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Application effects of biogas slurry partly substituting for chemical fertilizer on autumn
tomato production in winter-solar greenhouse. WANG Jing-quan', GU Duan-yin®, YU Xiao-
dong', CUI Xiu-min'*, LOU Yan-hong', CHU Yu', WANG Chun-lan', ZHUGE Yu-ping' ('Col-
lege of Resources and Environment, Shandong Agriculitural University/ National Engineering Labora-
tory for Efficient Utilization of Soil and Fertilizer Resources, Tai’ an 271000, Shandong, China;
*Tai’ an Academy of Agricultural Sciences, Tai’ an 271000, Shandong, China).

Abstract; To explore the effects of biogas slurry coordinating chemical fertilizer on growth promo-
tion of tomato, we used three kinds of typical biogas slurry as concentrated nutrient solution,
respectively fermented from raw duck manure, pig manure, cow dung, while urea, monocalcium
phosphate and potassium sulphate as auxiliary nutrition to balance the nutrient difference between
different dilution ratios of biogas slurry. The results showed the biogas slurry partially substituting
chemical fertilizer could significantly improve soil fertility, including available nitrogen, phospho-
rus, and potassium. As for water soluble calcium, magnesium, iron, manganese and zinc in soil,
biogas slurry application could activate their availability, with the magnitude of such effects depen-
ded on the fermentation level of raw materials and dilution ratio. Compared with chemical fertilizer,
coordinating biogas liquid fertilizer significantly promoted the growth of tomato, with the yield
increased by 55.9%-232.8% and the chemical fertilizer dosage decreased by 18.2%-85.0%. Fur-
thermore, such effects became more prominent along with prolonged time. The fruit quality was sig-
nificantly improved with the increases of lycopene, ascorbic acid and total sugar, and the decreases
of acidity and nitrite concentration, and the decrease of NO,” by 35.6%-90.3%. In addition, the
taste flavor of fruits was 7.0% —20.3% higher than that of chemical fertilizer treatment. The yield
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and quality of tomato took on nonlinear synchronization, and the relation between taste flavor and

sugar/acid showed significantly positive correlation, which was affected by fertilizer type. Biogas

slurry partly substituting chemical fertilizer could achieve the goals of high yield, high quality, envi-

ronmental protection, efficient utilization of agricultural resources in tomato production.

Key words: solar greenhouse; autumn tomato; biogas slurry; fertilizer; production; quality.
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Table 1 Nutrient content of experimental biogas slurry

FEABWH NO,” NH," A %0 GRALH A WL
B IR o i e S MR 0 B, AR L
1.2 B 5E

WRIGFET e HOLIR = B R UEAT. 35l bl 4
A 228 2% 3689 I - A, K H
pH 7.58, ML & & 8.8 ¢ - kg™', Wil fift & 22.83
mg - kg™ AR 5.87 mg - kg, BEALER 48.11
mg - kg™, TIEAE T3 KT D AR, 8 X Ak 0t i S 4
B AEAE AR 30 emx20 em, 5 24 em, FEAEAE 1 12.5
kg MRAR TR HL SR (EC) ., i 3 Bl B L o).
L3 BhAS [R) L A5 1 T Y0 T R JE Al B, S R
Hoagland MCHERC Ty BC i 7 h 428 TR W, PR 45 b 2R
g R B A — 2, R R RRRA ALt
TR T 75 1 i A [ Ak IR ) 5 1) 25 5

IRIE I 11 A3, 43510 . 25 L0 IR CK (42
I BEAHEAT AT AR} ) |, 58 4t FH AL AE X IR CK 5 5 3%
W K(V:VY T :3.1:6.1: 9 BIPW -
KV :VYNT:3.1:6.1: 9, FFMER - K
(V:VYN1:3.1:6.1: 9.8 4bH 6 4, Kt
B ARG SR o ) JEEE SRR i b e I
FR4y R HEAUAR MRS e ih AN W A B
(A5 3 it R AP A e 7 T R 1) S R o it A0 .
2016 4F 8 A 5 H#&EFP,9 A 11 HEH. NEH G 10
d FFR, BB 7~ 10 d Beiti—UCE IR, BB SRR
KB EAARFR 1000 mL, FEAEET IS RIS 5 4
TR [ 7% 4 et 7~ 8 Wk, IR A A+ TR AR
K. TR 5 RS PR 4 BEIS AT, oA
RS R T A T A R e R
1R 34.6 °C, FARSIR 10.7 C S FHREE 22.0 °C P8
2SI 66.5%. 284F 1 H 22 HWOHK TG T iR sg,
PIRUE R HERES (BEETFS om,IR10~15 cm)

