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STUDYONNURSERY SUBSTRATE OF SLUDGE
ABSTRACT

Substrate nursery is the base of soilless culture in modern agriculture. For a long time, the
commercial substrate mainly consumed natural resources as raw material, and caused serious
damage to the ecological environment. Looking for Cheap waste materials to produce substrate is a
research topic with broad prospects for development. It can not only protect the environment and
achieve the recycling of resources, but also can avoid environmental pollution and reduce the waste
of substances.On the other hand, with the continuous expansion of the scale of urban sewage plants,
the growing living sludge has brought great pressure to environmental protection.If the fermentation
of sewage sludge can be used to replace some of the traditional substrate, Substrate consumption
problems will be alleviated, sludge waste can also find new treatment methods to achieve the
purpose of comprehensive utilization of waste.

1. This test respectively to sludge, cattle manure, pig manure, straw, sawdust and fungi
residue as raw materials, according to the same carbon to nitrogen ratio (25:1) made hasTl1
(sludge: cow dung: straw =5:2:1, mass ratio, the same below), T2 (sludge: cow dung: sawdust
=4.5:2:1), T3 (sludge: pig manure straw =4:2:1),T4 (sludge: pig manure: sawdust =6:3.5:1), T5
(sludge: cow dung: straw mushroom residue: =11:5:2:1) and T6 (sludge: cow dung: straw
mushroom residue: =12:7:2.5:1)6 kinds of sludge leavening ,from two aspects of temperature
change and germination index,the best substrate material was screened .T5 sludge leavening
reached the high temperature stage for the longest time and the highest germination index.
Therefore, TS sludge leavening was used for the subsequent nursery substrate production.

2. This test respectively to TS5 sludge leavening, vermicompost, peat and soil as raw
materials, according to different volume of ratio made has H1(sludge fermentation: vermicompost:
peat =1:1:1 volume ratio, the same below), H2(sludge fermentation: vermicompost: peat =2:1:1),
H3(sludge fermentation: turfy soil: garden soil =1:1:1), H4(sludge fermentation: turfy soil: garden
soil =2:1:1, H5(sludge fermentation material: vermicompost: garden soil =1:1:1), H6 (sludge
fermentation: vermicompost: garden soil =2:1:1), H7 (sludge fermentation: garden soil =1:1),H8
(sludge fermentation: garden soil =2:1) 8 kinds of substrates,to has production raditional substrate
(peat: vermiculite =3:1) as control (CK), from substrate physico-chemical nature changes and
nursery effect two aspects for evaluation and filter, respectively application substrates
for pepper nursery test and tomato nursery test,Correlation analysis and the determination of

indicators, physico-chemical properties of different substrate effects on growth and development of



pepper or tomato.

3. Analysis of physical and chemical properties of substrate:Compared with the traditional
seedling substrate CK, the physical and chemical properties of the composite substrate were better,
and the physicochemical properties of treatment H4 and H5 were the best.The total pores, water
holding pores, pH, EC and total K of H4 were significantly higher than those of CK. The total pores,
water holding pores, EC and total K of H5 were significantly higher than those of CK.

5.Effect of pepper seedling culture experiment:Compared with CK, morphological indicators
and photosynthetic characteristics of pepper Seedling of treatment HS (sludge
leavening:vermicompost:soil =1:1:1)have been significantly improved. Especially, Seedling index
and stomatal conductance of pepper Seedlings of treatment H5 respectively increased 3.07
times,2.69 times.

5.Effect of tomato seedling culture experiment: Compared with control CK, the germination
rate, fresh weight, dry weight, plant height, root length and seedling index of tomato Seedlings of
treatment H4 (sludge leavening:peat:soil =2:1:1) respectively increased 1.15 times, 1.56 times, 2.18
times, 1.31 times, 1.72 times and 1.45 times. Pb, Cr and Cd were the least heavy metals in seedlings
treated with H4. Heavy metals Pb and Cr content of tomato Seedlings of treatment h4 is the least.

6.0verall, treatment HS5 could culture pepper seedling with the best quality, treatment H4 could

culture tomato seedling with the best quality.

KEY WORDS:Substrate; sludge leavening;peat; pepper; tomato
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1.1 #E 5 RATERIVIK

B T IR T A AT AN B iy, FREG K AL BE ) RSB BOR, B BokBZ, fEbE
7 AR R T AR S Y ORI G T A By e AR R 2 k4000 07 g, i 4 [ AR TR
Yo b BE AL Vet e B S ) H AR IR — 2 (GIBe R A% 2017) o 1Ty SR B S I, Bl
IKACFETFERRIIN , ARTE RGP MM, A KR BIILR . AT K 2 B oK
ToUe AL FRAL S, TR BB, WREBORSR, AR T K79 e 15 2 2 4 235 1 4k
R PEAE 2017) o ARAERA Bon, KIS WIS e IF A 13 215 B a3, K2 H2 T
B AR OR 155055 2010) 5 HHOR ) (BRI AT L 2011) , Mgk T — &I
BB, 28T s ERARI) 2 G .

IR A 0 Y AL BE L5 A F R O VR R e A AR S HE (R F2 55 2005, T 3CITAE 2002).
IRAUK I (Wolters, Bet al. 2016). il & @A (R 52 2011), DAIHIL(ARA LSS 2005)5% . i+
AT TERL BENS T B 075 Ve AN TS 2K AE T, ARG oA B e, AEAIRERI AR, B 5 A R
M, BT SRR B, Rt DI IR A GE S 20145 BRI 20125 R
JCEAE 2014) v AR EARAEFIRE )R, BE AR B A S (B RS 2008; HEER
F2011); HiGJR BT, FRKFRERER60% LT IS, WAF/ER S5 JeHt KA
g, LRSI AR BRI D A R R (ZEFR ER MPATR 2015)

ST K AR B ) IR ARV e 32 BRI AN it R A g P IR RIS (EXREE 2009,
+3F 2012). EiEVGIe EEOEWMAEMIRI RS, SHETEENE, B, W, 2RBEITEME
KA F-(Ferraz, F Met al. 2016; Fudala-Ksiazek, Set al. 2016; Marufuzzaman, Met al. 2015; Soltan,
A M Met al. 2016), {H¥5 11195 B3 AE 2 (Amir, Set al. 2010)#1 5 4> J& (Huang, H and Yuan, X
20162 HBH AL A IHIZ0 1

HENEASEAE— 8 N AR BIAE N, A AR, AHEAR TR A DL o e A o L
RS E I JEE LR A, LS Bt — P A IR o o AR A IR I R rh A E D UK T SR G &R
A7 U A HENE 5 PRAEHENE . B3V s Je TR A HENE ) T2, SR B 5, A EROK,
NT AR, HAEMENERAI O RIE, A A UL R IE A R PR AIE,  HANBERC WL
(Eldridge, S Met al. 2008; Ni, Ket al. 2015).

