2018,37(10): 2202-2209 b A7 N S S - 2018410 H

Journal of Agro-Environment Science

HRWEWE, S5 AR, PAELME . S50 EORFEFT S B % AL bERHE R L SRR RS2 |, A FREERRA2741, 2018, 37(10) : 2202-2209.
SHAO Man-jiao, DOU Sen, XIE Zu~-bin. Effects of corn straw and its humified and carbonized materials applying to the black soil with an equal mass of car-
bon on soil humus[J]. Journal of Agro—Environment Science, 2018, 37(10) : 2202-2209.

EMmEFEXATEFEEBEH RUETHE
i H X 2 1 FE 5 B Ry 22 0
BRI, AN, LAY

(LM ARV S IR 2268, KB 1301185 2. 7 A i i AR ki R v R M LS008 %, KFF 1301185 3. 135
A v FREE K R [ 2 EE N S0 %, P R R B e Bt HIEWFST T, B AT 210008)

& AN S A R R SR AT I A5 Al B 1) S ORAE T ARG AR AR 4 5 1) A R, LAAS TGS LRV E X IR IF 5T AR TR)
FH A Al XoF = 38 8 A5 200 o A0 ) R 25 A 4 R 1 S i, it LR TRIRS R 77 S B 2 S R o iR i 4 AN A B, 43 LR ANt fin 45 #1L
WL B (CKO) it i KRS FF (CS) i i g 24 T KA A1 (HCS ) it finl oK ASFF A B ¢ (Be) , BN Ab PR3 R I AR . S5 6HH .3
FIAT AL AR A BHA ) 348 n - 9847 LA 2 ik, el P FE B 41 A o Be JHCS T CS AR FE SOC 43713 Jin T 18.20% . 17.36% F11.45% , Be
FITHCS b 38 25 5 2 K VA 1 30 (WSS) 25 Bk 1k 43 51 19 111 36.36% . 36.36% il 18.18% , 2% 5 b 22 W14 25 (HM) 25 ik 7 43 B 34
28.91% .24.69% F1 1.25% , B Fl HCS b3 2 5 1 2 5 A BTR (HA) & il it 43 B3 i1 21.64% . 19.65% .8.46% , 2 5 W 3 5 1 HUR (FA) &
Tt 020 s PO (B 358 1, I CK 114 62.86% 43 B34 1115 74.16% .69.86% F 67.47% S [R1FHREXT HA 4> F-45 14 (19 i AR 7] , CS
FTHCS 2 FhASFF AL HE Y HA 43—F H/C F12920/1620 HLAEHE K (4351 I 1.056 35 %1 1.075 1 1.107; M 0.262 34 i %1 0.333 $10.380) , =
T/ PR HG 026 TR G S B (43 BN 1.95 BEARE 1.75 F11.57; M 1.56 FRAR S 1.50 F1 1.41) , T BH it i 5 A AT R85 S0 s Tl 15
HA 53 F4i-6 BERIDF B e T B IR 3, A R F HA 43 1n] {87 5046 5 1] & % 5 T Be S5 A% FF AL A 52, HA 43 H/C F112920/1620 Lt
(BB /N (43 51 K 1.056 920 51] 1.025 5 A 0.262 2031 0.223 ), e i/ IRLBCER LU AN 76 LB 3 0 (43 51K 1.95 3851 2.195 M 1.56 14 /i 5]
1.65) , 1t R Bt A= 9 o e e 45 HA 43T BB R 5 05 ik EL 19 T B, 4 6 BE RS AR PR R 3, 504 R HA 20 FIO%a0E o FEFF RIS 2 AT
T TG R T 1G58 HA B35 1 2R 9 57 s i SR A ) B B i [ o

SRR FOKFEFT ; JE ARG T 3 LR W ST 5 JB B o 2 5 5 SR 245 )

RESZEES153.6  XEREMG:A XEHRES:1672-2043(2018)10-2202-08  doi:10.11654/jaes.2018-0123

