of Fe, (SO, ); treatment on seed germination and seedling growth of winter wheat

Wiz / KR/ % REFIREL MG HEK/cm HHRK/com G TE/mg E A
(mol/L) Germination Germination Seedling Seedling Seedling Vigor
Concentration rate index bud length root length dry weight index
0. 00(CK) 83.33 a 38.63 ab 11. 04 abc 11.50 a 16.78 a 0.65 a
0.01 86.67 a 38.88 ab 11.46 a 10.57 a 16.78 a 0.65 a
0.02 83.33 a 31. 31 be 11.12 abc 10. 64 a 16. 48 ab 0.48 b
0.03 81.67 a 29.08 cd 10. 06 bed 7.86 cd 14.97 be 0.47 b
0.04 81.67 a 23.29 de 9.55d 8. 80 be 15. 25 abe 0. 36 bc
0.05 75.00 b 21.57 def 9.91 cd 8.78 be 12.59 de 0.27 cd
0.06 70.00 b 19.03 ef 8.85d 7.83 cd 13.83 cd 0.27 cd
0.07 63.33 b 15.14 1 7.46 e 6.93 d 11.25 e 0.17 d
1000 r
(a) 07 (b BT, BT,
900} .
= ) - 35f a
2 800} ab 5 a
= b 5}
- jasi
£ 700} =30F
0 ¢ = b
& 600} ed e
i d * 25t
500 c
400 ' ' 20 ' ' '
H P Fe H P Fe
AL Treatment Kb FY Treatment

T yﬂif%’ﬂ(ﬁ’;’rz TR, Hw7kmf}§ﬂ;P,NaHzPO4 A FE; Fe,Fey (SO )5 ALER, K@A‘E?ﬁﬁ%%#i%”a<o 05), FH,

T, well-watered; T,, drought. H, water treatment; P, NaH,PO, treatment; Fe, Fe; (SO, )streatment. Different lowercase

letters indicate significant differences (P<C0.05). The same below.
EEKDTTFREEMET NaH, PO, Fe, (SO, ); REBHZ/NZLHEMNTE(a) TS (b)

1 Dry weight (a) and seedling height (b) of winter wheat seedlings under well-watered

B 1

Fig.

H i /em? Leaf area

and drought conditions under NaH, PO, and Fe, (SO, ); treatments

[ ()T,

2 3
{37 Leaf position

4

—(h)Tz
= H
FrmpP
L = Fe

1 2

3 4

{37 Leal position

2 IE®EKS(a)f1F 2 (b) &4 T NaH, PO, \Fe, (SO, ); A BHE/MESHEHER

Fig. 2 Leaf area of winter wheat seedlings under well-watered (a) and

drought (b) conditions under NaH, PO, and Fe, (SO, ); treatments
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2.2.3 %% SPAD

HME 4R, E®EKP(THLHEE 6 .
NaH, PO, (P),Fe, (SO,); (Fe) At B4 1 45 1—5
M- SPAD # & 3@ T KA B (HD . I 3 AT,
EH KA (TOMIRE 12 d,P.Fe b FR4 1 45 2—
6 M SPAD IR T HALB (I i 4 1 B %
) PR (T, 6 d.P.Fe Ab B4 4 1—5

- SPAD i % & F H b8 T R A (T, 5
12d(EKJE 2 &), P, Fe kb FE 4 # 45 2—5 it
SPAD YW % & T H kb3, P Ab ¥ 4 15 45 6 1t
SPAD 5 H 4 ¥ JC i % 2% 7, Fe kb B AN 1555 6 0t
SPAD & % & T H 4B, wf WL, 1% K4 (T M
TRE&MF (T, F . P, Fe &b 3 ¥y AE $2 55 471 4%
fii SPAD,

R4 EFEKS(T,)MFTFER(L)EHT NaH, PO, \Fe, (SO, ); B Z/NELHEIH SPAD
Table 4 SPAD of winter wheat seedlings under well-watered (T,) and drought (T,)

conditions under NaH, PO, and Fe, (SO, ); treatments

A JE 6 d T, /b¥J5 12d (T, EKJG 2 D

K5y S AF b7 6 d after treatment 12 d after T, treatment (2 d after T, rehydration)
Water

