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LB FEER (SHA) 43413 30, 100, 300 mg/kg HI 5T HIRAIR AR S MR, Y& /K B2 W A REK B AY
60%, BT 25C NTAMAH P AT IR, MR BB E . ARI7ERFR54 3. 7. 15, 30, 60 KHL
FE, e BHEAAUR . BE. Bk ME R, [45R ] SRR 4 Cu. Zn. Fe. Mn A 8RS0 K/ MK X
& HA>YHA>SHA, Jiti[fl 30~300 mg/kg JBEHHFR (HA) AT 48 = L HEA UM & &, FrlRAE 15~30 KN, +
HEA R & AR THIRE T8 51.3%, BB AE T A0 S e At Ak SR A8 R s e = FhJBS 48R 30~300 mg/kg 7] 7E
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BELOBR B SO I S 0 B B MR AR Ak, TR S5 R J A I i - i T A AR R 22 SRR, D
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Effects of oxidized/sulphonated humic acid on the availability of Cu, Zn, Fe
and Mn in fluve-aquic soil

SUN Jing-yue, YUAN Liang, LIN Zhi-an, ZHANG Shui-qin, ZHAO Bing-giang, LI Yan-ting"
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences /Key Laboratory of Plant
Nutrition and Fertilizer, Ministry of Agriculture, Beijing 100081, China )

Abstract: [ Objectives ] The paper studied the effects and acting mechanism of humic acids with different
structures on the availability of micronutrient elements, which will help choosing proper humic acids to make
functional specific fertilizers containing micronutrient elements. [ Methods ] Indoor thermostatic incubation
method was adopted using fluvo-aquic soil as tested material. The tested humic acids included the original humic
acid (HA), oxidized humic acid (YHA) and sulfonated humic acid (SHA), each of them was mixed with dry soil in
ratio of 30, 100 and 300 mg/kg, respectively. The soil water content was adjusted to 60% of the field water
holding capacity before loaded into a culture bottle. The treated soils were cultured at 25°C inside an artificial
growth chamber. Samples were taken at the 3rd, 7th, 15th, 30th and 60th day of culture to determine the available
copper, zinc, iron and manganese contents. [ Results ] The effects of three humic acids on the availability of Cu,
Zn, Fe and Mn in soil were in order of HA>YHA>SHA. 1) HA of 30-300 mg/kg significantly increased the

available Cu content in the soil, especially within 15-30 days it was increased by 51.3%, significantly higher
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than YHA and SHA did. 2) The available Zn content in the soil increased within 15 days of culture, the increase
by 30-300 mg/kg HA were 11.8%—-20.3%, significantly higher than those by YHA and SHA. 3) HA increased
the soil available Mn content by 5.6% within 15 days' culture, and the increase was higher than that by YHA
and SHA. SHA increased available Mn by 13.6% when the application rate was 300 mg/kg. 4) After applying
30-300 mg/kg HA, the soil available Fe content was increased by 4.3%—7.2%, and the application of
SHA or YHA increased the iron availability of the soil only at 30 mg/kg and 300 mg/kg, respectively.

[ Conclusions ] The application of humic acid can significantly improve the availability of copper in fluvo-aquic
soil, but the effect on the availability of zinc, manganese and iron in fluvo-aquic soil shows a phase change. The
effect of different structure humic acids on the availability of micronutrient elements in fluvo-aquic soil is quite
different. HA has the greatest influence on the availability of those elements. In view of this, when humic acid is
used to enhance the availability of micronutrient elements, factors such as the nature of the humic acid and the
application period should be considered.

Key words: humic acid; oxidized humic acid; sulfonated humic acid; micronutrient availability
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Table 1 Basic characteristic of humic acids

TERTR E4/E6 TLEEE (%, UTEICKITT)* Elemental content
. . H
Humic acid type P ratio C H o) N S
JE 4R Humic acid (HA) 8.60 3.19 51.19 3.74 42.36 1.07 1.11
FALITER 8.63 3.73 49.02 3.63 43.85 1.09 1.07
Oxidized humic acid (YHA) ' ' ’ ' ’ ' '
LR 8.69 4.00 31.96 2.67 53.62 0.67 10.22
Sulphonated humic acid (SHA) ' ' ’ ' ’ ' '
I (Note) : E4/E6 {H/&45 I RRIGA R AE 425 nm Fl 625 nm ALWESGAE 1Y LLIEEA4/ES6 is the ratio of 425 nm to 625 nm in humic acid

solution. *— A4 JEFERR TR S B, FUBRIK )G 1545 0E H 4 L Percentage was calculated after deduction of ashes.

K,Cr,0,-H,SO, JHfkik; 1AL Cu. Zn, Fe /] pH
7.30 4 0.005 mol/L DTPA 225425, 4% Mn
1 mol/L ik NH,OA M HE ™Y, & $2BOk A
N A BT E i R A A S T R SR
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1.3 #HiENE
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Fig. 1 FTIR spectra of humic acids
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J5 ik (110~145 ppm) & & dfm, PAZFIE 7
R A3 S R RE AT Y 59.40%~63.35%, ik
(0~63 ppm) DA LCRIHE . 205 AH OC 0y 4 ot 5 Bk
(63~110 ppm) ZFl 5 2 FB & o B BEHAI 1Y 22.52%~
31.72%, UK M FRFE MR I R (145~190 ppm),
TR R B RE Y 8.88% ~ 15.0% ; i i/ JLfe
(190~220 ppm) (52 & ik E BE A 0 Ll /N, 7E
1% Zid7 o il — B R AEAS [RIRE i v A AR 55 dth A7
FERR N2 5 . HA Gadd Sk el Jm 05 7 e 1 12 1%
I 4.29%, BeFk/ S b EmIG N 2.31%,  [F) A By F2 3
B . FRIEAR . TR/ LA B RN s B A R D
Bl % FEAK 3.95%, L B/ AUBE FE R N 9.19%,
TP e . R | R/ sk 7 i b .
KB, YHA 5 HA W HA BRI, i
SHA 5 HA 252505k .
2.2 FEIBFERR*TE L pH AUR 0

