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1.1 AREXWREHRRE

5% DX b A 75 70 5 DL 2 T M Ay, TR R
2 940 ~2 980 m, FVHIEHF0.3 °C, AN
530 ~ 560 mm, JCAEXTICEE . AT IX N A A
AR S e, ST TS -

FEME5Y X HOR FF R B A (M) FAS it A
(NF) . jfiflE13a (F13a) fi26a (F26a) 1yl
SEAE ML A 3P b o b, I S R A A AR A O
B3R /N ( Brassica campestris L. ) , F
WHEN105TT#-hm ™, HAES A KW H110 ~ 120
d, AR ERHEMN T20174E4 H hfy, &bk
CHHRAST o AR EMAMEY EERNE R
(Kovresia) . M, B4 46 U n] i1 =% Hiujta A G
HLEGHIE (E3HA 160 ~270 kg-hm™>-a™' ., Jifi i
80 ~ 120 kg-hm™-a™', Jfi#f135 ~ 225 kg-hm*-a”'

VA ZEMEHEAE (9 000 kg-hm™2-a™') . Hrr,
YA M ME I b A AR oM 325 gokg L AR
19 g-kg™'. HHER H10.5 g-kg™'. FERME T IEIT21K
W, Ff TR AT A . T 10 LAk
#E, TESHEHRIBOR G RIZ LA (0~20cm)
FE SRR A IR M S0 2 . A RBR AR . 1
RS AT, BFEEE2 mmA0.15 mm/e i, M
T - R AR SO S A AL BT R
1.2 HEBAMRNE

- HEp HOR ML AR i A, A3 MILBECR o S R
BRAMAEI E , PHE T (CEC) R
BRI, BRERES &SR ARSI E L £
SR R OB R ALY (LS 13 320, Beckman
Coulter, JEHE) M, A& HRXHITE S
( Elementar, & ) %,
1.3 TEBERER

S R R L RR 1) $E B S T [ o A R
PhEs R B S TR O i L 1S B i iR A
i B AK PR3 ~ SR, LAEBRCE ( LLAgNO, %
WO EE A ), BOEEHT Y gaifbiE
HRRFEMEHATH T, WEEEH.
1.4 FBERAERE

R FHAHE B AR M 21 A 3% A ( Tensor 11, 1
B A& 5 ) . DAKBrHE J ik 00 65 78 00 R 5 i 210
AR . FAHETEE 4 000 ~ 400 cm™, P HERN
2 em™, HFERECN64K . [N HOPUS V7.5%84F
(F8 1 A B 50 ) X I A5 04 21 A0 65 % R A7 o
SRR JT , 40 A 4R AE I A 06 B i 1 54 B A
158, XHRRIE I g 5 B RE A Y 588 2 2% A1 OGS
ﬁk [14-15] .

i3 5 5 11 5 A — T WL 3% 0 FH 48 Ah— T DL 4y
JOLEETE (UV-4802, fRleM AW, SEE) Ww
FRELZY50 mgtf R o 5 BLRR 1Y T B FF i T°50 mL
B0, IMA40 mL 0.1 mol-L™"BERR 22 ik ik
(pH=7) , R IFHEA30 minfli K52 LW M. o
R R Bl LR v O LR A HLER (TOC) 43 #r Y
( Multi N/C 21008, HPEAF], f8E ) JETOC
T, IR I DURE Sl KK M T O C Yk i 34 9 4 15
%10 mg-L™'. PL0.1 mol-L B4tk 2 H, M
MBI AWOEAE . M, FRE IR IE R
190 ~ 700 nm, PP KEFE R nm, WEF, I
AR REMAE254 nmAb 1 OGAE 5 TOCH BE (1 L fH
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13 BISUVA,s,, JF4r i3 H7E240 nm 5420 nm,
250 nm 5360 nmAk MO IE HAEAR BIE/E, S EL/Es 0

JE& B T RE i 1 = HE SO E LA = eSO
(F-7000, Hitachi, HA) M. MEnt, %R
TOC=10 mg-L™", # AWK (Ex) JEHH200 ~ 450
nm, KPR (Em) {EHEH280~ 550 nm, 4
W N2 400 nm-min™', PEEETEHF NS nm. HF|Y
=4 s A LBREUH R, M DOMFluor T H
i (MatLab v2017a, [ ) LIFEATH T2 ik
SE JE T T A ML o B s A o AR e
LA U 14 96 12 5 WSSk T
1.5 Gitothr

N LR R 2508 (One-way ANOVA ) K
I8 O[] A L (7] 4= 98 B0 1 O L8 B IO T A 1 11
2 SME (SPSS v22, IBM, *EH) . WHFE
B ik (PCA ) A58 AN [ Ah B J] - 398 Ji5 4 o
&1 50 2% 5 ( XLSTAT v2014, Addinsoft,
EKH) .

