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Changes of organic structures of crop residues during decomposition

CAO Ying—fei'?, ZHANG Hong'"?, ZHAO Cong', LIU Ke', LU Jia-long'*"

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.State Key Lab of Soil Erosion and
Dryland Farming on Loess Plateau, Yangling 712100, China )

Abstract: In this study, field experiments were conducted in vineyard, peach orchard, and farmland to examine structural characteristics of
organic substances in crop residues(corn stover and soybean stem ) during decomposition, using nylon mesh bag method and fourier trans—
form infrared (FTIR ) spectroscopy. Results showed that corn and soybean residues had similar functional groups. However, FTIR absorption
peaks and intensities were different at 3400, 1640, 1400~1460, 1310 and 1000~1100 cm™ because of differences in content of amide com—
pounds and silicon stable matters. The FTIR absorption peaks and intensities in crop residues changed after decomposition. With decompo—
sition, hydroxyl, amide group, methyl, and methylene content in the residues reduced, but carboxyl increased, along with the formation of or—
ganic acids and the decomposition of carbohydrates, amide compounds and sugars. Those easily decomposable compounds such as aliphatic
structure, amide compounds and sugars were directly decomposed, while aromatic substances with difficult decomposition first broke down to
intermediates such as carboxylic acid esters(1725~1735 ¢cm™) and aliphatic structure( 1450~1460 cm™). The shoulder peak at 1560~1732
cm™ was associated with organic acids in crop residues. Urea had a promoting effect on decomposition of corn residues, and influenced the
absorption peak at 1310 cm™. The residues mainly formed humic acid after decomposition. There were no obvious differences in organic
structures among different land uses and between fresh and dry treatments(>0.05 ). However, crop residue type and residue N content im—
pacted structural changes.
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Table 1 Temperature dynamics in 0 to 20 c¢m soil layer during 1-year of decomposition(°C)
KU Land use J&& fi# 5k ] Decomposition times
30d 60 d 90 d 120 d 150 d 180 d 210 d 240 d 270 d 300 d
Hi7d Vineyard 8.96 3.82 2.11 291 6.81 15.53 19.42 21.97 24.78 24.37
#kbEl Peach garden 9.08 3.70 1.19 2.45 6.69 15.30 18.62 22.39 23.79 23.07
A< M Wheat/corn field 10.75 3.85 1.74 2.78 6.95 16.53 20.99 24.97 26.46 25.45
- BUE A T EHERE TP,
Note: Values were monthly mean soil temperatures.
xR 2 AEEREFEAREKE
Table 2 Precipitation during 1-year of decomposition
J&5 f# 5t ] Decomposition time/d 30 60 90 120 150 180 210 240 270 300
[ 7K & Precipitation/mm 49.6 8.1 14.8 1.3 8.5 17.4 70.2 30.3 116.8 152.3
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58, FOKFEFFIAE 1000~1100 em™ W IIERTSR . 53
Gh, ANEVEVIREFIAE B CIRHIENE, FORFEFFE
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AbAT W, K ARG FFAE 28501540 em™ AbA7 IR I UG
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22 AEEHEBAARRSENIINET L
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VAR FE R R, EORFEFFINAESS 30 d B LR [ 3
55 240 d J5 1640 em™ bW IIG AR A0 HLAERE
A FOKFEFFAE 1560~1590 em™ ZbWE IS4 B2 IR 2B 1k,
HEH180d JFIHK . JEES 30~60d, KOFFTE
1550~1510 em™ Kb f% M WSg e ik J32 20 VAT s 55 T 289 2K o
& e T, REAREFEAE 1490 em™ 2b H BG5S
HMRZ SIS, 7E 1400~1460 cm™ 4b i I 4 328 ¥ s 551
55210 d J5, 1410~1430 em™ &b H BUET R 04 | T OKFS

1640 cm™
L 1 o
3400 cm 1460 o 1050 em
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Figure 1 Fourier transform infrared spectra of different crop residues(corn and bean residues )
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Table 3 Assignment of FTIR absorption bands in different crop residues