Effects of corn straw and its humified and carbonized materials applying to the black soil with an equal mass
of carbon on soil humus
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Abstract: In this study, pot experimentation was conducted to investigate the differences in carbon sequestration on humus composition and

humic acid (HA ) structure under applications of three different forms of corn straw (original, humified, and carbonized) to black soil with an
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equal mass of carbon. The four treatments were non—organic material amendment as control (CK), corn straw (CS), humified corn straw

(HCS), and biochar (Bc). Each treatment material was fully mixed with the soil in triplicate. The following results were found. The Be,
HCS, and CS treatments increased the SOC contents by 18.20%, 17.36%, and 1.45%, respectively; the water soluble substance (WSS) con-
tents had significant increases of 36.36%, 36.36%, and 18.18%, respectively, and the humin (HM) contents increased by 28.91%, 24.69%,
and 1.25%, respectively. In addition, the HA contents with the B¢, HCS, and CS treatments significantly increased by 21.64%, 19.65%, and
8.46%, respectively. In contrast, the FA contents significantly decreased for all treatments, compared with that of the CK. The values of PQ
were 62.86%, 67.47%, 69.86%, and 74.16% for CK, CS, HCS, and Be, respectively. Great difference was observed in the HA molecular
structure with the addition of different materials. The ratio of H/C and 2920/1620 of CS and HCS treatment increased, and the exothermic
heat ratio of high temperature/moderate temperature and weight loss significantly decreased. These results indicated that corn straw and hu-
mified corn straw applications to the soil facilitated the simplification of the soil humic structure by decreasing the HA condensation, aroma-
ticity, hydrophobicity, while simultaneously increasing the HA molecular aliphaticity. In contrast, the ratio of H/C and 2920/1620 of Be
treatment decreased, and the exothermic heat ratio of high temperature/moderate temperature and weight loss significantly increased. These
results indicated that biochar application to the soil was helpful in promoting HA molecular condensation and aromaticity and the soil HA

molecular tends to be complicated and stable. These results suggested that the CS and HCS treatments had the highest HA activities, where-

as Bce treatment was beneficial to increase soil organic carbon.

Keywords: corn straw; humified corn straw; biochar; humus composition; humic acid structure
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Table 1 Basic properties of the materials in the experiment

B8 Materials  Clg-kg'  N/g-kg' Hig-kg' C/IN H/C
cs 437.6 5.72 81.9 76.50 2.25
HCS 178.2 10.30 29.8 17.30 2.01
Be 545.5 2.59 24.4 210.6 0.54

HC/N R H, H/C M BE R T .

Note: C/N represents the mass ratio, H/C represents atomic ratio.
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Table 2 Effects of applied corn straw and its humified and carbonized materials on SOC and TOC of every component of soil humic substance

AbTH Treatment SOC/g-kg' WSS/g-kg” HM/g kg HA/g kg FA/g kg™ PQ/%
CK 17.91+0.90b 0.11:0.01c 10.41£0.79b 4.02+0.13¢ 2.37+0.05a 62.86+1.15¢
cs 18.170.70b 0.13+0.02b 10.54+0.61b 4.360.17b 2.100.10b 67.47+1.92b

HCS 21.02+0.5% 0.15:0.01a 12.98+0. 60a 4.81:0.13a 2.0820.15¢ 69.86+2.03b
Be 21.170.25a 0.15+0.01a 13.42+0.31a 4.89:0.11a 1.71£0.19¢ 74.16+2.52a

TE : CK At FIREFT , CS Wit JH ERFEFT , HCS it JH I RS FT , Be Mt AR e o /NG P REA AR A [ Ak BRI 4% 4 437 4 22 5 35 (P

<0.05), T,

Note: CK represents no—corn straw incorporated, CS represents corn straw incorporation, HCS represents humified corn straw incorporation, Be repre-

sents biochar incorporation. The different lower—case letters mean significant difference among different treatments at <0.05 level. The same below.

