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1 #REFE

1.1 Kie#f#

T 2015 4 810 A EEREHEBIN LEE
AREFE H IR o AT IR, 2 X B BB IR A K
Rt R T B 2 KA AR RR 18.0 °C,
KR 750 mm,

PR N L7 A E I 75 d. it
HALK N LG & HERBIRE., RIERM A
WEEGERSD,pH 7.96(2.5 : D, AR &
14.67 g+ kg™, 2H T H 0.89 g « kg™, HERLEP
4B 12259 mg - kgl A M By Y B
28.45 mg + kg7, AU & 2.41 mg - kg™,
SMEE 1.28 mg - kg ',

1.2 KEH*E

I 6 ALH . 1D BEE KX B, CK; 2) i
WG G0 IR Z W, BDM; ) BEfa k) 1 g « L™°
B ALAR AR B TR, CBFF-KI1; 4) I 6 Vi BE Ky
2 g+ L& UL B0 4 2 0 T AR , CBFF-K12; 5) B
WEMREER 1 g« L' 5 R 67 4 Z it i AL , CBFF-
KIOL; 6) Witk B 2 g « L' SRR B ) 4 Bt
[, CBFF-KIO2, &4 /R EZ WM EE, 0
FCBLA . Bab 4 KER,

fERS FEIBESEEAZ.RA LD AR
28 cm, FONE 21 cm, ¥ 19 cm By R, A
FEEaBr1~2mm £, 848%+ 5 kg,
1 hm?#E N-P,O;-K, O 3 210 kg 90 kg-165 kg Bl
BAMARE 0. 89 g, WIRERIRIRE 3. 47 g, HhiR
THE1.73 g, FALHR 1. 33 g i IREALHT 1.33 g,
ek 0.13 @,

o MR FEEIAT 3 KB, 2 BIELSTE
WIEMIT (20154 9 A 3 H.3&ME5 22 R) &
JAE A KA (2015 42 9 H 21 H RS 5 40

KO 0P BT AR A B I 8 R 1 (2015 4E 10 H 6
B, #RE5E 55 KD, MR T 52 1AM it 4 B At 1]
B, B e LA 2 f R I AR KA . B
bT 201548 A 13 H¥EFH, 20154 10 H 26 A
Wtk . $eH AR = RS A TR R B R R
I, AR EFTIHAME RS2
AHME
1.3 TEUZE

B AT A M R R e

TR A2 DRSO, F B R ph e T4,
TR EBE KL, R TRE K, W H
Pil. BT AR W, 25
LIS TR E. B SRS,
HiREH ., BESRBR T 4 CLF, TR
HETEY R A R CUOEMRE S inr il
RE ; BRAMAR AR S DB ST AR R 4, TSR
105 CA%F 30 min, FF 80 CHTE{E T, W E
b W H e

WIREFE A B 7 - b L0 3 T B 68/ R &
(PRI ) R4 N, 2 P (a7 4k 2 43 17 42
Smartchem 200) \ & KCKIE N EE) (=
JUER (R R IR AL — WA 606 BE ) . SPAD
(MHRFAL 5200) HEA R C H &R (2,6 —AHM
TR FIE M ETEY e s (5 4h
SRR A E H R (B SR G250
%,
1.4 BUESHR

I HHE R H] Excel 2003 BA: 47 5088 19
YU URIYEE R SAS 8. 2 Gt kT 2=
ST s ANE AL B[] SR F Duncan R 8 22 36k
95 KA RS B P<<0. 05 KPR EFBE .
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2.1 AELXKEXE MESENHI

W S A AR SR AR B A T E Mk
B K L T RSB (B 1D, CBFF-KIO1 % CK 4b
HEERS TE MM ER R TERSE
681.64%.93.41% ., CBFF-KI1 4bFH b T 38L&
#i CK B ZEPK 44. 38% ,CBFF-KI2 4h#Hb |
FRELE R CK BERS 6. 79 5. HAaa s
FREFADE.



