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Abstract

Objective

Various type of agricultural waste is produced annually in the world, which have not found special
application in many parts of the world. Using microorganisms with high hydrolysis activity to
convert waste into compost is one of the alternative methods of incineration. In the present study,
after screening the enzymatic activity of Thermoascus aurantiacus, Trichoderma sp, Bacillus
licheniformis, Nocardiopsis alba and B. subtilis bacteria along with the optimization of other
additives, the possibility of compost production from rice straw was investigated.
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Materials and methods

One fungal and three bacterial strains were isolated from another compost and their hydrolysis

power were evaluated on specific media. Compost production was performed by optimizing the

additives along with the superior microorganisms including M1 (Bacillus licheniformis,

Nocardiopsis alba, B. Subtilis and Thermoascus aurantiacus) and M2 (Bacillus licheniformis,

Nocardiopsis alba, B. subtilis and Trichoderma sp.) in enzymatic activity in the form of 6

treatments with 3 replications for 8 weeks. Physicochemical properties of temperature, pH, EC,

C/N ratio, amount of heavy metals and nutrients, toxicity and impact on wheat growth during

eight weeks were investigated.

Results

Studies showed that fungal strain T. aurantiacus and three bacterial strains Bacillus licheniformis,

Nocardiopsis alba and B. subtilis has the highest enzymatic activity in the breakdown of xylan,

cellulose, lignin and starch. Treatment G (containing poultry manure and T. aurantiacus) caused

a significant increase in temperature of rice straw mass (63 °C) and also a significant decrease in

C/N ratio (73.48%) (at the pilot level). Germination index test showed that G treatment did not

have phytotoxicity and had the most positive effect on wheat growth indexes compared to the

control.

Conclusions

According to the comparison of treatments with and without microorganisms, it was found that

the hydrolysis power of T. aurantiacus has the most positive effect on physicochemical properties,

especially reducing the C/N ratio and can be used as a commercial additive in compost production.
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Table 2. Evaluation of hydrolysis activity of isolated fungal and bacterial strains

Collad S5 Cllad S3Yghw Clad Wl 3l a0
31505 Ligninase activity ~ Cellulose activity SDA
Xylanase
activity
Bacterial Strains 2bsSL sbagw
5/19 4/9° 714 + A
1/59 1/8" 2/14 + B
1h 2/5° 09 - C
3/1° 2/9° 1/1° - D
71130 7/2° 7/7% + E
7/92 6/6° 7/92 + F
1/78 2/29 09 - G
6/8¢ 8/12 719 + H
1n /1 1/3¢ - |
2/2f 3/1¢ 09 - J
1n 1/9" 2/5° - K
Fungal Strains > B s gw
2/2° 1/7¢ 3/2b - M
7192 7/52 7/92 + N
3 2/5P 3/1° - o
2/8b 2/2° 3/2° + P

(p < 0.01) s Hboline BMSI (1l Ogiaw S5 50 iz eVl Bgy b b ke

Means with different superscript letters in a column are significantly different (p < 0.01).

535 el pg 5oy il Lod adby g9 31 (Lt ot WS 5l (slasilony | CungraSion 195 yolaio 4 alie ais )
(Nair et al. 2006) xls oL 1, YT (slod oo SiturguaS ld (slol 1> duawy jub £+/¥ OC & lod cles o
sbegld (il cage lojen aSldgi o (LS SoiPl (B om Sl 4 e LS & SigtwgeeS glod Lol

2y L oo gl 35 jles olod gues 3T e (NaKasaki et al. 1985) 3gu o Jidgo s (slodpunsls g Koo
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Figure 4. Temperature changes of treatments during the production of compost from rice

straw at the lab-scale. DO: Initial day. W: Week
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Figure 5. Total temperature of each treatment during the production period of compost

from rice straw at the lab-scale
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Figure 6. Changes in pH of treatments during compost production from rice straw at the
lab-scale. DO: Initial day. W: Week
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Figure 7. EC changes of treatments during compost production from rice straw at the lab-
scale. DO: Initial day. W: Week
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Table 3. C/N ratio changes of composting treatments from rice straw at the lab-scale

Byl 39y ORsS 395 039X 03X S 3s S Ojas OjarwlnsS el e,
Treatments (/) Jof (%) Jg! Jo 39, (VA B VAT B YR BT YR VA RS 7Y T ]