&3 TUAEE, SXRAMAML, i HA
30, 100, 300 mg/kg, FERFAH 3~15d) L4
pH B, Henll i gs 3 Rk, +3 pH W %1
i, B CKRE T 0.19~0.34 4~ ¥4 Jiti il YHA
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Table 2 Relative proportions of functional groups in the humic acids in the chemical shift regions
b o 5k AR 5k [ig=E81q BRI i/ e B
g uul Alkyl C O-alkyl C Aromatic C Phenolic C Carboxyl C Ketones/aldehydes C
m
ampe (0~63ppm*) (63~110ppm) (110~145ppm) (145~165ppm) (165~190ppm)  (190~220 ppm )

JE5H R HA 9.05 13.47 63.35 5.56 8.31 0.26

AALIEFIR YHA 10.29 14.54 59.06 6.17 8.85 1.08

T b JEFERR SHA 13.36 18.36 59.40 3.29 5.58 0.02

# (Note) : *—AZREILIRIHT I FE IR 2 B R 191k~ % Unit of chemical shifts of functional groups in humic acids during NMR
analysis.
=3 [BFEERN 3% pH BRI
Table 3 Effects of humic acids on soil pH
JETH R AINE (mg/kg) B350 6] Incubation time (d)
Humic acid Treatment rate 3 7 15 30 60

CK 0 7.90d 7.91 be 8.05 be 8.03 de 7.96 d

YA HA 30 8.24a 7.92 abe 8.12 ab 8.08 be 7.97 cd
100 8.13 ab 7.95a 8.12a 8.12a 7.97 cd
300 8.09 abc 7.89 be 8.04 ¢ 8.03 de 8.01 ab

FALIETERR YHA 30 8.10 abc 7.88 be 8.08 abc 8.05 cde 8.00 abc
100 8.07 be 7.87¢ 8.08 abc 8.07 be 7.98 bed
300 8.07 be 7.91 be 8.09 abc 8.09 ab 7.98 bed

L JEFERR SHA 30 7.98 bed 7.92 abe 8.06 abc 8.07 be 7.98 bed
100 7.96 bed 7.92 abe 8.06 abc 8.07 be 8.02a
300 7.95 cd 7.93 ab 8.04 ¢ 8.07 be 8.01 ab

4 (Note) : [RIFVEE G AR F-HER A B[R] 25 5755 5% W3 7KF Different letters in a column mean significant difference among

treaments at the 5% level.

30, 100, 300 mg/kg J, +3E pH fER; I N
CK #4Jm 0~0.20 4~ .47 ; Jiti SHA 30, 100, 300
mg/kg, TEREFEWIPEE CK 41 0.01~0.06 > FAf7
2.3 AREEERRX T EEXIE RN

MR EE R (B 2), &SR A F H A
[R]85 77 309 9 6F = HEAR A B R AN TR . — ) (7 d)
P, 4 HA 100 & 300 mg/kg 7655 7 RAFA SR & &=
FEARAN , oAb A BREY38 In + 5E40 A sk, — G,
5 CK M, T 30~100 mg/kg f HA F1 YHA +
WA SRS MRS T 31.2%. 28.5%. 13.8%.
16.4%, T SHA 30 } 100 mg/kg 343 %k & 1 5
CK %25 Jitifd 300 mg/kg 1 HA. YHA Al
SHA ] g 2 2 T - e i ek, 7 30 & 4y
PR T 32.0%. 12.9%. 15.7%,
24 A[EBFEERS TSR

IR 3 AT LA, AR & e 8 5

MR Bk AR b, 7~15 KN, it 30~300
mg/kg =R FE BRI AT BN+ A R S, Hop
DL HA R BAE, 8 15 REMEASEES R T
11.8%~20.3%, 5 CK 5%, Hikl YHA, +
AR S BN T 3.8%~9.3%, 15~60 K, Jfif
SRR R B PR T A R S R, & 30 R
FEAR T 11.3%~18.6%, LI HA Xf + 584 505 & 2 [
RAVE R R, ETR]— T A [R] J8 4 1 Ak 3 ) 22
NTEN
2.5 AEEFERE YR L EE AR R

Bl 4 LB, fERRFRMIN], b B AEmRR 15 Knlf2
AR, 30~100 mg/kg FHEETT, DL HAfE
MEA e, THEAYE S EREZ I 5.6%, 5
CK 5% 83, 300 mg/kg HHRT, SHA fii +3HEA %
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Fig. 2 Effect of different humic acids and rates on the availability of copper in soil
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Fig. 3 Effect of different humic acids and rates on the availability of zinc in soil
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Fig. 4 Effect of different humic acids and rates on the availability of manganese in soil
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Fig. 5 Effect of different humic acids and rates on the availability of iron in soil
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