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(1 AR mArRABE, FTHE T 4660005 2 IS PFHEET 2 BRI S AL T22Be, WEIEE  471000)

 E: RAREGHGRE, D/NASAMEAIEY, LIRS E A E A IR (CK), 5 2%(T1) . 4%(T2). 6%(T3). 8%(T4).
10% (T5)fals| FE Pebte F i 5 ANA03R, 9% T ¥0hte 4 FR S B gt /NS e . Wi, =it R el R s . 5 5R R
5 CK Ab#IAHEL, T3 ABH/NASERR . MR AR b L EPEETE . MR EPEEE AN 30.9% . 37.9%. 41.2%. 78.3%. 255.6%,
Y2 C. TR ANATESR A S AN 96.5% . 109.7% 1 65.7%, HHEREh A AR 73.8%; T3 ~ TS 4-A0H, Bt imlis| [
PERLR RGN, /NSRRI A IR AR BT, (HARBRR 2 RN B2 . 5 CK AR, T3 Ab¥E 43 pH F%(% 0.18 ~ 0.31
AHT, HLFRTRE 56.3%, AR ERMN 146.4%, THEMUEY AR . JEREPI . SR OREERE . IREE . BEIREE . &
A BRE M 2 CK ALBRY 6.7 1%, 2.9 1%, 4.6 1%, 1.84%. 3.0 /%, 24 4%, 23 1%, ZFEFE, HAAIT T3 LR A6
/N T4, BB EHEEHUR . AR A AR E RS, REE R R I . 25 L, it R R [
Ref e 3N . A, AR NS RO R L T, 6% ) ] 13 32 it ) B AT Tt/ N 1 S A B o

KRR MR NASE; Wit e SR

B %EE: S156.4; S634.3 MNHEkFRERD: A

Effects of Solid Waste from Earthworm Feeding on Growth of Chinese Cabbage and Soil

Microbial Characteristics in Facility

HUANG Yubo!, XU Bohan', ZHUANG Qiuli!, HUANG Xiangdong®, LIANG Lu', ZHANG Weijie'

(1 Zhoukou Academy of Agricultural Sciences, Zhoukou, Henan 466000, China; 2 School of Energy and Chemical Engineering,
Luoyang Institute of Science and Technology, Luoyang, Henan 471000, China)

Abstract: A greenhouse pot experiment was conducted using Chinese cabbage as the test crop, with no application of earthworm
solid waste treatment as the control (CK). Five treatments, including 2% (T1), 4% (T2), 6% (T3), 8% (T4), and 10% (T5)
earthworm solid waste application, were set up to investigate the effects of earthworm solid waste application on the growth,
quality and yield of Chinese cabbage in facility soil and soil improvement. The results showed that compared with CK treatment,
T3 treatment increased plant height, leaf number, root length, aboveground fresh weight, and underground fresh weight by 30.9%,
37.9%, 41.2%, 78.3%, and 255.6%, respectively. The vitamin C, soluble sugar, and soluble protein content of Chinese cabbage
increased by 96.5%, 109.7%, and 65.7%, respectively, while the nitrate content decreased by 73.8%. The growth and quality
indicators of Chinese cabbage improved in each treatment from T3 to TS, however, there was no significant difference between
the treatments. Compared with CK treatment, T3 treatment reduced soil pH by 0.18-0.31 units, decreased conductivity by 56.3%,
increased ammonium nitrogen content by 146.4%, and soil microbial biomass carbon, basal respiration, microbial entropy, and
activities of sucrase, urease, phosphatase and catalase were found to be higher than CK treatment at rates of 6.7 times, 2.9 times,
4.6 times, 1.8 times, 3 times, 2.4 times, and 2.3 times, respectively, with significant differences observed among them. Among all
treatments, T3 treatment had the lowest soil metabolic entropy. There were significant differences in soil organic matter, available
phosphorus, and nitrate nitrogen content among the treatments, which increased with the increase of earthworm solid waste
application rate. In summary, the application of earthworm solid waste can improve soil fertility, and microbial biomass, promote

the growth and quality of Chinese cabbage, and a rate of 6% carthworm solid waste application is considered ideal for planting

OFRATH : EE A RHEF AT RIS 3£ 4:(235101610071), il Rg 24 FHE B & 56 A 36 4 K300 H (235101610015 )FE 11T BHE BOETTRI
11 H (2021GG02090) %5 B
EH RN wWEWEA977—), B, WEEHA, @i+, BIRR, EENFHYERSRBUELTS . E-mail: 286932434@qq.com
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Chinese cabbage in facilities.

