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Trichoderma conidia production using wheat straw and growth promoting effect
of its bio-organic fertilizer on cucumber
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Abstract: [ Objectives ] Trichoderma species are important plant growth promotion fungi in rhizosphere of
plants, whereas it is insufficient for using them to produce bio-fertilizers. This study tried to use wheat straw
powder as substrate for conidia production of 7. harzianum T-ES5 in solid state fermentation (SSF), aimed to
optimize process conditions of the fermentation as well as to check the plant growth promoting effect of the
ferment produce as a bio-organic fertilizer on cucumber in greenhouse. [ Methods ] In laboratory conditions,
wheat straw was used as solid fermentation substrate, and numbers of conidia spores were compared under a
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series of single factors, including different fermenting containers, temperatures, acid concentration, acid species,
amounts of inoculum, moisture contents, and forms of exogenous carbon and nitrogen resources. An orthogonal
experiment was then designed to optimize fermentation conditions of temperature, acid concentration, water
content, inoculation amount, and external nitrogen and carbon sources. In addition, two seasons of greenhouse pot
experiments were conducted with five fertilization treatments, including chemical fertilizer, organic fertilizer,
ferment product and its combinations with the chemical fertilizer or the organic fertilizer. The above ground
biomass, plant heights and leaf areas of cucumber were measured, The number of total fungi and Trichoderma
species in the rhizosphere soil of cucumber were counted using the diluted spread plate. [ Results ] The solid
state fermentation of T-ES5 in tray with wheat straw powder was suitable for production of conidial spores. The
wheat straw powder was prepared by inoculation with 3% (v/w) of 1 x 107 spores/mL T-ES5 spore suspension prior
to acidification with nitric acid solution (0.1 mol/L) and then water was added to reach an initial moisture content
of 75%. Under those conditions, fermentation with addition of exogenous urea and corn powder at 28 °C for 8 days
yielded the maximum number of T-E5 conidial spores of 8.87 x 10° spores/g. By the orthogonal optimization,
when 18.3 mL 0.05 mol/L of nitric acid, 9% (v/w) inoculation amount, and 1% (w/w) of urea were added to every
10 g of wheat straw with 70% (wet basis) of water content, at 30 °C shallow dish and fermented for 8 days, the
amount of Trichoderma conidia reached to 1.1 x 10" spores/g. The results of the first season pot experiment
showed that the treatment of ferment product with chemical fertilizers (CT) increased cucumber above ground
biomass, plant height and leave area by 14.97%, 16.75% and 14.64%, respectively, compared with the treatment
of chemical fertilizers (CCK). Compared with the treatment of the organic fertilizer (OCK), the treatment of
ferment product with the organic fertilizer (OT) increased the above ground biomass, plant height and leave arca
by 10.62%, 26.06% and 9.53%, respectively. The results of the second season pot experiment showed similar
promoting effects, i.e. compared with CCK, CT increased the above items by 12.83%, 11.49% and 26.93%
respectively, and compared with OCK, OT increased above items by 5.96%, 34.29% and 18.01%, respectively.
Compared with CCK, OCK and CK, the CT and OT treatments increased the numbers of total fungi and
Trichoderma species in the rhizosphere soil of cucumber by more than one order of magnitude. [ Conclusions ] The
bio-agent and bio-organic fertilizer with high content of T. harzianum conidial spores can be produced using
wheat straw as main substrates in SSF process. This suggests it is feasible that using agricultural wastes with SSF
process to produce high value added Trichoderma bio-agent and its bio-organic fertilizers. But the amount of
spores is largely dependent on the fermentation conditions, and the technological parameters of SSF for producing
Trichoderma spores in the pilot and factory levels need to be further studied.
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Table 1 Factors and levels of the orthogonal test

P 7K Level

Factor 1 2 3 4 5
R Temperature (C) 24 26 28 30 32
WS Acid concentration (mol/L) 02 0.15 0.1 005 0.01
2K # Water content (%) 65 70 75 80 85
J2FhHE Inoculation amount (%) 1 3 5 7 9
ZJH N source (%) 0 05 1 15 2
IR C source (%) 0 05 1 15 2

