201649 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi 54T & 5B 9

doi:10.6041/j. issn. 1000-1298.2016. 09. 030

A E AR 77 SR E A5 # H B B R IR 32

1,2 1,2 y 1 2~ oop 1,2
¥EE ko xS BER®
(L. VYA ARAMRELBOR 2 IR BRBE 27 B, BRPT#H 2 7121005
2.8 E IR S R AR [ K R R SR, PPIAE 712100)

FE: RHJE e M4 455 PR T, DS SR MR SAE AT 7R 3 Rl o st (3 2 [ Bk ) Ak 1) I8 A 2o 72 P 1 IS
il AL AR A, B AT A8 FH A B 4 (0 R AR A o 45 R R WL AR HITIE O ~ 20 d FEYIRS AT A% 20% LA 1,20 ~ 120 d
JE& fif R TC W 2 A8k, 120 d S5 AR ZEIE AR 2 60% ~T0% , K A5 AT BT W1 HL LR FEFF IS Mt o SAE 20 AT 75 1, BORAE AT
TE JE5 i 391 6] (20 ~ 45 d) 237 42 TG i £k | 200 ~300°C By BEAY 2% . (20% ~30% ) , JiF fifg Ji 391 , X S5 AT 76 300 ~400°C
2% T 40 bR T IOR S AT, TG — DTG i 2878 600 ~ 700°C [ B ) 2k 5 6% 2 Ji i R 391 (300 d) 3928 6% 747, B I
filp Y IEAT , 18] 52 SR AN K 0 T 20 b B THE 40% o AR WIAE AT IO IR AR R AL 20 FUTE A (R A BRI OO 6 45 T MR A B LR
TAGAT 5 R AT AL RS AR AL B ) 22 5 B3 (P <0.05) 76 3 il g =2 8] W JE W] A 2% 5% (P > 0.05) , JiF
figk 5 [ S B 5 8 I R N K RS B AR R IE AN G IR R S R KRR B AR (P <0.05) Bk
AR SRS AT F A 38 e S sk 75 5t A0 4R T, AR 0 95 AT i 26 i (1L L 0 R B8 DA R R B8 A K 2% 1 2 B TR A
PR AT AE L B0 I g AR R 2 AR A

REEIR : FEAT AR ; PE AT IR

FhE4yES: SIS XHERARIRAD : A XEHS: 1000-1298(2016)09-0212-08

Decomposition Characteristics of Crop Residues among
Different Agricultural Treatments
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(1. College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China
2. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateauw, Yangling, Shaanxi 712100, China)

Abstract; This study was about crop decomposition characteristic changes of corn and bean residues
(with different water conditions and C/N ratios) decomposition in the fields of three land uses ( vineyard,
peach orchard, farmland ), using nylon mesh bags method and thermogravimetry ( TG ), which can
provide a scientific basis for the rational use of straw resources. The results showed that at the early stage
of the decomposition (0 ~20 d), the decomposition rate was more than 20% and the decomposition rate
of bean straws was faster than that of corn straws. On 0 ~90 d of the decomposition, they were relatively
stable. Then the decomposition rates increased to 60% ~70% at the end (300d). In TG — DTG curves,
the mass loss of 200 ~300°C stage(20% ~30% ) was caused by the corn straws during the decomposition
(20 ~45 d). At the end of decomposition, the 300 ~400°C mass losses of bean straws were significantly
higher than those of corn straws. The values of 600 ~700°C in TG and DTG curves at the end of the
decomposition (300 d) were about 6% . The decomposition rates and percentages of fixed carbon and

volatile matters were significantly different between fresh and dry treatments, corn residues and bean
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residues, and low C/N ratio and high C/N ratio treatments (P < 0.05). While, there were no obvious

differences in three different land uses (P > 0.05). The decomposition rates and fixed carbon contents

were significantly positively related to soil temperature and precipitation (P < 0.05), and volatile

matters were negatively correlated with soil temperature and precipitation (P < 0.05). Corn and bean

straws in soils could increase the carbon content. Type, C/N ratio and water condition of crop residues,

and soil temperature and precipitation could affect the crop straw decomposition in the soil.