ERGTIES] LR NH,*-N NO;-N AR LR AR JEFAL I
Type of biogas EC (mg - kg™") (mg - kg™')  Available phosphorus  Available potassium  Organic matter Humus
slurry (mS - em™) (mg - kg™") (mg - kg™") (g-kg’")  (g-kgh)
152% Duck manure 13.30 618.1 98.3 95.4 978.3 2.07 0.41
¥ Pig manure 16.39 839.3 195.1 190.6 127.3 8.22 4.77
42 Cow manure 13.30 425.5 223.7 569.5 1614.0 17.21 16.50
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;1.0 mol - L7 Ak NH, OAc ¥ 42- K JF % i vk
D72 AL DTPA-TEA 12458 18 | JE Il o6k
FETTEE I E A AL Fe ,Mn  Cu  Zn; 7R IB/KIZ 42 1 1|
JE IR 6 T ( AA370) 1l 52 K M Ca Mg
TR TR A I A P
1.3.2 FAtE R L SR il H,S0,-H,0, 1H
R, R TR 2R, AU H kil e 4
B, DGR I e 4 B0 5 AR i T R Ak, S 1
WK A G BE T ( AA370) N %€ Fe MnCu.Zn Ca.
Mg““ﬂ.
1. 3.3 iR A TR AR M AR S A AR
BE SR, IS R S S R A TS R A AR
2,4- AR R TR A Ve B B L @7k
D 7 SR s NaOH. ¥ 52 76 0 5 TR 5 49 )6 )6 B 2 U
EWMRES: FE ekl e FZmaR, R
GB/CK 04215—2008""*" 44~ 4b B AL 6 4R F 1k
TR, BAVIL 4 6y, B 12 4> 20~55 B 4RI B
BN B — fh 22 (BN AE PR IE] B S min) |, X5 2 it )
JAUBRFN A 255 PR, DA ST 4 Ak A B8 Sy X e
(100 43).
1.4 dEabr

K Excel 2003 1 DPS7.05 #AF 4 EUE A T4E
T3 B & Duncan 3817 7 200 FI £ & L3R

x2 ARBRAETIERLFSTESE

(a=0.05) . F &P HdE A4 E bR iE 22 A H Excel
2003 FAFAER.
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3R 2 FTLLE Y 5T ] A} ) 25 1 X6 R
CK, FH L, 72t AL B %) CK, 1Lt 78 W 1) 45 Ak
ISR B i W L T O VE R Y A A
I R e s T AR AE AL B, TR S 11.9% ~
45.9% ; i A5 TR R RE LU A 4 =, T i R 2 1
BEARAG S 1« 3 BTN T8 L B3] 1 S el it 2 % 1 A
. TR AR S AR S R S A (TR
o TEAR, U R A ZEH R I it A 2, 34
Ik 62.5% ~114.2% , X 556 3 E WA 4 2 H WS
AR NO, 7K.

EREAT AT AL B 25 1 % R CK, A L, it F AL
JIEL R 9 140 4% Ak L - 498 o 5 e 1 4t R
3R 106.7% ~277.3%. 5t FHALIE A CK, A
W, ZR26 1 0 3 R0 1 2 6 AR L 3l %) Ak B 001l 145 it
B K, 3K T R AR PR A 26 V8 W OB 20 B B
14 JE A

5 HUSORE Br  AR A AAEARL it FH A IE RN it
THW A AL B + O & R W = T CK, 3
WK 43.1% ~100.4% , Horb A4 2870 AL #E A 4 18
R 1G5 K, LB At FH Ak IR 1S I 33.5% ~
40.0% , H 34 MEA5CR 10 25 5 THS 28 (10.9~ 13.4%) il
FERTBW(19.2%~19.3%) .

5% 42 it FH AR B A B 4 4964 HILSUL - JCs2

Table 2 Soil available nutrient contents under different biogas slurry treatments

fbFE TR = 7K NH,* NO,~ A TR AL
Treatment Biogas slurry : (mg - kg™") (mg - kg™") Available phosphorus Available potassium Organic matter
water (V V) (mg - kg™') (mg - kg™") (g-kg™")
CK, - 22.43d 95.3¢g 3.97f 43.7e 0.89%
CK, - 25.12¢ 268.8f 7.99¢ 476.8d 0.89%
[LE 1:3 35.83a 345.4e 9.77d 528.7¢ 1.09¢
Duck manure 1:6 34.94a 336.1e 8.24e 495.6d 1.09¢
1:9 30.98b 285.6f 8.26e 540.7be 0.99d
UES 1:3 33.65a 517.3b 10.53cd 491.3d 1.05ed
Pig manure 1:6 29.08b 481.5¢ 11.05¢ 568.8b 1.06cd
1:9 28.10b 436.7d 8.81e 568.3b 1.06cd
43 1:3 36.41a 575.5a 15.04a 667.7a 1.36a
Cow manure 1:6 35.06a 562.7a 13.44b 667.2a 1.34a
1:9 31.42ab 475.3¢ 9.41de 656.7a 1.20b