LT A R AR 3 v e T AT R PR, ] B A ARV Y AR R B, T A
5T 2 IR S ET



2 LLy5 e ) RV & R T

12 fE R EEER

121 BEHERNER

PR, BEAETRIE RN ISR KR, SR & g e L) fbidek Bkke, JFEEmile
GE T e L) A E WO R R Al AL X AN TR, TR T R R,
PRI Az = 0 3K

b AREE T, TR EDEEYIR R, I EYIR REIE RIGFK BRI CaE}
MRz 2001; XIEZE 2013; X4 2012; 5R4EEEE 1993). FE5UE I AUE T FRESE D,
RS W, S EA R, [ SCRAT I e SRR (A 2015) . FET
B AR R T = W& IR, MRB RS ED, EREMIEN S, H R ER
Dy SR 2013; FRLLHEEE 2012; SRfR4E 2012). HEPTH W2 AR B B HOR I E
B, MR T ARSI RO RS B CAS Ry BRI TR O S ik,
AR ER AL = M & e IR AR Al (4R 55 2013).,

SR AR R N B LA 7, 78— @ 4T, e EHESE w0 IC AR KRR R R .
LTV TR FE D B SR 2 Ve . B ) BE VR A BE TR RORL R, R, WA
B, B LB A (TSR 2003) . FHEAR L 5T R 4 B PR O 5 H 04 0.1-0.8g/em3, S AL EE R
54%-96%, 180 FLBRE A 15-30% , 1K FLBRE 40~75% , /K EE A 1:2- 14K B4 2015; 5k
BRmAE 2011); KRBTGS PEIR AR HE TUA S B3 ] (AR )ROSR H AT 508 374 ot o BRAREE 5
2R pH 5.5-7.2,EC 750-3500 pS-em-1(5K 4 2012). LTS5 AHUIEM L, FEME
WK, HER, TULHEYE KRN I MANIEAEEREKR, SEm, B0 FE,
DARAE TG AR B NE BB A o 1 AR 5 15 e ARl e M- HIUIE B4t n 2 o R, - geh oy
&, 1EYIHHEAAAE(H, K Pet al. 2006).

T bR AR T AN ], R IS 7 R v BV E AN A | DRI, 50 1
AREGF TR AR RO, R SRR ik, BRARAE PR A, B AR R R S A
122 BEHERBE

BEFURME LA I E sy, W AU, AR AR Al A
TAEBIER, RIRFEFUAEE & 2012; 4#E5E 2005).

TCHLHE T 3= SR HR—SLC R ARG W sl L 28 vl A5 A 8 )5 (1) 7= A D TG k3G A I, i
A Bk, A, AR BEES . NI iBoh R, s BARK M Hh 5 A #
. FIERBRE.



—SUREAK, BRI, R MR I E B I OE LI R A A, R ARS
PN AT HEIX R, AR A MUK (LIS 2009; JEIBE € 2013; RBRESE 2011). HEAE
AE NI, Bl AR, AR A B e Ak B A s 1) s
B RE, JLS e — R R L FE R AR 2012) FRPE K BE I R FR i AE MR AR I SR R,
AL NP ARUR RS IR R . ISR R SRR 5. Wi . EEES, TR R
DKW MRYsStentifordIRFFT, HURIEAESS CLL RN, AR THEAE DAAL; ¥ {E45-55°C
Z AN, AR TR EERE MR iR B E35-40°C Z (A1, A7 R T i A9 2 FE4k(de Bertoldi, Met al.
1996). A HLE 79 K eIt A2 rh 75 22— L M ZURFIBRR (ER DR 2015) o RARIE S 75 5%
TRRZ, n MR R R TR B BRI, R IR A R . R 2R T DOk R IR AL
o TS AR FYR B IATIA MG, BERT DARRACARAR R 75490 H i ¥ L g, ST L
G LAl 8 A 2 S K Rl v A (R AR 2014).

] P 28 50 43 () 7 B v R BRI A (A 0, L 4%2: 1803 1(FRIREESE 1998;
XIPESE 2014; EROSFBLA 2011). FORFEAA G SH —C BN KEGEAMEILE, W
WA ORI AT, AR A IR, BE b (RS IR AR R A T A B I R 2. R A
P, EEFERGEREP =Y, AT HUL. HEFEINERE, fE2 KBS AH T, A
RESE R R HERR T T e 0 KK TR IR 73 R R A T BB I LA S — 38 3 4)
o AU RAE30% UL L, TR 5 T, EhEE0.7-1.05, £ RifaBa, HAanri
PERIR S PE, pHIE— M N5.5~6.5, RMIRMERN, ZERDAM, HWHERKRE. LHFERE
MR BRI BT RS PR ST BRI . — R AR &N A F R G M 2 Rk
+, @ TFE, AR EITRE.

