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Contents of the main metabolites in maize affected by humic acids with different
molecular weight derived from weathered coal
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Abstract: [ Objectives ] The molecular weight of humic acid determines its function. The effect difference of
humic acids with different molecular weight was studied in this paper, in order to provide theoretical basis for the
efficient utilization of humic acid in China. [ Methods ] A hydroponic experiment was carried out using
Hoagland nutrition solution as the basic cultural liquid and maize cultivar of ‘Zheng Dan 958’ as material.
Three kinds of humic acids with molecular weight of > 50 kDa (HA,), 10 kDa to 50 kDa (HA,,) and < 10 kDa
(HA,) were separately added into the cultural solution in ratio of 10 mg C/L, and with no humic acid addition as
control (CK). Maize seedlings were grown for 20 days, then harvested. The whole plant was divided into root,
stem and leaf, dried and weighed. The fourier transform infrared spectroscopy (FTIR) (Bruker VERTEX 70) was
applied to detect the contents of the main chemical components. [ Results ] The addition of humic acid could
significantly improve the dry weight of maize root, stem and leaf, which was increased by 91.07%, 89.27% and
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88.53%, respectively, compared with the control. Among the three humic acids, the greatest promoting effect was
obtained by HA|, in which the dry weight of root, stem and leaf was increased by 143.14%, 123.41% and
150.54%, respectively; followed by HA,, and HA,. The transmissivity of the FTIR spectrum with the wave lengths
0f 3420 cm™ and 1655 cm™' was lower in the humic acid treatments in the roots than that in the control, while
those in stems were higher than in the control, indicating that humic acid could increase the content of
carbohydrate, protein, polypeptide and amino acid in maize roots, and reduce their accumulation in stems. For the
leaves treated with humic acid, the transmissivity of spectrum with wavelength of 3420, 2920, 1735, 1655, 1518,
1380, 1250 and 1050 cm™ in the humic acid treated leaves were all lower than those in the control, and those in
HA, were significantly lower than HA,, and HA,.. [ Conclusions ] Exogenous addition of humic acid can increase
the dry biomass and change the contents of carbohydrates, lipids, proteins and nucleic acids in maize. Humic acid

with molecular weight of < 10 kDa performs better than that having larger molecular weight. So small molecular

humic acid should be considered for the effective use of humic acid products in the practical production.
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1.1 iR

PR K SR AR 958 (Zea mays L) R
WAEHER B S AR (107°12'E. 39°21'N,
WS FIRICERRZHTTTT), TR (HA) /&K H] THSS
B o 7 i AR P B B0 R IR R 50.4%
PO R ik . & A E S5 47.0% .
4.89%. 1.04% Fil 33.6%.
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Table 1 Molecular weight, elemental contents and mole ratios of the tested humic acids

JCE & & Elemental content (%)

EE/R . Atomic ratio

il o

Treatment Molecular weight C H 0 C/N C/H 0/C
HA, >50 KDa 55.22 3.39 1.13 33.18 57.23 1.37 0.45
HA, 10~50 KDa 48.70 3.66 0.96 38.89 59.07 1.12 0.60
HA, <10 KDa 35.31 3.08 0.67 41.47 61.42 0.96 0.88

pmol/(m?-s). FTHEFWMIENKZERE
[Ca(NO,),"4H,0 1.18 g/L. KNO, 0.51 g/L.
MgS0,-7H,0 0.49 g/L. KH,PO,0.14 g/L. EDTA-Fe
0.036 g/L. H,BO,2.86 mg/L. MnCl,-4H,0 1.81
mg/L. ZnSO, 7H,0 0.22 mg/L. CuSO,-5H,0 0.08
mg/L. H,Mo0,-4H,0 0.09 mg/L]*", B AGENNE
FETR (CK) F4rBIE 4>+ > 50 kDa(HA,) .
10~50 kDa(HA,,) F1 < 10 kDa(HA,) J& iR 10
mg/L PUAbEE

