20194E10 A Z?ikm*ﬂiifﬁ 250 & 510 W

doi;10.6041/j. issn. 1000-1298. 2019. 10. 032

FERARNZEEMERS T REESHIEHZ N

> 1,2 1,3 ~—~1,3 1,3 7. - 1,3
A1 Bz Kk tfhim o iK%
(1. 22 IHFE T R2AREIR S5 30 1 TRE2ABE, 220 730050 2. HR &AW Bihe S5 K HAE T AMILRE R AU T A SL IR %, 2240 730050,
3. ML T R2AVEIRAE IR SRR 0, 22 M 730050)

FEE . ORI AL F WS FIVE WO A K B 3B A58, R GEATSE T VR MR C b B R % 2 i e 2otk
BT D ORI B YRR s, S5 R . T3 AR (TEECEE 1 4 /EY-LRE(K,) R 1.0)
TR RRR R ZERUARARR - 1 B R A5 Ab A K, 430 FL 4l K AR BE (€O ) 785 24. 11% (15. 59% 1 33.92% , 5 CO 4k
BHAR LU, VR VR P LA N A T G AN S R, T2 A B (VAL EE 1:4,K, 0 0. 8) REME TR I 7 =
I MAEAE R C Rl B & i, B TR VR AT LARRAIR T 378 F R 408 pH (B, B4R - 58 S FL B B - 3if fn iz
IR VTR A A B - B LT R BE 1 2 BR B 2 Se BN S BRIk n A g W VR VR A W AR 45 A A P 4
DA LR IR BB, L A TR B B R T DD 0 SR SR ) S G R B R AR R SR R
3, T R AT, TR PR D ) R S ) 2 2 T I A R e R R BT SR S I bt A A
b E A ARG  OREE IR TE PEAE T A E I A BRI RS R Se R I AR SE RN S AR
ARFLAR | (20500 s B SR S AR R SR ST R AR 4SS, S5 A iR g5 I, T2 Ab B SR AG F) T & Ah A9 2k
£ R TR AT LA R - R A R

KR WEE A TR U R EREE R TR

FESES: 274.3 XERARIRAG: A XEHS: 1000-1298(2019)10-0278-11

Effects of Digestate on Tomato Growth and Soil Ecological Environment
in Greenhouse

ZHENG Jian'* YIN Ligao' ZHU Chuanyuan'”® MA Jing'? ZHANG Ping’an'"’
(1. College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2. Key Laboratory of the System of Biomass Energy and Solar Energy Complementary Energy Supply System
in Gansu, Lanzhou 730050, China
3. Western Energy and Environment Research Center, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; To explore the effects of digestate application on tomato growth and soil environment during the
whole growing period of crop, the influences of digestate application ratio and irrigation amounts on
tomato agronomic characteristics, quality, yield, soil physical, chemical environment and biological
characteristics were systematically studied. The results showed that the plant height, stem diameter and
leaf area of T3 treatment ( digestate ratio was 1:4, and crop-pan coefficient (K,) was 1.0) were the
greatest, which were 24. 11% , 15.59% and 33.92% higher than those of treatment CO irrigated with
water only, respectively. The application of digestate can increase the yield, quality and taste of tomato,
in which the treatment of T2 ( digestate ratio was 1:4, and K, was 0. 8) obtained the highest vitamin C
and total soluble sugar content. Meanwhile, digestate application can decrease the soil bulk density and
pH value, and subsequently increase the soil total porosity and saturated hydraulic conductivity. The
content of soil organic matter was firstly increased and then decreased with the increase of soil depth in
treatments applied with digestate. Furthermore, the application of digestate can also increase the number
of bacteria, fungi and actinomycetes in each growth period of tomato, in which the quantity of soil
bacteria and fungi presented an increase trend from seedling stage to fruit swelling stage, where they
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reached the peak value and then decreased, while the peak value of actinomycetes quantities appeared at
fruit ripening stage. The activities of catalase, invertase and urease in the soil of tomato root zone
presented the trend of increase continuously, first increase and then decrease, and first decrease and then
increase during the whole growth period, and the peak value of them appeared at fruit ripening stage,
fruit enlargement stage, flowering and fruiting stage, respectively. T2 treatment was more conducive to
tomato growth when the agronomic traits, quality and yield, and soil biological characteristics of tomato

were comprehensively analyzed.

