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FREC100 g AE (HETH) 7E S T 25 CEBE K
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PL3 em WIS BEE B R S 50 W, 0 B AR R
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SE oK 8 25" C-38 UM AR JE F T e (CP MAS) £
AL LLD,0 HIEHR] T EAN 7 mm, " C LR AR
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KW AR IE = 2242w 7 R B R AR R b + 2k
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2.62 g kg™ 1A HLAE i AR B TS AT R IR P
BURK 55 it , St A7 AILIE - 3 A BL BT 3 0 & & 3, K
AR AR 3 SR A # B0+ Bk 4H 43 43 i 3 m C
5.54 gkg ' 4.58 g kg 'F17.36 g kg ', A HLICHL
JIES T it 265 B it A AL AT W AT
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BRI it N - 8 A g A PR (NMR) 335 5] 15 M
L T i kst (H I OR 0 SR P Y Ak 2% 2 AR
s (I 2) A& I RE R I AR O A B kAR
TR (R ) BRMFE, -3 P8 DLk
Ak o E (43.7% ~ 47.3% ), Ho Wk g 5 Bk
(21.5% ~ 26.4% ), & % F ke Wk (13.1% ~
17. 8% ) FBREEDR (13. 0% ~15.2% ) . A HLIE Fifk
JIE K 0 it ] et e 0 b Bl , 3R AR R R A



TR A R N X ) 4 AT SR AR BB 73 1 45 K4 1 2

79

CBBC

DCBD

AP A R

Organic C content(g kg™")

CM HCM NPK
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B % HF %K Microaggregates WRb+ZLKIZ 4y Silt+clay

CK

VN B R 2 T b R [ R 2 5 (p
<0.05) , KB F AR 2R 7] — B R AR R R) b 2 |] 25 5 2 (p
<0.05) Note: The different lowcase letters indicate significant

differences between aggregates different in size fraction in the same

S SR (0 AT S 7 B T R 00T 2. 0% WG T 3% S it
B B4 (1. 8% ~4.6% ) . T 48 5 b S0 41, 4 L
REL G FHT CHCM R CM &b 0 ) 36 9] 688 T 350 3 % 1)
AR Bt JEHLIE b B0 5 2 85 T e L % 4
e ST 1 A A . DR U 3 W R 3R A
TEA LI b B e , 4 W0 114 LA A8 T - 33y
LR 19 4 LB
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treatment at p < 0.05, and the different uppercase letters indicate 250 200 150 100 50 v 0 ~50
significant differences between treatments of aggregates the same in B 2211 Chemical shitf(3)
fraction size at p < 0. 05
B2 +HEAHHLTE MY C-NMR & &
BT P o BLB A o ‘ _ A
Fig.2 C-NMR spectrogram of organic matter in bulk soil
Fig. 1  Organic carbon content in bulk soils and aggregates
F1 ARLEBITEFIRZTAFTHEINEE
Table 1  Proportions of the components of soil organic matterin soil different in treatment( % )
FF Wk Aromatic-C J 4Bk O-Alkly-C
. I+ , . Ry
wao g A R R BOEGE SRRk
= L A S iz ) - . Y i . e . N
Treatment  Alkyl-C SR F AeUE 1l LA RET it REL A Ak it Carbonyl-C  Alkyl-C/0-Alkyl-C
Methoxyl + 0-Alkyl-C  di-O-alkyl C  Total Aryl-C  Phenolic-C Total
N-Alkyl-C
CM 13.1 9.8 26.0 9.4 45.2 18.5 8.0 26.5 15.2 0.29
HCM 17.2 9.8 29.3 8.1 47.2 15.7 5.9 21.6 14.0 0.36
NPK 17.7 11.2 27.9 8.2 47.3 16.3 5.7 22.0 13.0 0.38
CK 16.1 8.2 26.5 9.0 43.7 20.3 6.1 26.4 13.8 0.37
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s (&1 4) o FE IR e S fi/ br LRk LE R 5
C/N 2 3 5 G