R3 EMERFEFREERE AV LEHAWTREARBZM(EKTRE)

Table 3 Effects of applied corn straw and its humified and carbonized materials on elemental composition of HA (moisture and ash free basis )

UbFR Treatment  JK43 Ash/% Clg-kg Nig-kg" Hig kg 0+S/g-kg CIN (0+9)/C H/C
CK 1.04120.01  525.5+8.01b  33.37+0.10bc  46.26+0.66c  394.9+857a  18.37+0.33b  0.564+0.02a  1.056+0.01c
s 0.938+0.30  539.7+4.85ab  33.87:0.36b  48.35:0.54h  378.0+5.03ab  18.59+0.37b  0.525:0.0lab  1.075:0.01b
HCS 10915021  5443+10.07a  34.61x0.35a  50.19+0.68a  370.9+10.95b  18.34x0.21b  0.511:0.02b  1.107+0.01a
Be 0.601£0.13  550.2+4.21a  32.90+0.12c  47.02+0.87bc  369.9+4.83b  19.51+0.19a  0.504£0.01b  1.025+0.01d

[ C/IN (0+8)/C H/C KN EEIR 1L
Note: C/N, (0+S)/C,H/C are all atomic ratio.
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Figure 1 Effects of applied corn straw and its humified and
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Figure 2 Effects of applied corn straw and its humified and

carbonized materials on DTA curve of HA

R4 HEMERTEFREBE xRS HA B IR S 3 Z R UIEHE 3T 38 E AR50

Table 4 Effects of applied corn straw and its humified and carbonized materials on relative intensity of the main peaks of

IR spectrum of HA in dark soil

Ab B AIXEEEE Relative intensity/% FE{E Ratio
Treatment 2920 cm™ 2850 cm™ 1720 cm™ 1620 cm™ 1400 cm™ 1050 cm™ 2920/1720 2920/1620
CK 4.505+0.04c  2.562+0.12¢  10.25+0.71a  26.98+0.67ab  7.292+0.04b  0.777x0.03¢c  0.690+0.03c  0.262+0.01c
Cs 5.001+0.06b  3.068+0.07b  9.014x0.18b  24.27+1.26c  8.53120.31ab  1.053%0.14b  0.895:0.02b  0.333+0.02b
HCS 6.207+0.33a  3.63020.05a  8.275:0.42h  25.94+0.77bc  10.08+1.52a  1.252+0.04a  1.192+0.09a  0.38020.02a
Be 4.093+0.09c  2.318+0.10d  4.864x024c  28.71x0.97a  6.442+0.45b  0.730£0.03¢c  1.320£0.07a  0.223+0.01d

1::2920/1720 =(2920+2850)/1720(em™) ,2920/1620 =(2920+2850)/1620(cm™) ,
Note: The ratio of 2920/1720=(2920+2850)/1720(cm™) , the ratio of 2920/1620=(2920+2850)/1620(cm™).
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Figure 3 Effects of applied corn straw and its humified and

carbonized materials on TG curve of HA
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3 e

3. EEMTEENREE, NEBERAK A EHN
ER

AT 45 R, 5 CKAHEL , Be JHCS A1 CS 4b
T Y5 A ) T B v R 5 o 45 21 oy A LB e DA
K JEFEALTEE (PQ) , H Be>HCS>CS>CK, X2 H T
FORFEFF A RS A PR}, 8 S RS FTA LKk
P47 Ak A B8 AL A P B 5, A2 0F T HA AT B, DT
P T R AL AR B R S A Rt T R e

B R, T - R AR W Y G A, DT AR O 4 B
M 5EAL A R F 3 HA 94 %, B FA A 17 HA %%
LB AT RER, EKFEAF L HE G 5 & 4l B H A
AR AR TEAE W) e g AR R AR B R D R 3t 1)
rhE] Py n Z2 Je By 2 oo AT S AR R L 2 R R A
B R 43 BRI, A0 R R LR K S ET
B R B B S B R R A L BT
B,

Be \HCS .CS 3 FhALEEAR L, Be b PN 42 55 -1
A HURS 25 o, A0 A 4 A SR e X S I
F W BRRAE R AMNEAE ML, A B A KEm Cot
ENCINDN= Ep7S i1 wee 2 SRR aens = A il N W2 X7 ) 5iv)rd i
A LSS AR 43 45 2 Ak, Ak o HA S8
JE, DT el T - M T B T A 4y, e R PQ
B PRIt e A= 499 Jo e A ) b S A TR RE T
U T T A A o
3.2 ANELE E# 3T HA 254814 B i 30