Key words: facility tomato; yield; quality;

characteristics; digestate
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FTEEREE N 1. 036 o/ L, 2B TS M 0. 533 ¢/L,
SRR T R 1. 186 o/ L iR H i H R 2 4
A R Er e R e E, 4 2204 (32 H) i g
EEMEN L Rk N P = SR TIY TR
1.3 iKigit

RO REE 3 AN TH IR AC L (VE W K AR FR L 43
124 1:6811:8) ,3 AHEREE (FERE W =K AE,,
Horp K oMAEY - R %, 2091 0.6.0.8 F11.0;4
/N AL, AR H o 30 em x50 em; E, A UCHE



280 S A1 R A= 4

20109 4F

IKIapGZE A L R 28 i) . BRI E T . T1 ~
T3 VHIREC LA 1:4 K 235124 0.6.0. 8 F11.0;T4
BWBCEE N 1:6,K 0. 8;T5 {AMRAC L M 1: 8, K, K
0.8, [mlmf, 58 CO FIl CK YE R IR, CO H K, =
0. 8 MZlK X B, CK A Al B R 48 5 AT far B A Ak
B HANE VR K i 28 O IR RS b R 3
WS RHBEYLX A HES ik R 30 em, 1T
P 50 em, /NX B ARAT, 0T B 1R/ XK
JEAH B35 35 5 06 9 v P, R R 1 m 9 SR
ATHEARLB AP /NI A3 T, 1l 50 R FH TE W /AL
B, 7 ALBAENT 2207 T BEAEY) 10 em A, BERRAEY)
NE—N, HAET em , I®KE S em, EFMNELET
JEV I LR FH 2B AE RN ELAR S 20 em Y25 & LK
W78 i HEWE i ARERR 1 d 08 .30 I 7% & it
e AT Wk T AR A, VE AR R 2 d/IR
1.4 MEMB5AE
1.4.1 FHAEHEIEETE IR

T A B BCELAT AR 3 bR, [ B0 AE
JE5 6 RIFUG (2017 44 H 9 H) , 5ik& 8 d Ml —
UMk RIZE M . 2= AR T 0 (6 A 20 H) . #
o PR ROMZE ST i B, 2 93 ROR
A& UL AR ZEFT AR 1 B AR, AR R R 5 ok
PRGN 5 W 1T R 76 25 00 45 28 & I A > b 3 e
IR RN 3 MR R IR BORE AR 25
RN RIRE AGRAS TE 105°C THR46 57 30 min 5, 4
F 75°CHE R T 28 i, FRR J s i R OF
(KGR 0.01 ) FRT it , AR 5 b A b F 39315 Hh
ST R LA
1.4.2 T 0 K= AR AR

AIVEPERIE 9 & . oR I WAY — 28 YR DL 47
SH e, deE R C SR A EsY ) e
TR B B o T, TV MR BORE S A RN L ik,
T WA B FFBE 2 ~ 4 d RIL— IR, 10 T R e
[i1] | B LAY RSB H R ™ i, 45 Ab B R iz Ak
B BRI BRT
1.4.3  HHEREEIER

TEFAANE AL T W (R AR SS R R S
pe. \%iﬁ‘igj@/ﬁ;ﬁ)ﬁj\%[]ﬁﬁlj‘]ﬁé 50 mm = 51 mm ¥
T 70RO ~ 20 em 19 +)2 H4F, B4 AL PR 4y
SIEE 3 W, BRI ( -20°C) 7R A7, T2k
W5 S K RIS, R R ER R AR
PR 0 I 52 R AR R AR Al B A R
PDA JEFR 5L FUR B R 5 T G R 0 iR A
Bom R &K1 SR, o Sk SRS M
KMnO, 7% 72 357, T B B 76 F SR 1 8 0% 0 2
PR RS R P gk

