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Effects of returning varying amounts of vegetable waste to fields and combined application of decomposing
agents on soil humus composition

WU Wenhui'?, ZHU Weijing’, ZHU Fengxiang’, HONG Chunlai’, YAO Yanlai’, WANG Xudong', WANG Weiping”

(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Institute of Environmental Resources
and Soil and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract: In order to promote the recycling of vegetable waste into fields, different amounts of tomato straw and cabbage leaf residues (full
amount: 1.8 t per 667 m’, half amount: 0.9 t per 667 m’) were simulated in the laboratory. Treatments comprising addition of different
inoculants (composting agents, agricultural enzymes) and no added decomposing agents were applied. Soil temperature, pH, electrical
conductivity, organic carbon, nutrient content and humus composition content were recorded 7, 14, 21, 28, and 35 d after waste was
returned to the field to explore the effects of different volumes of vegetable waste returned and decomposing agent on soil physical—-
chemical properties and humus composition. The results show that the pH value of soil under waste return treatments first decreased and
then increased. The pH value of the treatment with microbial agents changed only slightly. The organic carbon content of each treatment
increased rapidly 7 days after the vegetable waste was returned to the field; the increase ranged from 0.55 g-kg™ to 1.73 g-kg™'. Compared
with returning waste to the field without using fungicides, the total nitrogen, alkali-hydrolyzable nitrogen and available potassium content

in the soil following full tomato straw return with enzyme application increased by 14.49%, 9.30% and 5.61%, respectively. The increase in
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available phosphorus content with the full amount of returned cabbage leaf residues and combined application of enzymes was the largest,

reaching 34.98%, 35 days after returning. During the returning treatment, the water—soluble substance content of tomato straw reached its
maximum on day 21, while that of cabbage leaf residue increased to its maximum on day 7. The water—soluble substance content of the
cabbage leaf residue returning treatment was higher than that of tomato straw. Returning the full amount of vegetable waste in conjunction
with enzyme application can effectively promote an increase in soil humus and humic acid content. The soil humus degree of the two
vegetable waste returning treatments reached a maximum 7 d after returning. Following a comprehensive comparison, it can be concluded

that the full return(1.8 t per 667 m?) of vegetable wastes combined with enzymes has the best effect on improving straw resource utilization

efficiency and reducing returning cost, which makes it most suitable for popularization and application.

Keywords: returning vegetable waste to fields; microbial agent; returning amount; humus quality
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Table 1 Basic physical and chemical properties of test materials

AT URIES K JeR T3 HAR S s Tz L YR Y NGiE
Type of waste Water content/% TC/% TN/% TP/% TK/% C/N Cellulose/% Lignin/%
EESURsTIN 8.89 30.04 4.00 1.33 2.04 7.51 22.0 9.3
Cabbage residue
A FE 8.77 37.64 1.79 0.36 1.98 20.98 27.2 26.5

Tomato straw
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Figure 1 Dynamic changes of soil temperature during the return of vegetable waste
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Table 2 Changes of soil pH and electrical conductivity during the straw return to the field

b3 7d 14d 21d 28d 354d
Treatment pH EC/(mS-cm™) pH EC/(mS-cm™) pH EC/(mS-cm™) pH EC/(mS-cm™) pH EC/(mS-cm™)
TS1 7.88hce 0.841a 8.02a 0.768ab 7.94a 0.899ab 8.12ab 0.819b 8.19b 0.641b
TS2 7.85¢ 0.844a 7.89h 0.850a 7.93ab 0.812ab 8.08bc 0.900ah 8.22b 0.756ab
TS3 7.86bc 0.750b 7.94ab 0.708b 7.70¢ 0.751b 8.14ab 0.880b 8.23b 0.838a
TS4 8.07a 0.820ab 7.80¢ 0.836ab 7.55d 0.796ab 8.12ab 0.877b 8.22b 0.726ab
TS5 8.02ab 0.783ab 7.90b 0.721ab 7.85ab 0.965a 8.17a 0.862b 8.31a 0.783ab
TS6 7.88hce 0.803ab 7.90b 0.787ab 7.82b 0.944ab 8.02¢ 1.028a 8.21b 0.880a
CR1 8.06a 0.608b 7.91a 0.779¢ 7.98a 0.769¢ 8.05a 0.835¢ 8.29a 0.803d
CR2 7.90¢ 0.769ab 7.80b 0.982b 7.82h 1.034a 7.98h 1.167a 8.14b 0.977¢
CR3 7.79d 0.731ab 7.85ab 0.737¢ 7.85b 0.872b 8.08a 0.812¢ 8.26a 0.74%
CR4 7.95bc 0.840ab 7.80b 1.035b 7.79b 1.029a 7.98b 1.036ab 8.14b I.111a
CRS5 7.99ab 0.724ab 7.86ab 0.794¢ 7.84b 0.807be 8.08a 0.742¢ 8.31a 0.699f
CR6 7.93be 0.941a 7.80b 1.200a 7.80b 1.099a 7.94¢ 1.000b 8.12b 1.043b