5 CK + 50 e, K 30 AE $2 = 1 K 11 3R Ak
Tl AT 3R R o 3 6 B B A G A B (P 2 43 4
3.3% M 4.3% ) AR 55 F - F & a0 TRET
3.7% F1 3.2% ((F BE 55 Htw, F¥ 0 F T
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B ik CELHE 5 SL i A S e ) e e ( BB 2 L4
TR ) R F ik e AR XoF 5 o 359 1600, T e Bk ik B T
R, 2 B it N B3 AIK T 0 420 + R 4 43 b A BILJBR 1 43
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Fig.3 Composition of organic matter in soil aggregates
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Fig.4 Relationship between alkyl-C/0O-alkyl-C ratio and C/N ratio in aggregates
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Table 2 Proportions of functional groups of O-alkyl-C and aromatic-C in aggregates ( % )

F5 Mk Aromatic-C

4 0-Alkly-C

ik 37N Ak 3
Agaregate Treatment AL + & b S ik A ot ik AR 5 bk T3 = 5k
Methoxyl + N-Alkyl-C 0-Alkyl-C di-0-Alkyl C Aryl-C Phenolic-C

pNZIE -ZVN CM 9.7 27.3 9.9 18.8 8.0
Macroaggregate HCM 8.6 29.3 9.9 19.5 6.5
NPK 9.1 27.8 9.6 20. 6 6.4
CK 8.1 28.4 10. 1 24.6 5.7
T A 3R 44 CM 10. 3 26. 1 9.1 17.7 7.6
Microaggregate HCM 9.0 27.5 8.9 20.0 6.1
NPK 8.9 26.9 8.6 18.0 6.7
CK 9.7 26.7 8.6 22.4 6.2
B + kgl oy CM 10.8 25.9 8.4 15.9 6.2
Silt + clay fraction HCM 9.8 27.6 8.8 16.6 5.0
NPK 10.5 27.3 8.0 16. 4 4.8
CK 10.9 27.3 6.2 14.5 3.3
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PER R ARWF5E R, Bl A A R AR AR BN, 05 &
e T o7 LGB R AT, T BB F T K AT SR AR b R ) R A
SR 9 A 0 R AE S R R R B R A R R T
i ry L, e Ah, — e b 58 3 L B, 2 1 A AL
% P i S R /0 T 4 50 P e T RE N B T
193 H B 7 /N FOURL ZH 73 v 08 O ik o TR0 itk A 1y
T o302 AR BT 3R 1) i B RE A, (R A 5T, Bl A
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AR 25 L AR SO RS b A LR A
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AR BT R 7K - AT fE 5 ERA .
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K A LA 3 A MR AR B 0 A
Py 0 & A LY B A, B AT A AL
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ML, 1 W T b s R (43.7% ~
47.3% ), M MR Jos S8 R 5 H AL A BLZE 43 T 5 4y
it , KU A LA W i - A HL R s Sk L A1)
B X EER T 2 AN A WL T A T
., X5 Mikha # Rice ™ (#5725 5 —50

A HURE A 016 P 42 3 T b 0 e Sk e 1)

S o T P B A e AR R R R R O
R, 7 AR X A IR G Y SR TR — T T, AT AR R R
BRI AR 2R 2 R AR R AP A s
T e R BT 5 B 5 53— O T, A HLIE Ak B
TR BIE B, 3R A LB B4 D
BLIA 5 5 0 1 B L2 vy 42 fk ) R A T o
37 A7 LT 20 el o AR AT WL 4 S A I R AR
R Yu ZPNEST 5 CK A H, A HLIE K
it FH 38 v, B A BIL R 1) R W A RD £T 4 B K R
it 0% M (ARG 1 5 A ML Y LA BRI o

it A AN I S 2 4 R e Al 1 A X
IR R AR T K R AR R R AT R A b g I sk
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FE— 1 01 A HLAE 50 A T 5% I Bk B4 A X
i, Wang 258 WF 5 K 8L, i % 26 05 39 4% 44 A
BRI Ttk LU Y RRAC, 22 L R A A MLk
T 5 A Bk LA R AT, T A 2 R Jo 288 W o i il A 4 R
Ko i . seah, AT A VUL AR E 5 2,
05 7 e LB AR X AR (15. 7% ), 7T fig & A HLIE iy A
FEAR T 8 v 05 B ik Lo B8] . A BIF 9 445 2R 38 3R B O
Tk 14 ARG 5 B8 2 2 A K AT 38 R P 3R 1

