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Table 1  Effect of deep-applied corn stalk on organic carbon contents in the soil and various fractions of soil humus (g kg™ ")

b 3 FAEGRIE it K B [CEN B R ik &S
Treatment Depth (cm) Soil FA HA Hu
0~20 8.061 =1.169b 0.072 £0. 002b 1.435 +0.016b 1. 884 £0. 170ab 4.281 £0. 829ab
ok 20 ~40 6.334 +0. 181c 0.053 £0.005¢ 1.332 +0.062¢ 1.642 £0. 168bc 3. 181 +£0.235he
0~20 10.73 +1.08a 0.091 £0.010a 1.567 £0.018a 2.093 £0. 190a 5.075 £0.575a
“ 20 ~40 5.933 +0.296¢ 0.060 £0.001¢ 1.269 +0.040¢ 1.476 +0. 193¢ 3.118 +0. 638¢

TE « CK N AR FF A %] B, CS O 5 10 I8 Ak B85 WSS Sy 7K i 1 ) It

JFA s HURR  HA W BER , Hu S5 WER  [il— 810 /NG 7 B AR

% IKF p<0.05, TF[E Note: CK stands for control without corn stalk application; CS for treatment with corn stalk applied; WSS for water-soluble sub-

stances, FA for fulvic acid, HA for humic acid, and Hu for humin. The lower-case letters in the same column mean significant difference at level p <

0. 05. The same below

K2 BHARENTERBERASENGEANSENZ
Table 2 Effect of deep-applied corn stalk on relative contents of the components of soil humus( % )
b AR RIE IR 5 IR R N
Treatment Depth (em) WSS FA HA Hu

0~20 0.90 £0. I1ab 18.06 £2. 63a 23.52 +1.58ab 52.83 +2.86a
CK

20 ~40 0.84 +0.06b 21.02 +£0.42a 25.89 £2.01a 50.18 +2.43a

0~20 0.85 +0.05b 14.70 = 1.39b 19.52 +0.37b 47.30 +2.25a
CS

20 ~40 1.01 0. 46a 21.44 £ 1. 74a 24.97 £3.92a 52.92 £12.73a
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W5 T 2 PQ (H AR, L CK 19 55. 14% [ =
CS 19 53.63% . 3t WA RS FF 4 58 fil W A1+ 19€ 10 J6g 7
PE B, FA 4548 HA WET S . X2 h T
it 2 5 A0 IR 6 6 38 hn , RS T R A A X 5 R
BT I AR — B — B K E i 1 5
1 % B A DLk 2 5 BU% AR & i PQ %
BEAL,

70

60

acK
B CS

0 1
0~20 20~

RAEFE Depth (cm)

B AR IS X PQ 4 152

Fig. 1  Effect of deep-applied corn stalk on PQ of the soil
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X438 HA JTZ A B ny 52 51 74 3, "/ LLFE A
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2N CK A FE/NTF CS AL H, 20 F5 AT IR it A
WTWRZETHEHANCHEME, HERMNF
HAr IR 62.08 ~73.30 F142.99 ~51.92 g kg™, CK
FCS AbFRMFFRZE HA B H FI N S RE/NTIEREZ;
FKZMWRZE T HA (W H AN &5, CK 23R
T CS AbFH, O -4 288.2 ~354.7 g kg ™', CK 4b3
FJZHA B O FH/NTWRZ,CS AhHER)ZE HA 1) O
TERATIERZ;RZ 15 HA K O &&,CK 43 /»
T CS AbFE, W ARJE Ny CK AAFER T CS Ab B, — ik
INA H/C FO/C FRAE HA 454 1 FA AL TR 1Y 5
Fro XFT 0/C k3, CK AR Z HA 1) 0/C /NI
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FRE S, R 2 HA S AL BE TR, CK Fl CS b3 fifi
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Table 3 Effect of deep-applied corn stalk on elemental composition of HA in the soil

b 31 RAETRIE l I I I
C(gkeg™ ) H(g kg™ ") N(gkg ) O(gkg™ ) C/N H/C 0/C
Treatment Depth (cm)

