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Does Amendment of Montmorillonite Promote Humification of White Alfalfa?

XU Yang, DOU Sen!, ZHANG Yifeng, TIAN Yuxin, DUAN Hongmei, BAI Yue

(College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China)

Abstract:  Objective  Humic substances (HS), the main component of soil organic matter, are kind of macromolecular
compounds, specific and multi-phased in property, formed during humification. However, in the past two decades, doubts have
been arising about rationality of the disassociation process of HS. Currently, the research has shifted its focus from on chemical
properties of HS to on identification of processes and mechanisms related to HS renewal and stabilization. Plant residues and
microbial biomass are the main parent materials for the formation of humic substances, meanwhile, clay minerals, as an important
part of the soil, also play an important role in the process. However, still little is known about any specific effects of clay minerals

on formation of HS. Some scholars have used microbial pure culture methods to study formation of HS, but because of the
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absence of clay minerals, the formation of HS studied does not represent that in soil. Therefore, more efforts should be done to
further elucidate in detail the complex interactions between HS and the surface of minerals, as well as the role of soil microbes as
a participant. In order to explore effects of montmorillonite on humification process, white alfalfa, an angiosperm, was used in an
incubation experiment with montmorillonite and microbe-soil extract as control conditions. ~ Method  In this experiment, there
were three treatments, i.e. Treatment A, white alfalfa with montmorillonite and soil extract added; Treatment AnM, white alfalfa
with soil extract added only; and Treatment Anl, only white alfalfa. Effects of the treatments and duration of the incuabtion on
composition of humus-like substances and structure of humic-like acids (HLA) formed as incubation product of white alfalfa
were studied. Water-soluble substances (WSS), fulvic-like acid (FLA), humic-like acid (HLA) and humin-like (HLu) were
extracted with the modified humus composition method. HLA samples were extracted with the method recommended by the
International Humic Substances Society (IHSS) for analysis of structure of HA with the elemental composition- infrared
spectroscopy. Result Results show that the amendment of montmorillonite promoted decomposition of TOC and accumulation
of simple structured HLA. After 90 days of incubation, H/C in Treatment A increased from 1.38 to 1.61, after 180 days from 1.39
to 1.53, and after 360 days from 1.36 to 1.48. The sharp increase in H/C in the early stage in Treatment A made the structure of
HLA simple. However, with the incubation going on, the increase in H/C gradually dulled in trend. Its ratio of 2920/1640 in the
infrared spectrum tended to be in consistence with that in elemental composition. At the end of the incubation, HLA, regardless of
treatments, developed eventually quite close to the O/C and H/C of soil HA in value. Among the treatments, the HLA in
Treatment (AnM) was the closest to real soil HA in complexity, indicating that montmorillonite cannot help HLA turn into soil
HA. Conclusion  Overall, montmorillonite amendment may promote decomposition of TOC and formation of HLA, and
accelerate humification process of white alfalfa; however, it does not enhance the aromatization of HLA in degree and the
structure of HLA in complexity as speculated or reported in the literature. Instead, it simplifies the structure of HLA, which is still
quite different from real soil HA.

Key words: White alfalfa; Simulated incubation; Humification; Humic substances; Humic acid
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1575 8] Duration of incubation
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H: A RIMAPEER . FRAMEERIERAAAIE,  AnM M Anl 550 0 CSEBA M B2 AL, AnM-t1, A-tl,
Anl-t] HRERFIE 90 d, AnM-t2, A-t2, Anl-t2 HfCFEEFE 180 d, AnM-t3, A-t3. Anl-t3 #H{CHEIEIE 360 d. HHLEREEH R M —
WHRIBEfY TOC 5553% 0 d TOC WyHL, RIA HLERkER B 3R=TOC/TOC o, AF/ING TR 7 — i ] [ Ak 380 10) 2 5 98 o 4 4 22 3 W
(P<0.05), TIF. Note: A stands for treatment of addition of white alfalfa, montmorillonite and soil extract; AnM for treatment of addition

of white alfalfa and soil extract; Anl for treatment of addition of white alfalfa and montmorillonite; and -t1, -t2 and -t3 for duration of the
incubation for 90, 180 and 360 days, respectively. Organic carbon residual ratio is the ratio of TOC after a certain period of incubation to the
initial TOC ( i.e., organic carbon residual ratio = TOC/TOC,, ) . Different lower-case letters represent significant differences in humus-like

components between treatments after the same period of incubation ( P <0.05 ) .The same below.