TE : [FIZVEUE IS A R 7 B3R b P2 (8] 25 5 .35 (P<0.05) . R,

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.

Jii 7 d, TS4 4b B pH AE HAT 55 8 K, k2 TSS, CROAMFER pHIE O % 25 57 . 5 14 d, TS4 4b 3R
TS2 A0 BRI pH B A A s X F H i i 5R (AR 136, CR1 Ak () pHAELIRAIG, H TS2 FEAIE T 0.09 A~ 54, X [R] B 4%
FRE pH AR 2% v A AL PR, Horp CR3 AR BEAY pHAE TIES AGR A9 AL B, TS4 He TS3 F&AIK 0.14 4~ B, i H 5
5 CR1 M L B i e K, a5 8 T 3.47%, CR2, CR4 FlI R A4 45 A P 2 [H] TC 8 2 25 5% 0 25 pH (B i Y

http://'www.aed.org.cn —185—



AV TR IR B A4 - 5 39 4 26 11

T, 55 SR 45 o 4% A B pH A S kR AR R,
25140 FH A FRBE 25 18 HH R3O0, H 5% EC LRl 22 340
I P A ) 5 750 0 S0 2R 791 340 FH 5 e A 3
SRR EES . BT HEM R LT b
JERR o i AR B, ERA WS 35 d, H i i
JNGER A H Y 138 ECAEATS 525 5 A it B8 751 b 341
(P<0.05) . W] LA H H 35 % AR B Jin v 751 3148 H AT g
Sy A HE T VA MR R T SO N, AR AR A IE
RN AE Tk

2.1.3 HEEAPLIR S &

AN 3 HH B 40 3 2 40 30 T i % e ot 7 79 XoF
A LR (SOC) 2 WLIE 2., HEia 4= 58 1A Mok
431 g ke IS H G 7 d £ AN B A HLER & AW
HIG, BTG R 0.55~1.73 g-kg™' o T iR FTAH ]
I A T U INEE R 5 A AP 4 5 MLk % i
2SN FFC i #4504 B TSA 1 AT MLAR 2 B
TS2 5N T 12.08% (P<0.05) , T H i 5% 44 0] J2-
Tic it 2 2% 4 ek i HH AL B ) - S5 ML o B i T
fib b B, 5 HLARS [F] 38 H = A B HLAK 75 & CR6 b
CR5.CR4 b CR3 43 5| # i 17.65% .6.04% . ik H J5

14 d, Fni R A1 H i R AR [) 340 F 32 98 o 5
ALFR A MUK 5 AR IS A B 25 SR B 3, LA
Xof il PR 2R A 3L A LA 5 S RE K . IR S 21
d, T ARAE AT IR I ER 7708 FH AL BEAH FL 2R 14 d 9 38 AL
B it 1 AN [ R B2 ) A , v TS4 AR FRRE R AR K, K
£ 14.58% , HLYR I TS6, 1M A it P 71 AL F A A WL 75 1
DB o S AR AR S 21 d 4540 B 5 34
J& 14 d A HLIR & 22 A K . 2 )5 Bl 34 F A (]
FEA , - ADFR A LR & RERE TR TRRE
214 RS OE

W 3 PR, BiSE K 5 )id H 35 d J5 Y4 e ik 2 4
o - A R IR A A SO AR i, O LA
TR TR AR R IR A A R b . AR A
i A FH B it P P R 5 B A B A R A Ae s 22
SN 1T TS6 A 3 A 4 498 4 G0 A S0 R Ak
i 43 B BTS2 Ak BRSO T 14.49% . 9.30% F
5.61%(P<0.05) . FEoniifsFFAH [FA H T R 2SR
A - 39 4 R NG AR R A
ELIAN T T 2R Ak R 118 - S8 5o A0k 40 i 2 1A L it g 24
FNALPREE S o X T SN L A H CR2 4k

