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Table 1. The analyzed value of layer diets of conventional feeding, feces, spent mushroom substrates and rice hull

Items Diets Feces Spent mushroom substrates Rice hull
(n=10) (n=12) (n=4) (n=4)
Moisture, % 10.88 74.48 39.55 10.09
Dry matter basis
Ash, % 11.73 34.25 8.95 9.89
K, % 0.59 2.45 0.79 0.04
Ca, % 3.17 9.53 0.52 0.10
N, % 2.67 3.00 2.12 0.77
P, % 0.63 0.63 0.68 0.77
Organic carbon, % — 33.38 43.96 81.04
C/N ratio' - 11.13 20.74 105.25
Cu, mg/kg 17.8 82.9 7.6 0.8
Zn, mg/kg 74.0 638.1 59.1 1.1

" C/N ratio = organic carbon (%) + nitrogen (%).
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I SEERERE Y 5 504
Eal= IRt ?ﬁ@ 10 $#EREegate > 1) Fi A S R AR R Y 50 ) AT BRI o F[F ] SAS ARFE 5T A
RS *{a’j’ﬁ‘ﬁ‘ fr— JES LA T (General linear model procedure) &S AR ST (SAS, 2002) 0 4T gﬂ# B
Fr 2] 9 (Duncan’s new multiple range test) » Pt f TRy 55 2 BRI (0= 0.05) o AN fi‘?'ﬁﬂ*g
U755 ~ 0T~ B g Sﬂ'béﬁliﬁéi . ’g“ R {al (#<2) > iy T3 A [t (16 mg/kg) ﬂlﬁz (112 mg/
kg) r’jé&ﬁ%ﬁ%f& (P<0.05) 4 T1 % T2 A KLy » = [N T3 A BapBISRIAT A B ] f = 3 KLy (O ok -
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Table 2. The analyzed value of experimental diets

Items Group T1' Group T2 Group T3 SE
Moisture, % 11.08 11.28 11.19 0.39
Dry matter basis

Ash, % 10.68 10.64 10.48 0.33
K, % 0.58 0.59 0.58 0.03
Ca, % 3.73 3.72 3.54 0.60
Na, % 0.31 0.31 0.30 0.01
N, % 2.73 2.75 2.75 0.04
P, % 0.60 0.60 0.60 0.01
Cu, mg/kg 7 11° 16" 2

Zn, mg/kg 60° 76° 112 3

" Groups T1, T2 and T3 were fed the basal diet with three levels of copper and zinc i.e., 0 mg Cu/kg and 25 mg Zn/
kg, 5 mg Cu/kg and 50 mg Zn/kg and 10 mg Cu/kg and 75 mg Zn/kg by adding CuSO, or ZnSO,, respectively.

TIL, $6901 (S0 S PRI L b =
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5 PIEIBRIEG 155 SRS (SERETGE S 02 M 0 BB 21 S 538 )
VLB T HEPIT 59 S SR P 40T o [ 5T 65 SR (REE - BRI
Y- B A AT S S TR R FIVR IS A 60% (3 3) -

s

50 —— Group C2T1 650 ey
—=— Group C2T2
—<— Group C2T3

Temperature, ‘C
"
2
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1 6 11 16 21 26 31 36 41 46 51 56 61 1 6 11 16 21 26 31 36 41 46 51 36 61

Cormposting tims, days

Composting time, days Cormposting time, days

1. IR R
Fig. 1. The temperature change during composting period.

" Groups C1, C2 and C3 were all layer feces, 20 + 3 of C/N ratio and 30 £ 3 of C/N ratio, respectively; Groups T1,
T2 and T3 were fed the basal diet with three levels of copper and zinc i.e., 0 mg Cuw/kg and 25 mg Zn/kg, 5 mg
Cu/kg and 50 mg Zn/kg and 10 mg Cu/kg and 75 mg Zn/kg by adding CuSO, or ZnSO,, respectively.

aidi PN R ﬁf,\ 5y ° hiﬁah‘ébof*»zﬁ%‘é&r[“"ﬁmﬂﬁﬁg HSSCI (D iyl C3T1
AR A Y 4 S R REIEVR L 66°C IF o M [ LRIV 9% R £ 65°CY T« de Bertoldi et al.
(1983) frielh - SEE SEA IR SR PR 8 ') 40 — 65°C Kb > Bl 55°CHEE Re = Jﬁr%rﬁ PRl o qE
FRTHAEN S 3 63°C fI 3 ’i“faﬁffwr%?ﬂ%'ﬂiplfﬂ”ﬁfﬁxJ FilRE (50 il Gy 72Cra’ﬂ#ﬂr§75t AT -
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Table 3. Effects of different levels of copper and zinc and C/N ratio of compost material on composition change
during composting process