CDO0(%) NDO®) CI/INDO CDF(%) NDF(%) C/NDF  Reduction
CIN (%) of

G 47.45b¢  Q.737bcd 64.38° 27.049 1.8% 15.02" 76.66%
C 47.11%c  (.728« 64.712 31.301 1¢d 31.3¢ 51.631
H 45,77 0.7249 62.35° 27.228 1.4° 19.449 68.82°
D 48.422 0.752¢ 64.56% 35.36° 1.12° 32.14¢ 50.214
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J 47.9%¢ 0.762? 63.86" 30.30° 1% 30.3° 52.55¢
B 48.48° 0.7622 63.62° 43.02° 0.79¢ 54.45% 14.41°
A 45.51° 0.723¢ 62.94¢ 44232 0.9« 49.14° 21.29°
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Figure 8. Reduction of C/N ratio (%) during the composting process in different treatments
at the lab level
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Pl lojl o 15 g g2 A 9 815 51 ComrgeeS’ Ag5 5 (i OI318 9 955l 9 9,50 polis £ Jgor
Table 4. Micro and macro elements and heavy metals in compost production from rice straw

at the lab level

) lo (PPm) ¢ 1313 (PPm)3,5te 9 9550 suolic
Treatments Heavy metals (ppm) Micro-macro elements (ppm)
Cd Cu Zn Ni Ca P K Fe Mg Mn
G 1> 17% 43¢ 10> 40799 4573%  7260° 1998% 3690*°  543P
H 1> 163  51¢ 10>  41623° 3562° 7031 1914 3259° 5782
C 1> 17° 60° 10>  39060° 2514° 5235° 1486° 3096° 536°
D 1> 15b¢ 592 10> 35620 23419 5185¢ 1386Y 3040¢ 521¢

I 1> 182 54b 10> 332899 2014" 5123°¢ 13137 19809 4459
1> 14° 592 10>  34503F 2125 5001 1325¢ 2331F  505°
1> 178 50° 10>  31256" 1120" 45409 11210 3030°  470f
1> 14° 419 10>  35450° 12239 3132" 11909 1889" 444"

> W o«

(p < 0.01) sizud loline BMS] ()l (gt Sy 3 Ciliseo upgiVl By b boSilie

Means with different superscript letters in a column are significantly different (p < 0.01).

08 bo 3 s 13 W lowi (Valotile. Soild) V.S 41,8 sels 03 ((Ash) g oy o5 54U

e SiggaeS (b 3wl CavgeeS 13 39390 I dlge lie 0aiS” Lo (VOlatile solid (VS)) 6 sels dlge s
b T olge 45505 sy onim )l i3 sels dlge yEalS e b o ialS ol alsye ULl 48 sels dlge
lse e SinlS o Jlos 4 5 T dlge 465 15 608 L Loy Sso (HUDNEN et al. 2019) conl SitusgyeS

dols dlge LEalS Mo p3 oy SistwgaeS (o 0l lis ol (Malik et al. 2021) 5, KitwgueS (o jd )3 sols
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Table 5. Percentage of ash and volatile solid in compost production treatments from rice
straw at the lab level

b ylo (7)) wss (7) 18 sl dlge 1,8 ol 3lge il oy

Treatments Ash (%) Volatile solid (%) ()

Reduction of V.S (%)

Ja! 59, 2139 Js! 39, 2139
Initial day Final Initial day Final
day day
G 194 454 80.6 54.6 32.262
H 19.0 39.4 81.0 60.6 25.19°
C 20.2 35.8 79.8 64.2 19.55d°
D 204 34.6 79.6 65.4 17.80¢
I 19.8 38.7 80.2 61.3 23.57%
J 19.9 36.9 80.1 63.1 21.22%
B 191 25.3 80.9 4.7 7.669
A 19.6 28.8 80.4 71.2 11.44°

(p < 0.01) wizun jlolis EMST glyls 52 Ky 53 iliseo iVl Gy b o Sibio

Means with different superscript letters in a column are significantly different (p < 0.01)

90 CowgaoS Wlgi olod Wl pndti —Cglily zdaw 43 CuwgaoS (o bowd 950 jud Ol gty U1 gl
(Jidgie) ComguaS Mg o alis o> (glajlé g 0 el win S 1 e H 5 G jlas 93 ) (oled & puis 19l by gedans
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Figure 9. Temperature changes of treatments during the production of compost from rice

straw at the pilot-scale. DO: Initial day. W: Week
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Figure 10. Total temperature of each treatment during the production period of compost

from rice straw at the pilot-scale
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Figure 11. Changes in pH of treatments during compost production from rice straw at the
pilot-scale. DO: Initial day. W: Week

O s K59y a8 ol )l sl paws (3 EC 0l yss sy 108 b gl 43 ComwrgaoS dlgi EC Ol puts

3 Ol 4 A5 01y (gloag s A Yl )3 Lol 03 alitio alSitalojl o 53 EC s w39, b H 5 G Jlog 93 0 0
(VY JS8) canl ol 3 09,Sun cdlad pac aawly 4 I slge 35 o)k j Gane (laSas s 5]

3 (L) A Jlas 4 cuws H 5 G las 95 0 CIN s ials 109l b adans 43 CowgaoS CIN O g

(AYSINY 5 TAVIY b5 ) Jloss 95 oyl 2led CIN line 48 coglis ol b dgs oliolojl prdas )3 il s dsliio cighly prdans

CIN cons ialS do s oy a5 3l LS jlad C/N Cns &l s dopd (cwyp o Jgin) 90 YL bl axdaws

Sl s 1y iels o) o yieS 16 (A) 1als s g 039 G Hlaws 0 bgspe ¢ jilos] conss jgy 4 Cns ZVY/FA L

YAY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(YE+Y 5l o o,lowi (10 293) (5559WiS (559955 gn dlzmo

s,

EC (ms/cm?)