A AR FE Tomato straw O Ts1 O 1s2 TS3 TS4 B TS5 M TS6
a . a
6.0 ab a 2 a
[ c be be é%bc i ab iab% b ]—_ ab—:rf by, b él? T b %l)c -
L= == M = mag g
sor=" NE ||| = & %i_ bbb e Fabe
~ 40k — ||| = N Ex iz~
- 4.0 — — ZN
ff i — — N
30 = = N
20 = = N 2
7 2.0 — \E 7 Q N
L — — 7 —
— —] NN
1.0 — - ; k %
1 — F— 7N\
0 —] —] 7
7 14 21 28 35
i H B [B] Return time/d
B H i M#% 1A Cabbage leaf residue ] ]
6o a n O cr1 Ocr2 CR3 CR4 B CRs [DICRo6
. '—:([—'EZ'-E.- ab abc be n c -.ci- be ahabes ab al . b -
5.0 7 TERE| & RE <Fpe B e ed e
: 7 = — — % , il I I
i N= — - AL ey
Daor [ INE — =
2 b % N= — —
203.0K 7 7Z/\\= — —
3 H / — — —
3 7 N=— — —]
o 2.0F 7 NN — —
- 5 — — —] -
1.0+ 7 N= — —
a 7 /NN = — —
0 7z —] —] —
14 21 28 35

i B [B] Return time/d

B2 BR3EEKFYIE B E T AR (SOC) a8 EH

Figure 2 Changes in soil organic carbon(SOC) content during vegetable waste returning to the field

—186—

http://www.aed.org.cn



OO , 55 < i R 5 W) ade i % PRt 790 % - S8 B o 2 R ) 5 1)

202241 H

F, CR6 Ab PR A% - S35 i 205 S 38 1T 8.92% , 3L
e R B M i K, K B T 34.98% . RN BG4
i I CR4 A B3 () 3 508 7 it b CR2 Ab BEER 155 9.03% .
PRI I 4 AN TR 6] 3 A5l 5 S 2 K, CR6 AL BRI
AT O i U CR4 AL PRI T 25.08% . ZE ]
DL W 8RS SR8 H AT DAAT Rk 3t AR oy
R I 2R 4t 3 FH G385 o 4 98 5% 43 A3 R0 A A
mgE
22 BREEFYIHERREEF TEEEKRA
IR
2.2.1 KD B

BRI T W K MY T (WSS) & i
A AL an & 3 B o PFPER S8 57 9 18 B )5 4%
AR TR WSS & 8 e s sl k. 7RI H
W], BT H R SR S AR, e Y o

WSS 7 d 38 WSS F i BV Ik B 5, 1 2 Ahn f A )
JETEIR 21 d -8 WSS F it ik 8l (E . MHJ57d,
FEAFEAF A AL TR WSS & /) 3 & T TS A3,
A BE 22 (B AR AL AN o R I 55 AR 45340 FH Ak 34+
WSS 7 5% 3 & CR5>CR6, CR4>CR3, CR2>CR1, H
o CR6 2L P 5 CR2 2 5 AN K, 1 CR4 AL B [ CR2 2
FEHEINT 40% , 156 BH B 5 2R 1A VS 05 2459034 H
AL P g K E Y S i, A 14 d,
e B0 RS FF TS4 5 TS6 i HI AL HL ) WSS % i i & = T
HA A EWEZ TR EES . HEM R IEEL
M J5 14 d,CR3 .CR4 .CR5 .CR6 AL ¥ WSS 7 i ¥4 47
AN TR R B2 ARG, 17 CR 1R CR2 A0 BE WSS & 2 HL 55 7
d A3 BIBE TN T 48.82% . 11.46% , i3d B st Bsf - w4 - 5%
TR E B H ) o ol S B AR bR JoF A AL R A R
S e K, AH L Ll PR 700340 FH S g R A BE A . R IS