0~20 589.5 71.50 50. 05 289.0 13.74 1. 456 0.368

CK
20 ~40 550.6 73.30 51.82 324.3 12. 40 1.598 0. 442
0~20 540.3 62. 08 42.99 354.7 14. 66 1.379 0.492

(O8]
20 ~40 591.9 70. 34 49.61 288.2 13.92 1. 426 0.365

2.4 FEFREX T IEAHEREEFERN I

2.4.1  WIEIR AL AR AL i &2 Al 4%
AL HA (¥ DTA P47 76 AR il W i (49 ~59 °C) |
T iR T AR U (296 ~ 336 C) A gy i A I (393 ~
413 °C) , el A T v T R RO . iR 0 U DA

CS AP )RR ey, WARJZ B AR, b S AR &5
H(F4) IRAT AL, CS Ab B 3R 2 R 3% )= + HE HA
7 o i Ak F) S S IO AR 3 R T R T 4 xR Ak B 35 B
TP HA S5 s M 2 ol R R ™7
T FF IR A0 2 )2 A 2 )2 HA B0 0P s i/ v il (8
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Fig. 2 Effect of deep-applied corn stalk on DTA of HA in the soil

x4 BHHRIEXN HA KEHBFIN
Table 4 Effect of deep-applied corn stalk on reaction heat of HA in the soil

_ iR i % % LTE HE R MTE e R HTE SYrRivE:s! o
ise) R . . , FR i/ P i
Low temperature Medium temperature High temperature Total reaction
Treatment Depth (em) HTE/MTE
endotherm (kJ g ') exotherm (kJ g~') exotherm (kJ g~') heat(kJ g™ ")
0~20 -0.15 2.33 19.57 21.82 8.40
CK
20 ~40 -0.61 2.90 16. 64 19. 46 5.74
0~20 -0.59 0.92 28.22 29.06 30. 67
CS
20 ~40 -0.20 0.94 19. 46 20.32 20.70
x5 WHRIEN HA XREHZN
Table 5 Effect of deep-applied corn stalk on weight loss of HA in the soil
SRR IR 25 H LTWL HR K H MTWL i i 25 B HTWL MR o .
Ak B . . . iR/ TR AE
Depth Lowtemperature Mediumtemperature Hightemperature Total weight
Treatment HTWL/MTWL
(em) weight loss (mg g~ ") weight loss (mg g~ ") weight loss (mg g™ ') loss (mg g™ ")
0~20 47.88 191.5 404.0 643.4 2.11
CK
20 ~40 78. 67 185.2 360. 4 624.3 1.95
0~20 89. 84 146. 1 409.9 645.9 2.81
CS
20 ~40 66. 49 137.2 391.3 594.9 2.85

2.4.2 WIHHIRZLANGIE 2L 1L ME 3 har Ll 5 H ROTAHNE RE M B A — 2 . X R, b
AHE L HA B IR BE BA ML B R, WA AL 3 HA KA p9 84 T 202 i THRIAT HA FIE AP i
HEHA BLATHEA — B 454 (0 7E S PR AE 0 e A9 HA JEARIRFTEC Y . NI 3 R LU RS FF
SRIE LA AR R 2 S, O TN AR BEXS HA b e 3R )R HA FE 2 920,2 8501 7201 620,
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F6 [ FEF 2 920/1 620 {H th A% R, U8B B R
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Fig. 3 Effect of deep-applied corn stalk on IR of HA in the soil
F6 HAM IR EEFTERKIENBENRE (FEE
Table 6 Relative intensity of the main absorption peaks in IR spectrum of HA ( Semi-quantitive )
RIRIE
Ak 3 - 3 400 2 920 2 850 1720 1 620 1 540 1 400 1 030 2920/ 2920/ 2920/
Depth
Treatment (em) (em™1) (em™") (em™1) (em™1) (em™') (em™') (em™") (em™') 2850 1720 1620
cm
0~20 38.70 0.73 0.21 0.59 2.35 0.72 0. 62 3.10 3.48 1.59 0. 40
CK
20 ~40 31.59 0.17 0.11 0.79 1.53 1. 42 — 3.94 1.55 0.35 0.18
0~20 59.26 0.71 0.29 1.05 4.13 1.10 — 4.71 2.45  0.95 0.24
CS
20 ~40 45.03 0.74 0.35 0. 81 2.95 1.00 — 4.41 2.11 1.35 0.37
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EFFECT OF DEEP APPLIED CORN STALKS ON COMPOSITION OF SOIL HUMUS
AND STRUCTURE OF HUMIC ACID