W .9 395

1800
1600
1400
1200
1000

800

600

DO W1

BGEHEA

W2 W3 W4 W5  We W7 W8
(win) (o

D0 .l g 43 g5, LIS 9 018 51 CowgmoS g3 (b b ylow EC Ol puis Y JSKu5

VT

Figure 12. EC changes of treatments during compost production from rice straw at the pilot-

scale. DO: Initial day. W: Week
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Table 6. C/N ratio changes of composting treatments from rice straw at the pilot-scale

Bl Jol 3o, C Jol 59, N Jol 59, CIN 31 59,C ;31 39,N ;51 5,C/IN  CIN Lials wo s

Treatmen C DO N DO C/N DO CDF N DF C/NDF  Reduction of C/N (%)
ts
G 48 0.742 64.862 25.81°¢ 158 17.2¢ 73.482
H 47° 0.73% 64.382 29.52° 1.1% 26.83° 58.32°
A 49.22 0.792 62.272 43.322 0.8° 54.152 13.03°

(P < 0.01) wizun Jlolias BT eyl 500 Ky 53 iliseo sVl Gy b b Sikio

Means with different superscript letters in a column are significantly different (p < 0.01)
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Table 7. Micro and macro elements and heavy metals in compost production treatments
from rice straw at the pilot level
Lo (PPM) w1318 (PPM)g,Slo 9 9,0 polic
Treatments Heavy metals (ppm) Micro-macro elements (ppm)

(Cd) (Cu) (zn) (Ni) (Ca)  (P) (K)  (Fe) (Mg) (Mn)

G 1> 15¢ 40° 10> 41123 4850°  7450°  2021°  4028*  613°
H 1> 172 422 10> 406500  4231° 7345  1420°  3899° 582
A 1> 16b 31° 10>  32300° 1520°  3320°  1260°  2115°  412°

(p < 0.01) sz lolins BMS] () 2 S 3 Lo yupgiVly By b loySilie

Means with different superscript letters in a column are significantly different (p < 0.01)

1> 1l b 43 Lo (Valotile. SOild) V.S 1,8 sols a3le dAsh) jiuS15 o043 yl5me 54U
Josi g (£ YVIVE) )6 sale dlge Jial dops it (shb G Jless g (ailojl (sladiges wlie gl «igbly oo
b ol sals Hles L H 3 G jls 90 awlio ol L 1) Jhs sels dlge SialS soys pyieS 7 WW/AY L sals
392 yuier <Sle & M1 (sl lg S 13l o8 2l )18 ol Slge (ol )3 (sl (28 M2 g M (glaeusilS g Sie
(A Jo2)
OSan 5 )oY 01 g5 by, 4 (G) (558l (a3l (g2 ohmmannsS 33 5803) (LS Caronwr (o1l 5]
S losd & o 9992 (MM 5 785 5 a5 @) ZoA 5l G H 9 G Jlod 99 0 gl a3l (l ol s (2006)
Ol Slalllas 25l (61> ine glds RS 4y S Lol 25D (620 sl Cupmdg (7 OF) (509381 465, (j90 SB) A
o (LS 1) (sl 025)la5l o LT 00 A5 068 ALl sy psliate 4w (555 1B (LS Cuous )y ABI 00
zb (Wong et al. 2009) sl o jlos 4 JT slodgS )5 wre B85,105L dles 51 I slodewl 5 posgal .y b 34 o0
GRS > i 03y 0 )bils dge w8 H 5 G o los () Gjaller (asls (slasoy & g b ob olis (iaghy o
S Goloss Al oy 48 A oolitel CusgraS W5 pslato 4y sl sl @B g (£ 0 355 ol jed & g SISl cailie
OLi ains oyl ol b sl (£ AF/YY) jlaws ol )3 55 S8lgn Jaoyd oyt 390 CIN s > LialS oy o (61l
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Table 8. Percentage of ash and volatile solid in compost production treatments from rice
straw at the pilot level

B lowi (%) ymms'& (%) 31,8 Sols Sgo Mols dlge Ll sy

Treatments Ash (%) Volatile solid (%) (%) 553

Reduction of V.S (%)