1.2.3 BRI B EERARER

A RAR, 7 I3 0T 32 S AW AE B AR BE SR SRk, R AR ASEAEEIE i 7 F A . I HL
R TR B SE FARTRIR M i 2 AT PRIG(RE R 1988). T4k, EWAMTFRTIFZE
FERIVERIET, IR T ik, Mdd, TR R%EANQ015)H A4 35104 B 5 RS AT
ABLE P SR O TR A 1 T SE g 45 AR, R RRL . B R R e ) 5 A Ak B
FeH S TOW MR R0 T FoAb AR EE, 5 T30 O TR AR L. FRHGEE A ( 2015) A FF AN &
IR AL AN A C LG VR IC BRSO 1) S 30 4 SRR B, RS T ARORIT R R VR I PR 66 B (1) BRI 4+
BRBEEWRRER ., EARFEENQOI) MRS FE. BRvh 2. . EWAMBERE NI
BHERSDUM G B RS0 25 R R, TRG IR UREE S A A0 A i B . MRy, 2L R
Koo MR MARFIMRARFL, AR DB/ L A HUE TR . AR A /)R] 45
(2015) FH B s s Ny e A by B2 SRR P= AN [RIC B 19 28 0 T AR BRI 45 R 1, itk ok 6:4
HI5:5 10 525 B T HE i 35 8 i 4 I L DR 2 AR Lo Ul AR 4 P ) S80S ZRAH B FR A
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Hong CaiatHITongbin Chena%s A (2010)FH ek 5775 Ue KA A ™ AN [ L A7 1) ik Jot S 56 &5
RRY, MERE U, S RBECTR B RS I e AR, nT DR g4 e A K A
FURMAE ] . KahnHlIBrian® A (2005) FH Y 28 5 750 A B R A2 = AN [R) b A 1 258 o s 3 &5 SR AR W,
80% V& 7% N120% A T W) B Ar: [l 25 b nT 43252 (1) AR 100% Ve 2k K AT 16 BB & i« Daniele fl
Marcos% A (2013) AN [ LA (135908« I 0 R b 358 e A= 7= B 17 A AR T 110 22 0 S0 56 45 SR 3R
Wy, HEplEIE, e p i -G Je e rTAT AT 5E(1) . Da Costa Silva J DA A (2011) H il
oy 08 5 AN R LU AT [ M ] 358 2 7 S TR 15 7 WL B8 M BRI S e A6 AE R 2R R ) A K 1]
ST RMEEE . TrazziflPaulo Andre®s A ( 2014)AN &) LA (R AL R 5 K P56 « B Rg 7 Al
R 22 > A 7 5 O ) S 560 25 SR BH 6 68 SO il AR 40 o A — A B B R (R A o

13MARIBHIENX

BRI A JE B BB N 77 SRR, 277 Bt 2 4510 8 B 2 i AR A ok
B E, FIALREFMERGIEE A, BEal LORIP IS, SEOLBTIRAE A A, Sn]
CIE SBT3, D BEUIR 9%, e IURAT) T A R St . R AT v ) 2
AR B T B A B, — D5tk 7 AR e BRI AR e L, g T Ok 5
KRR o R 2B 5 e S8 RS IR T 4 Bkl ok, st SEy s Ve ittt BEUAL,
TF . AT K G5 B B BUEH, BH5eE, gk
Hirb, D> TR m A NRAEY s E T e E A KRR, S il
FOMH T i5Pe g IRy, b T EOR LA

ARG E SRR GRS IR R ST, AT B A R R G B i L O £ ET N A
MNAE Ve IR SIS A F (0 AR Bt e, i o AR Je I S AN R L RHR &, 45571
HE T ik R AT A/ W NG AT, AR R BURAS, (R
A e AT SUSCRAMERE T I AL BRI Bt SE AR 5 1), i FLRENS g2 AN ] 1A BEE K
WA, SCBL T AT Pe SF IR S Er G AT H 10, kg 7 adr i Em AR e,
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2.1 RS

2.1.1 I8 S

RPN T 10 AU P A AR PRI R 23 Gegas e 9 o L B U5 s M IE 9T = 1)
= KHN51X-J09.
2.1.2 iR IE

TR0 I AR VE DS AT K BRPEA JRH g e X, R385 e >k B B 45 J58H g e X
VKRB YE CFraKRL R80-85%) » R0 HT FH A SRR 2K 11 B G 48 R BH T A 2 X 7
JEARMBHE K R Va = a0, R0 T el >k 15 B G 44 SR BH i A 2 X 1) =338 . R i
AT K B B2 RN A X I 5 BT o K6 P s ok 1 BR TS 4 R i X I e BT
TR LT ARACER 1T Ko W0 T A ] 3508 T Bk v e AR A BR A A

PEARBAT A T AU . B AR 2 60cm*30cm* Sem.

PR AN B B R 8028 BAL A AL IR, &AL A F L. A IR T
5 BORE WA .
2.1.3 iR HE T
2.1.3.1 AN[FIBC T Hv5 Y K BE R v

1. SREEREFS . R UULORIE . FEFE. WIEAVSTR . ML KR L SR . K

MBHPIFEARNE T, ank2-1F17R~ .
z2-1 AEMBIRERMER

Table 2-1 Basic properties of compost materials

J TIKEY, 4N % 4= C% C/N b
material water content% Total N % Total C% C/N
75 84 4.59 27.69 6.03
SEEL 53 2.45 32.05 13.09
M 43 3.03 26.94 8.90
NZEREFT 14 1.00 40.98 40.91
PN 5 0.23 45.30 196.77

2. W VE R A R R T R, R A L 25 1~30: 1, F/KEK60% /L
Fio BRI SRR R I — 2 LRI TR A, 0 & ORI AN [T 77 IRy5 Ve R,  RIETL B
IR 2-2F 7~ o
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Table 2-2 Formula for composting(by mass )

LW} 15k S B FFT A5
) mushroom
formula sludge cow dung  pig manure straw sawdust .
residue

T1 5 2 1

T2 4.5 2 1

T3 4 2 1

T4 6 3.5 1

T5 11 5 2 1

T6 12 7 2.5 2 1

3¢ KRR, BER10: 00HT18: 00% Ml — AR RIS, I 5Eit i fe,  FH IR L o i
RSN, EHER T RS0 LS, B ORE R ME. RS T R, RIEA W, BT
ERA. JRAGE, DR ZFRECER
2.1.3.2 ANRIEL T IR

1. B EITS VTR K IEY) Mls s, Skt e ST RAE R AR KT

2. kA B O SCER, B ARG E N2 1y 1 1 20 1: 1851: 1: 1GE7 2014,
FAREE 2014; W3 2014). KTSIHVSVR RKIEY) . Sl e . Fomd . DL el 4 4 A [Rl A
FEHEATIR G, BB S MIANRINC 7 RS 2R 0T, AR 40 F WA BCK i FiR AR A %3 THAATR
URC . A 2 I IC L 3 T e 2-3 i

F23BEEHERES AR

Table 2-3The substrate formula(by volume)

BEIR (AR TSHSTR KIE ) LB FR T HH el -+
H1 1 1
H2 1
H3
H4
H5
H6
H7
HS8 2

3y ANRIRC S 3 SOt A T M B RO 22 P B e, FRe 0 -5 6 AL CRIF R E AT
.

