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R ORIE AL b A 2R 0 B BT R BAR, B OOR B R A R L
W7 CAS s B, (BRI 2R b T HH B B vtk A SR B W VR i ok
MR Fe b, HLASEAR—: Molla 20 B it A 25 (A AT T 4 35 2 7128 i L o2 1
AN TERE . BESr . dErEF C R B AR: T Nzanza S5 A B 1 0 T i 4k
= CHIFEMA R . Ah, SRR RN SRS MAERE B, HEEZILRAE,
e A 7 2K e L ) £ 2 oo e DRI, R A SR B B e S A A MR et R A
Y B A SR PR RIE 7 R S E K

EER, MAEMAIUER LS T R E A TUEPUR R T 2 2 AL, B NS ST
A HUAE S 0 - e MEAR A A K B TR i R A 91040, (B3 — U A A A
i Z TR, MRAE AL MR e e WIb, B2 AW OUEE T 1~2 =0 830G 3 kA
WA HLBE S 53 B AR BE K T F (A e b, K BE A AR N [ BRI T o AR S 90
TSR AR TS 2 BRI BT AR BB A A LI S P G S AR = B ol o S AR
JIsE , IF4h A RIS R AR B AP HLILES 0 BACC AL A ml AT 1, D9l ] 5 8Ek
JE SR BB RAR IR AN AR S o

1 MEST5k

1.1 fkae

R AN “TR40 2003 (Lycopersicon esculentum cv. Suhong 2003), Hi F i KAE
RASEI7E - XA VUIERE 2 IS ER A PR RS SR T 101 (L BVR A i a, AR
EAEYLIE. B RN AR NJAU 4742 itk (Trichoderma guizhouense NJAU 4742), YT
TR B DL 7P IR i B AR 70 3 s S = AR L, IR T 5 @A MR T IOk %
HEPERBEWAAENIE, HoREA RO EEGL 10° cfu gt DLE. REMAEYAENUIER KT
S B A HUIR R AR B A HUIE O ERAL M BT 2 L SCRR[A] . AR AE D e p i R 2 A R
(15-15-15) FARHERESAE, HHIRECHE 1A = 477
1.2 HiERIE ‘T

FH )RS0 e 7 VL 544 i il T BB B R S P e . (118B7'E, 32V3'ND 7k 7. i
¥t 3 /ML EE: (1) CF, 100%{LAEALEE (600 kg hm? &4 AE+300 kg hm2 RS EREGAED; (2)
BF, AREMAEMAE (1800 kg hm?) +75%HIMLAE (£ 450 kg hm™ & & iE+225 kg hm™ i ER %S
AED: (3) OF, @A HUAE (1800 kg hm?) +75%I4LAE (£ 450 kg hm™2 & 4 fE+225 kg hm™
THERASAED . Horr, AR, @A PUIE K A DA HLAE DA (7 U R AR, R ER S IR 2
3KiEM . /NMXTEAR 9.6 m* (1.6 mx6.0m), F/NX A1 60 ¥k. FAMEHILE 5 N E
52, it 15 AKX, BENLIX HHES] . UK R PR & & 27.6 g kg™, pH 6.1, % W
R AR EBH SR N 21.9mg kg 22.7 mg kg™ 131.3 mg kg™, 218.7 mg kg™
1.3 ZFRAWIKIT

AR 4 FTLHENEFRGHEICE TR AT RN BT, SFERE
BHHIK 100 d. RISV 4 MEFEE: (1) CF, 100%fkAEAbEE (533 g #  H4M+2.67 g &
THERATEAE ) (2) BF, AREMAMIME (509 H +75%MMLIE (& 49 B HEM+2g &
TERESAE): (3) OF, FEAMUE (509 #™Y) +75%MMLAE (& 49 B EoME+2g A
FRAEAE); (4) SS, AREHT-BMEMALTE (10° cfu g7 ) +75%HIMLIE (&4 g FEE
fE+2 g 7 RERAG AR . Hork, AR, @A MU A S E W HUIE S 2 IR A1 R R LA,
TS IR TR 1 30 d J5— VOB M. AEKEAE 35 cm, %+ 10 kg, #AFEM 2 bk, G4
WHERE 6 NER (F), MEEGME, FHNEE. A EAME L, GRS E 19249
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kgh, pH7.3, HSE. MR R, HAESES BN 293 mg kgt 0.8 mg kg™t. 99.2
mg kg™, 150.5 mg kg™,
1.4 FEFITS5RENE