122 it B B Z2

1A

CK [0 cerrkR2
B BDM [ cerrkiol
B crrki1 CBFF-KIO2
60 r a
00 .]]}
ko
&
i 8
X &
[5] a
[+
3 a |
S ¥ l
b
0 H
T 7 Root B 7R Shoot
#4s; Position

F: R EHENE FRZRCEEER RN B E (P>
0.05), ¥dRNFHELIRAER, TR,

Note: The same lowercase letters are non-significant a-
mong treatments (P>>0. 05). The date are meanZstandard er-
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1 AELENE NRSENRIT
Fig. 1 Influence of different treatments to

the radish iodine content

2.2 AREXKEXWE N=ENFI
WAL Gk /K W (BDM AR B ERL T & b
W= (R D, 5 CKAHE, BDM &b 3 b T FF & it
HFEAK 45. 73%, B E NAHE 7 bL 38 IR
LR A B AL BE AR S b L R TR R e R S
CK Mt LR %257, H% BDM A4 H B E#E 5
73.86%~79.55%, CBFF-KIO2 4 ¥R % H. B
2 WA 8 R B R R, AR £ i B AR CK [AIR
AN 3 U5 B BT e AT VAR B I LR S Iy A R
MAEfRHE 7K R b4, CBFFKI2 &b
BT T4 R CK.BDM 4 3l 2 F#/ &
39.89%.78.30% , HE Ab B B R 3, Ui W
Wi 2 g« L' & M40 B0 0 4 5 it T AT BB 42 =
FMTHRTYRE &,
2.3 AEREXE MNREBIREZND
WIS R 2B E R 2 TR K
1. 66 %, FELEE D RS H 12, 44 %6 K B8l it
[ 34. 07 % , Xt 0k 8B SPAD Jo B E M,
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Table 1 Influence of different treatments on the radish quality
B8R Fresh weight R WFHTR
Tr::;!ient b R MR #5 BDM = Root shoot Dry substance of
Shoot/ (kg * pot—1) Root/ (kg * pot—1) Growth rate compared to BDM/ % ratio root/(g * pot—1)
CK 0. 14ab 0.41a 87.50 3.04a 22. 19bc
BDM 0.12b 0. 22h — 2.01b 17.41¢
CBFF-KI1 0. 18ab 0. 3%a 76. 14 2.22ab 23. 36abc
CBFF-K12 0. 15ab 0. 3%a 76. 14 2. 68ab 31. 04a
CBFF-KIO1 0.21a 0. 38a 73. 86 2. 04b 26. 74ab
CBFF-KIO2 0.12b 0. 40a 79.55 2. 56ab 23. 8labc

A B RN T RA AR ER R E (P>0.05), BB THEIRER. TH.

Note; Data followed by the same lowercase letters in a column are non-significant among treatments (P>>0. 05), The date are mean4-standard error, The

same below.
F*2 ARELENE b REISIRAIN0
Table 2 Influence of different treatments on the radish agronomy index
#hF &P Root b F 3 Shoot

Kbz

Treatment 7J(ﬁj\ ﬂﬁ&ﬁ an— ﬁ Iﬁ'fﬁﬁ SPAD
Water/ % Root diameter/mm Total leaf number Leaf weight/g
CK 92. 23b 87.53ab 13. 50ab 12.12a 45. 70ab

BDM 94, 78a 76. 65¢ 14. 50ab 7.99b 42. 38b
CBFF-KI1 94. 87a 80. 64abc 14. 00ab 10. 68a 42. 98ab
CBFF-KI2 93. 71ab 92. 96ab 12. 00b 12.18a 45. 58ab
CBFF-KIO1 93. 04dhe 93. 76a 15. 25a 10. 85a 45. 30ab
CBFF-KIO2 91. 70¢ 83. 04dhc 13. 00ab 9.44a 46. 20a
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KIO2 4bFEBRAM) REEAA B8 5 i JR & i 48K
K SPAD Y70 B E 0
2.4 AFELAEXE MARREABRBSENMN
5 CK A, BiifE S B R 2 W 3 b 2A.
W e ERITEEES AR S AR
MR 2 FELEEER HRERFEHS
#(® 2), 5 CK M, CBFF-KI1,CBFF-KIO1,
CBFF-KIO2 Zh 3 A FiR 2B & 40 0 B &'
23.11%.30. 64%.20.11%,
2.5 FAFELEXE ARMRIERNZT
5 CK # b, Bt Gl /R EZWA 2 MR JE
WATFEMEIEY AEEEE R A AR C K
Wb % 5 TC W] Sk 5 M 5 V% e 4 S - 1 IS X ) B AR
N E Y& 80 B E ¥ W, (H CBFFKI2,
CBFF-KIOl ZhBIF] B EH S &0 5 o E#
5 37.87%.39. 26 % ,CBFF-KI1 AbREAEAE R C &
B B ERRAK 23. 75%,CBFF KI1,CBFF KI2 b3
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Fig. 2 Influence of different treatment on the radish
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%3 FRELEXE PR &R R
Table 3 Influence of different treatment on the radish qualities of fleshy root
AIEMEARER ®ERCEHER MRS &
Kbz TIYEHE Y S & . . _
Soluble protein content Vitamin C content NOz ™ content
Treatment Soluble solid content/ %
/(mge+ g 1 FW) /(mg * (100g) ~1 FW) /(mg * kg™1)
CK 4.13ab 29. 25b 35. 15ab 93. 70cd
BDM 3.91b 38. 29ab 37. 80a 125. 62bc
CBFF-KI1 4, 25ab 36. 03ab 27.75¢ 144. 25ab
CBFF-KI2 4.17ab 40. 33a 37. 25a 180. 54a
CBFF-KIO1 4.52a 40. 73a 37.90a 131. 35bc
CBFF-KIO2 4. 32ab 35. 18ab 30. 54bc 83.80d

