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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 iz 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 fluorescence

spectroscopy
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Table 1 Physicochemical characteristics of tested soil before experiment performing

AL HH
2% Total  £Wf Total 428 Total 15 %M Available
+-3 Organic NO,-N/ NH,-N/ Available
pH nitrogen/  phosphorus/ potassium/ phosphorus/
Soil matter/ (mgkg') (mgkg!') potassium/
(gkg’)  (gkg") (gkeg") (mgkg')
(gkg™) (mgkg")
BRI
6.72 10.4 0.732 0.583 17.6 35.8 10.1 22.5 325

Yellow-brown soil
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SAUBEIERR . T IERR . W IEAR AR ILER O A7 HLAL AR
2 43 R X FERE I DX R AR e T R B T ALY
HaRERR (£2),

AR IR E (N & 46% ), iR =
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(P,Os & it 52% ), Jitif& (P,0s) 4 90 kg-hm 2,
AT TR . FIE A BER — S (K,0 & it 34% )
MR (K0 & 52%), & (K0) K
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1.3 HEmEESHH
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WOARE ™, FFARAE /N X BT R 5 (thm ™),
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%, —ER R T IE RAR, 4EAER C A
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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

FLAHAL 4 T Basic physical and chemical properties

AHLIE 4 Total 240 Total — WEAPLR  EFRIEAHLA
S HLEK Total o
Organic phosphorus potassium Dissolved Dissolved
organic carbon/ Total nitrogen/
fertilizer (P,0s) / (K,O0)/  organic carbon/ organic nitrogen/
(gkg") (gkg")
(gke) (gkg) (gkeg) (gke)
Ms 280.3 19.0 14.3 21.8 5.8 0.6
Mc 122.7 14.0 19.1 27.9 4.5 0.8
Mm 272.3 27.5 34.4 21.7 33 0.3
F HLB% T BE ] Functional organic carbon groups
AHLIE
LR AR AL A B
Organic T BLmk Alkyl Ltk O-alkyl P 385 Phenolic
Methoxyl Di-O-alkyl Aromatic Carbonyl
fertilizer carbon/% 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 11.0 279 9.6 13.0 8.4 9.4

1 Ms FEFFA MR, Mc X836A HLIE, Mm 7% 4 HLIE . Note: Ms, Composted straw; Mc, Chicken manure; Mm, Spent mushroom

compost.
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SRERUMRI L, FAE DOM MJERALRRE . A4
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MR 3 LR, SAGEIEAEA T, AL
JIE A R Ak 6] 73 7 o R oo Y0 AT B 52 . 5
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5 CK Zb¥AH, F. FMs. FMc Fl FMm &b 3§
TSR N 42.9%~53.0% , A [l jii JE b
HZEEREER (£4). 5F LML, FMs,
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Table 3 Yield, height, and nutritional quality of celery under various treatments

i HE TR Eh LR C
AbEg
Fresh weight/ Plant height/ Nitrate/ Vitamin C/
Treatment

(thm?) cm (mgkg") (mgkg!)
CK 16.58+0.75a 60.45+0.83a 685+18¢ 43.71+1.04d

F 17.924+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¢
FMc 16.90+0.91a 61.53+2.29a 1421+45b 49.29+0.47bc
FMm 17.37+0.30a 61.36+0.15a 1 434+31b 56.27+0.77a

¥: CK. F. FMs. FMc. FMm 4} 5| FR AHENE . SR . FiFFA HUIE IR 30% AL . AG2EA HLIE R 30% UL Flas it A Hl
NEEAR 30% AN . RPN A EAR DR (n=4); RPN FEEAR Rl R 4b 312 8] 22 53 38 ) 225 K F (P<0.05). Tl 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.

F4 FTRLETHREARKE. KREFMBRMERSEANAR

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

treatments
pusiil ELThE FRNE R % HEL B R
Treatment N uptake amount/ ( kg-hm?) 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

{UAE FMc AbB B E N E 443 mgkg ', HA KE T BIX AT 1, £WTEZETIE DOM

AEBRIBEE B 2 S WRZE I DOC SR
iR b B S B, I E FMs Al FMm )
KB K it AR RE g HLAE L R AR SR R
FIF )2 T4 DOC/DON B, {H il A 4b 34 7] 3%
AREES.
2.3 AEH®RASEVETLE DOM HI=4585¢

FEILHFE BN

14 DOM ) EEM J6i&4k FI HHFRAE
DOM (K TR , 72T AL B FI(EHI/NT 1.8, K
e simkEe s (B 2). 5 CK ML, i A
T2 4 HLAE S 25 4 v 32 2 438 FILMAL, (HX W3R )2
TR BE W 22 15 DOM FAEH= AR .
A3 F LR L4 e A BIX F8 8039/ F 1, ik

ENEYIRES . SHH—-80R, TRZE5E
B HRR L pla tlHm TRIZ L%, 5 CK b
HE, MEACALEFRZE +ESRIE DOM JEFH L RE Y
HIX WEHE 1.06 f5~2.07 £, Ho FMc 43
HIX fefmy, iAE] 23.7; A3 )2 L 18 HIX WA
BEER,
24 AEBAHEVELE DOM =45k

i 20 43 B F M

XPAS [t 41 0 HLAE it H T 138 DOM. $i#i it
AT IR0 Hr, ¥ 138 DOM 43K 4 964 4r .
AEIA A R (B 3), C1. C3 5%
JEHRE. R BE W ARE, S5 A4 R
FEBC. Fri R R AR WA IR DG, R C1 A C3
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HLA; DOC, ALK, *3RR P<0.05, **3F/R P<0.01, ***3%/R P<0.001, R[], Note: Data in the Fig. are presented with mean
values + standard error ( n=4 ) . Different lowercase letters above the columns mean significant differences among treatments of the same soil
depth at 0.05 level. DON, dissolved organic nitrogen; DOC, dissolved organic carbon. Significance level: *P <0.05, **P <0.01, ***P<

0.001. The same below.
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Fig. 1 Concentrations and ratios of dissolved carbon and nitrogen in soils under various treatments
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Fig. 2 Fluorescence spectral index of dissolved organic matter in soils under various treatments
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