—_— N = N = DN
P

S S G N Sy
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2.1.3.3 BB E R &It

1. B9 A% 4 60cm*30cm* Sem P S0FLE 1/, 3 nlle b8 & & AL JFURIN JE 4 CK
i, BAMCEIE R IR, RIEHKEEIE, WE K. B/at %S E, bR RERE KR
HIA

2 K IE I B RIS 5 CI K T, T BE AR [ 7 m) AN [R] e 4 1 LA S 2 5 A, fRds
20min/riAy, ARG KIRIERI5°C, IREF4-6/NEIRGKR RS 2012), SRR 2 RKS5
P, TR, HEFE, EBUR BN R S LA . BN T AL IR R AR
W

3. BERRIRFE—UOEK, B

4, FEFISKIG, oot Rhi B Bm w3, ARG AL AR — g .

5. A2d)E A ERBENLIRES KR . 20 il sE 2R3 . AR BB S MR COLHE
TR FH,

6. MYt EM)G, A CHERHLICREIRE, 25l B A v AR s ARG Z5H.
(R B IV RN E o
2.1.3.4 FH B ERAR I

1. B9 4 60cm*30cm* Sem 5061 F 1/, 0 lle b8 A2 5 55 U 2 CK I
i, BAMEELHRIK, RIEHKGEE, WE K. BB wmTE, SRR SR
BIPY.

2. BHIELFF AP FAER KR 10min, JEVFLEKIH L ISR 25, ARG TN S0°C I
K, 20-30min 5 45 B K PEE R, SR JEROKIRFE 9225-30°C, fr¥F4-6/NRI, AR5
VR 72 RoKaT, WATHZD, MG, EIORF SR F R 2 LN . AN
FLH R Fh — R AT

3. BERRIRFE—IAE K, G—EE.

4#%%%F Gt AL T A 2, RS RN TS HOREE — sl .

v 35dJE RN AL BRBENLURE3 R . 4 e T A A w bk s . ARG, ZEHLL . T
ﬂ&mhﬁoEM%ﬁW%mmﬁéﬁag
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2.3 REMEBIRS HZE
231 S REABYMMERNEERSHE

1y V5 U R B RE R 10: 00 A1 18: 00 IS v EHEAR (1) AN [ VR B2 AL I B W RHELE , 10T
MBI M RAZHEAR L

2. VU R R ZE 50 GT) e 441 S LLBIFREREERE 5 g AS00mL 248K,
TEFEIR 12A200 r-min™ A1 25 C&AMF MY 24 HiG, HOEW 6 mL, INEEHAIELNH 9 cm
IR o BENLARE 20 R ey B/ Fedh 1, 28 CEREIR R E SR 72 h, WL
ZWKAERTR, =R 3 K.



BFMES L9

m(%)zﬁﬁﬁmﬁﬁ%xﬁ¥Wwao
X R I R 2F 2 x R AR

3v ANFFEFAE . BALBRE . WAL, BAFLBRESR IR I NERAT I 2, KNFLER
Lb DU AR 4 AL BR LGB 41 LB K H GREEE 7K & [ 2002) 5

4. pHANECIHII & 5 AR 5t i, H50ml 255 TR A, B304, i T pH
Th S RLGHATIE ;
o ANTRIEE ) A I AT L I8 B B Sk AT E
« ANTRIE TR () A B 52 7 70 I NaOHAS fk—4H B P b (B3, Bl 0 e el vh B4 T I 5 5
« TRIE A A 0 52 SR Na ORI fil— K 4 ' 1 VLA 700 5 5
v ANTRIE T A ML 5 510 o F A TR A eV A T
~ AANTRIE TR () 4 e P ZKOR e SR o R T AR B, R D 7 R AL 0 s S 00 5 5
232 BRGENERSERNES

1. MR BUERUIE 4 v 3 R AR AR R

2, Fhmrs REZEFBRAKSWKE (em) , HEREATIE;

3. 25 AR SRR L lem 02K (mm) , FHWERR R AT IN

4, FEAREFE (b DIREEE . Hb R EREEED - MR AR TOK 9 Ja A iR
AT R RR EE R,

5. RERETE (Hb B E ., MRS D CRPREAR SRR T 105 CHEA R TE 15min,
4k2l 80°CIHIRM T 24h, RJa PR

6. LR ETRPRIE : MRS GBS T E/H B )< AR

7. Mg R G R BB KA LT, HSPDIGE MR 5, BUFIIIME:

8. AR, AR, HHCOMME., KA TR HLI-6400X T AL A1
RGN O CIRAE B8 2 5 B N 13 5 2 A e 5

9. MEPRME B o i FHVRAH R A i R e W AR AL 3L, FH 51 IROAC 0 D1 0 BE VU 5

2.4 RGBT

TR U6 BT IS ) B FHEXCEL 2007 iR A 3T 48 P . I 455 SPSS18.0 AR A 3EAT G v 43 #T
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E=EERMBELERFAR

3.1 {5 R A BEFE T4t

RIS R nl 90 =38 WPz bn . SRR AR R B 22 FR bR (ERIR S 2009,
PNILTAE 20135 R 2009). PIBESEdEAR D) A, % T HR R R T AR IR, A4
M BUEOAVTR. JEE MR A dahs T 2 THEIE AL PR w5, AR HLRAR AL
HTRMWEY). CINHFICEC; LD fabn s - TOror ikl bt s v v &5 &, ARG i
MUK FEH . AR R B b o AR A0 A ) 2 i b B R SRk A Wy e A e )
(I AR RS o IX PRI FR AR AN T7 2 A M B4, gt e ] A DR 7 12t 5 A6 1 7 T R 1
Py, IR TR AR O A S TR
65 -
60 -
55 -
50 -