B1 ST AS X AN T 55 37 0 18] 9 AE A8 55377 W0 A AL 5k B R 0 2
Fig.1 Effects of montmorillonite amendment on organic carbon residual rate of the culture products of white alfalfa relative to duration of
incubation
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T SR TH BT S RERT B i Sy i — I ) BE I B B 4L 40 1) & Bl i 5 5 97 0 d ISR IE TR B AL 43 i HL, BUAH X & 5 =CyCyo. Note:
Relative content of humus-like components is the ratio of the carbon content of the humus-like component after a certain period of incubation
to the initial value of the humus-like components ( i.e., the relative content = C/Cyo ).

K2 ST IO AN [R]85 77 I 10 P 248 J S 41 53 RO 5 4 ) S

Fig. 2 Effects of montmorillonite amendment on relative content of humus-like components relative to duration of incubation

F1 RBEARNMNIBEFFYEBERAS AN SENFNE

Table 1 Effects of montmorillonite amendment on relative content of humus-like components in incubation products

I BHE] Time/d — ZKIEHEHIR WSS/% AR HLA/% 5 E LR FLA/% W HE HLuw/%
Treatment
AnM-t0 12.90+0.79ab 10.85+0.42a 5.693+0.273a 70.55+0.79¢
A-t0 0 13.22+0.76a 4.926+1.220b 4.649+1.254a 77.21+1.00b
Anl-t0 11.23+1.04b 4.772+0.255b 4.658+0.409a 79.34+0.60a
AnM-t1 28.03+1.18a 4.002+1.128c¢ 4.419+2.065a 63.55+0.27ab
A-tl 90 14.43+1.91b 21.36x1.128a 5.216+1.896a 59.00+6.046¢
Anl-tl 13.99+1.07b 14.35+2.98b 3.838+1.955a 67.83+0.37a
AnM-t2 15.50+1.03a 3.440+1.771b 3.489+1.588b 77.57+2.12a
A-t2 180 10.43+0.38b 11.24+4.07a 11.3143.97a 67.03+0.41b
Anl-t2 8.120+0.898c¢ 12.36+0.38a 15.71+2.60a 63.81+3.02b
AnM-t3 46.48+0.46a 2.539+1.664b 6.765+0.947a 44.22+1.34b
A-t3 360 7.581:£0.666b 14.19+0.26a 8.485+1.918a 69.75+2.20a
Anl-t3 8.485+0.551b 14.00+0.65a 9.057+0.912a 68.46+0.33a

1 ARENG FAEAC R [E — i ) S 6] Ab #8288 7 R 4143 22 5+ . 3% (P<<0.05=., Note: the annotations are the same with Figure
1. Different lower-case letters represent significant differences in humus-like components between treatments, the same in duration of
incubation ( P <0.05) .

