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Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: [Objective] Dissolved organic matter (DOM) is the most active functional component in the soil carbon pool, and
the application of organic fertilizer is an effective measure for carbon sequestration and soil fertility improvement in greenhouse
soils. However, the response of DOM content and quality in greenhouse soils to organic fertilizer is still unclear, which hinders
the elucidation of the regulation mechanisms of the active carbon pool in greenhouse soils and the development of precise
application technologies for organic fertilizers. [Method] This study was conducted in situ and five treatments were included:
no fertilization as control (CK), chemical fertilizer only (F), and three organic fertilizers with different carbon components
replacing 30% of chemical N fertilizer (composted straw replacing 30% of chemical N, FMs; chicken manure replacing 30%
of chemical N fertilizer, FMc; and spent mushroom replacing 30% of chemical N fertilizer, FMm). The content of dissolved
organic carbon (DOC) and dissolved organic nitrogen (DON) were studied in the surface and subsurface layers of greenhouse
soils under vegetable cultivation. Combined with three-dimensional fluorescence spectroscopy technology and parallel factor
analysis method, the fluorescence spectral characteristic parameters and chemical composition of DOM in soil were analyzed.
[Result] Compared with CK, the F treatment had no significant effect on the DOC content in both the surface and subsurface
soil; it only significantly increased the DON content in the subsurface soil, with an increase of 1.22-folds. The results showed
that compared with F, the FMc organic fertilizer with the highest content of labile carbon components significantly increased
the DOC and DON content by 44.2% and 78.1%, respectively, in the surface soil. However, only the DON content in the
surface soil significantly increased under the FMs and FMm treatments. Compared with CK, the application of chemical and
organic fertilizers significantly reduced the DOC/DON ratio in the surface and subsurface soils, and the humification index
(HIX) of DOM in the surface soil significantly increased by 1.06 to 2.07-folds, reaching the highest in the FMc treatment. Also,
the fluorescence spectral characteristics of DOM in the subsurface soil did not significantly respond to fertilization. In addition,
the content of DOC and DON were significantly negatively correlated with fulvic acid-like components with low molecular
weight, while significantly positively correlated with humic acid and aromatic components with high molecular weight.
[Conclusion] In summary, the application of chicken manure rich in labile carbon components can more effectively increase
the content of DOC and DON and the humification degree of DOM in the surface soil, and increase the proportion of refractory
components of DOM in the subsurface soil. Thus, it is more beneficial to apply chicken manure to achieve the "double
improvement" of the content and quality of labile carbon pools in the entire tillage layer of greenhouse soils under vegetable
cultivation.
Key words: Carbon component; Dissolved organic matter; Greenhouse soil; Organic fertilizer; Three-dimensional
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Table 1 Physicochemical characteristics of tested soil before experiment performing

AL N A Xk A
N 4% Total &% Total 4458 Total
Tz Organic NO; -N/ NH,"-N/ Auvailable Auvailable
pH nitrogen/ phosphorus/  potassium/
Soil matter/ (mgkg!) (mgkg!)  phosphorus/ potassium/
. (ke (ke (ke L L
(gkg™) (mgkg™) (mgkg™)
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0~45. 45~60. 60~93. 93~110. 110~142. 142~160 FI 160~190 ppm, 43 HMCFLEHEmR . FEILHK
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BER BN AR R (N &8 46%), M E N 150 kg-hm2, JLB N 5: 5. BEAENBERE — S50 (P,0s
T 52%), MR (P,0s) N 90 kg-hm 2, A THAE. #AEABIR A8 (KO & 34%)
WRERAT (K0 &8 52%), MifJE (Ko0) N 150 kg-hm™2, LB 4: 6. HiHAHUIEH A,
EHERERIRER 30%, FEALMAH. AHICAIERE . FiibiEH 25 S LR EEAR Rl 2 Sl ol
RSCERL, RS BRI T M.
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Table 2 Elemental composition, concentrations of dissolved organic carbon and nitrogen, and proportions of functional organic carbon

groups of organic fertilizers

AR AL T Basic physical and chemical properties

fILE . WAL AR HLA
Organic EATHLEK Total Eo 4% Total 44 Total

¢ Dissolved Dissolved
fertilizer organic Total phosphorus potassium

organic organic
carbon/(g-'kg™')  nitrogen/(g-kg)  (P.Os)(g'kg)  (K:O)(gkg™)
carbon/(g-'kg")  nitrogen/(g-kg ')

Ms 280.3 19.0 14.3 21.8 5.8 0.6
Mc 122.7 14.0 19.1 27.9 45 0.8
Mm 272.3 27.5 344 21.7 33 0.3
- H HUAR B BEF] Functional organic carbon groups
LA
) PR MRS EEIR Ve PRIED
Organic LidE g Alkyl Jit Ak O- iy 3R Phenolic
Methoxyl Di-O-alkyl Aromatic Carbonyl
fertilizer carbon/% alkyl carbon/% carbon/%
carbon/% carbon/% carbon/% carbon/%
Ms 16.9 9.3 37.0 10.6 13.3 5.8 7.1
Mc 16.7 7.2 47.0 12.0 6.9 3.4 6.8
Mm 20.7 11.0 27.9 9.6 13.0 8.4 9.4

VE: Ms FEFFEHVLIE, Mc X3 HLIE, Mm ZEEBHUIE. Note: Ms, Composted straw; Mc, Chicken manure; Mm, Spent mushroom compost.