2.6 FELEXE MIFRES BRI

5 CK M b, Wit 1% 42 3 /K 25 W20 i) . 3
T8 S T AR A i 8. 44,237 85
7 O 2 AR B AR I 5 47. 8804, {HL X Hl
TR RS B N IR VR S R EREE
FER O, FEV R EARH SRR CK B&
$ 1.25~1. 83 %, (E% BDM 4b ¥ R 3 FR1IR

70.07%~76.19%, b F F4 & B CK %R
B, H% BDM 4 3 8 F AL 90.74% ~
98.49% , WiMEHMELM FAEX TS ELE
#3258 CBFF-KIO1,CBFF-KIO2 4b¥ b b %
BrA i CK 4B B2 W 55. 90% . 45. 48 % ;
CBFF-KI1,CBFF-KIO2 4b 38 Hb T 34 & & 43 3
B e 37.47% ., 64.14%, CBFF-KI1, CBFF-
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KI2,CBFF-KIO2 AbFH i | 388k &80 B B 5 %
1% 19. 78%.41. 23%.23. 03% , CBFF-KIO1 4b 3
HEMEEEERERS 29.29%; CBFF-KI1,
CBFF-KI2,.CBFF-KIOI 4h 3 F 44 BB Z
R4 25. 54%.20. 90% . 28. 25% , CBFF-KIO1 #b

SR EERE 0. 04%, HALE T B2
5o LB BB, e 15 B A6 2 i TN AN 2 0
B T 4R LA 4k (CBFF-KIO2 BR4h) & &L (1
SRR SR,

x4 AELEXNE MIETESENRIT
Table 4 Influence of differents treatments on the radish micronutrient content mg * kg™ !
Kb #FH Root H#h & Shoot
Treatment Cu 7n Fe Mn Cu Zn Fe Mn
CK 0.07¢c 38. 85a 77.80c 10. 97ab 58. 03¢ 38. 19bc 668. 60b 55. 34ab
BDM 16. 72a 40.01a 95. 60bc 12. 3% 547. 84a 33. 69¢ 348. 48d 46.11b
CBFF-KI1 0. 25¢ 34.43a 106. 95ab 8.17¢ 130. 59b 41. 59bc 536. 38¢ 50. 39b
CBFF-KI12 1.13¢ 42.94a 90. 76bc 8. 68c 163. 95b 48. 63ab 392.91d 52. 70ab
CBFF-KIOL 1. 55¢ 38. 85a 94, 27bc 7.87¢c 130. 40b 59. 54a 864. 43a 60. 34a
CBFF-KIO2 1. 40¢ 39. 31a 127.70a 9. 18bcd 159. 36b 55. 56a 514. 64¢ 54. 71ab

2.7 FELEMNIENETESENEI
&5 /R 20 YR B AR R 0 T AE AR R 2 4R
TLE B RN A S R HIEREE . BHEESR
IR 22U M AT 0 T B B 4R R T R A
TE, 5 CK M, 58 EFERS 177. 4%,
37.19%~69. 22% . L WtHEHEM T AR RAE G