45 -

BE/T
temperature/ ™

A0 -

35 2

30

25 T T T T T T T T T T T T 1
1 3 5 7 g9 11 13 15 17 19 21 23 25
BYidElsd
time/d

& 3-1 FEABEAERE T

Fig. 3-1. Variation trend of compost temperature in different treatments
FEVGIe KRR, ARFRTSAITOM L 2 T T UM T3 o ARERTS (3 % 15 Sl A 2
K MR ERSSTT R BISOBLICE LA b, Frgemtial12d, ALBETOI K, frakiflallld. ALHT2AN
T4 ETTHA g, al fede i T ORI AR S, HOR R S s, I A B
AR, MELAAM R S i S S50A 19 (AU S AN ) R RS 854 A P P AR BET LR T3 PR v o
REBET ) AR R 13, ALBETS AR iRy T-T6, AT REAE t TP S bR e e o
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R 3-1 FTRIAEEAIBR A ZFIEE( GD)

Table 3-1 Germination index (GI) of different fermentation treatments

R PR B Tl T2 T3 T4 T5 T6
GI(%) 83.3 73.8 78.6 69.0 88.1 81.0

M- 1T LUE Y, ABETSIA FFRE0(GD e, AAT1IILK, AbEETAM) R FHEE(G
fi%. RAFFRE(G)= 80% nJ LA KW IS 2] T 56 4 Ji (B 5255 2008; BLL9E5% 2015).
AEFRTS IR R 2FFEE0(GI) A88.1, ALFET6I) & ZH5a40( GI)h81, KbBETIH & 2FFa % GI)483.3,
ALK EAT A B T 58 2 i AR .

T I 3 A AN [F] A0 35 PR A PR AR A AN K D FR (G LU 4538 LA /N Z2 RS AT A I Ak
FAT ARG REAR: 2 ARSI TGS 3 A B IR T A& i
IR . BRIk, B, AR SR/ INE RS AT S v Ve R L IH R B

TS M5 e RIEEW e E B 50 BRI JELL b, FReRmf i, RAFFRE( GD&m, KUk,
¥ TS M5 e KV T 5 220 & w2 IUHIE .

3.2 BEmERAIMIEIE R

S5 (K BEAC R FOR AR MR (R A A KOG, e M RIS Ko (R AT, 233
A, DLLCEIRICHR IO WX IRR 1B K S I AT B B SEm (FF 2056 2002; Ik A&
2006). ¢ ol P el = Lk 0 4 T L R SO AN 5 BARE IR 25Kk, S e YR &
AP o DRI 3 T AN [ T 451 ) E K 5 i [ PR 5 B 453 RV L 2 AL, ST A TR )
Mk zE, A

% 32 TR B EE R E R
Table 3-2Physical properties of different nursery substrates

W ORE RURE DL KA pHi ECH

bulk total ventilation  water containing void
substrate ) . ) pH EC

density porosity pore pores ratio

g/cm3 % % % % mS/cm

H1 0.62/b 50.2/g 2.3/d 47.9/ 0.05/d  691/c  221/a

H2 0.66/a 63.3/f 4.2/c 61.2/f 0.07/c  6.88/d 1.49/b

H3 0.35/e 68.2/b 7.1/b 56.2/g 0.13/b  7.36/b  1.06/d

H4 0.42/cd 65.4/d 4.7/c 65.5/a 0.04/d  7.78/a  1.11/cd

H5 0.40/d 68/b 6.8/b 63.3/d 0.07/c  6.73/f 1.18/c

H6 0.59/b 66/c 4.5/d 59.3/e 0.06/c  691/c  1.08/d

H7 0.40/d 69/ a 4.3/ ¢ 64.7/b 0.07/¢  6.83/e  1.04/d

HS8 0.44/c 68.3/b 4.5/c 63.8/¢c 0.07/¢c  6.65/g  0.86/e

CK 0.39/d 64.7/e 12/a 52.7/h 0.23/a  6.73/f  0.12/f
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CKH LR LA L3 1A G, A2 WA M. Aok LI HE, Himkek
)R 05| FEAE A Bk TR B, R SO IR B ) BRI

T BT S B T0.2~0.8 g om’ U Bl N (T SE 2004), AFEH1~HSFICK 1) 78 F 40
HIGHE N, H4. H5. HIMAFRE 5CKEA & MEZESR, Hl. H2HH6H A H 5 CKAT B 1%
o (EEALBREE b, B THIAN, HAAbE ) LB AR TR 54%-96% 0 [ Py (F- 2% 2005), A
RESE H T H1B75 Je A e RN ] 265 B K o BT A 3 ARl LB AR /N T-X IRZHCK, ] REJE VR
TG R BRI R, RALBRE D s B A BRI R K LB AR T X BUZLCK, A A 1385
AR RFRSYy o EEVEMAEK I ZAMECHEA N IL2.6mS/cm(FLIEHSE 2015). MHK3-2
ATLVE Y, P A B B SR v RN IR, U R IR A R G T R B R I B T A
BN T KEE SR HEYERENE, BCHE R, U nl gtk S mrlfe s, a0
FH LR v 3 S 10 600 75 5 U BUR IR AR AP 2R . ACBTH3 FTHA K pHAW B PE,  Foax b 1
(FIpH IR TE, W LU T e FR B TR VR ) 5

3.3 BEERMUFER

R 33 FEEHERMUFLER
Table 3-3 Chemical properties of different nursery substrates

2 951 2N 4P 4K HHL

organic
substrat Total N  Total P  Total K
matter
% % % g/kg

H1 1.02/b 0.10/a 0.93/e 335.89/a
H2 1.24/a 0.12/a 1.04/d 350.41/a
H3 0.41/d 0.05/b 1.18/bc 108.40/c
H4 0.45/cd 0.05/b 1.22/b 87.73/d

H5 0.49/cd  0.03/bc 1.20/c 106.64/c
Hé6 0.51/cd  0.05/b 1.29/a 116.41/c

H7 0.28/ef 0.04/bc 1.32/a 37.69/f

HS 0.31/e 0.02/c 1.05/d 69.29/e

CK 0.51/c 0.03/bc 0.85/f 172.87/b
NF3-4, HALPRIIAENAE0.28-1.24% 2 0], NG R ANAFH2E 5, H7HEK, XA
CK}0.51%. #%AbFE4PLE0.02-0.12% 22 18], P& A H2 5, H8&HAK, X4 CK
0.03%. FAbFFIAKAE0.85-1.32% 2. 0], K& A HT B m, XA CKHEIL. &b