1.3 HERES ST

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

T 2021 7 A 27 HRBUTSE, 43/NXAEERWFRE 1=, HARYE /DN TS E & (thm 2.
TEASNXBEHLIERE 16 PRASE, MEME G RISEIREE, — o ERE A TIE i i, 44EECH
BXRA 2, 6-“F B EIENE, MR G R RFKRR-IREIE L aiElE; 55— B TR
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Tt B -5 AN ot A Ak B ) 7S R 2 2 A I Ut < 100%,  AEURL L 250 FH 26 55T it B 5 AN Tt A
b PR SR BB B 2 22/ it U B < 100%

FRWORE, BAN/NX S A 55, RERZE (020 cm) AERZE (20~40 cm) BT, K%
NX 53 2 RAR BB i IR 5 Ja i [l S Be = 0. FREX 5.00 g HIELL 12 10 1 LK G 2555 1
/K, 250 r'min~! #R3% 30 min J5, BHRIRMLL 8 000 romin~! B0 10 min, HU_EIEWRGT 0.45 wm [FUERE

CEBFN) 3K15 DOM W, EEANR (vario TOC Cube, fEEITER) A _E4rH1MIE DOC
DON (¥ . FRE 10.00 g FIEEL, DL 1: 10 FIE/KEE I 2 mol- L &ALERAW, 250 rrmin R
1 h Jaidyg, ARsha A (San™ System, faf 22 Hi-R4) WERIEHR + NHs'-N. NO3-N. FIH[i242
KA (ETN) MUKE. A ETN 92 NHs-N F1 NOs-N Z ZRIEFEMIEAEHLIE (DON), NO;-N
/NH4™-N HCAE RAE T IEASILRE F1070,

K =R NG (Varian Cary Eclipse, JHE 248 % 148 DOM IRIBHHAT =4E5 000

W& (EEM) . WURkMEK (Excitation wavelength,  Apx) N 200~450 nm, IE&EA 5 nm; KHFFHK

(Emission wavelength, Agm) N 250~550 nm, M4&E°A 2 nm. %Y6HE%0 (Fluorescence index, FI)
T Aex N 370 nm B, Agm 7E 470 nm A1 520 nm PALZE SR E LUAE, $878 DOM BITE kIR . 385 A
N, FI>1.8 i, DOM F ZRIEFHRUZEMREF=4); FI<1.2, DOM F ZRIE T YA HIEEHUR S
JE A R4 (Humification index, HIX) 25T Agx N 254 nm I, Apm £E 435~480 nm i[5 300~345
nm 76 Fl PG HLE, RAE DOM SRR . HAEVETEEL (Biological index, BIX)
BPA Aex 9 310 nm B}, Aem 7£ 380 nm 15 430 nm Ab5GIREE R LR, 3 HIAA BIX>1 i) DOM F %
A =4 32 S8, Wi 4840 (Freshnessindex, /o) 25T hex N 310 nm B}, Apm 7E 380 nm FY
RNCHRIE S 420~435 nm Y6 Bl Y 5 K 58 G5 FE I LUAEL, % LU (B B w3 B DOM . =8 2 b 4y 1 25 4 fj B
R4 = ) A D W& 1 € K /R e s
1.4 BB

K Fi Matlab #141 Fl DOMFluor T EL A %F 3 DOM = 45 Y e il AT = 498 6 6 1% B 22 il A
SPATRF 23 8r. FIH Origin 2018 HEATAEE, 40 %) H3E DOM [ 4 DG 53 55 eFa BulAT 48
PERREAUA . R SPSS 21.0 #AF#E4T Pearson FHICIE AT B [ H 40 AT RTERL IR 35 77 22 73 At (One-
way ANOVA)., LA P<0.05 HZERE P,

2 45 W

2.1 FERASBIENAHR~E. EFmRMEFTAENZI
ML 3 AT LAE H, SAEACAL AL, AR AL B = AR i A S35 5
55 F AERALL, A HLALARER e SRent R £h 2 B 0 PRI 7.85%~9.33%; T R4EAE R C £ FMm AL
WEHN 9.01%, fE FMc AbFRA A W& 225, FMs AbB A B EFRIK 7.21%.
x®3 AELETARO~E. KSMEFRR
Table 3 Yield, height, and nutritional quality of celery under various treatments