Key words: crop residues decomposition; thermogravimetry; decomposition rate
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1.1 Kigit

T B b 7 v D R AR Y BT A A% % R
X ARSI 13°C, A B[ K & 550 ~ 600 mm, 2 %L
LT Ay, HIER B (HREH AN L),
JoT i JeB oy DR A A o AR ) R A R R OK K SRS
ARG ZE RN ) o BORFE AR A9 4k it o b 12 A
[ L3 51y 402. 50 g/kg #1131 g/ke, B A LA
35. 59 K GRS FF Y 4B 0T LU AN A U o L 43 ol
373. 18 g/kg Ml 25. 47 g/kg, W A Ll 14. 65, 5 FF
i R R B AR 3 K 0 b (O[] 4 ) 2
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Tab.1 Basic soil properties in the three experiment fields

- EERiIN A% 4L AL AR
A2k pH{H it/ G/ FiEbt/ R/
(gkg™") (mg-kg™') (mg-kg™) (mg-kg™")
A< H 8.17  20.45 61.60 15.75 145. 80
Bk bl 8.19 33.95 74. 84 20. 00 188.90
Wi#E 8.15  20.68 62. 80 22.25 150. 50

LR A B R T SR BB T B 3 A 4 R AT
B2 ~3 em K/N(RFEZEFIN) , EVKFE 4°C % K
PR EEAE R B B S AL B 55— E RS #F S T
T 60°C 48 2 46 5 ST ik, By RS 1 mm G, 7 O T4
RE AR B 5 55 00 SR I — R 1) IR R 43 b B
U BRI SR R TR R OR RS AT b, PR R A L E
25 ({0 2% i e AR B R ) L A X HE a8 4
B BRI ML A 6 AL BE. B & R K RS T
(FC) B B Ok 5 AT + & (fo) | ¥ 8 K 5 F AT
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F2 ARKEBARERANLTIERE

(de) . FHEK G REFF(DB) . %},’E’Wﬁ?ﬁ$ LK B Tab.2 Temperature in one year experimental period
KA ARIE , B T AR I 30 /48 % A 30 em x C
30 em [ 350 H JE Ji A | T8 R AR AREL 15 g//ﬁa JE§ figt 5[]/ d e H kIl i 2 [l
| 10 11.85+1.16  11.55=1.17  11.05 1. 11
A 20 em x 20 em 19350 B e MAS R, BT, 0 20 10.98 +0.57  10.73 £0.36  10.24 £0.75
AR IR M A 234 4%, 10 H 31 H 43 5% 4 A4k 30 9.06+0.81  9.25+0.71  8.90 £0.89
A ETAS T A 3 AR HE 0 ~20 em 4b Ry T 35 45 4.92£1.20 5.17+1.74  5.14+1.53
T HEAS 10,20 .30.45 60 .90 120 150 180 | 60 2.89+0.65  2.40+0.55  2.74+0.74
v A o o 90 1.72 +0.31 1.16£0.22  2.09 0. 30
210,240,270 300 d HutF b AR I 3 4% 120 2.74+0.82  2.24:+0.8  2.91+0.75
BCHE ) R AR i 60°C M8 Ak L B, T H RS 150 6.95+2.48  6.70%2.33  6.81£2.29
K Z}:)I%ﬁlﬁjﬁsﬁéﬁi(loo E) Fﬁﬂ:&iﬁ“*ﬁ 5{3 180 16.84 +2.46 15.54 £1.96 15.78 £2.62
- ” " 210 21.03£2.26 18.68 +1.24  19.47 +1.67
3 o SRR NI A N O 0 T 9 SO A 9 D I 240 25.20 £2.21  22.57 £1.33  22.08 +1.37
AL (0 ~20 cm) HA + B8 B2 30 AL (36 [ 270 26.45+1.83  23.79+1.06 24.78 +1.43
TidbiT v2 RUJE B0 40 W + 598 3 3 T3 2, 300 25.51£2.17 23.51£1.41 24.72x1.41
KR 5 3 3, VE B B 8 T A/ R R R T (= AR 2
#3 AEAEHEHENEKE
Tab.3 Precipitations in one year experimental period
% e 1 i/ d 10 20 30 45 60 90 120 150 180 210 240 270 300
[ 7K i/ mm 10.0 3.2 9.0 3.0 5.1 14.8 1.3 8.5 17.4  70.2  30.3 116.8 152.3
1.2 RESWNSFBSFE (3) b T i1 2 ok o 1 5 4K R, 1A R
AT 5B 10 78 O ( STAG49C ) 344 b7 Ry=X, - X, (3)