http://pedologica.issas.ac.cn



51 WA BN AE A e A RS Y R A A kA 1235
x2 EBRARMIIEFRY HLA BT REMR B
Table 2 Effects of montmorillonite amendment on elemental composition of HLA in incubation products
b IS ] C H N 0
Treatment Time/d / (gkeg") / (gkg™) / (gkg™) / (gkg™)
HA-Soil — 539.24+8.2 50.80+1.51 37.65+1.71 372.4+10.9
HA-AnM-t0 538.5+£7.7b 75.18+1.05a 50.25+1.09b 337.7+4.7a
HA-A-t0 0 578.5+7.2a 75.08+0.93a 88.45+1.25a 258.0+8.1b
HA-AnI-t0 576.4+9.0a 75.17+0.79a 87.97+0.71a 260.5+10.1b
HA-AnM-tl 474.5+6.6a 54.55+1.56b 63.98+2.20a 407.0+7.7a
HA-A-t1 90 457.6+115.0a 60.64+11.14ab 75.39426.28a 406.4+152.4a
HA-Anl-t1 458.5+7.8a 69.42+0.58a 56.16+13.76a 415.9+22.0a
HA-AnM-t2 462.7+£10.9a 53.724+2.45a 62.08+0.77a 421.5+12.9a
HA-A-t2 180 427.5+7.6b 54.65+0.62a 78.91+1.72a 439.0+9.6a
HA-AnI-t2 431.0+7.2b 57.99+6.23a 99.03+54.37a 412.0+51.7a
HA-AnM-t3 522.8+39.5ab 59.26+1.70b 70.25+6.30b 347.7+47.2ab
HA-A-t3 360 538.0+12.27a 66.52+2.80a 92.06+5.85a 303.5+20.2b
HA-AnI-t3 470.1+£33.5b 58.62+4.43b 82.224+7.92ab 389.1+45.7a
e ) BRsoll R PR A A BRI, WRINSE A T Y HLA
ol N AT, 5 EER HA D3RR 225
1\/\ -l 24 ERENALEEERTH HLA D5kE
g O =8 Y%K HLA 5 13 HA RBHE T2
S w RIFALBRAY AEE7 HLA 1515 HA B9200
I i TR AT S DL 30 AL HLA 2 5
20} 2920 cm ' ARARFAXIFRNEHE C-H b 4 I 3 oy e
2 850 cm ™ AR FR-CH,-XIFRARIE C-H fhaidiRsh i,
% % 150 0 1640 e AR E C=C M IREN OIS s $i%%

15 FE ] Duration of incubation/d

K3 SEAE I AL E R B R PQ (AN
Fig. 3 Effects of montmorillonite amendment on PQ of white
alfalfa incubation products

{2 HLA 25409 5 264k ; k& B 3R kAT, Wk
ALFEA HLA 15 8 B AR .

TR CE4) A, 3 2840 P i 234 ) 5
FER 34 HA 9 O/C 1 H/C Y75 1 K JRé . 360 d
J& HLA 5+ HA M8 E, AnM>A>Anl, &
WIS AnM 038 5 58 HA 420, iin+

360 d Ji , A0 B R T 5 -1 HA MRS 1720 cm™
IR | 5 | FRHPERIE C=0 Mhdadikaig. H 2920/1640
HABA ARG 7 1 5 5 % A R B ) L AL

Xt b HA-AnM ZbFEAT HA-A 40 FEF) 2920/1640
Ilbfi: HA-A-t0 (0.237 ) >HA-AnM-t0 ( 0.186 ),
HA-A-t1 (0.184 ) >HA-AnM-tl (0.145), HA-A-t2
(0.143 ) >HA-AnM-t2 ( 0.138 ), HA-A-t3 (0.136) >
HA-AnM-t3 (0.132) N AZE A ffi A i) HLA
JIgs I 1 B s MG I, G5 ARG TR S Ak, Bl AR 8 SR )Y
B, WIZSAbEE HLA 09551 FR B 22 05 4 /1 .
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Fig.4 Van-Krevelen diagram of HLA of white alfalfa incubation
products and soil HA

iMi%f kb HA-Anl AbHAT HA-A 4bF, HA-AnI-t0
(0.225) >HA-A-t0 (0.186) , HA-AnI-t1 (0.243) >
HA-A-t1 (0.184) , HA-AnI-t2 ( 0.156 ) >HA-A-t2
(0.143 ), HA-AnI-t3( 0.142 ) >HA-A-t3( 0.136 ) ,
HA-Anl-tl BRI M5 H FfbA 3¢, W11
RN A LA BT HLA W54k, Bl
F SR A HEAT , P AL BT F AR B Y 25 R
B AR /N o HLA B LA IE LA 5 o0 2 20 iR 7