£7 100 d BB I, 2 3 KRGt &/ NX B R s =i, HFEYIEI 3~5 N AnfE
ol M E . A AR4EAR F C FIHIR £ & &R A s AGAE 1 (HPLC) % (Agilent 1200,
56 EDWSE , J7 S IR e S MR 72 5 o AT VA MRS R0 G SR P Ltk B2 L SCHR[18] -
1.5 HmWESNERZE

W 3R S SR B T A A e, SR R T A R B N U 2B
Koy 138, KM TR R T3 EE, SR T AdSd, AU YTERMRIR L, FA0E
BEHLEURE 3 473 o H3BAE 5 23 55 5K FH R R I A 12500 5 MR B T 8 S A B AR 25 1 A 0,
Horb, KRB FPER: R/ K VLW T : BT MgS0,4+7H,0 0.2 g, K;HPO, 0.9 g, NH4NO3
19, KCI0.159, #i%i## 39, 1/300 &4 10 ml, W& X 0259, %X 0.059, FLAMH
#0159, HHPLE LIml, FEE L2ml, BfE 209, HIEESE. HEEKAR ML

(BRAN+LUEBBE Auto Analyzer3, ) 5P, 452w 8 R0 5E 75355 6 SCHR[L] -

HIEE CEIUFD . %R TR 28X (Vario EL elemental analyzer, f5[E) 5%, 4
AIAAII) & BRI S 88 TR 7 R 4% (Agilent 710 ICP-OES, (D e,
1.6 #HiENLIE

AR H K H SPSS 13.0 #4T 4 vt , H k4T #8277 22 43 # (One-way ANOVA, p < 0.05)
FIRZ /R AR (Pearson) #H=<tE#T. KEIZRH Excel 2013 1 SigmaPlot 11.0 il 1 i

2 45 KR

2.1 T EIFEAEALER X A= BRI
M 1 AT, FERIG S R E [t 7t RS esAuIBas (CP) AL, ik
HAREMEYAUEEI (BF AL X & B0 RE W, MmiE s EEayashe
Jiti COF) ) St 25 PRAIR A i P~ B (159%) o FERRRIG T, BAREE — /B b Pl A 2 7 A B3,
EREAEME RGN, AR EEREE. SRIeY, 5 CF AL, OF fi 8S it
PRAE ISR 07 B0 9l T P& 6%~38% A1 9%~35%, HZERAER 2 i E# (p<0.05).
&1 TEIEELE T &R~
Table 1 Effect of different treatments on tomato yield in pot experiments (kg pot™) and field trials (kg plot™)

A
AP Pot experiments M AR
Treatments 12 H2E 3 3ZE HaFE Field trials
1st season 2nd season 3rd season 4th season
CF 0.74 +0.06a 0.22 £0.01b 0.55 +0.01a 0.23 =0.01a 82.85 £3.71ab
BF 0.77 =0.13a 0.28 +0.02a 0.55 +0.01a 0.25 +0.01a 86.78 +8.76a
OF 0.68 +0.05a 0.16 =0.01c 0.52 £0.01b 0.18 +0.00b 70.51 +6.76b
SS 0.68 £0.12a 0.18 £0.01c 0.44 +0.03c 0.17 +0.01b —

#E: CF, 100%fLAeAbsE; BF, AREFMAEMENIE+TS%IIE; OF, A HUE+75%1k
IEls SS, AF AT BRI B+ T5% AL A0 Ab3E (B A R - RER 7R 22 57 B % (p < 0.05). [ Note: CF, 100%
chemical fertilizer; BF, 75% chemical fertilizer + Trichoderma-enriched bio-manure; OF, 75% chemical fertilizer