R BREFVIENELERSSETN

Table 3 Changes of soil nutrient content before and after returning vegetable waste to the field

e WA AR W
st Total nitrogen/(g-kg™") Available nitrogen/(mg-kg™) Available phosphorus/(mg-kg™')  Available potassium/(mg-kg™)

freatment 0d 35d 0d 35d 0d 35d 0d 35d
TS1 0.59+0.02a 0.69+0.06bc 36.61+2.23a 51.19+1.09d 10.84+0.56a 17.63+1.16¢ 61.89+2.05a 117.87+1.43¢
TS2 0.59+0.02a 0.69+0.06bc 36.61+2.23a 52.99+0.61¢ 10.84+0.56a 21.42+0.68a 61.89+2.05a  160.20+2.63b
TS3 0.59+0.02a 0.67+0.01c 36.61+2.23a 50.39+0.09d 10.84+0.56a 17.61x1.71¢ 61.89+2.05a  122.39+0.94d
TS4 0.59+0.02a 0.77+0.02ab 36.61+2.23a 56.34+0.03b 10.84+0.56a  19.61+0.30abc ~ 61.89+2.05a  158.82+0.82b
TS5 0.59+0.02a 0.65+0.02¢ 36.61+2.23a 48.79+0.14e 10.84+0.56a 18.51+1.25bc  61.89+2.05a 127.30+1.09¢
TS6 0.59+0.02a 0.79+0.01a 36.61+2.23a 57.92+0.14a 10.84+0.56a  20.65+1.40ab  61.89+2.05a 169.18+1.13a
CR1 0.59+0.02a 0.72+0.02b 36.61+2.23a  48.07+1.18bc 10.84+0.56a 20.57+0.10¢ 61.89+2.05a 117.18+0.47¢
CR2 0.59+0.02a 0.84+0.02a 36.61+2.23a 50.31+0.07b 10.84+0.56a 24.13+1.41b 61.89+2.05a  177.93+1.19b
CR3 0.59+0.02a 0.70+0.04b 36.61+2.23a 45.72+2.09¢ 10.84+0.56a 18.20+0.26d 61.89+2.05a 118.07+0.89¢
CR4 0.59+0.02a 0.88+0.04a 36.61+2.23a 54.04+1.19a 10.84+0.56a 26.04+0.96b 61.89+2.05a 194.00+0.40a
CR5 0.59+0.02a 0.74+0.02b 36.61+2.23a  48.77+1.11bc 10.84+0.56a 19.21+0.28cd  61.89+2.05a 118.53+0.07¢
CR6 0.59+0.02a 0.87+0.02a 36.61+2.23a 54.80+0.01a 10.84+0.56a 32.57+0.72a 61.89+2.05a 176.62+0.03b

0.167 TSI @ TS2 ~A-TS3 ¥~ TS4 -O- TS5 & TS6
0.141
0.121
0.101
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Figure 3 Changes in the content of water—soluble substance WSS during vegetable waste returning to the field
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Figure 4 Changes in content of extractable humus(HE) during vegetable waste returning to the field
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Figure 5 Changes in content of humic acid(HA ) during vegetable waste returning to the field
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Figure 6 Changes of content of fulvic acid(FA) during vegetable waste returning to the field
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Figure 7 Dynamic changes of P, value during vegetable waste returning to the field

R4 BEEFWITAET & LERFZEHEXES

Table 4 Correlation analysis of various soil factors 7 days after returning vegetable waste to the field

WiH FEMFEFF Tomato stalk
Tiem % Temperature pH EC S0C WSS HE HA FA
T 1
pH 0.366 1
EC -0.463 -0.057 1
soc 0.587* 0.501 -0.028 1
NS 0.571 0.401 -0.246 0.661% 1
HE 0.804% 0.211 -0.394 0.589% 0.179 1
HA 0.855% 0.243 -0.369 0.664* 0.302 0.972% 1
FA -0.264 -0.152 -0.086 -0.341 -0.535 0.085 -0.0150 1
Sy E| T #R 1K Cabbage leaf residue
Ttem % Temperature pH EC SOC WSS HE HA FA
T 1
pH 0.017 1
EC -0.810%* -0.300 1
SOC -0.526 -0.149 0.777%* 1
WSS -0.711%% -0.245 0.583* 0.162 1
HE -0.823%* -0.200 0.702* 0.311 0.827% 1
HA -0.937%% -0.084 0.733%% 0.395 0.802% 0.929% 1
FA 0.140 -0.314 0.028 -0.182 0.211 0.357 -0.013 1

T FE 0.01 KF BB EHSE; * 76 0.05 /KF - B

Note: **Significantly correlated at 0.01 level ; * Significantly correlated at 0.05 level.
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