CK,: 2 BAHATATAERL No fertilizer; CK, . 584 Jiti LB Application of chemical fertilizer. [ 31 AN [] 771 32 7 4b B 18] 22 57 8 % ( P<0.05)

Different small letters in the same column meant significanct difference among treatments at 0.05 level. T [i] The same below.
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11.3% ~23.1% ; $E 2 AN [ i B LA 0T = 387 AL i)
MG 2 R AR R E A LR
TR TR SR AW, X 54 (B RAG S H
BZWMANIEA XK.
2.2 R[RIVARALFE XS KR TR 2 B R

H 2 3 T LAE Y, A B RA e it ot 4 K i
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5% it FH AR IE RV Y08 T it XoF = S T 1 1)
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DCULIA SR P K PR BE S T R R [ AR e it
N34 AR 2B T A LR 4 S5 A I e & it
Al e A al [ e KA RS R T

SR HATART AR 1 23 6 B8 K, A1 EE, i Ak
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PEm  HMIRE/ NS CK, M, B 1:3.1: 6%
T LL 91 f) BRI 26 R g 28 I S 0, B4R R 5. 8% ~
13.9%. Fifi TR YRR o LU 461 1) 2 15, - 98 250k 22 B AIX
A (E 2R 2 T S B L BB Ak ) 2 S A I 3 0

®3 FRBHRGETLEKRIEFRSE
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AN [Tt AT A BEGT - 5EA 2% Min 5 1 1Y) 56 i) 25 %
WK 528 O A L, 58 4t FH AR IE AN 3 A e
it A B A - HE AR A Mn A4 AN [ 2 B2 A 3G 0, 42
TR 3 A3 a) 22 500 I 25 G 2 VE T 584 8K
Mn BYSZM iR R, B8 R 17.5% ~71.5% , V4 1 = 3 Fii
B i

AR AE AL BT A RL Cu &5 & 15200 25 57
R SIS AR A B 22 S R 2 HL 3 AR R
Lo A7 [l TG ) 3 2% 5 G 28 TR B 3 31 Cu 52T
K, 3 AR R LG A8 (4 4 2 T WAL Y I 3 Tk
AEALFH | H40E K 46.9% ~113.5%.

EANHERE B 25 o6t BRR L it FH Ak A Ak 3 - 38
AR Zn To b (it FHAS [ VE W AC LA 36+
AR Zn B2 S LUSE I S0 I I, 38 N
139.2% ~261.5%. 1 3FEATEL Zn 75 15 32 VB B L 1)
()5 ) 05 VR TR R A BB R, A A% Zn BRI
ARV, £5 A0 P ) 2 5 2
2.3 RFENBBAL BT Fean A Kk E RN
2.3, 1 AN[FITEWR AL BT Z bk o R 2SR A2 bR
B ATRAAE S, 2 HE 10 d )5, 58 4t FH A0 IR FVE
et 45 Ak B P 25 73 R v T2 HH 2 2 Pl e K R A
40 d J5 , B G B  AE 2 | 2SR I AHE X PR
4 A= K 3 A R X 70 A 785 37 A K e A FH A
CK, R e ET AR E i T H A b 2 7 2278
T8 25 d J5 £ A0 1 2% S VA8 R TR DC 3328 ity
. 2 EAE 40 d B BRAESE 1 3 WAL HRALSN , 1k
JIES 5 3 ¥k vt Ak 3L 1) R v LR B 25 57560 d ) VA
TRORTZE R AR A AR FH R B Sk 8 YR it A% A P R
HHZEMHI KT CK,, MK SR i fiet: , 2k in

Table 3 Soil water-soluble nutrient contents under different biogas slurry treatments

b3 TR K IKHEPEES IR TEEE AR AR AR AR
Treatment Biogas slurry : Water soluble Water soluble Available Available Available Available
water calcium magnesium ferrum manganese zine copper
(V:v) (mg - kg™") (mg - kg™") (mg - kg™") (mg - kg™") (g-kg™") (g-ke™)