Key words: Earthworm solid waste; Chinese cabbage; Facility soil; Yield; Quality
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R B AU, BHREEk 65 B, HEH
KARANE . EESHIEY AT ERY . 2Em . K
. AR E TR, AR e v R
i) N R/ TN e Y ()
FFJ T it P AR 51 [ P2 AR DG Y, S5 3R I, 3l HY
T 5 [ i FH AN AT IR B A K, R e i
ORI, Nk, IR, R A AT
ARl 0 | IS S TG T 0 A RE RS ) - JE Y R 54k
Aok B AR A, w] UL, ] [ AT VR A O B I AR A
FHECR ], ETM S, (R AR, Sl Rk
Freetk R R BAT 2 E

RS [ AR A SR R C AR Z L E
Pty we S W VA3 S LT S T i N T D AN
SENUERVEY , SR AR 015 AN TR BR BE A
] [ P A B, X /NS AR L P R AR bR
FrmsE , FExF - HEFR Ay | B R S R T T
DA e ] [ ok ) e it P i, S 5t - 39/ N 4 S
1 S A 3 nT R R TR SRR .

1 #REFE

1.1 RKEwrR

3 3EHC 1 T R 48 9% B 7T ) Xl el iR ==
KM K Az R A R A Tt St - 3SR Sy 4
+, ZAKRKTIE, EHRMEYRIASERY, i 2 mm
i, IRATJE A o B ] F R e A A A W B
ARABRZS AR o AR A 18 R ] ) 361 1 35 AN 2 o D
1.

F 1 AR IR R A G| E R B AR

Table 1 Basic properties of tested soil and earthworm solid waste

HERAM B pH  EC(mS/em) A LI (g/ke) A (g/kg) & Wi(g/kg)
+3 810 0.99 15.67 1.06 1.23
TR E 7.58 1.22 193.86 8.66 16.71

1.2 REigit

K FRE AR, D/ s gy, 2021
4 H 20 HEERP, 20214F 6 H 1 HYGEE, & 6 4>
AR, A3HIh . CK, ARHFMEBIEE; T1, 2% 1
W\ R s T2, 4% Al [ it i &5 T3, 6% il
| it T i 5 T4, 8% s 612 it F 45 TS, 10% ]
o] [ Pt FH 2 ARRT FH AR 142 25 em, JIE4E 15 em,
T 25 em, BEZZEWIRL 8 kgo IRIT, ARG —Ab B
(R AR L B3R e ) [ 1 R =% R HEIR &1
S IR dn, BN 3 IRER, IR/ N SRR
TR FHEFD, FAE L, WORIE, e /N E SR
(KR B A, IR R A R AR, e 3
AL AN A W26 hr
1.3 MEEREFE
1.3.1 NFESRRZEMRINE  /NESRSGRES, T
GIEL7 N7 =N 8 SN 1191 3 QN N S S A o
[ s BRI B I o A= 28 C L TR L TR
HEEASR SR 4R R C SRR 2,6- A Ee i
FETRDNZE , ATV PO o SR FH B L (2 I, AT s
PSR & R % S5 G-250 Fuaikiilig , a4
AP LAY 3 KA R L vk e
1.3.2  HHEsb PRI E +IEPH AL : 2.5 +7K
FriE b E G HRIE; BERECLL 1 5 1Kk
I L R AN 5 A AL R P S R A A i
AN AT 5 42 ECR FHTF BRI E 5 7 800 R ik
i SANR AR SR B BT L (AR 5 B SRS AS AR
F 2 mol/L KC1#2H, FEHBOR A AE SR 537
SR FE B 05 L€ 305 R 58 A0 il B ke i 2 2
1.3.3 A fe PR s A A W
KA EZE-KoSO, BAREIE , T IFRLR T R
FH 28 P AL i s B 4 S b A ) R
FH 3,5- A KRR Lo Gk, ikt T 4 D00 R FH e
[ e R N N 7 AR G S WD R 7 7 St = L
T A A SRS I 5 R P vl R 4 2 9
1.4 HESESSH

K FH SPSS 13.0 Kz Excel 2010 XF4d #4140 3 5 43
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TR PN ] PR /I A SR AR A B SRR R P B R 773

Br, BIERPEGE P + prrfE2e, Hd, RITRE
E 77 253 H71(One-way ANOVA) S tie /) i 2 Pk 26 5 1k
(LSD)Kr s Ab BEZ [A] /N Sefe Mtk . T3l i o
RAACHER 22 57 W, BEHIKF R P<0.05,

2 ZER591Mh

2.1 {RSI BB X/ B S A K RIS
i AT ST LG )7 e A S A N S B e SR i

F/NES . 5 CK AL, T1 ~ TS 23/ A
SRR AR R 8.8% . 18.3%. 30.9%. 34.5%.
39.8%; Hiy |- FBff T 14 43 1K 32.9% .45.4% .78.3% .
96.6% . 101.0% ; M543 i E 38, Ha g 43510 22.8% .
32.1%. 37.9%. 41.2%. 43.8%, {H T1 ~T5 kb3 [f]
ToFEME R WKIGIESR 15.8% . 24.4%.
41.2%. 52.7%. 61.1%; Mo &BeE 432 CK Zb#
M 2.0 %, 2.94%. 3.614%. 4214%. 4.81%.