A, R 2R A%y AL O 3, SR F 00 B R AT i
IR, o i AR i 20 mL/min, F i RN
20°C/min, YR HEAL S mg BYFE G, T8 A S IR
HA 1 h 5, FiE R E 40°C IFEIR 5 min, 42 T+
55 A 1000°C o BEE hn #0621y B - R
ri JoT B 8 A6 5 B TG (A ) 1 DTG i &, DTG il
LRI AT, o AR SR R R BOC R
IR A3 AT A I TSR T LARR G L AR iR
PR T K a3 K 43 T R Bk S Y T A o B D R
,@[lﬁio
1.3 HiEAE

(1) FEFF I i % R ANy

X, -

Xl‘
R, x 100%

(1)

AP X FF 8 i 1T 19 400 4 Jo
iR o I I S T S i F R A O
JIr A T B A O S K R A B S5

TR B R ATE AKX
R =X, +X, +1X, (2)
X,——TG fh2k s 200 ~300°C W BEf e EH
IrEL
X,——300 ~400°C [ Bt 1y 2% T 1 43 %k
X,——600 ~700°C [ Bt i 2 T 7 43 %%

(2) R A K

Ao

L X,—TC &k sk e
X, — K53 (4 5 73 40, i B gl o (575 =

25)°C k5 o
JIr I B804k R SAS (9. 1. 2) B k47 U5 22
FFASC 3T o A WA AT 1 A S0 T3 fife 38 LA S 452 )
[  lk AN [ Ak 3R AN [ 330 b, =2 0] 194 07 2 43 BT R
F Duncan i Z % 223k (P <0.05) #:47 , A 7] - BAR
F 225 03 S ME RS AT A A G A 38 450 o0 0 [
B 5 L HETRL (R K B AH G 23 M iz 1 CORR 2 7

PEAT I3

HR5H®

2.1 AEEDREFTNEBEST

6 MEFEFFAL LR 2 FhAE RS FEAE 3 AN KR
i AN ) )65 A 300 1) - 340 8 A 2 A Ak an 18 1 s, |
K Tan] UL, 2% 4b 30 A W) 35 FF 09 1 A 5 78 55 i 1) 190
(0~20d)il i 7+, FB &b ¥ b F+ i £, ik 5] 60%
£ 47, FC fc F1 DB Ab ¥k 2] 30% 47, DC Fil de Ab
FEILF] 20% ~25% ;20 ~ 120 d P A% R& 5, 120 d
2 J5 AN TR A R S i R Xl BT, B 270 d B B
IR FIFfRE T 65% ~75% 5270 ~300 d JiF i A2
/e B b BoR, FARF KR GAREFFAE 3 4>l 5
ZIs H S rE 2 R #WA R, KB EHRE
Bl La #HARL . F UL AT DAAS A4S 3 56 v /) 1 90 5 T S
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Fig. 1 Decomposition rates of six treatments and decomposition rates of corn and bean residues in three

long experiments during different decomposition periods

i BLA By Bk, FEAC R TERTIN 0 ~ 20 d i fif R
LRI Z R 20% L4 | ,20 ~ 120 d & f# i/, 120 ~
270 d 4k SEJE f#,270 d J5 B R AR R F R . X 55K
S TN P R e G (L
A2 SR e, 2 9 A H S i v SR R
T B 58 B, IS % R b TR