condition UMM S LBE 2uk s a4k sk Hoek sk Mk Hseb et
1% leaf 2™ leaf 3" leaf 4™ leaf 5" leaf 2" leaf 3" leaf 4™ leaf 5" leaf 6™ leaf
H 47.50 b 46.33 b 47.07b 48.03 b 48.40b 33.97b 41.53 b 45.13 b 48.83b 46.20b
T, P 49.83 a 48.47 a 48.73 a 49.83a 50.17a 39.67a 46.20a 49.23a 52.50a 50.00a
Fe 50.17a 49.50a 49.00a 50.00a 50.80a 39.13a 46.00a 49.60a 53.60a 50.60a
H 46.83 c 44.87b 47.77b 47.93 b 48.40b 29.50b 44.50 c 48.20c 49.60c 52.37b
T, P 48.73 b 49.33 a 49.97a 51.03a 51.30a 35.43a 46.70b 50.47 b 52.47 b 54.27 ab
Fe 50.23a 49.50a 50.20a 51.40a 52.67a 36.80a 48.67a 52.70a 55.50a 56.00a

2.3 NaH,PO,.Fe, (SO,); BN EZ/NEHERS
LAl kA
2.3.1 #¥et A SOD &’

M5 A A, IE# KA (TH AE 6 d,
NaH, PO, (P) ., Fe, (SO, ), (Fe) &b H J5 4 ¥ 45 4o
SOD i H: ¥y A Tt = {0 5 7K 4 31 (HD J6 i 3 225 5=
EEAKSCTOARE 12 d. 44 1 B IE. 46 6
EIF. P Fe Ab 4N 28 2.5.6 I SOD &£ &
FE T HAH, P AL 3.4 1 SOD i 1
Ew T HAH, Fe (b4 55 3.4 1 SOD i
Hus W E2Zy., TRLHMCT)OE 6 d.P AR
G 120 SOD WM S H ¥ B % 22 7, Fe
AhBEZN AR 1.2 1 SOD ik 3 5 T H 4 P,
Fe A B4 45 3.4.5 M SOD itk 5 H 4B B
FEESTRAM(T))E 12 d(EKF 2 P 4bH
ML SOD Wtk S H A # ¥ T 8 % % %, Fe
b BE & T A A SOD W Pk W T H b F, Wl
WL IEF KA (T O T P AR 4R 1T & /NE D
SOD {1, TR (T, T Fe fbH B RS T4
INE AT SOD 151k

2.3.2 #¥eth POD &K

M 6 AJ A, IE®H K (THOAHEE 6 d,
NaH, PO, (P)AbBEZH H 45 1 0 POD 76 % W 2% & T
KA (HD L Fe, (SO, )5 4B (Fe) Zh i 45 1 1 POD
WS H AR 3% 22 5 P A4 5 2 i POD
WS H M I W 2R, Fe B 2 ot
POD G B/ T H AL B ;P Fe A BRSP4 3.4
- POD i MES H AbPE TR 22 5 ;P . Fe AbBRAI T
95 0 POD WM R m T H AP E% K3 (T
WS 12 d BEEE 1 MBI L5 6 iE R I, P L Fe &b
HA AL POD WS H A T 6% 25,
FRABCT)JE 6 d, P ANFLL) 1 45 7 POD I 44
WA R Fe AbFR 418 45 1AL POD I PR B A $2 5
{H P.Fe AbBRAN 45 1—4 M POD ifitE S H 4b B
JoiE 25 P AR EI R 5 it POD i 14 B F LT
H 4b 3, Fe 2B 55 5 0F POD 3645 H 4b#EE
WEER TR T,) )G 12 d.P.Fe AbHL 411 26
2 M POD Wi 5 H A JC i 25 25 & P AL BE4) i
% 3—6 M POD i tE i F (X T H A3, Fe b B 4]
Hi%E 360 PODEMS HAB IR EXR, o
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W2 Aok A &4 T Pl Fe Ab 38 %t 45 % A [&] M {7 M CAT MY H AN W & 2% 7, Fe 40 H 4 1

POD 75470 . E 5 . FA1M CATHMREES T H AL, P Fe 4 H 4
2.3.3 4ot CAT &FH M 25 M CAT IS HANFRY C B & 2 5%

M 7 A, E®WAKS (T MG 6 d. TR (T, )G 12 d.P.Fe kb BRLIE 45 2 1 CAT
NaH, PO, (P) . Fe, (SO, ), (Fe) &b B 4 1 44 M- iz WM R EST HAB, P AL NS 350
CAT ISR (MBI B FEF EWAKS CATHEMS HAMY LR EER Fe b ML
(TOAESE 12 4, GH 5 1 B 55 6 iR IF, P, 3—5 M CATHME R %5 T H A, P . Fe At H 4)
Fe Zb S 41 4% M2 CAT 3R wr, Ho B4 60 CATIHIMES Hb MY TR EXLR, A
PACEEA S 2 i CAT 1§k H AP C B 3% 2 WL, IE# K4y (T F PLFe b B B8 W 25 £2 /& /D
SO Fe b4 2 M CAT WHMER E® T H 4 AR AL B CAT W&, TR &M (T T
PP Fe AbBANEH 3—6 1 CAT M B &R FedhHE FRE T L/NE LW AR A F
T HABE, TRAB(T,))E 6 d.P AL 1 CAT ¥,

