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Effects of Wheat and Rice Straw Returning on Soil Organic Matter Composition and Content of Different Ni—
trogen Forms in Soil

ZHANG Ya-jie, CHEN Chen, CHEN Xi, CHANG Jiang, ZHANG Li-gan, GAO Hong—jian"

(School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract: Effects of continuous wheat and rice straw returning on the content of different soil nitrogen forms and the composition of soil or—
ganic matter(SOM ) were investigated in a 4—year field experiment. Five treatments included no straw returning and no fertilizer application
(CK), straw returning without fertilizer application(S ), straw returning with fertilization 1(SF1, C/N:12:1), straw returning with fertilization
2(SF2, C/N:18:1), and straw returning with fertilization 3(SF3, C/N:24:1). Compared with CK, content of SOM, soil total nitrogen and soil
organic nitrogen increased by 7.8%, 10.6% and 10.9%, respectively, whereas soil inorganic nitrogen content decreased by 17.1% in treat—
ment S. The content of soil total nitrogen, organic nitrogen and inorganic nitrogen in the SF2 treatment was 27.2%,27.2% and 25.7% higher
than those in CK, respectively. Straw returning increased C% and N% of SOM and soil organic matter content, but decreased the ratios of C/
N, H/C and O/C in SOM. FTIR analysis revealed that the signal intensities of 1650~1640 cm™ and 3400 ¢cm™ of straw returning treatments
were strengthened, demonstrating that the amounts of nitrogen compounds, alcohols, phenols and carboxylic acids in SOM increased. The

strengthened signal intensity at 2920 cm™

indicated an increase in the content of aliphatic compounds in SOM. Compared with CK, rice
yields decreased by 8.8% in straw returning treatment with no fertilizer applied(S), but increased by 12.6% ,22.7% ,and 19.1% in SF1,

SF2, and SF3 treatments, respectively. These findings indicate that wheat and rice straw returning increased the amounts of soil organic mat—
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ter, soil total nitrogen and soil organic nitrogen, but decreased soil inorganic nitrogen and the ratios of C/N and C/H of SOM. Furthermore,

straw returning elevated the content of soil organic nitrogen, such as amides and aromatic nitrogen in SOM, which are ready for crop utiliza—

tion, while it lowered the amount of soil inorganic nitrogen including NH; and NO;.

Keywords: straw returning; nitrogen forms; soil organic matter; element analysis; FTIR spectra
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Table 1 Fertilizer application rates in experiment

/NN AR Fertilizer amounts /KFGHENE & Fertilizer amounts

hb 3 for wheat/kg -hm™ for rice/kg*hm™
Treatment
N P,05 KCl N P,05 KCl
CK - - - - - -
S - - - - - -
SF1 240 45 525 230 375 67.5
SF2 195 45 52.5 185 375 67.5
SF3 150 45 525 140 375 67.5

12 HmRESKEHE
1.2.1 BES R4

1 2013 4% 10 A KREWGR S, FH 8 7EA /N A
Fie S W RERE - 4(0~15 em)5 N EIRE, ATt
iEERRILE
1.2.2 S ik

3 PR FH S TR - B RS Mk
DU EN 498 4 G0 o SR At LGV R M LR &
NSRS E S TMESA ST 'EZ M, AHLER
B R AR S THRZ ZHEE  BAZ KA 2 mol-
L™ KCI {242 e B i He vk e, 4 50 28 /T
TSR S 2 45 3 AR Jr R 32, 3 a5
7€ (DIONEX ICS-1100)., #2453 : Friui i 20 H i
B X L 4E 5.0 gCRE A 2] 0.001 ¢)F 100 mlL B .04
oI 50 mL 4K, 26 SO %E , 78 25 CHEIER
75 FHRYS 24 ho 235 15764000 remin™ N &L 15 min,
B EEW . 045 wm BB U8 B, Ztab B
Je AR S SR LI E
1.2.3 +HEe B AR %