F A 2 A AN NPT A Ao M R A A L A
IRBE RS G Py AT R SR A S 2
HEALAE Y, DR 7 o gk B AL )40 0 T AR T A
TOC KI5rfift. SEMLATEDE TOC A4 = i it i
E WSS Bl S, (HIREfE#E T HLA il FLA (1)
e A . WEF A e kA, WSS A
R, Hom', SARMELERMS WSS W
WD i PQ A AYAR L 32 2 5 Fi 52 i A X HLA 1
W RO HLA B8R 5 )5 10 HLA F1 FLA (44
ARG, WIMERAME PQ BN, AT
+HE HA, RIFALEE B . Loya ")
Fe R R ALK B E (WS) FIBRYAYE (AS) 44y

# 3 FBEARMITEFTY HLA & FTIR Y& ERIEHENT B E /M

Table 3 Effects of montmorillonite amendment on relative intensity of main absorption peaks in FTIR spectra of HLA in incubation products

ik 3 st ] FAXTEREE Relative intensity/% H{E Ratio
Treatment Time/d 2920 cm™ 2850 cm™ 1720 cm™ 1 640 cm™! 2920/1640
HA-Soil — 1.271£0.103 0.163+0.045 2.863+0.966 6.391+0.663 0.200+0.020
HA-AnM-t0 6.184+1.082b 0.984+0.118a — 33.40+2.23a 0.186+0.038b
HA-A-t0 0 7.616+0.093a 1.036+0.035a — 32.24+2.29a 0.237+0.020a
HA-AnI-t0 7.613+0.122a 1.087+0.023a — 33.89+2.29a 0.225+0.003ab
HA-AnM-tl 4.391+0.229a 0.630+0.034a — 30.38+1.83a 0.145+0.013¢
HA-A-t1 90 4.250+2.110a 0.496+0.276a — 22.91£11.23ab 0.184+0.006b
HA-Anl-t1 2.878+0.781a 1.246+0.688a — 12.00+4.02b 0.243+0.010a
HA-AnM-t2 4.297+0.951a 0.752+0.364a — 31.06+6.13a 0.138+0.015a
HA-A-t2 180 2.614+0.805a 0.395+0.132a — 18.99+7.72a 0.143+0.021a
HA-Anl-t2 3.083+1.673a 0.771£0.741a — 20.21+11.38a 0.156+0.011a
HA-AnM-t3 4.602+0.166a 0.658+0.072a 1.584+0.713a 34.79+0.49a 0.132+0.003a
HA-A-t3 360 4.296+0.469a 0.625+0.107ab 0.908+0.130a 31.61£1.67b 0.136+0.008a
HA-Anl-t3 3.663+0.201b 0.474+0.036b 0.815+0.196a 25.95+1.63¢ 0.142+0.014a
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AT C IR PERRAL, (HER AN 414 (AIS ) Hi i C
TG PERE I, (oA AR R i 1 Ak B P 45 6 3
SOM Hymi [ fb-& ¥, A SLg 45 Rtk — PRk 1
Loya S HWF5% .

TE A H RS SR I Ak # v, A
e TOC By 53 A F HLA UL 2, 55 R 5 Gleixner!®!!
BIBF5E—30 . Gleixner 8 24 K ZEA YA VLI E
iof RIERUEIRT, BR—FR 5 T A M RE R R oK A
HAATa AT EWENRR, MUEwEYREZH
AR R IR R AP (SOM ) o AR SRR 45 2RAIE
ST HTNIRESY , #E— 248 S A e i HLA 928
A FLA 5 HLA MM ERE, LIEXT WSS, PQ
B, X0 T8 58 b 1 R A AR B B Ak
3.2 EEMAXIEFRZY HLA S ERI =0T