Posiolen’_ Seeng " o s U664 Funtonal groups and compnds
3400 piLhe FARFEF AR R UG B G (LR YRR SREF4ER JERY RIS ) SRR (B2 (B Rl
R4 1 —OH &R S FIISERE S B AR I ) N-H 3R 3h
2925 4 TORFEFFRIR GRS FE C-H mofh&idiRaly, Na iR AR R %
2850 55 KEFEFF FEREFISE PR C-H 0 FRIPGRAR ) , Aok (b S P RIAR TR AL 54
2365 59, JAMRI AP A A
1725~1735 5 FORFEFFRR SZREAT OB AR A5 53R C=0 MgifiRsh , RIRBZEIL 9 B2 59
1640 i FARFEF AR R RIS EIAER C=0 MAifRsN Mk b5
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1540 Hh4g KEFEFT Tt oAb & P R SRR 172 TE IR 3))
1490 5 B St C=C iR, I730, AR
1400~1460 i FARFEFF AR ZREFF KRR, SRR G W), C-N 4R )
1450~1460  Hpaf~g  FORREFFAIR GRGFF OB A-AIE L) DRI RS T Hh B S RIE S AR TR IR 3 s 2 BE ML C-N ik 5
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1375~1380 4 FOKRFERT CH, ZBIBARS) , ~COO-AXFR Mgk sl , O-H 25 IRzl , B
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1150~1160 s FOKRFEFF NN ), BT R kR ) C-0-C RYAEXS BRI AR s BRI G4
1000~1100 5 FORFEFFFRGAEFT Si-0 gl ;s C-0 fharfialy, KL G W (LTHER TR ) sl
890~900 55 FRFEFT CTUEZ M0 B-HHSSE 2R FUME T bl TR APl K 2l b i PR IRE)
870 55~ FARFEFF AR S REFF RBRER ) 5T
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Table 4 Relative intensities of major FTIR absorption peaks in different crop residues
TR IE Major FTIR absorption peak 3400 cm™ 2925 em™ 1640 cm™ 1460 cm™ 1310 em™ 1050 ¢m™
FAFEFF Corn residue 3091 3.83 5.74 5.11 5.01 10.11
KEGFEFF Bean residue 50.05 6.75 10.97 8.80 7.56 9.00

3400 e 1050 em”
1725 ¢m™+1400~1460 cm’}

- 2925 cm™ ] 300 d
- " 210d
C . 120 d
i l 30.d
B 1310 em™
, , 1590 cm FRRERFIRAY,
A W \ =g
3600 3100 2600 2100 1600 1100 600

AL Wavenumbers/cm™
2 FC AR R BRI R B 0T 2

Figure 2 Fourier transform infrared spectra of FC treatments in farmland during decomposition
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em™), 15 JE U4 1 LG (1400~1460 cm™) A8 &5 HU B, em™ Ab [ R A IS o 25 3 At 1 1264 5 AN TR A B AR AN ]
BRUR LG S BUAH HU RS A T s o K SRS FFTEE KGFEFFAE 1310 em™ Kb il Wiz e 06 535 J38 20 37 FAAES ,
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Figure 3 Fourier transform infrared spectra of DC treatments in farmland during decomposition
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Figure 4 Fourier transform infrared spectra of fc treatments in farmland during decomposition
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Figure 5 Fourier transform infrared spectra of de treatments in farmland during decomposition
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Figure 6 Fourier transform infrared spectra of FB treatments in farmland during decomposition
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Figure 7 Fourier transform infrared spectra of DB treatments in farmland during decomposition
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Table 5 Relative intensity of major FTIR absorption peaks in

different crop residues in farmland during decomposition

g g

E% B 3400 2925 1640 1460 1310 1050

Major FTIR o o = g o =
. cm cm cm cm cm cm

absorption peak

FC 19.68  3.14 4.54 391 4.03 5.81
DC 18.78 281 4.16 3.34 3.50 5.49
fe 2583 3.96 3.96 3.50 5.16 7.89
de 2872  3.86 3.75 2.64 522 9.01
FB 29.51 3.60 5.67 4.96 4.40 6.27
DB 31.50 421 6.38 5.39 4.95 7.26

REKFEFA P, RN EOKRFS 0 JC B A%
fbo BT fe F de ZEJEARES 60 d 5 1100~1000 cm™ b
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W B 5 T i W R T A R R . FORFSFEAEE
fife Je W1 (5 210 d) H 31 8 A9 ke 555 TR WA 1 (780 ~790

em™),
3 3T

3.1 NEMEMREFIREERL SN

A FVE SR AR I LTS EE 18T (1&] 1) T LA
Y, FORFR SRS B E BE A4S HA Bl b (3
3), ELAS P 0 R Wi i J3E AT AN [ R R Y 2 5 (R
4, AT L ik S i X 7 44 o R A A [ AR
Forp, SORMAK SRR IR RIS 7 &
AL S BB AL S M OB S o &5 5 T A A 22
o REFEFFAE 3400,1400~1460,1640 15401310
™ SEAR AU TR , TEE i TR EREAT AR A LK

Bk G m 2Rl E A8 1 LA T
Wl s 3 2 1 RT DA TRIHE A 1 4% 25 B R A i B 22 1
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1640 WESR T FLME RN, M6 3 25 Wl 19 e L)
Ko He 25200 0 ML) 43 Hr (1050 em™ FT 2920 em™
WA G 5 i), N KGR S F LG
FrE B EORTRE R R U £
3.2 B FTIR iEET WA SR IR R RNELR
HEymEZR