1.4 ZFHAE T RMNETTE

R 2ZF, H1ZET 20164 4~6 7, I
IR, AW 3K, REWS, EHEL;
52 ZF 2016 4F 7~9 A AETL I B 24 B A WAk
TAEPORENHT. K% S MR 1) A
(CK); 2)JRE 0.814 g/fk, mIBEIRES 1.486 g/fk, #i
FRAR 0.935 g/fk (fLAE CCK); 3) JEZEAHLUIE (T )

40 g/Bk, ZBEER IRy A S AL AL FAH A (A ALIE
OCK); 4) fLlE+AR&E LB (T ) 4 g/f% (CT); 5)
WEAYUL (TE) 40 gk +REREY (TE) 4 g/
(OT). HNEH 6 RER , HHkE T 3 kg, KLY
FIEBFE S )G e A G ER, BB S mnt
— D RN AR B ek . IRE N HE
B TIEE M BREVANAE, HET R
R GRS I T A i ER T 25, 431
RERE N R 2 Bt BT R — A0S (5 6
e BT, TR (K < 9E).

FLTR TS RORBE PR T 0 rp B SBORIR
B TRER 0 2 SR S AR B IR A TR, PRI B
+ 5 g T 45 mL LHEKT, IR 30 min PRIUE
HRRKIRE WS G HATHEREE, SRR
T O T RIEFRESEAR [, 28°C B Fputsh., A%
B RORTE T ARG BR MRG0k, B T O R 5L
HIAMA 1% S % 25 mL/L, 3% 5% X 3mL/L. 1L
SRS 0.2 /L. Mi$E 1 mL/L. FEE5E 1.2 mL/L,
1.5 HUESh

K Origin8.5 Fll SPSS {4k A7 8 ¥8 5e 1143 #r
FEVERE, RN 35 25 59 (Least significant difference,
LSD) k4517 2 & AL (P < 0. 05).
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Fig. 1 Sporulation of Trichoderma harzianum T-ES in
three culture modes
[ (Note) : # F R[S H:F/RAB 25 WE (P <0.05)
Different letters above the bars indicate significant difference among
the treatments (P < 0.05).]
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K 0.1 mol/L YRR W HEATIRY, AL 1=
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PR Vs VR AL 3 P 7 e 34 Y BRI RS (3R 2)

223 BAME pH XM AEMAERKARKEN, A
ST 30 AT S A ] e R 1) O A P TR s AR A T [ A
R pH T . Z5RERM, ARIMFREX K&
A A BER RN, NEE 2 PR, DUAPIRIIRE
PRI pH,  [R] R i A A [ R R AT
FLrf DURS R AE A 114 5 e 355 5 5k 1 182 3 3080 4 30 s
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Table 2 Spores produced under different single factor condition in solid state fermentation

b3 K- FEffl (x 107 spores/g) Qb3 K- FEfflER (% 107 spores/g)
Treatment Level Sporulation Treatment Level Sporulation
IR (°C) 24 7.50+0.69 b Hefiit (%) 1 56.39+549b
Culture temperature 26 586+ 1.12 be Inoculation 3 7295+ 461 a
amount
28 1344+127a 5 62.97+599b
30 547+1.30c¢ 7 33.99 +6.66 d
32 5.86+1.22 be 9 4536+7.37 ¢
PR M (mol/L) 0.2 0+0 HIR (1%) HH Rk Peptone 64.61+4.26¢
Acid concentration o1 12384057 a Nitrogen source BERERY Yeast 7407326 b
0.01 1.16+0.12b JRZF Urea 116.93+9.28 a
1 x1073 0.34+0.027 cd KNO, 3299+522e
1x10* 0.63+0.025 ¢ (NH,),SO, 0.62+0.092 f
1x107° 0.17+0.011 d (NH,),PO, 43.06£6.65d
47K Ultra-pure water 0.25+0.035d IR (1%) FKH Corn flour 662.0+47.13 a
(723 Wi Phosphoric acid 17.46 +3.67b Carbon source /NFZ k) Wheat flour 526.0+32.91 b
Acd TR Sulfuric acid 10.75+0.56 ¢ KEH} Soybean flour  467.3+18.01b
#h2 Hydrochloric acid 14.59 +2.06 be H#HE Glucose 469.5+33.53 b
fi§li2 Nitric acid 30.07+5.70 a JENE Sucrose 437.0+21.50 b
Tk (%) 50 238+059d
Water content 60 4594031 c
70 18.19+1.02b
75 2742+237a
80 19.20+1.54b