TEREAVE YIS0 45 A5, 328 IBOA [ b 237 it A
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SEUS S HEW) b S K SR TR R I E (105°C,
8 h) '+ HEAT BT R OR FH R K R A A i 34
200 -39 pH (ERA pH TTHEAZEEINSE (PHS — 25 #Y
fEHEC pH I, b F 8 A B A2 AR R A PR
NI
1.5 HIERESSH

*H Origin 9. 0, Excel 2017 ﬁ#éé}f*ﬁﬂ[ﬁli%,%
JH SPSS 20.0 B A%k Jir I 1t 36 4% 4% 2 AT W M
I3HTS
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Tab.1 Agronomic characters of tomatoes harvested

with different fertilizers

Qb Mem/em  ZEH/mm PARMEAEY em® FHREem
T1 146. 534 11. 98¢ 8053.9° 47.74¢
T2 157. 67" 12.45° 8 830. 8" 46. 44°¢
T3 163.21° 12.75¢ 9 104. 6 45. 73!
T4 148.01°¢ 12.23¢ 8 596. 2° 47.584
T5 142.01° 11.76° 8 154. 34 48.57"
Co 131. 50" 11.03" 6798. 4" 49. 36"

TE AR FBER R P <0.05 KFF 2 5 8 3% (Duncan £
%), T,

2.2 MEAXIZEE MR ENRN

M2 ATLVE A LT CO X HRZH, W it v T
ATDAEE IR AR AE A= 22 C ATV Pk SO L Pl 1R B
AL PEREDE Y & 5 DL O R/ AR e, T2 kb3
MFEMAEER C S EfRm, 4 19.973 mg/ (100 g)
BOTL, T3, T4, T5,CO Ab PR & 6.49% . 2. 18% |
4.49% 8.69% 25.45% , M T2 T4 TS 4bFEA[ 5,
HEWE LA R A 4R R C & it RV BC LE A O
FHOC, BDE At AE A= 3R C % 1 Bl VH VRUC LE Py 388 o vy 34
Ko AL IFE AT Pk SO & &t KRB IMR I
T2.T3.T4 . T1.T5.CO, T2 Z4bHE L T1 T3 . T4 . T5.CO
Ab B4y 5 = 14.07% 1. 64% 4. 16% | 36. 48% I
62.58% ., it PR 25 76— 8 72 BE 1 48 T 3 it P i
FETR B & i AEURT DL B Jd 188 = ] 5 B et LB
PR LY o 156 AT LA o it FH R YA fin 2 T s 1 S
B HORMCGE TR AR LU, 23R R

K2 AEHEIRAZEHEMN AR

Tab.2 Quality of tomatoes with different fertilizer treatments

s - Yt C Eit/ At AR AR — ATV R A
(mg-(100 g) ~") 5E % I8 % 5 %

Tl 0.0362 18. 756 2.765 0. 265 10. 434" 5.39

T2 0.0345 19.973* 3.154 0. 301 10. 478" 5.57

T3 0.0333 19. 546" 3.103 0. 309 10. 040° 5.50

T4 0.0359 19.077¢ 3.028 0.271 11. 186° 5.43

T5 0.0378 18.376° 2.311 0. 244 9. 469" 5.31

0 0.0380 15.921" 1. 940 0.228 8.525°¢ 5.25

P 1 AT AL, A R X B e 2 S
(P <0.05) #5235 7 &t KB/ MK T2 |
T3 T4 T1,T5,CO, T2 4b ¥ (1:4 0. 8AE,) " & &
L4015 ke/BR AT CO AR 3R T 13.22% .
AHIFIVE VR BC LY (12 4) B 3 A5t B bk 7 o Bl ¥ R R
T3 0 S S KR DN A B A B T2
A B R BN YR K T2 (T3 (1, 11 78 4 7] Y 38
RS BT (T2 T4 T5) , Zoni H bk ™ £ 22 I VH VR T
LU 380 15 hn 4 34, B KB/ IMIRIR R T2 T4 |
T5,