Jol 395 A9, Jol 39, A9,

Initial day  Final day Initial day  Final day

G 17.9 44.8 82.1 55.2 32.762
H 17.1 38.9 82.9 61.1 26.30°
A 17.7 28 82.3 72 12.52¢

(p < 0.01) s boline WS (1l Ogiaw S 50 iz eVl Bgys b b Sk
Means with different superscript letters in a column are significantly different (p < 0.01)

H 5 G jlas 95 ,o a5 ad oaly plis addlas oyl )3 10LS iy (g pad Wi g 2l CuwgmoS pil 25,

2 556 cpyidn G CangaeS andl a5 aisl il gy b puiS ady o et ls 5> siiles (A) wals jles b duwslds
Qo Yo gV liee opo 4l e BMB pae &y dagi b aS 090 (il cwyp opl 5D ke 4SS 00 L puiS gy (sl sl
dos 3l g CungraS e Bpumo dlatdl (13,8 jslaie 4 a2 b izmen g H 9 G jla 93 j2 0 039381 CunsgieS’
(leaf area Sy mow Ladls sad o ol Sldllas (A Jgdn) 3,50 )18 ealitw] 3y90 ol slows CawgaaS Joyd Ve 30
05 L padane b3 )1 Sy o a3l .l ol (559081 ldllas g (wyyp jokate & (bl 49518 G index 0 LAI)
olS Sy 3 friwgish 5 i Gl33 Al ol Jls 4wl (RIS e (i a2 pm > Jsbo @ g (St
o cuws Sl (Specific Leaf Area: SLA) Sy 039 maw 23ls .(Ghasemzadeh et al. 2022) 54 ounlos
Gyl 4oy ool CMAGE ] (6,5 0510l dsly oS ol oS Sy o b ol 0aiiS jiwgih yise St (y59 4 Sy
S dsho ol 5 Ldg )l ccunsdyg)lS im 0uiS jiwgish lipl il 3529 9 S i Culis Sbles ail pSes8
Karimi & ) cul juin olS Sy jitugiph cudjlo im 18l jiSa s Cons cpl d2ya 5 ool plo 4 g Cosl S g
Amd LB agd b cou ) g iS5 9 £, aSle Ad) slaadge ple Ll e asldl )3 15 gaige oyl (AZIZI 1994

(A) sals o 51 oy balps H g Golayla )3 ous o)Ll (a3 ls 93 ya and o Ui 35 adllas oyl 5l ool Cawd 4 gl
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Table 9. Evaluation of the effect of different percentages of final compost on wheat growth

indexes
Thw padls Spopgghw M) g, (o) 5 ojy Subd pjy pasaoy  byles
(cm?) S » (cm?/gr) Height  Fresh weight (2,%) Consumption Treatments
cm r %
LAI (cm?)  SLA (cmZgr) (cm) @) Dry weight (%)
(gr)

17.2° 49.14° 43° 4.3 0.92° 5 G1
17.32 48.05°¢ 45,2% 4.4% 0.95% 10 G2
18.92 45¢ 472 4.78 1.12 20 G3
13.5¢ 48.21°¢ 40°¢ 3.5¢ 0.82¢ 5 H1
15.2¢ 47.5° 42° 4.1° 0.9° 10 H2
16.1° 46¢ 45,2% 4.3% 0.93%® 20 H3
5.9f 592 244 2.6¢ 0.4¢ 0 A

(p < 0.01) s Hboline WS (1l Ogiaw S 50 iz eV Bgys b b Sle

Means with different superscript letters in a column are significantly different (p < 0.01)

ool ARl aw p3 Baos ol )5 oad pbsl slayialejl 3 sdel Cowd 4 gl 4 dngi b 2GS Ao

cble y cogby dod> s EC PH CIN s Jod 51 olordgisd sl Shy pogad 485 &g slajlll
oS5 bl oyt b 1) SitoggaS 401,38 10 powye (led slojl aizils H 5 G (slojlos a3 (b 5 glié polie
°C) G las & by Judsa b (b 5 o> (Wl Jlo e )3 dizles w03 (oS Copaus (19 9 5plSimd5 il 5 03,5
Loyd oy aleg d (L SNAY) H o (7 ¥8158) G jlas 3 CIN s 2al8 olise op i « QMY CCYH 5 ($+/-Y
2 el jelate & cottie slayles o 4 H 5 Gl 9310 5 G jlos ) bgaye (30> YY/VE ) 6 sols dlge jials
S Shy posad 3 4B Soso il Golul 2 g Ssbl maw 53 B0 ol > a5 4B a5 > gkl gaw
Comns 905] (pizmed g Sl (b 3 ol polie il g g dod lpis EC PH CIN s Jod 5 (oliandsSo 30
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