x®17 Eﬁ?kﬁ(Tl )AFE(T, )%'ﬁ:—F NaH, PO, .Fe, (SO, ), MEBHENEZHEHF CAT EHE

Table 7 CAT activity of winter wheat seedlings under well-watered (T;) and

drought (T;) conditions under NaH, PO, and Fe, (SO,); treatments U/g
AFE 6 d T, fb¥J5 12 d (T, EKJG 2 D
Ky A A b 3 6 d after treatment 12 d after T, treatment (2 d after T, rehydration)
Water
ondition TTEAMERt gy nl gyont g3k sant Hsek Heok 3 Hank Hook et
1% leaf 2™ leaf 3" leaf 4™ leaf 5" leaf 2™ leaf 3" leaf 4™ leaf 5" leaf 6™ leaf
H 23.11a 17.09a 18.35a 18.03a 18.16a 16.26b 16.14c¢ 18.33 b 16.15b 13.85 Db
T, P 21.72a 16.00a 16.65a 16.12a 15.17a 18.47 ab 25.04 b 24.84 a 22.20a 24.54 a
Fe 22.49a 16.97a 17.74a 16.20a 17.74a 22.04a 29.22a 26.17a 23.91a 22.44a
H 17.01b 17.26 a 17.13 a 16.43 a 17.34a 10.03b 18.54b 15.85b 16.33 b 13.94 a
T, P 20.12 ab 18.39a 17.72a 18.02a 18.20a 16.03a 21.22 ab 19.61 ab 19.98 ab 15.95 a
Fe 21.78a 20.03a 17.81a 17.48 a 16.88a 18.34a 25.69a 22.66a 22.04a 17.65a
3 W ® F ] DU R A 1 0 At A= BT B I B Y kT
8 T

DUHIVE S SR, 28 Wy R 48 38 5% R gk L AR K

3.1 NaH,PO,.Fe, (SO,); B K /NEFFHE 0.001~0. 005 mg/L #kAb 3 ] {i& #F 55 15 Fh - 8 & Fl
B % M MR AWK, TR 12% ~26%77,

B kb B EE AR EVE RN TR &L Ab B ] b 2 me/L Fe, (SO, ), b ¥ B8 H2 & 1 4 /N 22 Fp 7 & 2
U EAF] R WA, AR SR R AEEHR R Fe, (SO HIEE 8 mg/L. A £
TEH (KH, PO &b BRI 282 P 7 & 2R 4t OrZAHE B E BT, AN A 24 58 6 BT & R
WAL RV B T 5 L5 mmol/ L MIBEER A M0 (K, HPO,) ko™ & 34 fu T 52w, 78 A3 56 b, IRk B
fob B I A R T AT 0. 01~100. 00 mmol/I. NaH, PO, \Fe, (SO,); AbHxF & /N3 Fl 7 & 25 K 1y
R — &4 (NaH, PO R A 10 h G /N2 Fh 7 Y FREERMEIF AR E (G2 ME 3), 5 Sarwar
REIERMEZEHEFE. 0.1,0.2.0. 4 mol/L B SFWHIREE A L, AT REJE i T Ak BLAT 4 L 40 213K
fig — A (KH, PO AL B RESR B /N e R 28R, o FAAS () 46 JRE IR e 35, (L AER vk B Ak B8 6) o 7 22 2 T
REFRPEA W E T m 2T G GSE.E  HEM. "W, NaH, PO, Fe, (SO, ), &b ¥ i 5
0.2 mol/L B} 35 2 fie e {E, Ab 3ok B ok v DL ol /0 ARESEAS S 4 P R W B A R L AL SR VOB B
WF R RAE YR LR i AR o Ak m i T R R OK A VR A5 A BEAS B X R
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TR B G AR TR 2,
3.2 IE#KSEMHT NaH, PO, . Fe, (SO, ), 4Bt