H (Note) : [RFNEIEEAEFERFE —FHREAFIKFEZ B2 5 83 (P <0.05) Values followed by different letters in a column indicate

significant difference among different levels for the same factor (P < 0.05).
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B AR B AT = i, o 75% 3 7K B 46 7 a
NEN R 2.74 x 10° /g F/KEAE 80% B, AHEL
75% FroKEAREMT 8 R 30% 24 1 /K&
TE 50%~60% I, HFEFRI‘E T, NEEAER
A, PRAR R, TR A L/ RS FEAE M A 1
RRFRIERT, WA KA 75% B AR
2.2.5 HERpE REE R A A ) 7 A 5
BN .. TEBIINA 1%, 3%, 5%. 7%. 9% 1%
P AP BT 9 8 KJn, BRI E fil 74k, %2
T, 1%, 5%. 7%. 9% HIALFRA RS (07 fi e i 3
(P <0.05) ik T 3% MALPE, Befb i (%, AREAE
IR T R AR AR AR S, R
] (R 7253 s eV B I AR FARE ALK
22,6 A BN 1% WA [R) B AR A 1 7
B W FERR (K 2). VIRZEERIMIIEER, A&
AP R, AR 117 x 10° Ng. DLEE
FERERL R AE R RR 6L 72 5 3 501 6.46 < 10° A4~/g
M 7.41 x 10°4>/g, WFERFDE . MUBRE .
BB . B PR AR N MR PRI A 7 IR, A
PREALIE, BERRE AL By fil i N % 62.87%; AHARET
AEHR R 71.56%; iR IR AL B = fl & FRE T 2 4>
B, X 5 RS0 A R R AL B R A
R RESARL, P RES B RE U I i Ak o A K AR
FHG
2.2.7 BRIk B R KR A5 R TR A A S T
Y, BTERGINEE A GRS & BT 0 96 0 R
WK, ZIEBVE A, SO e Hus A
1% WSHIRRIE TR . /NZEMT . KOGy . H 0 S
W, KREMF RS 6.62 x 10°, 5.26 x 10°,
4.67 x 10°, 4.69 x 10°, 4.37 x 10° /g, HHNBRIEL
AEE M =g, Hop DU R A B A R B A i
B
2.3 & EERTE

R iff o R RS ) X AR R 46 F A R SE e, DA
PG RIS 24 h FFIRIORE, VR R TEICREY SR 1 R,
ZIGESIRE 10 Ko 2 455K, W A ZEAE [
RS b, 1~3 d =R K; 4~8d =
HRIEER I 2 8 d AR AM 5.11 x 10° /g,
WU E WS R KRS T-ES BB BEmT )2 8 Ko DLk
W R R WA SR, AL 8 K, AR
T T NIk 8.87 x 10° 4M/g.
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Fig.2 Trichoderma harzianum T-ES spore yield trends
in 10 days

24 KREEFHHIERXMUER

h TR RIS, AT T 7S BIZR HKF Loy(59)
MIIEZSIAES, HERRIR AT . PRWREE . Sk, HeRhit .
PREZE B EARMIMARAE R 6 NHZE, 455 (& 3) &W,
IR 19 7530 & BEA T 3L P38 = Al i A i
F 1.10 x 10" A/g, BOEFRLBESRI R WS INRR
BER 0.05 mol/L. F/KE 70%. K&K 1% . ARINE
KWy, EFEN 9%, 30°C TR 8 K.