+ organic manure; SS, 75% chemical fertilizer + Trichoderma spore suspension. Different letters mean significant
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difference between treatments (p < 0.05). The same below
2.2 T EITEAR AL IR X 25 7l SR SE MA R OS2

HI P& 1 AT, BORRSRAE R, AN [t A A B 2 0 SR St SR R . 2 . BFL OF. SS b3
5 CF AHEL, Wb 25%ALAEHITEN , T A5 2R S rh iR 2k A S T B 32%~46%. 3 it
HERIALEE BF. OF J SS, XS T CFAbH, JRscrh Ml vEpE & EH N 35%~54%; H. I
RPN BR I 45 R AE H RS0 25 A R A3 20— B R0 ACFREZ4EER C S S8 H AL
FMTERARE, EAEZMRKZMT, BINANEE BF F OF AR 4R C S &
BT CF A1 SS kb,

= 260 380 CF —BF -4OF —5§ a
i % 240 a a a i %360 Laa
4u E 220 2n 340
O o< 200 U E
% 2 180 i g3
o £ = 300
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e AENHANRIGSE R, BN ERIRY 45 R Note: The left graph describes results of the field trial and the
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1 N[ it A Ak B T P 3 A i
Fig. 1 Effects of different treatments on tomato fruit quality in the open field and in the greenhouse
2.3 T EIFEAEALER X T 1% 7% 5 B2
& 2 Al fEERGALR Y, BF M OF AMFERAHASE . AR HEN S/ EE T
CF 1 8S 4b¥i, HZHIEN T, BF ABHA MBEME A &8 T OF &P 1M CF ALBE
e SESREE ST HAL 3 MEE (p < 0.05). BF fl OF Ab# i E MR A AR & &
ARSI BRI CF A SS 4b3, HEEHEMESRE N, P4 (BF. OF 5 CF.
SS) A ZFREMEZE (p<0.05). BAh, #AbHE 3 A1 480 5 5 5 A MoAE 2= 4 0 1
IR EEE e, (A EZRAEE (p>0.05).
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Fig. 2 Effects of different treatments on soil nutrients relative to cropping season in the greenhouse
2.4 REHEABLLIERXTIRFR AT 15 7 i A 8 = BUS2A0
Hi P& 3 IR . BB USRI 0, ANIR] T A Ak BT 58 Gl A M s i A T
H7R 5% . BF fl OF AbEErh 40 B $8 i2% = T CF A1 SS AbRE, 17 SS Al BF AbBE Hh LB
BEAEH 3FFRE T CF M OF 43!, (HAESE 4 FF)5 %R XA R ZE . BF ALH P M
B W m T HADR 3 403 (p < 0.05). IhAh, HIE 3 FIAI, BF ALFARBRACE B i E JH A R
RFEET SS AR, H&FHm T AMARE R CF A OF.
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Fig. 3 Effects of different treatments on population of culturable soil microbes relative to cropping season in the
greenhouse
25 TI|FD . WEVRESEM~EMBREAEX MY
H1 B R BRAH R 7 BT g R (R 2) WIgn, A, MRPRHpE EE 5 2% AL,

TSR AR SRR S B 2R PR R R, 5 SRS EENEE TR
£ (p<0.0D; MErEEHEDNSHSESERE MK, MEEEEMAHESEIEH
7K (p<0.05); MRFRZE AR NS 520 GRS R S 2 EEIEHE (p<0.05),
Horr, T b iabnt, A IHAA. A R KSR A B S A NUR A = IEA DG,
HAEMPERP4EER C MEATVETER S B 5SEIUREEILMR, MERHEEN 527
FSG . BeAh, RS SRVEVERE S B S AR E M R, &5 HIE PR, 2. 2.
A R TS A R S 2 R AR R EA SRR FEARSLIG AT, KRR
PR TR AR BE K R
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F2 TERS . MENMBESEM TSGR RIERENE XM
Table 2 Pearson correlations of soil nutrients and population of soil microbe with yield and quality of tomato