CK, - 93.3g 1.83h 12.23f 0.87f 2.23g 0.79%
CK, - 347.8b 6.57bc 12.97de 1.37cd 2.26¢ 0.87de
LE 1:3 377.5a 7.44a 14.81a 2.35a 5.17¢ 0.94cd
Duck manure 1:6 349.4h 6.89b 14.21ab 1.61c 4.12d 0.94cd
1:9 343.7b 6.58bc 13.04d 1.93b 2.90f 0.95¢cd

i 1:3 354.3b 7.73a 14.13b 1.18de 8.26a 1.86a

Pig manure 1:6 350.4b 5.81d 13.77be 0.99ef 7.59b 1.80a

1:9 302.9¢ 5.29 12.32¢f 0.96ef 5.46¢ 1.28b

42 1:3 145.6f 2.39¢ 13.20cd 0.98ef 3.87d 1.04c

Cow manure 1:6 204.2e 4.47f 12.96de 0.91ef 3.51e 1.03¢
1:9 274.3d 6.24cd 12.75def 1.01ef 2.78f 0.85de
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Fig.1 Dynamic changes of height and stem diameter of tomato

plant under different biogas slurry treatments.

CK,: i3 BAHEfTAERE No fertilizer; CK, : 5¢ 40t F LR Appli-
cation of chemical fertilizer; YF:; B53$JA Duck manure biogas slurry;
ZF . $53& 8 W Pig manure biogas slurry; NF. 43§78 Cow manure
biogas slurry. 1:3.1: 6.1 : 9 F/RBW : K(V:V)R1:3,1:6,
1:91:3,1:6,1:9 meant the ratio of biogas slurry to water was 1.3,
1:6 and 1:9. F[A] The same below.

R M 18.7% ~35.7%.

2. 3. 2 AN[FIVE R AL BT 2 At AR AR AR i AR S 7 i
e fhIE 2 AT LUE 55 FIR CK, AH
Jit AR T R W X0 R b 2408 3 o 2E ) o A 3 .
552 &t AR IEAS CK, AH L, VA B it 45 A0 2 |
T AE ) i X 2 R L Y 2 VE RORN AR 2R TE W LA
1 OB LU R B 2  JE 250 1 ¢ 6 IFR B
B A L.

5 CK M E, VA W e it £k A T Jed 2 42 o 7 ni
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B - a fe fm, HoP A28 VE W 1 6 M BEAL B LL
CK 377 2.3 £ HAKJE 1+ 6 FEZSTHR it b 2, 3
P2 2.2 AR, CK, PR AR, P A2
R AP BRI RE 1855 , I 51 K AR
JTEL
2.4 AN[EIVE AL BT 7R 5 R S B AR5 I

HI 2 4 1T DA it FH VA YA 3 1% 2% 75k 5 52 b
[T e AR AL PR A AN [R) A B s L Ve S i
3 WE I8 74% ~ 155% ; it FH 78 W Ak 351 5
TLEMAR S REAW R FR S, FHR 154
mg - 100 ¢, AR TE AL PRI IR fe 55 (34 115.4%)
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Fig.2 Biomass of tomato plant and fruit yield under different
biogas slurry treatments.

RNE/INE FhEFR IR AL FRA] 25 53 8.3 (P<0.05) Different small letters

meant significant difference among treatments at 0.05 level.
Jit FH T V5 b B 5 S S O i 2 SR, Horp
HEZEFIARZETHAW 1 2 9 MR e LU 51 b JHOWE 55 i de
AL AL B 5 64.8% F1 72.2% 18T 1 ¢ 3 Fs
AP AL R S CK, R0, Hifth 4% Ak B A
REARG  (H 22 AN S 35 5 it P VR W P S 2 AT e i SR 5
NO,™ 7 &, 15 3% 78 W 45 Ab B 1% 08 5 K (67.5% ~
86.1%) , LR S 3526 (36.5% ~79.1% ) A4 2610 WK
BALHH(35.6% ~47.2%) .