45-
=S

4.0r —E ER _I_ _I_
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a 30r

2.5r
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Fig. 1  Yield per plant of each treatment
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(P <0.05) 7 VH WOBC b | 08 b A, 4
P AR IR BB, CO AbFRAY + IR AR AL CK A
Fid R BEBEE 2.07% ~2.90% Z i (P <0.05),
T SALBREE S )2 TR B UM O, AH [ VE MR L
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JEE TV YRV S 1) 16 AT 38 K ] VR YR R o 1
FAFT (0. 8AE,) , ANIF] 2 VR EE + 3 8 LB EE Bl A
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Tab.3 Changes of soil bulk density, initial moisture content and total porosity at different soil depths during
fruit ripening stage
e FHERF/ (grem ™) I K % T HERFLBRE %
0~10cm 10 ~20 cm 20 ~30 cm 30 ~40 cm 0 ~10 cm 10 ~20 ¢m 20 ~30 ¢m 30 ~40 ¢cm 0 ~10 em 10 ~20 ¢m 20 ~30 cm 30 ~40 cm
Tl 1.28¢ 1.32¢ 1.354 1.38" 12.150  12.340  10.52f 9. 98! 51.701  50.19%  49.06%  47.92¢
T2  1.25d°  1.28" 1.31° 1340 12.35° 12.63°  10.93°  10.36°  52.83"  51.70"  50.57"  49.43"
T3 1.23¢ 1.26" 1.29¢ 1.32¢ 13.59*  14.12*  12.78"  12.10°  53.58"  52.45*  51.32*  50.19*
T4 1.274 1.30% 1.344 1.37%  12.59%  12.86%  11.23Y  10.66  52.08°  50.94°  49.43°  48.30°
TS 1.31° 1.34¢ 1.38° 1. 40" 13.14° 13.27°  11.74°  11.12°  50.57°  49.43°  47.92°  47.17°
o 1.38° 1.42° 1.45° 1.48%  13.21"  13.51" 12,20 11.15" 47925 46.42%  45.28%  44.15¢%
CK  1.35% 1.38" 1.41° 1.45° 8. 48¢ 8. 848 9.048 9.32¢ 49.06"  47.92"  46.79"  45.28'
TR, BV RO I R, + 5K KB CK o107 S
A SRR R RE R A R T R Toosl g 0 ;%gﬁ
T PRI K 105 AL, -3 05 K 3B 32 VR - a Ay, =T
I S SRR B NI %5, 7E 0 ~20 em Z I =111
I B R RS 38, 75 20 ~ 40 em 2 FIZZ D s Al
el 2 AT 7 BT I, M R Sk AL ]
B S EE (T R B L IR T CK 41, 5 P A oL L A LR

TR A AL TR (T1 ~ T5) e A Gk R 5 T
H MalKFE B AL 2] (CO) L HEM AT T K R EL CK
AbFEAT T TR, T3 Ab3EF-3 3 Sk R R R,
CO AhbBRfE/IN | 45 TRIRAL B SF-2 A kR
THWRC H DA R 0 e 52 AE AR S SC &R , RO RE VA W B Eb
IR VRCHE R 2 110 186 K, OF- 35 - HEAR RN K R R
i BT VR0t FH AT A K - A RN K R s - 0
7B 1878
2.3.2 BRI A R

A5 A FRSCRR AR AR AR XA ] 4 J2 R £ 4 pH
EAA ML L UL 4, 14 pH (A8 0RF
B+ JZ TR ARG I 45 AL BE 1 pH (34 B AY
A HIRREM A R4 12 pH {EHY/NF o Al

PG
P2 N [ b B TR S I S T P A Rk R
Fig.2  Saturated hydraulic conductivity of soil profiles
under different treatments of biogas slurry irrigation