TN TP TK oM AN NN AP AK Bac Fun Act Tri Y Ve TSS NO3
TN 1
TP 0.188 1
TK 0.115  0.967** 1
OM  0.821**  0.463 0.309 1
AN -0.496  -0.233 -0.216 -0.352 1
NN  0.836** 0.590* 0.533* 0.817**  0.305 1

AP 0.920** 0150 0.091 0.716**  -0.447  0.795** 1

AK  0.825**  0.483 0.457  0.762**  -0.367  0.913** 0.847** 1

Bac 0.777**  0.478 0.358  0.772** -0.683** 0.714** 0.712** 0.677** 1

Fun  0.516* 0.247 0.236 0.398  -0.733**  0.480 0.504* 0.423  0.647** 1

Act 0.282 0.569* 0.450 0.551* -0.202 0.522* 0.221 0.432 0.556* 0.401 1

Tri 0.198 0.327 0.334 0.138 -0.616* 0.269 0.205 0.289 0.370  0.660**  0.568* 1

Y -0.069  -0.412  -0423  -0.062 -0.001 -0.234 0.092 0.007 -0.282  -0.103  -0.438 -0.108 1

Ve 0.534 -0.201  -0.327  0.525* -0.042 0.350 0.462 0.201 0.430 0.280 0.392 -0.031 -0.304 1

TSS  0.591* 0.669** 0.634** 0.699** -0.591* 0.687** 0.537* 0.657** 0.879** 0.621* 0.661** 0.402 -0.433 0.281 1

NOs;- -0.538*  0.214 0.360  -0.543*  0.545* -0.173  -0.388  -0.144 -0582* -0373 -0.211 -0.062 -0.007 -0.667** -0.356 1

H: TN, BE; TP, S8 TK, 24 OM, AHLB: AN, #EE: NN, MEE: AP, AR AK, H34H; Bac, 4MW; Fun, EW: Act, JHZH: Tri, K&
Y, FaircE; Ve, 45452 C ; TSS, SrlEtpE, NOg, EEESE. *#IR p <0.05; **%75 p<0.01, XUEH L Note: TN, Soil total N; TP, Soil total P; TK, Soil total K; OM, Soil organic
matter; AN, Soil ammonium-N; NN, Soil nitrate-N AP, Soil available P; AK, Soil readily available K; Bac, Population of soil bacteria; Fun, Population of soil fungi; Act, Population of soil
actinomycetes; Tri, Population of soil Trichoderma; Y, Yield of tomato; V¢, Vitamin C content in tomato fruit; TSS, Total soluble sugars content in tomato fruit; NO3", NO3™ content in tomato
fruit. Correlations significant at the *p < 0.05 level and **p < 0.01 level (2-tailed)
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39t it

ALY, EPA IR L, i 25%0 40 0B L — & AR B H1 s e
YIAENUIE AT 4E 3 R G AL (R 1), 5 100%ALAEAL B P~ 40 2Y, Zaikie st B i
K10 MR A A RC LAl A M UIE BOR 25 B AR WA B A e R il = 2, TSR 4
FJa, PEEH TR 35%DL . X 550 A0 0 8 TR A IRk R R gt e, bl
Adesemoye P17 7 SRR L 25 B, RIVEHE 25% 6 AT I BCit i PGPM i R ) i 4 4
JE AT RERAIE B AR AR AR A K R =