ACIG B R e BE FR 26 5 A BE 10 g /NEERSFT,
JIAHEE A 0.05 mol/L FASER 18.3 mL 147 3 i i i
B, R0 9% MW 5 mL, &KE 70%08%5), 7
PR Z BN 1%, 30°C HAEFH 8 K,

25 ARELXBYNHERNEKHEN

251 THE MWEARSR G4 BR, OT AHRL
RE4f, CTFOCK K2, CK &2, A, A&
T 2 T 40 e it A e L 2 it A e o T 1) 4 1 L R
FHEHARWRREEN. B —-FHCT & IL
CCK #bFRA T EH I 14.97%, OT L OCK ¥4 m
10.62%; %/ "2 CT A T Lk CCK ¥4
12.83%, OT [t OCK 3411 5.96%.

2.5.2 Bk OT AbH ETAR BR B 8 5 1 HoAth pu 4>
AhPR (3R 4), SAVUIEAPEA s, fEARAbPERY 8K
R AG . P24k CT AL CCK Ab B PR &= 4331
WA 16.75% F111.49%, OT AbHH OCK AbBH43 5]
N 26.06% F1 34.29%., Hr % —2= OT AR HK &
Wi T CT Ab3. Ui IR SR & I e it A7 HLAE BE
AR T TR R K 15 o

2.5.3 MOEAL 1 RAEE 2 AR, CT
AbFRHL CCK AR FR 5 BI3ETN 14.64% 1 26.93%, OT
AEEEAH L OCK AR FR 4330 T 9.53% F1 18.01%
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Table 3 Orthogonal optimization of the fermentation conditions

4% IR W AT EpS USE BRGUKE  REKE  ERBAE TR Nojg

No.  Temperature Acid concentration Water content Inoculation amount Urea Corn flour Spores amount
1 1 1 1 1 1 1 3.00 x 10°
2 1 2 2 2 2 2 5.44 x 108
3 1 3 3 3 3 3 3.43 x 10°
4 1 4 4 4 4 4 1.54 x 10°
5 1 5 5 5 5 5 3.72 x 100
6 2 1 2 3 4 5 3.90 x 107
7 2 2 3 4 5 1 2.71 x 100
8 2 3 4 5 1 2 3.60 x 10°
9 2 4 5 1 2 3 3.47 x 10°
10 2 5 1 2 3 4 5.10 x 10°
11 3 1 3 5 2 4 3.14 x 103
12 3 2 4 1 3 5 6.90 x 10*
13 3 3 5 2 4 1 3.93 x 103
14 3 4 1 3 5 2 1.71 x 103
15 3 5 2 4 1 3 7.31 x 108
16 4 1 4 2 5 3 2.60 x 103
17 4 2 5 3 1 4 0

18 4 3 1 4 2 5 3.29 x 10°
19 4 4 2 5 3 1 1.10 x 10'°
20 4 5 3 1 4 2 2.04 x 10°
21 5 1 5 4 3 2 7.90 x 102
22 5 2 1 5 4 3 3.94 x 107
23 5 3 2 1 5 4 5.00 x 10°
24 5 4 3 2 1 5 5.06 x 108
25 5 5 4 3 2 1 8.45 x 108

x4 AERERAC IR &I KRR R

Table 4 Effects of different fertilizer treatments on cucumber growth

%f—2ZF First season % —Z= Second season

AbE

Treatment T (g) PR (cm) AR (cm?) T (g) R (cm) AR (cm?)