T2 . S HLA (955 F 10 AR B 1K
SEAEE TR A . SN b R P S A A Y
HLA 258958 244k, Bigih 3 Anl AbBE) HLA 456
JEE 8/ 55 R VAN I S R R T R e A
5%, BRI T R B, A e
SRR R AL G, 4G R, s
FHINNB LB YT S HA D5 &, HA 45
FIHE Z% . Duarte SV OFGY W, 4 3 v X 4 4
HA 43 F A ST W H R 45 M B0 g 3 T+ B 1 2
MIfEA, B4R T HA M5 & . Filip 0%
B0 W Ak A P 3 A () B2 5 e 1 25 ) I 1Y)
TR SE B, (H R Y HS 2544 K I 2% 5 . Fukuchi
SRR T ARE By . H RS A A KSR A
EACVEI T 948 s, RUTAAF T2 HA
REGBEMO TR, XTBR . BHSHRIER& ' IR
HHRFHEN

AR RS R ST, FERIDLE R
Ak 360 d N, WIS Al HLA Y458 faj ik,
TS 0 - 9 & ) P feff 52 JBd A Ab BRAY HLA Y05
FEEG N, O AE HS TGS R, AWK+ (4l
w, EEF. ZEEMARR ) Bl ks 1 i
&Y (Flan, ZREm . M ). K9 TFEhEY
Wi J 3 o 2 SR S W AT AL, AL HS. KFREEH
P PR 3¢ P iz iy PV EL B AR R A SRR T A
E YA I RAIE W HS F SN AR 33X R SR AR
W N B AT W, ERTEMEAFIEAET,
SEAZ OV AR ESR O AR N, B DA

BRI 2 A A fe £ 3RS b, T LASE R A0 mT
AR RN AT o SRS A BN AR 1 A 2
PR E 1) HLA, (R TR Ay (it
R, WEFNEY ) Z A 0946 58 RN, 8 J8 B 1] (4 35 5% 1
W, B4E BRIV S HLA B E5 R R BT B i 7E 52
AT 4R, A6 R SRR HLA S50 350 Em A+
Bt , WNEE TR R RN BT, BTG+
B A A S A Ab B HLA S589 55 2% (2 )2
Bifi 5 15 75 B ] A RE 3 0, SEMEA I AR S 2 il
HLA 2595 Jfb, 5B T — P05

T E T 5357 HLA 5 + 3 HA X LAY
RE, 3 AR 2 2 m G 423k T3 HA /Y O/C
M H/IC HBY T A JE, RISmMEENiA (AnM) /Y
HLA 5HIEM HA i, Uil Ba A Re e e
A HLA B 4237 +3 HA. Ahn ZEP7BR5 R0 . A
SRF LI g ik AT A R S A A T 1)
VIR G, RA= o R EEE KATHRE
B b SR I . KENAE T (0-MnO, ) RLZARZE —
T 22 [) P AH A FH RS e B, e BH - 1 4™
Y- AL (8] B A B AR FH O T8 5 00 i A B A
B o AWPIEIESE T E AR TTER, AL e
B A 0 FE AR , (R 5 A A2 U HLA BT 4R
7k, SHEIEMN HA AR 225 .

4 4 it

R AL B 15 Ak fe b, M A
Ht TOC M5 F HLA B4R, HLAE HLA 945 5
RAARR 5 PRI 5 T A R RE AR SCRR ARG A IR AE 1 HLA 1Y
IR RN, S5 ek, MR A AR
PRI BRL o T - R WA, DA S5 Ay ek AR AR
HE HLA FRER R, i HLA f45 S RN, 45+
WA At AL ERE T Y) HLA 5 13 HA
FITE R B, 3 JSAb PR A 10 20T 1 HA
W m kR, HhiEsRERIFMSEN A (AnM) 4
Hidh HLA 55 IER) HA fed2ir, Ui S A g fie
UF HLA B 3 HA, 25 b, e RAEE
fa AL R T, SBA TR AT R AR A
FEACHERE , (BAEIE B0 HLA S5k i fpfk, 5
FIEM HA AR RNZES . R RERER T
30CHIFRAMT, S XT AL B 7 A0 RT 37 68 4
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