4 4 ik

Wit 5 AT R AR A2 Dl /N e e T AT R A i A X 55
BTN b SRR (£ 46 R ) M A e A N
RIS Je e/ o AL LU ) W, R W
A WL o it R JEE B A 1T 3R A L A /N T 4 ik .
Xof IR HEAH L, T AT PILAE £ 1 9 e A e (Y
SRk + U S T ) AN B S Bk A R X AR
T LA o3 A A BE T AR AE B T b b R
ik e % ik 4 FH WS 5 o A HILAE AR AE Ak B 2
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SR e SR AR X 5 R T O MR R A +
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PSR v B S+ 8 R i i L 2 Bl AT SR AR i
S e B ik A XoF B i B I AT BILAE B v b A
ke 9 A OF 5 B 32 B D A T R P SRR R AT SR A v
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EFFECT OF LONG-TERM FERTILIZATION ON MOLECULAR STRUCTURE OF
ORGANIC CARBON IN SOIL AGGREGATES INFLUVO-AQUIC SOIL

Guo Suchun'®  Yu Hongyan’ Zhu Xuezhu' Gao Yanzheng' Ding Weixin®'
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)
(2State Key Laboratory of Soil and Sustainable Agriculture, X Institute of Soil Science, Chinese Academy of Sciences, x Nanjing 210008 , China)

Abstract Soil samples were collected from a long-term field experiment which had four treatments, i. e. compost
(CM), half N in compost plus half N in fertilizer (HCM) , fertilizer (NPK) and control without any fertilizer or compost
(CK) and sifted into macroaggregate (2 000 ~250 pwm), microaggregate (250 ~53 pm) and silt + clay fraction ( <53
pwm) suing the wet-sieving method for analysis of molecular structure of the organic matter in the soil and the aggregates on
the solid-state "* C-nuclear magnetic resonance (°C-NMR) spectroscope. It was found that the ratio of alkyl-C/0-alkyl-C
increased with decreasing aggregate size, and was also significantly negatively correlated with the C/N ratio( R* = 0. 421,
p=0.022). These findings suggest that the finer the aggregates, the more the organic matter therein decomposed. Com-
pared with CK, treatments HCM and CM increased the ratio of O-alkyl-C or carbonyl-C to total organic C in soil. The in-
crease in the proportion of O-alkyl-C in the soil was mainly attributed to the increase in relative content of methoxyl-C and
N-alkyl-C in macroaggregates, and accumulation of carbonyl-C in macroaggregates and microaggregates of the soil. The ap-
plication of chemical fertilizer increased the ratio of O-alkyl-C and alkyl-C to organic C in the soil. The increase in the
proportion of O-alkyl-C was mainly attributed to the increase in methoxyl-C or N-alkyl-C in macroaggregates and O-alkyl-
C in microaggregates, whereas that of alkyl-C was mainly observed in macroaggergates. Compared with CK, application of
either organic matter or chemical fertilizer reduced the relative content of aryl-C in the soil by 1. 8% ~4.6% , which was
mainly attributed to the decrease in the proportion of aryl-C in macroaggregates and microaggregates; however, in the frac-
tion in the silt + clay the proportion of aryl-C and phenolic-C increased, but that of alkyl-C decreased by 5.9% ~7.1% ,
indicating that fertilization facilitates accumulation of aromatic-C, but weakens that of alkyl-C in fractions small in particle
size. All the findings indicate that long-term application of organic manure helps conserve physically the large amount of
carbohydrates and organic acids manure carries in in macroaggregates and microaggregates, thus raising the content of or-
ganic carbon in soil.

Key words Soil organic matter; Aggregates; ~C-NMR; Fertilization
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