(A BLBTAE37.69-350.41g/kg 2 [A], A WL B AL B H2 5% v, HT85c 1%, 6 RRAICK A 172.87g/kg
AEFRHURTH2 S T2 FIA AL S e, TR TSV IR, Wil SN R T 40 & 58 5
Jo R BT
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3.4 EFREBUMERNG

TR 52 P Ak B T A5 B A 0.35~0.66g/cm’, W ALBREE50.2% ~69.0%, FrKFLERE
7£47.9% ~65.5% , WS ALBRELE2.3% ~12%, pHIEE6.65~7.78, EC{H{E0.12~2.21 ms/cm,
AENTE0.28-1.24%, 4=P7£0.02-0.12%, “=K7£0.85-1.32%, A HLFAE37.69-350.41 glkg. S1E4¢
B PICKAHEL, 2555 A By, Hor AR BEH2 . HAFTHS R 5T 1) AL 1 o b £
WFEH2(EC. AN, 2P, 2KMAYIEE S TCK: AFHAK AR, &N, 2PS5EGE H
FERCKIE B #FHER, BB, FKFLE. pH. EC. K& = TCK; AHHSKAE. pH.
ENFEPECK LR #E %5, BB FrKFLB . ECRIAKE # w1 CK. V5le KW =% K,
PRoK YRR, AF 38T ) A AR KSR O, AL/ N o Vo B TR s, R B ik
FER, 1ERERFHRN . BT Je R H B0 1 3 S ) A . A I R TT S T
T, A LU O R e e S A B AR R T 1
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EMEFRRBMAR

Zhh, BNVHZIAG (%:44: Lycopersicon esculentum Mill.) , JEmnAE e —4 A ZHE4
TR . Tt R, P E AR AR . B R SIS SRR, AR RRR. B
B A% M KB, oM. X7, (5%44: Capsicum annuum L) , FiEl. BUE
AR IR 2 A AR . TE R GRS, O E RSN o B NS 3R
FE R H AUt AR B 1) 22 e o, R A E 1 F B AT, 3 DA
BB AT B S, M 8 FhAT-SHLTrh, 70 sl 0 128 H i B 75 i BRBRAR ) 325 R ot

4.1 EWERRE
411 FEE R A SRHLAN 8 R R

CK
H8
H7
H6
H5
H4
H3
H2
H1

yaaLl
Treatments

000 020 040 060 080  1.00
i

Germination percentage

B 4-1 TRIEFRBERM AN ER B E

Fig. 4-1 Germination rate of pepper seedlings witH different substrates
FERP S 5d eI gert . B 4-1 W] LA H AN [RIC Oy 25 SO R HS BT A< R 520 . Ak
BHI. H3 R H8 B I ACT CK, A8 HA R HT i35 CK AR ALRE HS 1 %

B, s2 CK [ 1.09 5. H5 4b¥ (Voo KEEY): Wil 3s. WpE =1 1: 1) X4 mBig)
T H R A R
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4-2 NEIEFRRYERMZE =R
Fig. 4-2 Stem diameter of pepper seedlings witH different substrates

HHE 4-2 AW, AS[RIEE SO BBt 1) 28 5 A IR . 25 R WoR, M CK
AR B, -4 RIS e B BB P ) 2R, LR, AbBE HS RO B, BRI A T 1) 2SI B 2.25mm,
bt CK AR PREE 5 T 58.66%, LR ALER HY, ZHIAF] 2.10mm, AL CK ALFRER 5 T 48.41%.
RGN, MEERHS (U EREY: Ml d HIPEH =1 1 1D R s B 2 Rk

4.1.3 FRERM ML BB EFNTER RN

1.00 - a ab
0.90 -
0.80 -
. 070 -
OD"E
< 0.60 -
£%2 050 -
®E 040 -
Sz 030 -
8w o m
£% 020 - ok vy i E
= 0.10 - O AR & 5
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0.20 - € de de bc cd a b b €
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sl
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4-3 TR E AR B RIEEE
Fig. 4-3 Fresh weight of pepper seedlings of different substrates

B 4-3 8o T FISE O BAR)  iE ERm. S5RRW], XL CK ARHE, S AbEEfE
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AN TR R A e BB 1 (O e . T R T, HS AbFRACR AR, bk T A F
0.9418 g, & CK ALFE[K) 2.74 £ . HGE H3 ALBRAI H6 ALFE, 435l & CK ARFRIK) 2.37 £ 1 2.33
o X THUTR R, HS ARBEACRELS, RAREF A S 0.1150g, & CK ALK 4.07 5.
LRGN, WEERR EokAG, HS ACBRREE iR K. HS A0BE (V5U8 KB . Widsl3: H e =1
1: 1) X3 i BT o 0 T B A7 A

BT /g
Dry weigHt/g
Hb b
COO0O00000000000000

B

WNRFRPORPNWRUIONOOOORNWA
T T T T T T TN T TN T T A N B

[olo]elolelelelolelelelele] T oYYy

b b bcd bc

CK H1 H2 H3 H4 H5 H6 H7 HS8
busiil

Treatments

E 4-4 FRIERBMSENTE
Fig. 4-4 Dry weight of pepper seedlings of different substrates

4-3 SWoR TN RIE TR B T . 45 AR, XTEE CK ARSE, BR T HI AR
FHS AbFAL,  FLARALBEE ReAN AR B M B BB A e K. 0 T B34 (3, HS Ab
B oA, BRRAEFIAE] 0.1103g, A& CK AP 2.14 5. L2 H3 b3, & CK ALFE
2.03 %o X THURNETH, HS B R, PAREFEXT 0.024 g, & CK BT 2.82
tr, HUOZ H3 403, J2 CK AP 2.68 fif. ZiaorMT, MEERE FokE, HS BT EE
KN, H3 4P H3 3 Gle kY. woxkt. HE+‘=1: 1. 1) H H5 B (5K
W) Mmslde: Hbdb=1:. 1. 1D XMEEmEBURLE T EMCRL, AR T TN S,
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80 {de e
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4-5 FEIRREBMLE S E
Fig. 4-5Height of pepper seedlings in different matrixes