BINEHHEBFHFRELENNZNE

Pl 751 % REXG 5 4 1 16 1, 6 gl i A KO g E
fEH . Yagmur &5 WF 52 25 5 WoR , 2 i R — AU
(KH, PO ARG B Z D B A Kb 4 v . B A 336
e EHIREE T Ay = U LR ZERP,
BN ERRER S BRI B AR R, ARt
KB IE R K & F R, NaH, PO, 4b B /N2 2 i
R B T KA B, Fe, (SO,), b FERRE B %
B TKAR B (B 1), NaH, PO, Fe, (SO,), Ab ¥4
e 41 R R RN A ) PR AT LA B 4 O A A
FH 350 &0y v 4R 10 Wl TS M A5 O g . KHL PO,
AbBRXF A /N A WO A L AR O A R RO i
AR UEE T B2 T PSIT Y HL 75 338 A FE
BURE Y BRALFRRE AR m 0t o nh AR K, (R gkt
LR Z T B A S S AR L 2 A 3 2 R A K i
0 2 50 G S o Sk il 40 e 3R AR
Ak T R IS S A D 1 TR B X I O A A
ANHT AT L S R v AR PR Y o R AL R L A BT
AR AL B e g . A 56 b, NaHL PO, Al
Fe, (SO, ), £ Uk b B2 55 T & /N 22 4 vt A6 it
F i AU 7 SPADCIE 2 A1 3) i AL
SR E56AEM® DMK, NaH. PO, .
Fe, (SO, ), Ab ¥ AT e o $2 i i 1o AR i 2 32 5
RGO EAER  JE e S 4l T8 bk . ok
4 2 FAR, [ 5T 40 2 BF 5 3R T L A B 50 15 S b 8
AT LA B 8 Ak 3R G0 0 0TS B R A — A, H i R
STl & A B b g 5 3 A Y i (POD) Filad 4R
L& (CAT) Y 3k B3 58 b8, 48 B H KR 5 il
(GROB B L, 4 B 5 0 ki 72 v B S 5038 1l R i1
J i (DHAR) B8P A& #F 58 #, NaH, PO, .
Fe, (SO, A5 4l i bt E AL B G H 2 SOD.CAT
W E AR R A ME 6, BT 5] & TR IR
FErp R A, R EG AL A (H O R, i
AL S (CAT) 3 [H 36 1k 7K - FN 8 1 & PR AR
Fit 51 % T30 1 300G CAT 3% PER &2 Fh 1 1 £F B0
o RS N S o€ SR R B s R =R (A (]
AT DL fl 751 & o0 Bl ¥ 51 & AT RE O B AL
fil Fe PR B Rk L 5T T HUR A G R B8 T PUE L
it % M

B A3 4 1 O AR L 5 4 i B AL A AR DD 4
NaH, PO, .Fe, (SO,), 4bH J5 & 1 1% 1 5948 & 38 n]

A At 77 T A B - 51 & T DA SE %K o RN
FE ) B W s 5] & AT LA AR o o8 R AR R
SR 0 LA B R R TR ) 5 A i A 5 T R
FHSS 5] & Al RLAN e DNA S 1 F 4 i 4y 2405, s
) 200 Jf PN 4R AR 1) 46 SR F T O R O IR B T I 4R
R AR A BT 5 5 &3 T LA 4 o N 1 3
Eom. e FRE R GA /KR (ABA) 1
{E A B 1 IR 40 K R B 7 P9 6 & 0 5 Bl
G R RN T 0 i AR IR 3L 55 A RN R B s
B R B BT B & T LR A a] N R A
FYRE B, 48 i 77 4 R R0 4 e A G AR 4K 3, T
LK,
3.3 FEELHT NaH,PO,.Fe, (SO, ); &b 3FZ/h