AHIEGT F B il KA RS 20RS A A5 1 458
HA 53 RE MG R , 05 B PE AR 6 B R K%, o0 1451
fAi Al T MG SR . X T RE RN A G S A EE
(I RGTGAL G , R A 53 A 04 2o e v B e e 1) J5
LAk, 15 118 HA 2549 vh 5B R 2 iR IR Bk )2
T g S A POIE S R B, R OK RS B R AR A A R
(Rl ZEL 1R 4 B = A 8B40« IR W It . 0 A el R
Fem , EATH S R4 h 59.62% . 26.94% F1113.44%
PR I s RS At A 380, 398 HLA IS 7 I sk L f31) 14
E

T A6 490 5 e 1 e ) {6 45 1 4% HA 23+ 05 B PE I
ARG RERG TR PR EME T R RRE M TR . — TR AT
BB 1 T30 T AR 0 03 19 HY/C G E L RS AT
FEAFEFF/MEF L (F 1), Fuertes ZEPHF o8t 0,
AW B HYC HE SR /N T FORFERE . o5 — 5T,
T RE TG R 2 T A5 A /0N, 45 5 9k A 0 T e WO B i
I5 BT T A RAS G e A= 0 TS W, Jor LA AE 4

RS HMERBFREBRE RUMEXT L8 HA BAMKXENZE

Table 5 Effects of applied corn straw and its humified and carbonized materials on exothermic heat and mass loss of HA

e JF R Exothermic heat/k] - g™ fﬂg%fg}/t}: [;tﬁ. JRH Mass loss/mg- g™ %Eﬁ'}/qﬂ FeAR
Treatment EeN= iR Exothermic heat ratio of 13 Moderate 251 High Ratio of high and
Moderate temperature High temperature moderate and high temperature temperature temperature moderate mass loss
CK 2.603+0.01bc 5.063+0.15b 1.95+0.07b 353.7+4.88bc 550.2+2.90b 1.56+0.03b
CS 2.711+0.02b 4.757+0.12bc 1.75+0.04¢ 363.3+5.81b 544.3+4.20bc 1.50+0.02¢
HCS 2.929+0.11a 4.585+0.11c 1.57+0.02d 375.5+3.89a 530.1+7.50¢ 1.41+0.01d
Be 2.513+0.08¢ 5.498+0.20a 2.19+0.13a 344.2+5.60c 567.9+£9.85a 1.65+0.01a
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(457 A 454, A LA 4 B AR 2 PR 5™ Raya—
Moreno 553 1 B 83 I 2 AN [+ 3k B8 e o A= 0 It
B 1) L SR IR L SR A AL B, R T A
W I e 1) - R PR E P R

DRI, T 0 AR AT 3 FE AT M T 4845 HA B35
P, 1 AR W) B 340 TH AR 3 0 HA FRUE L 32
T R RE

4 it

(1)3 B HLAYREAE BRI F1) T 38 hn - 584 Bl
TR BRI AL R . AR R B S AT R K
& FF 4b B SOC 43 71 3 hn 1 18.20% . 17.36% Fi1
1.45%; WSS & fk &t 43 il ¥ 7 36.36% . 36.36% .
18.18%; HM & fif &t 43 il 3 i 28.91%. 24.69% .
1.25% ; HA 5 Tk 5t 43 51 35 0 21.64% . 19.65% . 8.46%;
FA it 3 35 98/ 5 PQ (E AT RRAL LAY 62.86% 47 7]
HENF) 74.16% .69.86% F167.47%

(2) AN [ AE B AT HA 4325 46 ) 52 AN [A] , oK
ol R0 2205 b L4 HA 437 H/C 1292071620 L
B3GR, o T/ v IR R L RN 2K EE b I SRR, 190 B it
TS FF R0 2HE FF 45 HA 2> T4 5 M5 &R
K MR R VS 5, A8 A T HA 43 1] fa Bk Jy 1) 4 i 5
i A 90 5 e Al B HLA 437 H/C F112920/1620 AR s
I v U/ R A RN R B B SN, 1 B it n A 4 S5
AR HA 20 F-RE 1 5 05 A e Le 1) B 4 6 B ROy
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