Bl 4-5 BoR T ANRFE O BARAN T K m e . 25 R, HI1 AbEE, H2 4b¥. H7 &b
PRI HS ALPRRIRE B S CK AR A B 25, AWMk CK A B %5 4T
M, HS AbFRCR Befd, PAkkm iR %] 9.25em, S CK AT 1.35 f%. HUGE H3 b3, &
CK AbPEI 1.26 £ o X TR, HS AP B, PRI AL H] 9.15cm g, s CK ARBE) 1.54
2 MNIERE FoRE, HS AP K K. HS 4B (VSYR RIEY) . diE e mikt=1: 1
4 i BRI T A K e A A0
4.1.5 AEERFFHRB L L HEIERAF N
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Figure 4-6Different matrix of pepper seedlings seedling index
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Kl 4-6 fWor T AN A OO BRBCH: B FR 205 m o H B R AU N 2 I AR IR,
RONT )T R R ) . & R R W, BUMUCH: B TR B KB MR IR
H5>H3>H2>H6>H1>H4>H7>CK>H8. H7 A1 H8 AP IMk s S CK WA 2= R,

JLRMCHAFIFE S e =B T 484, 5 CK AHH B35 27 . HS AR PPH B e Hum
s& CK AbBEIK) 3.07 £ A& H3 AbFE, & CK ARBEI 1.26 f5. H5 AL (Pl Ky ]
Fe: =1 1: 1 P m B e 7 2.

4.1.6 AEIERM BB EHFEHRMN

K 4-7 ZIHE T AN FIBC 5 B O BT TS 3R K . I 2x AR DG S b S HE
TAER] e AEARFRFEFAC BT, BRI BT IAD 2 B sk T AR . B T ACEE HI 4h,
e H R A T CK, fem 24 BE HS, HLUORALEE H7. 4FE HS 4832 CK
(¥ 1.07 f%5. H5 4B Gy kmey). Molslde: Hpdt=1. 1. 1D SHEmBrt SRS ERa
o
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35.50 - c b c
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33.00 4 @
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SPADE
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[ 4-7 NEERAVER LN B B 4R 3=
Fig. 4-6 Chlorophyll of pepper Seedlings of different substrates
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4.1.7 NEERMHBL e EER IR
F 4-1 TEISLBRBRMN E K ESH

Table 4-1 Photosynthetic parameters of pepper seedlings treated with different treatments

PRyt AL Hal] CO, ¥k S5 S U

gL net photosyntHetic stomatal intercellular CO, o
. transpiration rate
treatment rate conductance concentration

umol/ (mz-s) mol/(mz-s) pmol/mol mmol/(mz-s)
HI 4.26/bc 0.10/d 364.95/e 5.03/d
H2 3.89/cd 0.09/d 384.29/d 4.57/de
H3 4.31/b 0.19/c 421.33/c 7.88/c
H4 5.25/a 0.19/c 431.52/c 8.57/b
H5 5.31/a 0.43/a 493.53/a 13.20/a
H6 5.03/a 0.40/b 455.74/b 12.91/a
H7 2.61/e 0.08/d 452.03/b 4.50/e
CK 3.57/d 0.16/c 450.71/b 7.70/¢c

VE: AbFRHSEEFiiA2AN, HATBUVN, ARENE A SHL

G R ARG EAE R P AR PRE IS WA T FEOBESS (R G 4 = AR (R H
F) MHEE. EROGEER b, BT ABHTAN, e A HES w10 FALCK, Uk B S i 5 A
F) T4 B OB ) . ACFHHL . H3. H4. H5. HOMJF O A3 H 4 HECK A 1.191%
L2165 14765, 14965, 14165, ACPIHSREM AR R Z PR, L3RR R 2 S LKIT
(FREEE, AHWIE L 1 AL LA I /N SRR ) 065 A FH b COLMRMSTRN 25 1 e e rh 7K 43 (1) K
%, RALFERRNGE KA R R A EEESSALRHEEIEMR, US
FLF BRI, RO E I SRAN NG K. LT B, AAFEHSFIHG S5 CKANH Al 4 A 2
FZES, TINAEFTH AR EE, AAFEHS. HOM AL S 20 52 CKII2.696% . 2.501%
HIRICOL IR BEFR TR AN I N COL IR B« ZEJRIRICO M b, AbERH URIH2E L T-CK, vl g & Ak
B ECEA, AEYIE L U8 6 4 M P 1) B TR COL R B LUS X JE i i A S e KB E AT
EBVRTED G2 05 0 H 10 AEBEHS I AIAICOIK FE 43 MR CKIF1.106% . ZE IS I & 2 e i
WIALE— 3 I TR) N B T AR ZE IS K B, RO T8 IR SRR e AR N i s s, 4 g
R AR R o (EZEBEH0R b, B T ACBEH2AIHT AN,  HoE A BES v T CR S5 e A2 b 3
H5, HUGEAHH6. AFEHS. H6M Z i d Z5r l 2CKII1. 7165 1.681i%.
4.1.8 HM B &AW /NG

AbFHS B )T BB T 100 & . AEEH3AHS B B B % . AbFH2. H3. H5H
H7 )RR BEAL T-CKe AR BRH3FHS (PPH B FR 20K =, H Rk e Jik. AbPEH2. H3. H4.
H5. H6. H7. HSH M w4t . APEH3. H4. H5. H6H A A THM6 &M .
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gi b, RS L, WPEHS GEUeRRY: M. miE =1 1: 1D B
B, oMb REEE, MURNEFE, M BEE. MR EEL MR RKHPH RS g N 1.09
5. 27445 4.071% 2.144%. 2.826%. 1.356%. 1.54f%. 3.07f%; ENAESH L, WHHSHB
WA ISR 55 G R ZE B HR . R COME R . AL FHE 0 P8 = 1.076% . 1.49
ff. 2.69f%. 11015, 1.716%. &PEHS Gole k. M. fefd =1 1. 1D AR HH
A, A AL R AR .
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Fig. 4-8Germination rate of tomato seedlings in different media
FEME 5d JETFARgevl 2. B 4-8 W LU H AN [RIIC 7 25 000 26 i 0 v 2R IR i o B
T AL HI A1 H2 AR TH AL CK 4b, AR REEE m A i 4l i 1 i %, Xl e 5 HR 4
SEM AR, A H4 B R E, A CK 1 1.15 fif. 4B H4 G5ieREY: Sk
e B =2 1 1D GRS AR R R R
422 FEIEROEMENZER
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OR R NNWWLAN
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& 4-9 FRIERBIE LN HEEAE
Fig. 4-9Stem diameter of pepper seedlings with different substrates