—MRAF UL, A KIIR B IR0 A B Sk 1 24 2= e R A R e ) o B BRAER
EHAE . AR S B 2 W T BF AR S, M RE SR S ENE L W
F SS kb#H, OF Wb FE TR /MIRAS AT W38 2 8], BEH SS ALFE 177 7 B B 3 Bk,
T BF AbFE R 5N A AL AR AR 1R A 25 ] A RUC A A LBt ™= 242 1) 1] A . PR OF Ab B 1)
+IEIE /5 BF AFEIA S H B E T BF B (N3 AR A ), (BRSO Ry
OF A BF b2 (K 2), ARHEHRE = H—, BF HIIKRERE BB B Lo 3w s
FETHIRE ST, T 5E BEAE 8 TR B PR R K 5 (T, asperellum ) A 4 i W B B AL 2 1O A k2,
BERFEE NJIAU 4742 v3E 9 WA ERE . "8k R &R R R inib HIE w8k, 4
SRR H =, ARERTR, A R IOIR mAE AR 1 NJAU 4742 BRI
B BT NJAU 4742 TERAE S 2 56 A BAEGE W nI6e ). Bk, R
W BRI TR S AR AL, A AR R 52 T BF AMFE LI At e s, AR
FEHT BF AHE ARG SIS T I R E A X RIS B

IR T TR ER AN B B AR R, R A R R 0P,
K 3 i, 4NAb3 T, BF ACBRAEE . SEEA SR EAES B e T HAL 3 Mt
FE, T CF ALFE MBI AR RAR, XAl ft SILIEEER R R PSS EREYIX 2%
REVERNE 5 R R R R < 2L, Rk, 5400 AT e R R 2 20, FiRg ST A IR
R CAIREE B NJAU 4742 BA TP EREYIEER T M AR ABE (Harzianolide) IIREE,
HATA A AR R A R AR 0, T B K R R A e A R O R A, TR
518 2 BB AR B e B C P 3D, SUSTAR Bt A= 03 2 B I v B T 73 43 A5 BV AL BT 2) 6
IR, AR RRBRAE SR ME T AR ENAIE, B IR R S A M R B A
K (R, W HIEEAR. MAR. B SR SRR EEHK, -
B EMNA MBS TR, MAREREHBEMX: HERPAGFERNEES LIES
TP R B B B IO, AR R 404 719 0.660 1 0.568 (p < 0.05). it FHIAIE
W T RE R R B rE I SRR YIIR RAE K, (R E SR TR X R AR, DA
TRBRIE B R, FZ W EARFEWERN T RRE, AR RE L, %
e, AR, MUEYIEE A AR A R b, AT 23%~52%F Ak JIE it
&, MABEEYREFT, XHAEH S PGPM B A 1G4k H 3875 0 FIA AR PR A P IX R MR
J1E Ko

i [ PP 24 FH ik 460 kg hm?, T H B AR 4 A 24X 30%~359% 21, K& 1L e
it FH 5 AR AE AR, 3 o 438 e A 77 43 3o e 1T 75 23 R FH e A S5 1) . (LRI, R 9F
ARAF B Ik RE it P 2, T ARE SR s SN E H AT, (A5t AR s 5 e S i
R LR AN B g™ E [ JR R 2 — T 281, ASHFFerh, 8 A R I 45 R, ki 25% 1K AR
BF. OF J SS AbHRF i SR 5 A AR &1 & &34 BB KT 1009% b AEAL Y CF, H.Fifi %5 it Tk
B INAEIR A R s R (B 1. 1 H, BF 1 OF AbHEFE RS 4E4 2 C Al
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AV PERE (& B CF 43 il 1 2%~23% 11 35%~54%, 1t it FH — & & (KA WL RL ol A 23
RS . RORBAHRME TR (R 2) @R T R, BN, AR
TYEER C B RS THANIRE B IEMIGKAR (r=0.525), MR SRS 25
EHMKKR (r=-0543). Oliveria PR TIN S, EAHUFMEIR b, Ffittibkd T
FEA RAE RN BRI TR A A, AR s FEAD 18, A R T e m i vk [ T an b oo
YR C MRSV R MEARA NIRRT, SRR SIEER C
SEARFESY, SARIAR -8 WL, MBS MY AHUERIE, @i i 1 b
ANFRIr AHVMTIREREY), WA RO 3 (R MBI U E IR EE 2 REE, 185
FRAMMRE, FEARAIERE, NAEYE E AR A 7 FE T ) St