Cui Tingting' Dou Sen'”  Yang Yinan' Chen Lizhen' Huang Yi° Wang Ruili’
(1 College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)
(2 College of Land and Environment, Shenyang Agriculiural University, Shenyang 110161, China)

Abstract Soil, as a natural resource essential to human survival, can provide people with food and fiber they need
in their daily life and production. In recent years of rapid economic development, people over-exploit the land and apply
irrationally fertilizers, thus triggering a series of problems, like land degradation, reduced grain output, food security and
so on, which in turn threatens sustainable development of the human society. Therefore, soil amelioration has become a
problem attracting extensive concerns and discussions the world over. Corn stalk is a renewable kind of resource, rich in
supply and ready for direct use. Northeast China is a major corn producing region of the country and turns out every year
large volumes of corn stalk, which unfortunately is either used as cooking fuel or just burnt in the field, thus leading to a
great waste of organic resource and pollution of the environment as well. In the case that the soil urgently needs fertilizing
and mechanical farming improving, the practice of deep application of corn stalk is recommended to be an important meas-
ure to improve soil fertility, increase soil organic matter, and hence to promote agricultural production and guarantee peo-
ple’ s life. Soil organic matter is a key factor of fertile farmland and humic substances are important components of organic
matter and considered to be the most abundant organic ingredients of the nature, and they play a critical role in the ecosys-
tem. Humic substances can be classified, according to their solubility, into humic acid ( HA) , fulvic acid (FA) and hu-
min (Hu). HA is a kind of polymer compound, complex in structure and soluble in base solution, but not in water or
acid. HA is also an important extract of humus.

From a field of Cinnamon soil fertilized for 3 years in a field experiment base inXokoumo Village, Fuxin Mongolia Au-
tonomous County, Liaoning Province, soil samples were collected in October 2012. The field experiment was designed to
have two treatments, CK (no stalk applied) and CS (stalk applied at a rate of 24 000 kg hm *). Each treatment had
three randomly-selected sampling points, from which soil samples were gathered at 0 ~20 c¢m and 20 ~40 cm for analysis
in lab. Water-soluble substances ( WSS) , humic acid (HA) , fulvic acid (FA) and humin ( Hu) were extracted using
the modified humus component extraction method to explore effects of deep applied corn stalk on content of organic carbon
in various humus components in the soil. Solid HA was extracted from the soil as samples for characterization of its struc-
ture through elemental composition analysis, differential thermal analysis and infrared spectral analysis. Results show that
deep-applied corn stalk helped increase the content of organic carbon in the surface soil and in WSS, HA, FA and Hu
therein, by 33.13% , 28.57% , 11.33% , 9.57% and 18. 58% , respectively. It raised, somewhat, the content of or-
ganic carbon in WSS too, but reduced the content in, HA and Hu in the subsurface soil; it lowered the relative contents
of WSS, FA and HA in the surface soil to a varying extent, but did not vary much the relative contents of all of them ex-
cept WSS in the subsurface soil, to a varying degree; PQ values of the surface and subsurface soils did not vary much;
From the perspective of element composition analysis, it is generally held that H/C and O/C are the factors characterizing
condensation and oxidation levels of HA. Compared with CK, Treatment CS was relatively lower in H/C of HA in the sur-
face and subsurface soil, indicating that deep-applied corn stalk raises the condensation degree of HA and complicates its
molecular structure, and Treatment CS was higher in O/C of HA in the surface soil but lower in the subsurface soil, indi-
cating that the application of corn stalk intensifies HA oxidation in surface soil, but lessens the reaction in the subsurface
soil; The differential thermal analysis shows that the high/medium temperature values in exotherm and weight loss of HA
in the surface and subsurface soils both went up, indicating that HA increases its aromatic structure and improves its ther-
mal stability relatively; The infrared spectrum analysis shows that deep-applied corn stalk intensified C = O stretching vi-
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bration of HA carboxyl, C = C stretching vibration of aroma and C-O stretching vibration of aromatic ester, and moreover,
the semi-quantity system analysis reveals that the 2920/1620 value was higher in CS than in CK, indicating that newly
formed HA has strong aliphatic nature.

Key words Deep-applied corn stalk; Soil humus composition; HA; Elemental composition; Differential thermal

analysis; Infrared spectrometry
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