X5 AL 3L 1SR R SR S A T 2 TR R,
RO B 1 s 3 Wi LG i 25V A B, LR
1 6 H R LA A R S A TR AL B (R Y
er ) X FUEOR Ve T ARZL 2 Mo R \NO,™ K&
WHIR L HEATAH DA HT , o B0 10 a5 0 R b 1) A ek
He, HOCRFFA IR TR, Y =-0.4217X" +
14.31X-2.1247(R*=0.98), X=16.97 i}, . 7R Y
EER N AL E e SO MR g
2.5 VAR AR i R g

3R 5 AT LUE I, TR 53 2 AR IE T T3 i
Fe b, AR E BT IR H 18, 2% ~
85.0%. ;= Efig i - 26 Ab B (1 - 6) fRAR & L CK,
FAR 48.6% , 7~ 555 2R AL B (1 ¢ 6) WML
26.0% , ;F= W5 AR AL B (1 2 9) T A fb
34.0%. 7] W, VEWR A3 AR F T3 Ak 85 , mT LA
FET A ACNEFE A [RIE 3 w8 7, o303 .
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Table 4 Quality of tomato fruits under different biogas slurry treatments
b3 THl < K Ve ALK b SR NO,~ WERR L H AN
Treatment Biogas slurry : (mg - Lycopene Total Tot.al (mg - kg™) Sugf‘n‘/ Taste
water 100 g™")  (mg-100¢g™") sugar acid acid flavor
(V:V) (%) (%) evaluation
CK, - 4.32f 1.67¢g 3.87d 0.38a 2.43a 10.07 100
LB 1:3 11.02a 3.06de 4.73cd 0.40a 0.39f 11.83 107
Duck manure 1:6 9.60be 2.90f 5.01¢ 0.32b 0.34f 15.60 119
1:9 8.40d 2.71f 6.38a 0.32b 0.79% 20.22 113
S 1:3 7.52e 2.83f 5.73b 0.34ab 0.51ef 16.68 120
Pig manure 1:6 8.64cd 2.87ef 4.60c 0.30b 1.05d 15.19 118
1:9 9.98b 3.34c 4.03d 0.30b 1.54b 13.34 114
4 1:3 10.53ab 3.21cd 4.04d 0.34ab 1.29¢ 11.86 108
Cow manure 1:6 8.49d 3.61b 5.62b 0.30b 1.57b 18.74 118
1:9 8.79d 3.93a 6.69a 0.32b 1.53b 20.94 114

K25 0 RTINS RK 22, Pt RAIG, R BB 2 SRR AY X 22K Due to the poor growth and low yield in control, the tomato fruits could not meet the

test requirements of fresh samples.

x5 ARBRLETHIEAE

Table 5 Amount of chemical fertilizer under different biogas slurry treatments

JbF W K B LB S TR it REEL)Y 2
Treatment Biogas slurry : Urea Normal calcium Potassium Total Saving
water (g) super phosphate sulphate amount rate
(V:V) (g) (g) (g) (%)
CK, - 7.59 14.32 8.04 29.94 0
LLES 1:3 0 11.83 1.80 13.63 54.5
Duck manure 1:6 3.25 12.90 4.47 20.62 31.1
1:9 4.55 13.32 5.54 23.42 21.8
LB 1:3 3.00 8.87 4.46 16.33 45.5
Pig manure 1:6 4.97 11.21 6.00 22.16 26.0
1:9 5.75 12.14 6.61 24.50 18.2
e 1:3 4.09 0 0.40 4.49 85.0
Cow manure 1:6 5.59 6.14 3.67 15.40 48.6
1:9 6.19 8.59 4.98 19.76 34.0

30 #

3.1 HBGERA BRI S R C R
AHFFT I, 7 R A5 45 A AR B B G O
T, VAW BC it ) - S A A (28.1~36.4 mg - kg™') |
R (8.24~15.04 mg - kg™') FIAH HLIF (9.86 ~
13.55 g - kg ") B FHRARNE 17K ABVE B AR
A3 AR B4 it FE T -+ S0 7 ff k38 P B 8 Tl
B Fogafb2p ARl Ab B e H 2 ol 3500 (495.6 ~
667.7 mg -+ kg™ ) 35 BB = K - T W C it % 3 8
JER S SR LA 3 45 T SO, T K 58 NO, % B TE
P, 3] s 3 KT 300 mg - kgt A E
RUIE 17K T8 VX 328 2550 1) el =22 2580 R B s 6 L 48]
(R HG I REARG , AEAT o T e T A I Ah 3 5 2
6 FEVR WO - R I IE B TR B oA A
FEVRWL, HLA 28 TR RO A S R0 B 1 o R B A
R T = T REAR, X 6 B VR W b & A 1 LA

X A B TS E R X S IR AR B
FTal He—2 R, BT A 2SR A Y
Jo R ZE TG 2RI 1Y 40.32 F1 3.45 7%, ) 1 35
A AR R A g T L S AR
TV R R - A I 1 s A — 3K
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