2545 B A (300 ) VWG T IS i 2 14 Oy 2%
SYMTAT (3 4) A () dab ) 5 A0 A 00 0 06 A 2R 2%
SEHLE (P <0.05) , B SEAE &8 T 1R AE b I35 1% B, X
SR B S R R R KR AT T S5 A —
B B AR BV R AT AR S Bk
LR AT B A S )l T 1 AT LB, R
il S0 08 2 20 70 A b 6 K AR B, J 400 00 2% A %2
18, T KI5 399480 S G FF I8 % A AL b, 3 2 ]
R i T T S0 S A E R R B R E 5 KRR
GRUGIE ) NG TR P E UE 4y s
WISk IR SE I , 5 K SRS R 09 065 A - A 25 A K. It
b TR R B Hb 22 A B R AT D6 i R W B 25 R
(P>0.05) (3 4), 15 1 58 5 B AR 7K 5 #6322
WM (P <0.01) (£ 5), - iR B A oK &
SEAR SR (32 2.3) DU J2 A () 6 3 o A 2R T
2SR I BT R ST B &
(FEFFRRAR L TR AR RIFN ) A 6 (Fe 4) 77,
5 R AR 7 S0 B 1 400 5 B8 A A e, K S0 % FF (i
BN TS i A8 A 4 R KRS AT e, 3R i TR A
FE LA B K 43 S A R T A0 00 10 4 355 30, HL
6 FT 20 A 0 e LU A9 0 7 BB K AL A 0 2 1 T 5
T A 5 5 T A BRI A K POR S e (% 5)
HA Wy BEVE AR RSFF 3 A L3 eh | i T W5 10
R, AT P 43 A, W+ 8 TR B R e = 10°C L)
T, LB K B A BT 00, 3R B8 4 fF AR 36 B, UE W)
(1) % 7 % 0368 18 R AR 4 1A SR B8 A AT AR B
- 4L E T R R K 1 VB B £ BREE SRR AT L
HE WD S, VUL 2 0 PR AT LA K 8 AT S A R 1

*4 FAEEVEFLEMTERRMBERREN
BREZRUER
Tab.4 ANOVA of decomposition rates on 300 d in

different treatments and land uses

FEAF AL 2R JE& fi# %/ % TR T b JF& fige 2/ %
FB 76.27° 4 70. 88*
fe 70. 28" Mk Il 69. 35"
FC 69. 00" ] 5 66. 93"
DB 66. 73
de 67. 78"

DC 65.24"

TE 2 77 22 5397 R ] Duncan [RBF W25 (P = 5% ), AR 5 &
FREFARE AFTFHEREFRE
RS TEANERFERESLTERE BAENTS
TRHEXRME
Tab.5 Relationships of decomposition rates with soil
temperature and precipitations

AN [FVE P S T 40 2
fe FC DB de DC

w2 [R 2

TR E/C 0.66*

f& K /mm  0.53

0.79™ 0.84™ 0.83"™ 0.89™ 0.88"
0.70™ 0.80" 0.75™ 0.77"" 0.78 "

T e FOR M3 (P <0.01) A5

T EERFRERS,
2.2 AEEDREFURESITER
2.2.1 FKRFKEFREF TG - DTG 421k

Bl 2 I ASFEVE RS FE AR TG — DTG |4k, K
ok 3 A2k F B B 80°C L300 ~ 400°C Fl 600 ~
700°C . # | TG — DTG £k (& 2) f4 i £k . K&
FEFF AR S AR E B B2k B | 43 Lo T3k 6,45
RER, PIFED S A 300 ~400C R H A
oy iR, ik B 60% Z2 47, Ron VE WS FF v 0 £F 4
RO b 2, H B KRS 7% B Be i ) o o i
AR ERFF £, 78 600 ~700°C K 75 FF 48
FORFEFFMRE B 40 R, B TAE TG i £ b 43
R SR R B R, T R P R B )
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K2 AREAEYFEF SRR TG — DTG 4k
Fig.2 TG and DTG profiles of original plant samples

i BT A K R R ME 43 A8 400 A4 4K £ (600 ~
700°C L) e E TR m (£ 6) o
F6 EXBEANAERAEEENRHXETSIL
R BREL
Tab.6 TG characteristic parameters of original samples
%

5% B B B B o

Tk k2 T R
300 ~400°C 600 ~700°C HAak
EP N EE 59.37 10. 23 27.11
FNGR i 55.73 13. 41 26. 41

