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Improvement effects of corn steep liquor and other organic materials on alkaline soil and the change in humus

characteristics

DUAN Hongmei', DOU Sen",WANG Dehui’, ZHENG Shuang', LI Shuangyi', ZHANG Yifeng', BAI Yue'

(1. College of Resources and Environment, Jilin Agricultural University, Changchun 130118,China; 2. Globalbiochem Technology Group
Company Limited(GBT), Changchun 130062, China)

Abstract: The present study evaluated effects of corn steep liquor (CSL) and its mixture with different organic materials on the
improvement of saline—alkali soil and the change in humus characteristics. Saline soils from Songyuan City were used as the research
object, and the following treatments were eslablished : the control group (CK), 1/2 times the amount of corn steep liquor(1/2CSL), 1 times
the amount of corn steep liquor (CSL), 2 times the amount of corn steep liquor (2CSL), 1/2 times the amount of corn steep liquor mixed
with straw (1/2CSL+C), 1/2 times the amount of corn steep liquor mixed with biomass charcoal (1/2CSL+B), and 1/2 times the amount of
corn steep liquor mixed with peat (1/2CSL+P). The improvement effect of saline—alkali soil and the changes in humus composition and
humic acid (HA) structure characteristics were studied. Three replicates per treatment were used. The results showed that compared with
CK, except for 2CSL, the yield of corn after each treatment increased by 66.67%~193.65%, and the pH, total salt content of each soil
increased by 9.80%~11.09%, and 12.2%~44.3%, respectively, the alkalinity increased 12.67~26.53 percentage points. The organic carbon

YR BHEI.2021-03-15  FRHH:2021-06-04

YEE B : Be 36 (1993—) , 2 LIRS Wl LB 98 A=, 5T )5 1] o L EAEE S A1k~ . E-mail :993123408@qq.com

HEEEE A& E-mail: dousen1959@126.com

BB HEHARAREGIH (42077022) ; #8058 A1 H (20200402098NC)

Project supported: The National Natural Science Foundation of China (42077022); The Key Research and Development Program of Jilin Province
(20200402098NC)



VBRI R Rt Y F40EF 1058

m@g 2160

content of the 1/2CSL treatment increased by 46.19%, HA,and humin (HM) increased by 48.59% and 47.32%, vespectively, Lo/ Iz
increased by 156.3%, H/C increased by 25.96%, and (O+S)/C decreased by 30.68%. The high/medium heat release ratio decreased by
48.6%, and the high/medium weight loss ratio decreased by 14.2%. This shows that the application of organic materials enhances the

aliphaticity of the soil HA structure, reduces the degree of oxidation, condensation, and thermal stability, and tends to produce a younger

structure. In addition, the 1/2CSL treatment is found to be the most suitable.

Keywords: corn steep liquor; saline—alkali soil; improvement effect; humus composition; humic acid structure
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B BEAPERT ALK S 33943 g- kg, RA T &
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Table 1 Test processing method

sty HHLPIEL Organic material/g

2 HRE5HMH

2.1 WEXRFERTEH 282 wWAENENE

A ADHE F K e 4 pH i AR
20178 o BR2CSL AR Ab , 25 A R K 77 i RN -
1/2CSL>1/2CSL+C>CSL>1/2CSL4+P>1/2CSL+B>CK , &
Iy b B IA] 25 S B, 5 CKAHEG, 1/2CSL . 1/2CSLAC.
CSL.1/2CSL+P.1/2CSL+B 4 5341 7 193.65% .
171.43%.165.08% ,74.60% ,66.67%. 2CLS 4k ¥y F
2 FRIBAR TR PR B A K WA 5

A pH L A & AL CK B REAIL, pH
FEAR T 9.80%~11.09% , £ A0 1] pH 28 fb A I 2, 4
K T 12.2%~44.3% ,1/2CSLIFFEIRE R . Bk i
FEAIC T 12.67~26.53 A~ 43 o5, 05 43 A B 4 6 0 Rk
bR 25 W35 . B TR B B3, 5 6
Bk SR T 1
22 MTIEEWHRASERBERKSEN I

A A A PR S A 1 Frs . 5 CKAH
Fb A Ah P - A AR 5 i34 R H 25 5 B3 (2CLS
1/2CLS+P &AM ) , HARZR I 4y 1/2CSL>CSL>1/2CSLAC>
1/2CSL+B>1/2CSL + P>2CSL, 43 5l % CK 4 Jin T
46.19% . 38.75% . 33.22% . 32.35% . 16.44% H 6.06%.,
AL P 1/2CSLACREA fcd-