EHEHBFHAMRENE O

Tl 751 & 1 32 2 00 576 1 38 5 A0 ) 1 B 3 1k
KA B3 SR, 0.5% (w/v) # iz — & B
(KH, PO 51 & REAE i 7 f5 (/N BB 22 gy i 2k KT,
AW KB, TR & . NaH, PO, &k B 5 4
T A S KA B F R (DL AT R
MCEEOEAE RS TR, AR, TR &
£~ NaH, PO, .Fe, (SO, ), &b P 8 $2 &5 40 8 7 v ot
1 AR i SPADCIEL 2 FE 3) . [RIFEA fF TR R M,
S B AL O KR T Fe, O,-NPs 5] & J5 14 /N 22 1 bk
HRGIEMEMGE a MG E b MEHE NEH
AN 729,265 % F1 96 %611, R I L i Ak BE
WS AYOCE AR RKE T4
HREAER  SE M S T A A K R R T A
W0 TREMET B 751 &%t 2l b 4k il i
VR R AR SIS I ERE RN —, TR
2 B HAE MR PO 1R 48 (ROS) 1 A= i 3 5 il 336
SR 2 T BUBR S i A AL B BT A A L R A )
23 )i sh AR N B B R Ak B AR R G0 R A T
AL MRIR AR, Bl &5 K E (Glycine max
LB+ SOD I CAT & PR, X Wk h 25l &
Jei B o AU R 3 B 0 T A7 s PR, R a1
T 51 & P H B S, SOD A1 CAT I #: 3
5, L RIR BT R L BIE G MR TP A R
14 38 iR 52 R B &I 1 R AR E 300 B8 AR A T B P 1
W, 2R R K KL T Fe, O,-NPs 51 & By /N 4
BRAEK 43 38 F 88 416 9 B AL Bl (SOD) 5 45 3 Jin
5%, A B 5%, T 5 % F NaH,PO,,
Fe, (SO, A HE & T 24 /NAZ 41 B AS [a] o2 i
SOD F1 CAT 7§ (4 fk 6) K E KI5 22570
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g aREREE TR ESHRRA T LA,
M R 832 T 55 5 S5 80 B I R ], PR AR
KA TGS, i, T5 44 F NaH. PO, .
Fe, (SO,), &b B X} &) 5 A [6] it 7 1 F 3 4604k ) ity
(POD) G MERZ A B 25 (R 5) . Whad 4504 T 1K R
Pl rp i AL 0 Bl (POD) 105 7 B0 A7 384 0 {0 23 e H
J it AL P i (GPXO 1 1R 2 5 R 52 2 11 HSP70
Foik P X AT AR M ST 5 — AR L
il o Chen S W B 58 2 W, JLAth 5 Fh 7 8 & AH G
AT TR AR (ROS) ¥ B BL I 4 Bt 38 1 B2 4% bk H Ak
(AsA-GSHD R , AT BB JE 4 5| & il v G i 0 4
AL

PRt A L R W EE AN, B PRl R B iF 2
A Y A B 2R AR RN 437 L e 52 B A B T 4R
FAEYIPTE . B 51 & AT LUE Y E S 4 R
YR B K7 AT 52 ) B AT 8 3 A% vh By A B
K Z TP, DA 52 e 4 bR A= K & ORI 36 i A2
PEN L gL R FF E K A I s A R LR SR A )
P vk iy B R, 5]k A BEAT LR i A T K
2, R A ol PN A K 3 T AR R T K dras B, R 5
AL HE G D B TE] LS AS R 45 0 T 2 08 45 B 7 i
R RE AR RS E R T & — RIIME
W e BN /NEE R OR KRR EEXE 10 A4S
EZR 17 MAEDF T 51 &AL FLY Meta 43 B 45 3R %
B Fh—F 5] X A 7= A7 0 3 R R R T« -
B L AR AR 2200, A R R
1150, g7 o Lo w FUAG Al 2 2100, Ik A EAE A=)
SEIRs 1 SIER: 3 Ol N e a1 72 7 WAL LS S VRS B 1
AR Z A R G TAEM A RO UL, #7351
RICHA . FEREA R T 51 k50
JE NEAR 256 o vT DLBR i AERE R S5 O (E A [ L &
F A L T a5 ol A BB AL — T i) 188 7 B i ik
B, RZ . FMrsl kB ARBEAEGRILETWE
VT = A 5 b Al b X IR R A HE )R R
KECEVEWEA R AL A R N AR Z & T 3R
Iﬁ]j«%(ﬂo

4 & g

& HWE Y NaH, PO, (0. 05~0. 30 mol/L),
Fe, (SO,)5 (0. 01~0. 04 mol/L) &b B ¥4 HEAE 7E & /)N
W R A K, AR R & 4T, NaH PO, |
Fe, (SO, )5 A0 il b 1 & 14 d5c R Ak v 32 43 331 hy
0.30 F10.04 mol/L. ¥4 ik A5 . 75 16 ]

TE AR 5030 R A /N B IS O R LAk
fie /14452 3 2 0 . NaH, PO, 4035 4+ &
PR 24 8 4R 55 . Fe, (SO, Ab B HAEIE# K 0 F
Al R 3 4 AR = s NaH, PO, #l Fe, (SO, 5
X RT G E HE E A 0 R R i A L SPAD,SOD Al
CAT 34 (HXF POD i ¥EC i F w25 L, |
WY P Fe Ab BRI REAE 4 /N 22 B 7 8 ke R4 1
A TR A RO A T RURN S 3 i AT 0
T OCAER B & T i P BT 1 3 R
T4 AR
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