4 7t w8

ol B 0 AL B I FE Wt AT RE R CWREE D il RO AT ML, ASUBE PRAE TR i A
77 IERERFE RTINS M, WAL R R I ThRE ) L R, R
TIERAEN AR, W L m A AR PR TR (AT AN R E 7T, e IEAL TR
e

SEHk
[11 BN, BREE, 2, 2. BRI IEEE R AR, 38243k, 2016, 53(5): 1296-1305
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Effects of Bio-manure combined with Chemical Fertilizer Reduced

in Application Rate on Soil Fertility and Yield and Quality of

Tomato

ZHAO Zheng CHEN Wei' WANG Huan XIAKexin GAO Renwei JIANG Sigi PANG

Abstract

Guan CAI Feng

(Jiangsu Provincial Key Laboratory for Organic Solid Waste Utilization, Jiangsu Collaborative Innovation Center for

Solid Organic Waste Resource Utilization, Nanjing Agricultural University, Nanjing 210095, China)

[ObjectivelThe use of plant growth-promoting microbes to improve plant nutrition and

hence reduce the rate of chemical fertilizer is becoming a popular strategy for sustainable agriculture.

[Method] In this work, a field-pot experiment, designed to have four treatments, i.e. CF (control, 100%

of chemical fertilizer at a conventional rate), Treatment OF (Chemical fertilizer, 75% of the

conventional application rate plus organic manure, 50 g plant™), Treatment BF (Chemical fertilizer, 75%

of the conventional application rate plus Trichoderma-enriched bio-manure), and Treatment SS
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(Chemical fertilizer, 75% of the conventional application rate plus Trichoderma spore suspension), was
conducted on the crop of tomato. [Result] Results of the field experiment demonstrated that Treatment
BF was almost the same in yield as CF, while Treatment OF and Treatment SS was significantly lower
than CF. The field experiment and the pot experiment displayed the same trend. In the pot experiment
of four successive cropping of tomato, Treatment OF and Treatment SS decreased by 6%~38% and
9%-~35%, respectively, in tomato yield as compared with CF. Besides, the treatments significantly
affected quality of the tomato fruit (p < 0.05), by reducing NO3" accumulation by 32%~46% in the fruit
under greenhouse, while Treatments BF and OF increased the content of Vitamin C and the content of
total soluble sugar in the fruit by 2%~23% and 35%~54%, respectively. The field experiment also
showed that Treatments BF and OF increased the content of total soluble sugar in the fruit by
approximately 40% while decreasing NOs; accumulation by 42%~57%. In the pot experiment,
Treatments BF and OF were significantly higher than CF and Treatment SS in content of available P
and K (p < 0.05), while CK was always the highest in content of ammonia-N among the 4 treatments
throughout the 4 growing seasons. The soil nitrate-N gradually increased with the cropping going on in
all the treatments, particularly Treatments BF and OF, which were significantly higher than CF.
Moreover, Treatment BF was much higher than the other two and CF in population of soil microbes
and in most cases, it sustained relatively big populations of bacteria, fungi and actinomycetes. Pearson
correlation analysis shows that soil nutrients were closely related to population of soil microbes, and
that the population of Trichoderma in the soil was positively and significantly related to that of soil
fungi and actinomycetes, which may be attributed to the effect of Trichoderma, once colonized in
Treatment BF, stimulating propagation of bacteria, fungi and actinomycetes in the rhizosphere of
tomato and hence enhancing availability of soil nutrients. The population of soil microbes in the
rhizosphere of the crop was also found positively and significantly related to numerous soil fertility
indices. [Conclusion] To sum up, all the findings in the experiment suggests that the application of
chemical fertilizer, 75% of the conventional application rate, plus Trichoderma-enriched bio-manure
can effectively guarantee a stable yield of tomato higher in quality, and in the long run, increase the
population of soil microbes and improve soil fertility.
Key words Trichoderma-enriched bio-organic manure; Chemical fertilizer of a reduced rate;

Tomato yield; Fruit quality; Soil nutrient; Soil microflora
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