Wt 5 T8 e 1) R AT, AR 0 R A 1) AV ol A T
6, S % A (300 d) /W 5 T 1) TG — DTG il £k 4

3 T (AR B fef A2 & A BE R 491, B s 5 R
(B 2) M, EARFEFFA N 4 45 EB B80T,
200 ~300°C 300 ~400°C Fi1 600 ~ 700°C , K & F Ff
W 7E TG — DTG A W 2454k (K 3) . 80°C A&
AR AR YRS A TR oK o B R, TS
OB M EAR SO AT 13185200 ~300°C 2 8] (1) 2%
JEH TR YR R AR, 7 AR R Y T 5300 ~
400°C J& £ 4t 2 R A 43 il , AR o I A U R P
JRC s AR T 2R M A A, A0 AR L A e, £ Rk
£ 280 ~900°C , —#B 43 A BUHE B W T, — 43 4%
iR T, 600 ~700°C 2k T T A T 2 45 Xk 43
fiff %) 0 JOL G il A R P

Fig.3 TG and DTG profiles of fresh samples (300 d) in peach garden

2.2.2 FORFIREZREAT 45 B Bedl 73 2 4

H1 PE il AT A0S (R B A SO R AT A5 B B
RE R 2 R I 4 (6 AL L) Bros . i 4K
il & BT AT, 200 ~ 300°C [y BE A 2k F O iy R oK RS
AT T R A T o 2 Ak B IS ik ik 7 P (20 ~ 60 d) 7
AR, L, 18] 4a O FCDC fe de 4bBEAE TG Hi £k
200 ~300°C B B iy 25 H A 43 L A2k, fe  de Ak B
FC DC 4b Bl H BLIE B B 4 2Kk B, 2% Ak LAY 32 B B
KEE DT E 30% A 47 (90 ~120d) , Z 5
BRI B B g FEAC R A 2 4 3R A 45
K, 2T HE R Ay W E DA T o0 i DR B oK
FFFAE T P (9 8 A, 2 1 5 0T, RS AT Ak B e
200 ~300°C i B i 2% T /@ 0 LA BT AR =0T 2k

4b {3 7R [ 2 300 ~ 400°C By BEAS R AL B G H
Gy ARG I B B 1 % R H T AR A 3R 0 IR R
JIRE, 8 01 R SRS AT AE 300 ~ 400°C Bi B 19 2k
HOE 4 5 F KRS AR, S 00 B s T R
KFGFF, 5 90 d Z J5 454> ik B A5 AL #B s T Fa
X 55 0 R A AR Ak o — 3. 600 ~ 700°C B Bt
(B 4e) , FORFEFF I TG B 2 A8 Ak, K 5 R FF  #6 4)
WNZ W B 2k A 4y Lo T B OKRFS AT % 0 ~30 d
BRI, 30 ~ 120 d TG B ARk S A IS 1 % i
TR, AR (300 d) H R H A 4 W R OKFS FF
(6% 7i47) o BT RERAFTE NI 2T EAKF
FECE T FIZR 6 g it ), bl & A 4 21T, 38 T 4%
b 53 G TS g A 0 B, T LA K SRS A B
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Y J5 B 53 (600 ~700°C B B ) T B (] 4c) |, 0 fif
DN T 4 255 By B gk 6 0 5, b R OKR R AT R B —
IYETHER D) v i AR R A YR L, B R R S
300 ~ 400°C By Br iy % A 2y b T K OK B AT
(E4b) . B 4d Bow, [ i 5 K 70 iR A o He b

B R AT IR W L T R AT R D R A AR oy
S I R BT, B BT RS A B AE ) M 0 TR
CHEE® K355 ) 1 0 W BT, IR Bl s T BB TR A
LR UL B AATE - 5 TP i A R Ak
SRR