+ 3 R AT LT (SOM) S Skjemstad ZE1 )7 7
PRI, MERRFREGT 0.2 mm G +3 5 ¢ i7E 100 mL
BLOIEH, A 50 mL ¥R EEH 2% HF #5, LA 120~
150 r-min™ JEE s HWIEAIRY (1h5¥%K;16h
3 64 h 1 IR ); BIRIRG 45 15 , 78 2000 r+min™

T 10 min, FIEWGE 3 Millipor Durapore (5 wm )
TR U, Rt URS Y IR O R gk Sl
52 FRYRY B ORI IR AL TR PRI S L O
+3 0.5 mmol - L 4 CaCl, ppik 2 & 3 ¥k, fEUERR
A O ) LS I R B SR A
VR TS 1E-40 “CFIRAE &
1.2.4 A HRIOTR AN S LIPS

THE VLT CER HBCR AR R Elementar Vario
EL cube BTN LT/ GREFFER FHKBr Fe A
J5 JH Nicolet8700 {8 57 M- 2% 3 21 4 3¢ 3% 1Y (Fourier
transform infrared spectrometer, FTIR, & [EF#HL /A ] )
AT, R 4 em™ BRI 32 .
1.3 RS

IR B E G110 M=% F Origin 8.0 1 Excel 2003
BT AL BRI o 22 53 A VERG 3 (ANOVA )R
JH SPSS19.0 % A4:(P<0.05) , 2 H H %% A Duncan 2
iR i

2 HBRESH

2.1 BZEEXMTEARESRSERN RN

55X BRALFR(CKOAH He , BRARFEFF I8 FHORAGAE (S )
AR A 2 EAA MLA & R BN 10.6% Fil
10.9%(3% 2) ., +HEEASA S A kIR, B2 7 A 5
#(P<0.05), TR A A M ICHLA & &t 4 51 FEAL
3229 17.1% , 43K 8. 35 25 55 /K- (P<0.05 ) .

55 FARE FE AR FASHERE (S) ZbBEAH Eb , Bt A 7]
ABRE S, SF1 SF2 SF3 Ah B ) 4 38 4 05 i 4 B4
7.2% 15.0% 9.8%, +HEANLE GBI MIRANT7.1% .
14.7% .9.6%(H:A L C/N FLEIEF] 18:1 i, TR
MA VA & & s ); TEEEAS A S &3 m
9.8% .20.2% .10.1% , - i 2 A % & 4 B 3G
28.7% 125.6% 112.8% , ~+HETCHLE & 4% S
19.2%,51.7%,38.1%( H:H1 4 C/N A E] 18:1 B,

®2 T EARRAESASENZN (ng-kg?)

Table 2 Content of different nitrogen forms under various treatments

Qb P Treatment 4% Total nitrogen L% Organic nitrogen £ % Ammonium nitrogen 5% Nitrate nitrogen JGHLA Inorganic nitrogen
CK 720.1+24.58d 713.4+13.04d 3.97+0.06a 2.42+0.06¢ 6.65+0.02bc
S 796.7+14.10c 791.2+12.11¢ 3.87+0.21a 1.64+0.01d 5.51+0.28d
SF1 854.3+13.79b 847.7+11.56b 4.25+0.17a 2.11+0.02¢ 6.57+0.02cd
Sk2 915.9+13.45a 907.5+£21.60a 4.65+0.07a 3.70+0.22a 8.36+0.22a
SF3 874.7+£5.77b 867.1+13.16b 4.26+0.14a 3.49+0.10b 7.61+0.23b

T S RS S A B SRS B P S WS R s AR IR 2R [l — SR A P A) 22 5 8 1) 5% % KF- F Il

Note : Ammonium nitrogen did not include fixed ammonium; Nitrate nitrogen included nitrite nitrogen ; Different letters within a column mean significant

difference at 5% level. The same as below.
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Figure 1 Soil organic matter content under different treatments
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Table 3 Effects of different treatments on elemental
composition of SOM