Dry weight Plant height Leaf area Dry weight Plant height Leaf area

CK 2.78+0.18 ¢ 41.16+3.73 ¢ 82.06+10.50 ¢ 5.06+£0.57 ¢ 46.62+6.30d 129.52 £ 6.61 ¢
CCK 6.58+£0.44b 59.70 +8.50 b 140.60 £ 11.60 b 7.62+0.55b 59.34+510bc  158.26+16.43b
CT 757+0.26a 66.68£3.98b 161.19+727a 8.60+0.63a 66.16 £6.08ab  200.89+13.11a
OCK 6.93+0.21b 60.84+£7.62b 139.70 £ 10.60 b 8.48+0.75a 54.58+£9.79 cd 162.23+£22.89b
oT 7.67+0.53 a 76.70 £9.36 a 153.03 £ 17.90 ab 898+0.57a 7330+832a 19145+17.49a

* (Note) : FFEUEIGAFFRE LR PR 25 B3 (P < 0.05) Values followed by different letters in a column indicate significant
difference among treatments (P < 0.05).
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2.6.1 SELEECGE AP L SRR AT
SEOL (B 3) nl A, WZRZEAk CT A1 OT AbFH ) S 1A
MRS ES T HMA®, BHCTAMBEEST
OT LB, A3BIIAH] 3.17 x 10°, 2.10 x 10° 4~/g Fl 2.31 x
10°, 1.91 x 10° /g X 3 BH B AR B 1 A B R A%
Hen e BB RO

2.6.2 AFEEE  ME RS AR FIR AT
F(E 4) nTAL, PR CT R OT AbFE ) A5 £k

40 r O %5 1 Z= First season
) 35 2B %5 2 7% Second season
§§30- X
&=
+ S 25
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Fig. 3 Quantity of total fungi in rhizosphere soil of
cucumber from different fertilizer treatments
[E (Note) : L EARIFRER IR R ZA R AL BE ] 22 5 B35 (P <
0.05) Different letters above the bars indicate significant difference
among treatments for the same season (P < 0.05).]

25 r O %5 1 Z= First season
—~ M % 2 7% Second season
£ a
3 = 20
&%
§§w- b b2
=3
EX 10 |
" -3 c
E QS- d d ’il
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E 4 FERERCETRNRFEIASHNKE
Fig. 4 The Trichoderma quantity in the rhizosphere soil of
cucumber from different fertilizer treatments
[E (Note) : HE_EA[RFREFR IR R ZA R AL BE ] 22 5 B35 (P <
0.05) Different letters above the bars for the same season indicate

significant difference among treatments (P < 0.05).]

BB E T AN P 8 — B AR T O
CT ALFREF 5 T OT AbJH, /3510 1.8 x 10* 1 1.23 x
104 g T4 =40k OT AbFRE T CT 4bJE, 43
B9 1.37 x 10* F1 1.25 x 10 4N/, IR EE & B )
MEARLAR e, A A5 1 AR TR 2 LE A AR
SR LAY GEREYT, WK REY AL SR
TR SRR AT I, WO AT, FL8Y
A E R R T A R

3 phe e

R E/NEFREFF IR R, RS FFVE b kA
J5T A ) T RS e BRI AE A AR 85 A A DLIE Y 26 7
AR . ARWFFEXF R EE T T-ES [BAR L AT T 2
Fr5thfe., =FEEsR O LB S, ARk A
B R W 030 7 I T AR A
R AL AT R A R T T A3 KGR,
AT B, 7EAE pH HIGFRET, s
AR R . T A DARS FF RIS 3R 35 00 A B Y
pH B M A 2 1 JE 6 K5 TR R BRI R ], B e B o
pH [ERFE . NREARUER KB, KRB AHE
6 o8 O TP T <2 | A i B u = A TS S ) | AN NG 74
JE 1) 5 TR s RO 1 AR I B AR AT R T, TR L 4
i . hR . B R ORI A R DU AR R R X 7 A Y R
Wi, AR 0.1 mol/L i TR VA5 AR 110 % Tk ik o =l it
Ko SRMULEEA LR, WG B R pH E A%
TR LA HRGE TP B A o Li SECO7E S RN B T
SH2303 = JEEtE £l 7 1 A R B LA SC g6, R
TREF R0 E pH (EN 4.17, BRIH K HEN
4.5 x 10°/mL. [EfRREESEFRES, KaGEnZE
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FAFLOL) FORFEFF B FR 3L, LT BK AR 60%~
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