B4 R [EAE YRS AT 25 B BEJC 3 20 Lo B A i 1) ) 2 4 il 2
Fig.4 Mass loss of 200 ~300°C , 300 ~400°C , 600 ~700°C , and remaining mass in six crop treatments during different

decomposition periods

TG iy £ b 1Y 2% B | 35 2 03 FK I3 B BROK i
FC, PR 200 ~ 300°C ,300 ~ 400°C F11 600 ~ 700°C
B B T 0 B 22 A A 1 R R A R R OB
B B8 IR 43 4 e 2 9 Ohy [ E RO B AR M0
AR5 e o3 9 RCfEL, 0 L A 00 5 T B A O Ak
AR B 7 25 R A W) A AT 8 T 5 A R B e A R
AR T 0S5 T U AT DA R AR .
15 6 A AL BRAN 3 A 12050 3 18] 79 75 22 70 (R 7 .8) 46
AR A8 S 5 S B AE A TR A 0 G AT A B TE] Y
ZE5 L E (P <0.05) , £8 3 > 56 i 22 18] ) 1 &2
257 (P>0.05), MK (R 9)RM, FEEKDH
A1 S Bk 5 RS LE 1 DR AT HR A4 K e ] E iR B
MRS b RN R OK B R M OC (P <
0.05) o HiJ7 2250 M AAH G o0 A5 L R GRS A B
i S KRG A B I Ak B i [ A2 i B (P <
0.05) , Atk 5 el B2 IR 28 A 56, 5 TS
TG fifk 3 19 748 AR AL, 38 B 19 Bk A LG IR BE LUK ) 2R
A R T B 0 1 A R B 0 A AT b
Aoy AR s 4 PR B8 25 1 AN L, R D 1995

5 BN EE K o3 FBR AL B BR A 0 AR AT B &
i ol T R
®7T BEERSELZSECANTEIENRTLEZE
HHESH
Tab.7 Average percentage of fixed carbon and

volatile matters with six plant residues treatments

A [l b 3 5] 7 Bk T o B/ % AR R G TR G %
FB 33.78" 60.61°
fe 32.70% 62. 83
FC 31. 66" 64.26"
DB 32.19° 61. 02"
de 30. 78° 64.32"
DC 30.79° 63. 82"

T8 5 2250 H7 R AT Duncan [RGB MR 2235 (P =5% ) M 1A 7 £ 3%
IRERARE ARATFHEREREE.

(1) H VW 15 AT 19 T8 i R AR AL A 1 e L LA
BT i 1) 11 0 G FT B A O B (P < 0..05) , fE
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Tab.8 Average fixed carbon and volatile matters

percentage of plant residues in three different land uses

3R Z (B JC W] B 22 53 (P > 0. 05) /R RS AT I
figk PR 1 g S LR L R K ORIV A A G (P <
0.01) . Z8id — 4 098 %, 15 ¥ 75 AT T i 5 0% 3

[GRAREES K Bl ] 45 2] 60% ~70% .
g e e (2) Hi {9 TG — DTG 1l 2% 15 1, K SR FF 9 R
i) e SRS T T ORREFE. T KR FE 6 I 00
A 200 ~300°C (TG %) )5 7 (20% ~30% ) , K 5
o WRS/%  60.49°  60.74°  61.20° ” ~ O TN NS

2SR AN R ROR 2 v

AT AE G figt 5 72 vh 300 ~ 400°C By BE Y 2K A 43 L
1T EORAS AT, 218 A AT (300 d) |, A ] b 21 ey af
I3 i (600 ~700°C B Br) &% BEAH 25 A K, R 1B
ff AT SR B B TR 40% o ASTRE ) RS A AL

T8 7 2290 H7 R Duncan [BT MR 2275 (P =5% ) , Kl [ 5 B} 3%

x99 BElER RS . TEEEMEXKEZEAHEXE

Tab.9 Correlation coefficients between fixed carbon and

My 257 R H (P <0.05) 78 3 iR
Bl JC A A 22 5 (P > 0.05) , 55 4 Sl J5E A 7K

volatile matters in plant residues, soil temperature and

precipitations

BREMX(P<0.05),H TG - DTG i<k S51EWHE

LEEEY 3 1] 5 Ry R

[ K

GRUES IR EP O

(3) Zi BRIk, K FIR SRS FF 38 A 1
SRR BT o R BT B4 R R R S AT B e
YU 2 ~3 em, H T KRS FF ] B I ACGE B N R A A

[i] 72 i 1.00
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