IR I A B B3 AR 39. 1096 ~50. 62%,
AR AE S AR 22 F AR E . B RN
IREW LIBEE R ES BT BEER, AR
T AE 2 3 PR AR - A & 18, 53 %0 ~14. 23 %%,
Hr L CBFF-KI2, CBFF-KIOL 4b B 3k B &
(F 5,

x5 AE4ALEN T IBERETRESENRN
Table 5 Influence of different treatments on the soil micronutrient levels mg « kg™ !
AbHE Treatment Cu Zn Fe Mn
CK 1. 85¢ 2.05a 20. 33a 11. 49a
BDM 5. 14a 1. 96a 20. 37a 11. 26ab
CBFF-KI1 2.58b 1. 83a 20. 48a 10. 51bc
CBFF-KI2 3.13b 1.94a 20. 72a 9. 85¢
CBFF-KIO1 2. 89b 1. 96a 20. 29a 10. 09¢
CBFF-KIOZ2 2.54b 1. 86a 20. 51a 10. 48bc
6. 79 fif; Wi 1 g « L' AL A B i T AT 3
3 WigEZie TR R CK R FEAK 44. 3800, X3 I
. 1 . L—lﬁ\ i 74y I 75 =) \S‘(
e LR aem DR RS IEE TR
HEOER T MRS R, g T PR R PR o B

B A1 T B 5 L P 0 3 e v ES  EC b L S % b
TS BB ERIN ., XREPREE MK E
BHRLTFEEIRICE . (BIEVEY RIS 2 M SNE
BURT DA ST RS & X 5 o460 X N
s R—8. 5 CKAML, Wi 1 g » L&
PR AT A L T AR 25 4R R T 28 M R LT
RS 681, 64%.93. 41% ;i 2 g « L Al
AER 4R BT AR L TR S B CK B RS

R KIAR—2, XAT68E h FA Y AR [H
WEMESHBOTE 1 & 10, £ SRR,
SHEEHEYIRN SRR ARR, kSt
Bror 00, AR E T (<C0.5 mg « L7Y) 3¢
XF 105 W ICH = sl e, Tkt 1T (8 W sch Bt
SR T E R B E T (0.5 mg » L7, %t
105 A1 1™ ¥ B s, whoF- S50 ghas 2 8,
—EWET 105 AHEAA TR SPHME R
BT AEEAGTE, BRN AR, X5Z A%
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Effects of Iodinated Copper-based Foliar Fertilizer on
Iodine Content, Yield and Quality of Radish

TANG Lingyun' , MA Jinzhao' ,ZHANG Min' ,CHEN Haining® , LIU Wenlong® , YANG Maofeng"*
(1. College of Resources and Environment, Shandong Agricultural University/Engineering Laboratory for Tranlin Fulvic
Acid Based Fertilizer/National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, Tai’ an,
Shandong 271018;2. State Key Laboratory of Nutrition Resources Integrated Utilization/Kingenta Ecological Engineering
Group Co. Ltd. , Linshu, Shandong 276700; 3. Shandong Tranlin Jiayou Fertilize Co. Ltd. , Liaocheng, Shandong 252800)

Abstract;In order to study the effects of iodinated copper-based foliar fertilizer (CBFF-I) on iodine
content, yield, and quality of radish (Raphanus sativus 1.) and to provide the basis for its
scientifically application in practice, a pot experiment was investigated in our research, with the
application of water and traditional bordeaux mixture (BDM) as comparison, The results indicated that
copper content in the soil of CBFF-I treatment decreased significantly by 39. 10% —50. 62% compared
with that of BDM treatment. However, copper contents in the plant were not significant among all
treatments. In comparison to the control, treatment of 1 g » L ™! copper-based foliar fertilizer containing

potassium iodate (CBFF-KIO1) increased iodine content in roots by 93.41% and the soluble protein
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HRENERE., REXSBHARGHE BEFRAEFEXERHREY LA IHEA,
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content of roots by 39.26%. Treatment using 2 g * L~

! copper-based foliar fertilizer containing

potassium iodide (CBFF-KI2) increased the soluble protein content in roots by 37. 87 %. Treatment of
1 g » L"'(CBFF-KI1) decreased iodine content in roots by 44.38% and vitamin C content of root by
23.75%. CBFF-KI1 and CBFF-KI2 treatments significantly increased nitrite content by 53.95% and

92. 68% ,respectively. In conclusion, applying copper-based foliar fertilizer containing potassium iodate

with a spraying concentration of 1 g « I.”! was recommended for radish cultivation.

Keywords: radish;iodine; copper; biological effects