SL FrE N TR fERC
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Treatment Fresh weight/ Plant height/ Nitrate/ Vitamin C/
(thm™) cm (mg-kg™") (mg-kg™')
CK 16.58+0.75a 60.45+0.83a 685£18c 43.71£1.04d
F 17.92+0.43a 61.00+0.53a 1 567+26a 51.62+1.52b
FMs 17.46+0.61a 60.64+1.11a 1 444+43b 47.90+0.77¢c
FMc 16.90+0.91a 61.53+2.29a 1 421+45b 49.29+0.47bc
FMm 17.37+0.30a 61.36+0.15a 1 434+31b 56.27+0.77a

VE: CK. F. FMs. FMc. FMm 4} BIZORARHGAE. il FFFAHUIEE 1 300% U0, X3 HLAEE R 300 RUIFIZE AT HLAE & 4K
0% . RPHIE AT IMELATAER (n=4); FIFI/NG FEEAR R R R I 2 7] 2 7k 22 7K F(P<0.05). T [H. Note: CK, F, FMs, FMc, and
FMm mean no fertilization, chemical fertilizer only, and 30% substitution of chemical nitrogen fertilizer with composted straw, chicken manure, or spent
mushroom compost, respectively. Data are presented with mean values + standard error (n=4); Different letters within the same column indicate
significant differences among treatments (P<0.05). The same below.

5 CK 43 AHLE, F. FMs. FMc A1 FMm &b 2 735 00 B 225 38 00 42.9%~53.0%, AN [A] it AE
WHRZ A REER (R 4). 5 FAFME, FMs. FMc 1 FMm 40 FEAL AR &R 28 5522 48
HEIE Y 35.0%~42.9%; IR A HAEALER 2 5] AERLGA E A 2R BN, ¥IAET 14.71%~15.56%.

4 FREAETAREARKE. KIREFHARMENERFAR

Table 4 Nitrogen uptake of celery, chemical fertilizer nitrogen use efficiency and total fertilizer nitrogen use efficiency under various

treatments
A7 U Ehen PNEZFI N BRI F 2
Treatment N uptake amount/(kg-hm™2) Chemical fertilizer N use efficiency/% Total fertilizer N use efficiency/%
CK 51.39+£2.02b - -

F 78.62+1.03a 18.15+0.71b 18.15+0.71a
FMs 74.74£2.99a 25.94+1.11a 15.56+0.67a
FMc 73.45+4.12a 24.514£2.37a 14.71+1.42a
FMm 74.61+2.18a 25.80+0.83a 15.48+0.50a

2.2 ARIRASBHES HIEAR RIS =N

ANl A 53 WA A0t =2 b - 33V i P B U 2 i LT 1. 3R )2 145 NOs N FrE M CK 4b 3
Hf) 5.96 mg-kg ! B I B AR ALFE ) 21.7~29.8 mg-kg !, WK )EIHE NO;-N S EE CK AbH
BEVER 50.3%~69.2%, SHEACALEE Y (A2 AR . SAEERZ IR E 3 NHAN a8 0
4 3.05~3.81 mg'kg'. K213 DON & =7E F AFEH 17.5 mg'kg™!, 7E FMs. FMc 1 FMm #b 2
BEME 30.3~31.2mg-kg™!; FHMEACAEL % Z 3 DON & &80T, N 9.79~10.27mgkg™!, ¥JEE
T CK 4b#E, 5 CK AL, #2131 DOC & 2AE FMc A HE BN 4 443 mg-kg !, H
RACHEIS AT 3 7 e WA= LI DOC & B AE S M LA b3y 3N, JH/E FMs Al FMm o
R F R F KT it F A IR AN AL 535 BRI R 2 A R )2 3% DOC/DON LU AR, {H it JE A 3 e) 56 4

WEES
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same below.

B 1 AN A B Vi St - S A P i U B 5 E A
Fig. 1 Concentrations and ratios of dissolved carbon and nitrogen in soils under various treatments
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3¢ DOM 1y EEM Y1 2% FI {5 F 1% AE DOM WK IE, (EFTA AT H FL B/ T 1.8, £

WeEYIR Ttk s (& 2). 5 CKARLE, Bt AN AR o A UL R 3 52 R 2 38 FI(E, (EXIER
JE IR BT . K7 55 DOM RALHT £/ 701 ARt .20 73 B 5l 1 BIX R85/ T 1,
MR ZE 3% BIX BT 1, RAWERE L DOM A NEMEES . SHH-SE, TERE
TIERAEF AL flo W m T RELIE. 5 CK AL, HLAHE R E HIELAE DOM JEsHL
FEFEI) HIX W3 32 1.06 f5~2.07 %, Hrf FMc AER) HIX few, A% 23.7; SACHTRZ T
HIX #A B3 25+
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Fig. 2 Fluorescence spectral index of dissolved organic matter in soils under various treatments
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Fig. 3 Relationships between the percentages of fluorescence components and fluorescence spectral index of soil dissolved organic matter
across various treatments
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Fig. 4 Percentages of four fluorescence components of dissolved organic matter in soils under various treatments
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of dissolved organic matter in greenhouse soils
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