2 R 58

2.1 FESKHIMAEN 224G E KRB MR
T E A S B Y pH 8. 16 ~

8.77, LEERESGHME (F1) . HHAEHERE, +
HEpHE E T (P<0.05) , 1WAt iy 4 5 5
HEALMpH (P<0.05) . HIEHEH2.7% ~5.3%
BIRPHRL . 22.4% ~26.8% B Ky KL . 69.2% ~ 72.3%
MRk, HIERTHL A A R o b g
SRR RS S i v S5 3 e N RS N AU TiT]
FEE R, RTREA X EEA VLR K F
A se e R P I g (CEC)
35.46 cmol-kg™', @& T4 E 1110 ~20 cmol kg™
CEC/T i, XAl g5 /RS L T AK
R R A A & (SFHA18.2 ~ 53.6 mg-kg™')
[ R S v w0 G w9 N T
K, FFREWEIEICa® . Mg™ . Na %5 B 11 fig
B U0 O R AT R R,
CEC L FEAC . 1K it AT ) 5 3 CEC ) B 1 =
(P<0.05) , UiBH: HEAE(EFS AR 58 FR ity
Aeidgse (1) o Ff P SATFEN113.46
gkg 'MANE, FREEHEPHEVLE S & DE
FEAK o AEAH EEAR AL , it A A il = b 3 v Ay
BLIT & B, m AR 16 BH it HE sk 28 1 A ML 1
Ko TRVAS, A< it S b A 725 ek = il 4 48 4 R0 5 i
1£0.54 ~0.91 g-kg™', 3 R T A AL Ik S 1 A
fal 3 (P<0.05) .

*1 ARIAGETEERISEHERIBHLMR

Table 1 Basic physic-chemical properties of chernozem relative to treatment

e FHE 3 4t A BT BRIRES R Rk kykr EbRL
pH Cation exchange capacity Organic matter CaCO;, Total N Clay Silt Sand
Treatment o o o o

/ (cmol-kg™) /(g'kg™) / (mg-kg™) /(g-kg™) / % / % / %

M 8.62+0.21a 35.64 £ 6.63b 113.46 +10.68a  53.6+89a  0.35+0.08b 69.2 26.8 4
NF 8.44 +0.09b 29.55+3.97c 48.27 +7.36¢ 39.3+5.2b 0.19+0.07¢ 72.3 22.4 5.3
F13a 8.20 = 0.04c¢ 43.56 +4.25a 71.90 £ 10.61b 23.9+4.3¢c 0.69 +0.16a 71.5 25.8 2.7
F26a 8.23+0.13¢ 48.21 +7.36a 68.89 + 10.59b 18.2 +3.4¢ 0.79 £0.12a 69.5 25.1 5.4

W M, RFBRFEMM, NF, ARG, F13, M I3FEM MR, F26, MAL264F MMM SUE N T-¥ME + b i
2%, [al—F AR R FeoR b a2 B g2 S (P<0.05) . A Note: M stands for meadow; NF for oilseed cole field without

fertilization; F13 for oilseed cole field with fertilization for 13a; and F26 for oilseed cole field with fertilization for 26a. Values were

given as mean * standard deviation. Different letters mean significant difference (P<0.05) between treatments. The same below

22 AESKHEENESLBEREIIN—FRL
HiE (UV-Vis) HHERIS N
2 hh—n] WOEHE (UV-Vis) fEA &b i e i
JE B ) RF A O3 5, B VR B Y W I SRR
P A RS 22 18] £ LA S5 6 B % 8 3 I 114 22 WL 45 44

HAHRE L. — MBS IRAE254 nmih i B0 A7
MUBK & 5 BB E (SUVA,s, ) BT A8 8 5 it
(O] R oY R (SR N AVE 1 R . S

E2/E3 245 JE FH IR 7E250 nm5360 nmAib W% Y L
{E, AT AZRAE A 3 v Ja 5 5T (%) AR X 43 o NS A
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AR, RS R /N2 8 5T (9 R X 3 et R
TR P b M A R A B2/ BAME U] J2 45 e
254 nmA1436 nmib YOG LA, AT LASRAE S
B TR R, E2/EAE A o WIR sTIRAL K, 4%
AN TR LIS BTk o 2 o, MR BTk S
(14 J2 A 198 v 110 5 31 5 S PR AMIR ) SR A A TR L AR
VR A 1) 8 B Ak R R TR Y, T P R BTk A
1 I S VR R R R A LSRG AR
B A 2t A