Treatment A WA EmES WK JE8 AL ) 2L BSR4 T LA DU M ]+ SR
Comsteep Tavor_ Comstraw_ Plochar_ Peat SEARARDE A [0 39 9 55 R 45 2143 ¥ 4 B R
o - (HM) > #1 BCR (HA) > 5 BLAR (FA) (%3) . 15 CK H
. o L, 45 A B 553 TR 2043 T O B 4G L 40 b3
2CSL 280 25 B, 1/2CSLACR i, HM  HA (FA 5 CK
1/2CSLA+C 70 19 Sy RIS T 47.45% .48.89% . 117.95% .
1/2CSL+B 70 18 HA v Fo ] 1) /N30 - 398 T8 BB A0 R B )
1/2CSL+P 70 19 1I%, BAb B2 6] 25 53 1 2%, M CSL>1/2CSL>2CSL>
F2 FAELEMEXRFER pH . £HE WU ENZME
Table 2 Effects of different treatments on corn yield and pH , total salt content and alkalinity
AL Treatment 7eiE/ (kg 457" Yield/(kg-pot™) pH 43510 Total salt content/(g-kg™") AL Alkalinity/%
CK 0.063+0.018d 9.29+0.18a 2.37+0.64a 50.10+6.53a
1/2CSL 0.185+0.017a 8.26:0.24b 1.32+0.24¢ 23.57+2.53d
CSL 0.167+0.029b 8.38+0.09b 1.51+0.46bc 26.70+3.32cd
2CSL — 8.29+0.04b 2.06+0.24ab 33.69:1.84hc
1/2CSLAC 0.171x0.013b 8.35+0.07b 1.87+0.05ab 25.76+6.72cd
12CSL+B 0.105+0.013¢ 8.34+0.07b 2.08+0.16ab 36.08+3.32b
1/2CSLAP 0.110£0.008¢ 8.31+0.02b 1.58+0.03bc 37.43+4.58b

TE AR NE FREROR A R AR PR R 22 57 8.3 (P<0.05) o R 1]

Note: Different lowercase letters represent significant (P<0.05) differences among treatments. The same below.
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Figure 1 Effects of different treatments on the organic carbon

content of soda saline—alkaline soil

1/2CSL+C>1/2CSL+B>1/2CSL+P, 5 CKAHH, 1/2CSL,
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FEAL R A3 B4R B T 15.31.15.79.10.21.6.50,5.23,
3.64 0 H 4k ko VLIRS A HLRL S AT LIAE B 1 Y
JETE AR EE , LA CSLAC R M AE .
2.3 XMEERFEZ AR
2.3.1 JLELEL

AR ek R 3 HA ST R A L% 4, &> b 71

() HA S5+ AR BB 19 28 4k, o] LU 22 C ONH.,
O+SICE MY & 88 C/N.(0+S)/C H/C K £
FEY, Horr, (0+8)/C B & HIR 78 HA kK16 &
Wy FNFR IR O B R FR 1, HYC RO E T SR 2278 HA 19 5%
G R A

5 CKAHH, ARk R 77 -3 HA /9 C N H e %
YA A )R B A 380, 1 O DG 28 FRAR, X Ut B A [Rl A
ML B0 R R 35 RE A HF £ 48 HA 24 O L R U TH
FELLJ C . H NJCEMFLR . KA (0+S)/CHI /N
T CK, HA A I % 2 5%, AL T 18.18%~
30.68% , H/CAEW] 5 Z AH I 380 T 13.46%~35.58%
2.3.2 LIAMGIE

] 2 Ry A [ Ak R R 5 - 438 HA /9 FTIR 22 {6 A
H, 3R 5 AN [A] b B R ) A 398 HA AE 35 220 5 A
XPRR 225 2 25 A B T TR R S
o), I HL LA 2540 S A 1R 9, (U AN [ AR FRTE 2 920,
2850.1720.1 620 em™ iX 4 &b 3= SR Wl 5 FA
BB 22 5, Ul B — S G B RE ] AP —E I
5. 2920 em AR FEAR KT FRIE % C—H i 45 1% o))
I, 2 850 em™ At Fe—CH—XF FR G E C—H 1 45 ¥
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I, 1 620 em™ AT C=C 4 PR 3 1) W il
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Table 3 Effects of different treatments on the humus composition of saline—alkali soil