TLER G R % HefE
Treatment

H N [0} C/N 0/C H/C

CK 12.79 1.75 1.02 12.08 12.59 0.94 0.14

S 13.83 1.82 1.17 1192 11.86 0.86 0.13
SF1 13.58 1.76 1.18 11.72  11.56  0.86 0.13
SF2 17.28  2.05 1.51 11.15 1141 0.65 0.12
SF3 13.68 1.78 1.19 11.12  11.68  0.81 0.13

CIN FAE A B 5.8% .8.2% .9.4% 7.2% , Hid DA S
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Wi 15 Ay TEAS WS N, B TR DAk G 2 Bcta e
MEOMRIALSY, IR A PL R AR AR A
T Ik r L A A A
2.3 TIEHHFR(SOM)HLIIM A iL4FtE
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Figure 2 Effects of different treatments on IR of soil organic matter (A ), and their second—derivative spectra (2000~900 cm™)(B)
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Table 4 Relative intensity of main absorption peaks in IR spectrum of SOM

s ANSFEDGCREME Wi (em™) B AA RTS8 3 (% )Relative intensities of different spectrum(em™) absorption peaks(% )
Treatment 3400 2920 1650 1620 1540 1080 2920/1620 1540/1080
CK 51.40 2.20 4.68 1.62 0.05 40.05 1.77 0.18
S 51.77 2.85 8.41 0.74 2.60 33.63 3.93 7.75
SF1 59.76 2.16 5.14 0.89 1.36 30.69 3.23 458
SF2 60.87 2.65 5.64 0.90 1.82 28.12 4.24 6.48
SF3 59.91 2.56 5.52 0.86 1.80 29.35 3.60 6.44

TE « R PVBEAAN R ERE M IS Ay IR 7 SOGE RS SRR AY HE (% ) 5 1650 em™ S B AR X 52 B 1650 em™ il 1640 con™ SGE M iiigeAxd
SRS F132920/1620 1 1540/1080 LLAES3 53 2920 FI 1540 em™ SEREIEIIAIFA S 1620 F1 1080 e St S imiBLA LL (e

Note: Values are percentages of different spectrum absorption peak area to the total peak area;The relative intensity of spectrum absorption peak at 1650

cm™ is the sum of the relative intensity of spectrum absorption peaks at 1650 cm™ and 1640 cm™; The ratios of 2920/1620 and1540/1080 are the relative inten—

sity of spectrum absorption peaks at 2920 cm™ and 1540 cm™ to that of 1620 cm™ and 1080 cm™, respectively.
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Table 5 Effects of crop straw returning on nitrogen and yield of rice

5.7%, R WM FKAF LR ™ 553 BRI 6.0%F1
8.8%. ‘GHREFFIL HAHEAE(S )AL HAA HE , B b IEf=
SF1.SF2 SF3 AbHUFFRL A F & it 43 5113 i 28.6% .
37.7%.23.6% FEFFR R S 5B N 34.3% .42.3% .
31.4% , AWM 53 3G 64.3% .85.8% .72.1% 7K
TR 4 BRI 23.5% . 34.6% .30.6%, HH, >4
C/N RS 18:1 B, FPRLASFF AR & i, H

g RoRErH Nitrogen EEU TSI B
Treatm;ent content/mg- kg™ Nitrogen uptake/ Rice yield/ 7}(%&#%&@% s f‘«jjﬁi%‘%ﬁ7j{¥(})<oos ) o
¥fHi Seeds  FhEFF Straw kg+hm™ kg+hm™
CK 12.39% 7.05¢ 1 605.75¢ 6 775.50d 3 iTig
s 11.87d 6.65b 1 509.45d 6 180.00¢
WRETED AR IRLETY

SF1 15.26¢ 8.93h 2 480.10b 7 632.00c ) + ’ﬁf&%%Eg Ufﬁ&: ’%Eﬁﬁ/ AAFAE S iﬂ i
SF2 16.34b 9.46a 2 804.10a 8 316.00a FE Ak 2 RS R A BER B AR PIOICRI ™. A
SF3 14.67a 8.74b 2 598.15¢ 8 071.50b SCHZE R FEFTIE R & T A ML, A& F
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