XF 7 i R A R A B i AT UV-Vis o A,
IH HSUVA,, ME2/E3 . E2/E4{d, Z5H
#2, MLLEHER (SUVA,;,=21.78 ~32.86,
E2/E3=3.04~3.66) , WM ALA®KEN
SUVA,,, (38.59~44.30) ML E2/E3H
(2.21~3.14) . X 0] A vl B EH R A 4 HLR 2L
B AE  BE RART  TE AT, X
— 25 BRI A AT 2 T U AT 1 p
SEJRE2/E4°4.55 ~ 7.02, BEAKA THARKF-, &
B 5 ] 2 IR AR AR A R A G A 7 4 . E2/E47E
) RIAS it FES 9ok 3 e A B ORR o BLRR P O
FrEzR (£2) . A3 a5iiit26 a5
b, SR E2/BAR ECTE HER, KM

R, it E R A A AR AR A IR o X
A it B P e S b, ) A v RS EL AR e Y
SUVA,, fI#ARE2/E4 . E2/E3, T & BRI EA
BARAISUVA 540 3 T REDEIA HE A 2257 B | Rt AR
GRS, AR 0 S B AL RR B AR S RO A
PESREAR . TSR I E2/BA I T, X ) B &
T AN AT B A i A DR T BT R A 5 P U Tk
CUNGl A=A ) RO RR G 38 5 . LR ) o 4 F
Rpym i SR A HE AR s s
i3 2 B A A B T B SU VA s, 32 W A il S AR 2ot
FEr, JBEBEALIE R . XF AR RS, Kt AT
(13 a526 a) FHYRE ESHMRSUVA, B,
E2/E4FE2/E3MI AR, AR WiEAC T g S50 T
AR 5 AL R S 0 L A XS 43 T o R A R
Ko XPAMER S R (3R2) o X AT REE B i
NE 15 e it 8 ZREAk, AP T 451
M FEE S, FEXF KWL -, & EREM
WE SRR RN ESR . LG, &HEBKRSUVA,,
KEABFEA, E2/EARME2/E3NTE, FHEK
it AT T RS2 T ELR (4 A 4 1 RN O A PR
I X PR M B s, L ZE T R 5 A i Bl
K.

*2 TEBERRN T AERT

Table 2 UV-Vis spectral properties of soil humus

fb 3 BH4L#R Humic acids = B8 Fulvic acids
Treatment SUVA,s, E2/E4 E2/E3 SUVA,, E2/E4 E2/E3
M 52.08 +2.77a* 5.56 £ 0.44b 2.69+£0.10b* 23.96 + 2.34b* 5.48 £ 0.55b 3.28 £0.18b*
NF 40.30 £ 5.60b* 6.70 £ 0.68a 2.95+0.22a* 29.94 + 6.03a* 5.50 £ 0.20b 3.17£0.16b*
Fl13a 57.62 +2.56a* 4.66 +0.20c* 2.46 £0.14c* 31.36 +3.67a* 6.43 + 0.46a* 3.54+0.13a*
F26a 55.53 +5.61la* 4.65+0.12c* 2.46 £ 0.26¢* 27.77 £ 5.58a* 6.03 + 0.65ab* 3.45+0.14a*

e FFRORIIMIR S BRI HAA BEME2ES (P<0.05) Note: * represented significant differences between humic acids and

fulvic acids at 0.05 level

2.3 FAEESKHAMAE B51/E5ERE R T k-

LI4MIE (FT-IR) $H4E R0 200

N7 R L I A 8- 21 A0S 1k 40 47 R I AT £
5 B T AR A R RRAE R R 0, 25 R ULE T, R
Ab PR SR 5 R H R FT-TR G 1% b 1 B 8 D 4 1iF
WAV R KA ARk B R S R R
REAIZH AR : 763 410 cm™ P54 9 O-HELN-H fif
JEIRBhiGE, FERA THAKAEY . &ARERE