F2 ABIEEMDNAFREKEZNE
Table 2  Effects of earthworm solid waste on growth of Chinese cabbage
Qb3 FE (cm) HE() K (cm) Hb - F 6 T () Hi T 6 ()
CK 19.47+0.79 ¢ 10.20+0.87b 11.02+0.85d 12.54+1.28¢ 0.09+£0.02d
T1 21.19 + 1.69 be 1253 +£1.27 a 12.76 £ 0.64 ¢ 16.67+1.92b 0.18+0.02 ¢
T2 23.03+1.12b 13.47+090a 13.71+1.26 ¢ 1823 +1.45b 0.26 £0.04 b
T3 25.49+0.98 a 14.07 £ 1.60 a 1556 £ 1.04 b 22.36+2.09a 0.32+£0.06b
T4 26.18+1.94 a 1440+ 0.53 a 16.83 £ 0.90 ab 24.65+2.23 a 0.38 £0.05 ab
T5 2721+141a 14.67+1.92a 1775+ 1.01 a 2521+2.04a 0.43+£0.06 a

I R RFIARNG 53R b B[R] 22 53 8.3 (P<0.05); Tl

2.2 GRS E X/ B 3 mm R 2 i

MR 3 AT, ANESRYEA R C. Al AT %
A P A i e | [ vt P S Y i 2 v /N
SR T b B ] ) 51 2 ot FH A B85 AT AR . 5 CK
bPEAHLG, T1~ TS5 AF/NASRGEAER C Sy
N 28.5%. 63.2%. 96.5%. 99.8%. 108.0%, nJiAEE
WS BIETN 22.0% . 48.4%. 100.0%. 109.7%.
129.0%, AIEMEE A &R0 12.8% . 37.1%.
65.7%.67.4% . 71.9%; M il REE & 4 BIFE MK 23.7% .
46.1%. 73.8%. 72.3%. 76.5%. £ b, Jiti JH 1wl ] [
PEhe i E R NARA K, Rl ARgEER C &
B, AT R B B R BRARAS PR AR & i
KB GRS
2.3 a5 B B X 14 bE 1 3R R K 14 R A B2 A

A 4 AN, it P ] RS 4 v AT .
Jite Y] i 1 9 %o 35% it + 398 pH A — RE RORZ I, H A
Wi | [ 1 it P 240 pHL BEAIR . X T L8 38,
i 5 o | [ it P M, R4 R RAIL, 5 CK
AEFEARLE, T1 ~ TS5 AbEESRHIFEAR 16.3% . 38.8%.

56.3%. 62.5%. 60.0%. i fm)us| [k 25 45 v L3
AU &R, 5 CK B, T1 ~ T5 Zb#+ 3
AHUT S BIEIN 12.3% ., 27.5%. 44.7%. 62.2%.
80.0%., 1 v 45 245 SRURI 25 280 B tho i ) )| [0 1 it
RS, AR, 205 CK AhFEEE
70.5%. 64.9%. 146.4% . 158.6%. 188.7% HI 24.5% .
78.0%. 110.2%. 140.2%. 175.5%. L&k, filds) (& %
PR R RS R, T1 ~ TS 4540 BE 5 J2:
CK AbHRY 1.7 4%, 2.3 f%. 3.54%. 41145, 5.1 4%,

F 3 (AWIE X E 3SR A 0
Table 3  Effects of earthworm solid waste on quality of Chinese
cabbage

SRR A E C AR AT S ATA R S R Y
(mg/100g) (%) H(mg/g) (mg/g)
CK 27.44+3.01d 031+£0.03¢c 1427+129c¢ 332+029a
Tl 3525+£3.25c¢0.38+0.05bc 16.09+1.46¢c 2.54+047b
T2 44.78+2.63b 046+£0.10b 19.56+2.14b 1.79+0.23 ¢
T3 53.92+646a 0.62+0.06a 23.64+233a 0.87+0.34d
T4 54.83+4.17a 0.65+0.12a 23.89+1.63a 0.92+0.30d
T5 57.05+542a 0.71+0.08a 24.52+245a 0.78+0.19d