M 4-9 W] LU AN R By 25 FOnt i 2K . S5 R s, AHEE CKOAREE, FR T HI
KePEE HS ALBEAL, R A AP RER N AL E 200, U, H3 ALBEAT H4 AP 2SR
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5 CK AW 7% 5. H3 AP BAA) i ) 2L 2 2.97mm, b CK A FRfE R T 27.77%, H
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Fig. 4-10Fresh weight of tomato seedlings in different matrixes
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Fig. 4-11Dry weight of tomato seedlings in different media
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Figure 4-13Matrix seedling index of tomato seedlings
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*4-2 BHERSENYENEERIENITL
Table 4-2 Comparison of metal content between seedling substrate and tomato seedling

A B MR R THDIRE B MR R MR R %fj
Treatment Cu Cu Zn Zn Pb Pb Cr Cr Cd Cd
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mgkg mgkg
H3 18.65/b 8.88/b 46.31/c 39.76/de 9.04/d 3.88/c 36.65/b 7.82/c N N
H4 16.07/c 8.87/b 48.91/c 21.07/f 5.82/e 1.41/e 28.00/c 6.64/c N N
H5 14.86/c 8.43/b 56.46/b 49.05/b 8.07/d 4.83/b 48.15/a 13.72/a N N
H6 20.95/a 9.70/a 63.92/a 55.54/a 21.33/c 3.77/c 45.46/a 10.67/b N N
H7 9.92/d 4.67/d 42.48/d 41.81/cd 33.38/b 4.85/b 22.36/d 8.14/c N N
H8 10.37/d 6.72/c 47.48/c 42.81/c 38.88/a 7.85/a 26.36/c 8.14/c N N
CK 8.95/d 3.75/e 43.31/d 32.05/e 5.09/e 3.22/d 37.57/b 13.60/a N N
GBI 35 100 35 90 0.2
GBII 50 200 250 150 0.3

e GBI Fon BB B ARUE (GB15618-1995) HI—ZibriE, GBI %R —Zhbritk
URERHL, HOMF R IR, CER e A i

M 4-2 W LUF Y, A A0 PR 2k J5 1) B 4 7 R AR AE 14335 B AR fE(GB15618-1995)
(K — AR UERR(E N -« 7F H3 ABF M4 B, EE&JR S a2 Zn>Cu>Cr>Pb>Cd. 71 H4 Ab 3
FFAishis b, E4EEEE Zn>Cu>Cr>Pb>Cd. {F H5 AFEFE s b, EeE S8R
Zn>Cr>Cu>Pb>Cd. 7r H6 AP higH b, FEaJE 5 E 2 Zn>Cr>Cu>Pb>Cd. 7r H7 4b#HE
KM b, BEEE S EIE Zn>Cr >Pb>Cu Cd. 7F H8 AFE(KFMishy |, ELESERZ
Zn>Cr>Pb>Cu>Cd. 7 CK AbH &AM b, EaEE &2 Zn>Cr>Cu>Pb>Cd. 1k Cu Lk,
AL Cu 8248w T CK, Pra &g Cu & T CK, XUt izl Xt Cu
A RN, . AL HT AN Cu & EAENNEBLF D, 7 Zn |, 4L H3.
H4 AT HS AL Zn &5 CK LR E 225, AR HS M H6 & & m T CKe Jr & i)
AT Zn #H S RAEH, WREEH T Zn AR TP LB HA BI3EA4N T 1) Zn & EAEN
bR /D, AhEEH6 Hrmr. fEPb b, AbEE H4 MEETM) P S CK LB 2R, A
H6. H7 Fl H8 (ML 1) Pb Fric KT CK. gl iaxt Po A hEli/EM , vl AR ILIE R 1t
MR N A0 3E HA IG5 T 1E Pb & S5 fi. 76 Cr b, A0BE H4 3 Cr & &K T CK,
AHEZESR . Fmsh Cr A BEMEM . A2 HA FI35540 1 Cr & fik. 78 Cd |,
BB LRARE, WTREETENE. MEREREETE, ERHT K, JHaeEK
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NSRBI K s AN, e E S EARG, AR ARSI K H 4k
SR, XM R T AL B, b BEHAXR 5 JE WS B A S RO
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D R, s B, dh B E. MR TE. MRm ARKRE R i T 115
5y 1.56f%. 11445, 21865 1.276%5. 13165, 1.726%. 1.45%. AFEHAHSREZofg &, 7E
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20 IR AL PRI R A EAE0.35~0.66g/cm’, MALBRIELES02% ~69.0%, F
IKFLBRIEAE47.9% ~65.5% , il FLBREEAE2.3% ~12% , pHIEA:6.65~7.78, EC{E££0.12~2.21
ms/cm, 4N7E0.28-1.24%2 7], 4P1£0.02-0.12%2 /6], 4>K{F0.85-1.32%2 ], A LA
37.69-350.41g/kg 2 18] o V75 J e A FH 1 ] 8 e A 2 it PR BN J5iT o 3 ok -5 3 R 1 7 5 izt
AT LUK T B T AR T M, B S SRR E R i R AR K R T

3. B TR SARAICK Rk T 8 A=3: 1) MLk, SRR L, LBHS (75
TeRWED): drislde: Hpdb=1: 1. 1D BB A, M EEFE, MR eEE, B
MR TEL BRE, KA RSO A N 1.0965 . 2.744% . 4.076%. 2.146%. 2.82
5. 13565, 1545, 3.076%; fE6ES40 L, WFEHSHIBMAE ot 2. e iidis, %
A MECOMZ, AL TR H PP = 1.0765 . 14965, 2.69ff. 1.10f%. 1.714%. &t
FHSA AT BB B AR K . S v le KPR, vl LA m Bl s e & 1EH, 14
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wEEE L, WP H4 BRTE Cu B —EME, £ Zn AEM, HAEPb, Cr M Cd L& &K
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