FRFIF28 70% AW9RS R MHEE 10 min, FHZE
KPS, TEZIRK PR 24 h, 568 24 0R)
H, 7E25°C DGR A 3 K, IEEBAL
K=, BnF—DOR, R ST, Rk
FLUEMAAE TGN, Ba—tk. &N 55K pH
4 6.0 £ 0.5 (1 1 mol/L ) NaOH %5 ¥ 1 1 mol/L 119
HCl WO 19 8 IR pH), 2 RIFHME 2 E TR,
BRE— R EH—E R, A 6 IRER, Kl
X ZHHES .
1.3 MEmMBKRFGE
1.3.1 TYEE B 20d)5E, BB ARERS N
ML SR, ZRIBKIE TS, T 105°C PR 30
min, 65C FHTZEIEE, FE., Rl IRATE
St FET A U

1.3.2 2D 0 KRE TR FORFERRAR . 250
M EERESS I 0.2 mm i, 43BIFKEK 1 mg #£45 200 mg
TRIEER (KBr), BCAFSHGH Bk op AF B 341 5] J5 2647
Fy ORI B AR e T AR (5 VERTEX
70, fE[E Bruker 28 \l) Rl EORAEMRAR . ZEF00F A6
REFRAE (R BGERE 400~4000 cm ™', 43PE% N 4 cm !,
HFHRECH 32 1K)
14 HIELEBS 9

IR H I R F Excel 2003 #l Origin 9.0 #4117
AEPFEAVER, SR SAS 9.1 S8 it 44 Duncan 77 3
1575 255001 -

2 ZER 55

2.1 [BHEBRACIEN E KT HRERF N

N0 B R T R R ORAR L 2R R 4 R
Hi, WEBHR T TR, £68E TYRED
EREAR (2 2). SXTHEALL, JEEEIR AL FLAY FORAR |
2R T BT P BE R R T 91.07%
89.27% Fil 88.53%. #5JAFHMRALIEZ B LA, HA, &b
B EORAR . KRN T K, 5 A
Ho, ZrBle T 143.14%., 123.41% F1 150.54%, H:
W HA, ACFE, HA, ALBEE KA . Z2AH T4

x2 AMARS FERBERLIEN ERTEMENFE

Table 2 Dry biomass of maize as affected by humic acids with different molecular weight

AT ¥ Biomass (g/plant, DW) W
Treatment 2 Root 2% Stem I Leaf 4 Total Root/shoot
CK 0.26+0.02d 0.34+0.03d 0.77+0.09 ¢ 1.37+0.10d 023+0.03a
HA, 0.31+£0.02¢ 047+024c¢ 0.88£0.06 ¢ 1.66 £0.05 ¢ 0.23+0.03a
HAy 0.53+0.02b 0.71+0.07b 1.53+0.10b 2.77+0.14b 024+0.01a
HA, 0.62+0.05a 0.76 £0.05a 1.92+0.15a 330+£0.20a 0.23+0.01a
HA V-4 Average 0.49 0.65 1.44 2.58 0.23

1 (Note) : [FIFVEUEE RNRIF-EEFR R A BLH 22 535 5% 137K Values followed by different letters in a column mean significant

difference among treatments at the 5% level.
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AP 3 AT, BT AT Ak BE ORI A 41 AN % AR
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F=3 FEDEEH. RKIEXRE FTIR #IEE

Table 3 Resource and wave length of main functional groups

Uiferl EE (cm™) B3
Group Wave length Source
—-OH. -NH 3420 WKL A Carbohydrate2!
P A C-H 2920 g b5 %) Ester compound!-23!
C=0. N-H 1750~1500 EH. 2K, FHERR Protein, peptide, amino acid?*23)
C-H 1380 H BT Protein/25-2¢!
P=0 1250 %R Nucleic acid 2629
C-0-C 1050 Yk | ZH Cellulose, polysaccharides26-291
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Fig.1 FTIR spectra of maize roots under treatments of humic acids with different molecular weight
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Fig. 2 FTIR spectra of maize stems under treatments of humic acids with different molecular weight
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Fig. 3 FTIR spectra of maize leaf under treatments of humic acids with different molecular weight
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