CK &b 2 FLREARIR BE A 1.25% ~3.75% (P <
0.05) o >R AAS AT W B bb e R o it FH B, £ 18
pH (HAEAS T2 A0 i KRB /NEE A [0 T3 T2 | T4,
TS T1, AHFEVEB G, B A TE W He 3 K, X £ 48
pH {E Y B AR B 8 a8, 126 A [R] 7R W b 45 14
T, Bt T R A 0 98 pH (A B W T R, 2liK
REFE(CO) )2 14 (0 ~20 em) B pH 1A Fr F I,
Ui B it VR VA R T 38 pH (M R AR, 7T il %
R A ER T A B TR SR AR U

x4 RIBRHPARLERELE pH ERENRRE

Tab.4 Soil pH and organic matter quality ratio at different soil depths during fruit ripening stage

e 13 pH (E THEEYLT R (g kg™")
0 ~10 cm 10 ~20 cm 20 ~30 cm 30 ~40 cm 0 ~10 cm 10 ~20 cm 20 ~30 cm 30 ~40 cm
T 7.98" 7.95% 7.93" 7.91° 12. 484 18.51¢ 11.334 9.01°¢
T2 7.83¢ 7.80° 7.78¢ 7.76¢ 14,75 20. 33" 13.31" 9.11°
T3 7. 80° 7.78¢ 7.75¢ 7.71°¢ 15.18° 21.37° 14. 09° 9.15°
T4 7. 894 7. 854 7. 834 7.81¢ 13.25¢ 19. 29¢ 11. 98¢ 9.06"
T5 7.93¢ 7.91¢ 7.87° 7. 84¢ 11.97¢ 18.08° 11. 05¢ 8.97¢
(60] 8.07° 8. 06" 8.05° 8.03" 9.14f 9.08' 9.01°¢ 8.914
CK 8. 09" 8.07° 8.03" 8.01° 9.20f 9.15' 9.11° 8. 944
M AEEA PR AR R A, CO AbE A (T1 ~TS) HHEA VL = SR AR L B Y BE 1 2 IR

[t

BB & AR A S CK b3 — 3, A Bl
R A E ORI N L T R, TR S Ak B

JEE LS R e AR A R B AR [V WIC LU A% F
A SRR A B 8 B T RO I A4 5
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TSN s FEAH IRV O B 2R F R A LR L K T A SRAE Y X L3 rp s FRon R p i e

AL & SR L ARG, B4 + )25 +
A HLT S 2 B VA WG L B R, BAITE R
Jite P AT A I A LT i, i A PR
BREEHIE R 2 E A% O W BT, B e 141 2R +
BRI K RS A SR A E I s - HERR BT
2.3.3 LAY AR R
2.3.3.1 TIERRE

TP E R AT BE R MRS 2
A Y PR TR ER B ER 43, A A AT LA R R 0 A=

YR A S R B XY
1S5S REMEAET N BIEMUEY X R,
XFEL €O 1, it FH VA WRCPH S 16 in A5 7 A o 40 R
i, AEAHRIAWREC LA, &2 B0 e 18
Bt T VT R P 3 IR N, A IRV YRR Tk
WM, A F W N A 3 A TR B RV VAR
IEASE, [RIA, 454 B 7R 4 A0 35 30 PN A = 198 40 P 4
St [ A ) R S A S s A B A SR
SERE RN IR BRI 5 T e,

RS5 AREEBFHAFMTEMENXRTLER

Tab.5 Changes of soil microbial flora in tomato at different growth stages CFU/g
B e HE K T Ko
gL - FriE R P s iR 0 Rz . PR P Rz
EXp: N g . N "
SRR R R SRR R Ry SRR R Ry
6.34 x 6. 41 x 6.55 x 6. 48 x 1.498 x  1.529x 1.887x 1.493x 2.087x 3.026x 4.236x 5.718 x
Tl 107(! 107(1 107(] 1O7rl 104(] 104rl 104(1 104:] 105(1 105.1 lOSd ]05:]
6.91 x 7.02 x 7.21 x 7.11 x 1.626 x  1.672x  2.060x 1.638x 3.130x 4.538x 6.353x 8.577 x
2 107I> 107): 107]» 107h 104]» 104)) 104]; 104)) 105]; 105!) 105]1 105!)
- 7.36 x 7.44 x 7.60 x 7.50 x 1.739x  1.775x 2.190x 1.728 x  4.068 x 5.899 x 8.259 x 11.150 x
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Tab.6 Effect of different fertilization on dynamic

changes of catalase activity in greenhouse soil
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