AEFH Treatment S E A HM-C/(g-kg ™) SRR S HA-C/(g-kg ™) RS E FA-C/(g-kg)  HA BT & 0 PQ/%
CK 2.74+0.11¢ 1.35+0.03d 0.39+0.01d 63.22+3.99h
1/2CSL 4.04+0.54ab 2.01+0.06a 0.85+0.10a 78.53+2.37a
CSL 4.13+0.55a 1.81+0.02b 0.48+0.17¢ 79.01+4.48a
2CSL 3.89+0.53ab 1.63+0.02¢ 0.59+0.04bc 73.43+3.42b
1/2CSL+C 3.93+0.53ab 1.57+0.02¢ 0.68+0.02b 69.72+2.54h
1/2CSL+B 3.81+0.46ab 1.65+0.03bc 0.76+0.09ab 68.45+2.46h
1/2CSL+P 3.36+0.33bc 1.58+0.06¢ 0.79+0.08ab 66.86+2.41b
R4 NESEXFHHTEG L HA TTRARKI D
Table 4 Effects of different treatments on HA element composition of soda saline—alkaline soil
HILEK T & Content of element/(g-kg™) JE /K Lt The molar ratio
AE I Treatment

C N H (0+S) (0+8)/C H/C

CK 428.3 30.32 37.08 501.7 0.88 1.04

1/2CSL 495.2 39.26 54.06 411.5 0.62 1.31

CSL 441.7 42.52 51.79 422.7 0.72 1.41

2CSL 500.9 44.61 49.44 464.2 0.70 1.18

1/2CSL+C 498.4 42.87 52.01 404.3 0.61 1.25

1/2CSL+B 486.7 41.04 55.72 404.8 0.62 1.37

1/2CSL+P 483.0 43.36 52.43 407.5 0.63 1.30

1% WHART]
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Figure 2 Effects of different treatments on the FTIR spectra of

HA in soda saline—alkaline soil
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Figure 3 Effects of different treatments on the DTA and TG

curves of soda saline—alkaline soil HA

RS AECIEX 7T A+ HA B FTIR 3% B 3 2 IR 0452 B 32 0

Table 5 Effects of different treatments on the main absorption peak intensity of the FTIR spectrum of HA

HAXFSR E Relative intensity/% A Ratio
Kb Treatment
2920 cm™ 2 850 ¢cm™ 1720 ¢cm™ 1620 cm™ Lol 1720 Lol Lo

CK 4.483+1.058¢ 2.337+0.254a 3.880+0.703a 4.357+0.389b 1.836+0.548¢ 1.454+0.325a
1/2CSL 9.440+0.314a 3.650+1.062a 2.610+0.342b 6.203+0.552a 4.705+0.575a 1.018+0.205a
CSL 5.543+0.689bc 2.793+0.472a 2.753+0.209b 4.680+0.921ab 3.042+0.198b 1.216+0.157a
2CSL 5.263+0.944bc 2.503+0.392a 2.953+0.637ab 4.503+0.776b 2.669+0.242bc 1.364+0.609a
1/2CSL+C 6.310+0.391b 2.850+0.148a 2.740+0.414b 5.863+0.108ab 3.459+0.770b 0.953+0.031a
1/2CSL+B 6.283+0.861b 2.640+0.412a 2.837+0.135ab 6.123+0.205a 3.143+0.208h 0.898+0.108a
1/2CSL+P 5.840+0.185be 2.440+0.983a 3.380+0.490ab 4.720+0.448ab 2.524+0.544bc 1.261+0.297a

H: 2 Loron720= ( 2920+2850 )/1720 s Doronero = ( 2920+2850 )/1620~
Note : rox01720=(2920+2850)/1720, Irozon620 =(2920+2850)/1620.
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Table 6 Effects of different treatments on the heat release and weight loss of HA in soda saline—alkaline soil
JE G Exothermic heat/(kJ-g™) J A0 K i Mass loss/(mg-g™)
AL i ik AR/ PR iR i W45 P 0L/ A
Treatment Moderate High Heat ratio of high to Moderate High Mass loss ratio of high to
temperature temperature moderate temperature temperature temperature moderate temperature
CK 0.050+0.009d 8.210+0.149b 170.16+7.664a 124.0+6.289b 445.2+23.127a 3.59+0.045a
1/2CSL 0.102+0.005a 8.830+0.189a 87.53+11.120¢ 154.9+£26.092a 460.1+26.863a 3.08+0.624b
CSL 0.071+0.003b 8.410+0.037ab 118.66+5.680b 131.0+16.612b 450.3+36.217a 3.49+0.528a
2CSL 0.067+0.007bc 8.290+0.046b 123.45+7.524b 131.2+4.327b 450.4+36.778a 3.43+0.200a
1/2CSL+C 0.088+0.007ab 8.260+0.053b 94.81+13.935bc 140.9+26.078ab 452.3+30.957a 3.29+0.467b
1/2CSL+B 0.066+0.004bc 8.440+0.156ab 128.40+12.474b 135.5+5.531b 450.0+23.091a 3.33+0.265ab
1/2CSL+P 0.058+0.009¢ 8.620+0.363a 148.70+15.007h 139.5+13.248b 451.7£15.403a 3.27+0.351b
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