F 4 (AIE XI5 IR 1% R A S0
Table 4 Effects of earthworm solid waste on physicochemical properties of facility soil

gLl pH EC(mS/cm) FHHLIR (g/kg) A (mg/kg) A A (mg/kg) R (mg/kg)
CK 791 ~8.14 0.80 £ 0.06 a 15.17+049 f 3.02+0.61c 6.65+037f 28.79 £3.02 f

T1 7.93 ~8.01 0.67+0.08b 17.04 £ 0.60 ¢ 5.15+043b 8.28+0.69 ¢ 4798 +545¢

T2 7.80 ~7.94 0.49+£0.04 ¢ 19.34+1.14d 498+0.75b 11.84+£095d 65.64+£7.12d

T3 7.73 ~7.83 0.35+0.06d 21.95+091 ¢ 7.44£101a 13.98£0.76 ¢ 99.71+8.43 ¢

T4 7.63 ~7.82 0.30+0.03d 24.60+1.45b 7.81+£0.85a 1597+1.13b 117.79 £10.14 b
T5 7.52~7.78 0.32+0.03d 2731+1.24a 8.72+0.93 a 18.32+1.08 a 146.87 £ 12.51 a
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2.4 {R)HE| R AT i% e T R M M E R R

2% 5wl i) [ e A% 1 i it -
ARG, T1 ~T5 S0 3E CK AR 2.8 £,
4.6 15, 6,745, 7.54% ., 8.1 4% sl E % {2 ik 35
BEI, T1 ~ TS #SA0HAHES CK oAb PHE 0 2 5k
74.5%. 119.6%. 193.1%. 235.3%. 275.5%; [FI},
- AR A ) ) R ot P e o
T1 ~ T5 #5403 - B RUE VIR 2 CK BRI 2.5 £ .
3.6 1%, 4.6 155, 4.6 1%, 4.5 1% it A AR [ R 1
SERE I, T1 ~ TS5 4540 BRI 08 43 51 38.6%
51.7%. 56.1%. 55.2%. 53.6%.

x5 ABEIERENEELIERENEYENF N

Table 5 Effects of earthworm solid waste on microbial biomass of
facility soil

ARTE GCEVAEYIRRR SERNIENE BREYrE ARHHE
(ne/g) (ng/(g'h)) (%) (pg/(mgh))

CK  67.76+13.53e 1.02+0.15f 0.77+0.13d 15.12+1.05a
T1 192.55+32.09d 1.78+026¢ 1.94+027¢c 9.28+0.96 b
T2 309.13+46.65¢c 2.24+021d 2.75+0.25b 7.30+0.40 ¢
T3 451.39+43.54b 2.99+027c 3.54+0.22a 6.64+0.50 ¢
T4 509.02+57.65ab 3.42+0.23b 3.56+0.30a 6.77 +0.66
TS 54830+48.92a 3.83+0.16a 3.46+032a 7.01 £0.45c¢

2.5 GRS E & X iR HE L AR A 1 R RN

PR 6 TN, it FH ) ) [0 1 i A0 1 it 15 e - 498 7
WERG . KA . BERREE . o E LSRRG M. 5 CK AR
AHEL, T1 ~ TS 425 4 35 RE0E i 05 1 53 0l b 35 42
24.7%. 452%. 76.7%. 98.6%. 113.7%, MRS PE
S EIRE 52.2%. 131.0%. 203.8%. 252.5%.
291.5%, BEIREGTE 20 0 25 4 5 38.3%. 66.7%.
135.2%., 165.6%. 191.0%, it %84k SRS P 5]
TR 28.5% ., 80.4%. 131.9%. 152.3%. 167.1%,
HAMHRIRZ 25 0%,

6 E%IE &3 i+ IR EEE I A B

Table 6 Effects of earthworm solid waste on enzyme activities of
facility soil

LUSCIN: S A I Pt R
(mg/(gh))  (mg/(kg'h))  (mg/(kg-h))
CK 0.73+0.04e 14.07+2.10f 24.57+228f 4.80+032e
Tl 091+0.06d 21.42+3.23 ¢ 33.98+431e 6.17+0.53d
T2 1.06+0.09¢ 32.50+2.82d 40.95+2.65d 8.66+0.89c
T3 1.29+0.07b 42.74+3.88¢c 57.80+4.52¢ 11.13+0.74b
T4 1.45+0.12a 49.60 £2.53b 65.26+3.57b 12.11+0.63 ab
TS 1.56+0.10a 55.09+3.48a 71.50+2.96a 12.82+0.84a

WA
(mL/(g'h))

3 ihie

sl [ PR (R s ) T U E S R R e, T ESA
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