ME 2 Z & 7 AL, 3430 em™ Ab () I AT U4 T
Bifi 25 05 e OO R A T %, SR et R b ik Ak &
YR A 000 B B R k) i F N B A A
225, R GREFFRFORFEF N A AL BRI A A PEAE
3430 cm™" Kb IO 5 B R (% 4 R 5) ., 2850~
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YIRS AT 0 L 0 R L sl /b VIR W Ak & 5
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HYWE G S AP T, AT RE Rt T AR R
O IE T S A RIE A AL R P, R AEAR IR
IR FE , 1720~1731 em™ (C=0 ) Ab 4 PR 5715 | 3
IERAEUIRS AT AL G AR LS A IR IR RS &
FEA A2 6 i IS W5E FE AR, 55 Stevenson S
P ZE R —3 TR KFEFFAE 1560~1590 em™ Ak
W e AR AR AL B A R, U — SRR R 2R 1L
B TR ek R b R AR S R T BURBR AL, W f5 AT
RETR A 48, X S1EH i n A LR e e kiR s 1
b AL FL A A A9 108 1560~1732 em™ Ab1HY
W e SRR P A HLIRA 56 . KR EFSFFIILIAME
TEAE 1540~1510 em™ WSS Fr 558 5 20 7 Dk 557 , 19 BH G
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Si (I ERA K,

ST B FSFF B , oK AL &4 ke 2
e EPRBEISE S, BRI 2, AR K,
Inbar 25 FH 6 FEL AR 300 21 A3 0 3ok 4 2685 1 )65 fit
PRI LA AR LA 25 R o F£1 AP 25 e 19 A48 Ak ik
FERE (B 2 ZF- 7) A5FE AR L HAT B Bopk™, 2]
T 55 180~210 d, R BEFIREAK (3 2 FIE 3) B NIEH,
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BRI N 8 S e (5 2 TN B N e o G
W53 f 0 T RS G B 53 itk XE A ik 1) 5 A A6
SER SR ER ROk AR IR R Gead K a] 1 s
SUE B T 5 A ERIME S = 3 AL B, SO 2 R A
R0 o JBEAEIR (1) 45 5 BRSO o Xof 1o 35 VE RS FF
Ji f% 5 R R Y FE R, TR A B T 221
Yonebayashi P57 T A ] - B AR R Je < 1Ay
U AR, £LAM BT A SRR e e h i A HLAL A3
T B HAR BRI AR T ARIR - D5 RS FHIS
AT [T S AR J [ e SR AR AT, 2355 M A Ui
FE HUEARAAS B eAe &9 Canps itk &4 |
BERERAL GRS ek T o0 80 D7 B 2 St oy
FFR I ] iR 5 3 ) PR TR ) I R

VEIFEFFA 2920/1640 Fi1 1050/1640 W8 B HLAE
AT DU RS AT f A RS, SASFFIEAEAE EL, FC AN
DC 4 #H1 2920/1640 LLAH T K, fe .de .FB 1 DB 4b
P EFH(F 6), /=M T fe.de FB F1 DB b3 1640 cm™
W WAL I 5 B oA O 5K . 2920 em ™ AR AL AN KA 2%
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Table 6 Relative intensity ratios of major FTIR absorption peaks in
different crop residues during decomposition

pSL
Treatment
2920/1640 0.61a 0.60a 0.69a 0.79a 0.66a 0.66a
1050/1640  1.29ab  1.39ab  1.55a 1.71a 1.10b 1.08b
T A AR 7R RN A B ) 2 5 B 3 (P<0.05) . R ¥,

Note: Different letters in a line indicate significant differences between

FC DC fe de FB DB

treatments. The same below.

B (32 4 F1ZE 5). 1050/1640 UE5H B H AR AE S [F] Ab FR
AR (Ee6)., MK 2 EE 7T Ml IAEE,N
O A FRLT AR TE AR A 22 R X = A
N IRZ SR NEVE R HAYERIRS FT C/N He A28 T
FFoAR R AR EER, BT DL N 2 e Rs F T
FRIOERRE . Ak, VEIRE FT I A2 - 48K 43 A i
[V A 5 S0, ARt 6 A () 6 s, ) o A o A 3
FEAARPACRE 1 AR 2), Fr IVEVIRE A A0 4544 A8 A e
AN] A HUR 2R (6 7) R AL HL 2 (] (3% 6) I+ T
IR X (P>0.05), {XSEWRAIZEF N &A%
(%6),

&7 ARG E RER AL SN S E E IR W Y 58 FE L
Table 7 Relative intensity ratios of major FTIR absorption peaks in
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