W2 20 782 922, 2 851 om AL (I HE i i CH,
S CH, R IR shg, ETk [ AN . 4R 24
AUy 2y 7E1 718 em T B R ELC=0O R IR o ik
FI7EL 630 cm ™' P B i F5 R C=C MR IR shig -
FE1 120 ~ 1 240 em™ P Akb i 52 3L s i h C-Of J2
Peahie ' 7E910 ~ 1 080 em YA £ HEC-0O
o C-CHYBFIE ML ki, F 8ok 3 THIY . MeEw s
R Rk LS
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Fig. 1 FT-IR spectra of soil humus
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Em=220/420; C5, Ex/Em=240/380) Fl—//K¥%&
AR =24y (C4, Ex/Em=300/350) '),
Horr, C3FNCSZH 53 1w for 14 55 58 S S8 6 7 o
( Ex/Em=220 ~ 260/380 ~ 460 ) AL, FHIHn]
FE MR 58 A0 I & S H A 19 2 o HL 2 S 4 43 1)
TR IR 414> C2 A T IOk
)85 ( Ex/Em=370/480 ) , 2235 Jy 4IRS 5
B, S FRAR R MRS, C2m & B
Pk (480 nm) ®FC1 (420 nm) , UBEHIC2M04>
TLHEMEE A, MXATRER . F, c49
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A BB R R T — 4 SR W e A 1 T B A ) A%
R Ry E A, R L, AR i 32 B AL
A4y RCT, C2MICS, & HERH Ay £ 2 A HLR
M4y HCURC3, CATE B FhE 5 o Hh A X 5 534
B

FLE AN [ b ) 3 A i A 25 5, R
PEIF B A A S AR v C2AH X 1S 5 . C3 5 CSAH R
55, FBATF B AT e A5 5 AR o T4 Al A i i 4R
Ao F i Th i (E3a) o Kt AR A 75 60 fgc g vp
CARHEXT & & W FFEAL (E3b) , nlRE S sk
BRI A G, MR R, JFR B ERR T
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Fig. 2 Components (C1 ~ C5) of soil humus by means of 3D EEM spectroscopy and PARAFAC
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Fig. 3 Relative percentages of the components (C1 ~ C5) of the soil humus
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Fig. 4 Score-plots and loading sectors of the PCA of components (C1 ~ C5) of soil humus
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Spectral Characteristics of Humus in Chernozem in Qinghai-Tibet Plateau
under Reclamation and Long-Term Fertilization
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[ Objective] Since the 1980s, a large area of meadow on the Qinghai-Tibet Plateau has

been reclaimed to be cropland along with a long term of fertilization, which may have an import influence

on soil humus and thereby soil fertility and environmental chemical process in soil. This study was oriented

to explore effects of reclamation and long-term fertilization on humification degree, relative molecular

weight, aromaticity and source of the humus in an oilseed cole field of chernozem in Qinghai, with a

view of providing certain theoretical support for management of agricultural activities in meadows of

the QingHai-Tibet Plateau.

[ Method] In this study, basic physic-chemical properties of chernozem and

spectral properties of the humus in a cole field of chernozem under reclamation and long-term fertilization

and a tract of virgin meadow of chernozem in Qinghai were characterized by means of UV-vis, Fourier-
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transform infrared and Parallel factor analysis, three-dimensional fluorescence spectroscopy for comparison.

[Result] Results show that reclamation and long-term fertilization significantly affected basic physico-
chemical properties of the chernozem, the spectral properties of the humic acid and fulvic acid in the soil
and molecular composition of the soil humic substances. In terms of soil physico-chemical properties,
reclamation significantly reduced soil organic matter, while fertilization enhanced soil fertility and nutrient
supply. However, long-term fertilization led to soil acidification, while slowing down the decreasing process
of soil organic matter, thus causing degradation of soil quality. UV-vis spectra indicate that reclamation
and long-term fertilization enhanced humification degree, relative molecular weight, aromaticity and
dependence-on-extraneous-sources of humic acids, but affected all the indices of fulvic acids reversely,
except for dependence-on-extraneous-sources, while FT-IR spectra indicate that long-term fertilization
facilitated formation of carboxylic acids in the soil, increased biomass of the crops, which in turn depleted
much carbohydrate and aliphatic organic matter in the soil. Parallel factor analysis and three-dimensional
fluorescence spectra identified five components of soil humus including two types of humic acid-like
substances, two types of fulvic acid-like substances and a soluble microbial by-product. Reclamation and
long-term fertilization also affected composition of the humus, by relatively expanding the fraction of large-
molecule humic acids and shrinking the fraction of small ones, but expanded the fractions of both large-
and small-molecular fulvic acids, especially the latter. [Conclusion] All the findings in this study suggest
that careful attention should be paid to agricultural reclamation of the meadow resources of the Qinghai-
Tibet Plateau and that it is advisable to apply organic manure to retard reduction of organic matter, and to
expand the sources of fulvic acids while increasing humidification degree of soil humus. Further study on
the response of functional structure of soil humus to the reclamation and long term of fertilization is also
suggested to detect the carbon sequestration and to put forward management practice to maintain carbon
balance in soil of the Qinghai-Tibet Plateau.
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