Group C1' Group C2 Group C3
Items Group Group Group  Group Group Group  Group Group Group
T1 T2 T3 T1 T2 T3 T1 T2 T3
Before content adjustment
Fecal weight, kg 89 92 91 47 47 47 36 36 36
Fecal moisture, % 60 60 63 65 68 69 65 67 69
Added
Rice hull, kg — — — 25.00 25.00 25.00 36.00 36.00 36.00
Water, kg — — — 2530 2548 2553 40.53 4034 40.28
After content adjustment
Total weight, kg 89.38 91.59 91.02 9720 97.42 97.66 112.61 111.89 112.48
Moisture, % 60.38 59.61 60.56 59.94 59.64 59.60 60.40 60.02 59.75
Dry matter, kg 3541 36.99 34.04 39.03 38.14 38.68 43.50 43.18 44.61
Organic matter’, % 65.81 66.89 67.23 68.73  69.78 68.97 70.67 70.73  70.77
Organic carbon, % 35.03 3533 35.19 37.75 37.82 37.73 37.13 373 37.26
C/N ratio 11.30 11.51 11.10 2228 2255 21.85 29.96 30.49 29.42
After composting
Total weight, kg 36.14 41.36 34.36 44.13 4221 44.87 55.02 46.32 52.02
Moisture, % 38.10 42.82 37.35 43.72 4190 41.71 47.10 38.63 44.84
Dry matter, kg 2237 23.65 21.52 2484 2453 26.16 29.11 2843 28.69
Organic matter, % 51.82 5226 51.08 53.06 512 54.0 5585 5446 5432
Organic carbon, % 26.51 27.44 25.86 27.37 2734 27.05 28.6 2695 27.19
C/N ratio 8.07 842 7.25 13.08 1242 14.42 19.59 12.27 14.18
Yield percentage’, % 4043 45.16 37.74 4540 4333 45095 48.86 41.40 46.25
Loss of dry matter’, % 36.83  36.07 36.77 36.36  35.69 32.39 33.09 34.16 35.68

" Groups C1, C2 and C3 were all layer feces, 20 £ 3 of C/N ratio and 30 £ 3 of C/N ratio, respectively; Groups T1,
T2 and T3 were fed the basal diet with three levels of copper and zinc i.e., 0 mg Cu/kg and 25 mg Zn/kg, 5 mg
Cu/kg and 50 mg Zn/kg and 10 mg Cu/kg and 75 mg Zn/kg by adding CuSO, or ZnSO,, respectively.

* Estimated value, Organic matter (%) = (I — ash) x 100.

? Yield percentage = compost weight of after composting + compost weight of before composting x 100.

* Loss of dry matter = (dry matter weight of before composting — dry matter weight of after composting) + dry
matter weight of before composting x 100.

IV%%ﬁﬂ%%fﬁ R E= ST (SRS 53 2 Y
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C1~ C2 W C3 AHEPURURIf A7 60% » BRI A ED 11~ 2272 30 (3 3) « HE1°1 {1 i
ﬁa"g il AR EE] 40% }*F ’HéEj“IgJE&} 40 — 50% > ZEFF (1998) fUBEsd AT - HEHPI = C1 ~ C2
R C3REPURRE PR L 8 ~ 13 7 15 BIMIPUIZPPET R ST 32 — 37% » = PRLIEPI = E[ljj"\jﬁn :
FSWTRL ] ey CO, (Parkinson er al., 2004; T1qu1a 2010) » Z%55 NH, [fi] Hﬁ{f (Bernal et al., 2009) {figk

i) C3 AH R = [ UBRE C1 A2 AT C2 5 o iU R O T ST (ST E A R ) Ejﬁq

A i b éﬂﬁﬁ”'ﬁ%ﬁ‘éﬂﬂhﬁm

Fo4. TEPURORIERSE 5 I Wi FRBHET (MRl sra AR R R
Table 4. Effects of levels of copper and zinc and C/N ratio of compost material on RSG before and after
composting

Group C1' Group C2 Group C3

Items Control  Group Group Group Group Group Group Group Group Group
T1 T2 T3 T1 T2 T3 T1 T2 T3

Before composting

Alfalfa
No. of germination, plant 88 10.5 8.0 255 175 395 290 250 295 18.0
RSG’, % 100 11.93  9.09 28.98 19.89 44.89 3295 2841 33.52 2045
Rapeseed
No. of germination, plant 91 61.0 475 455 70.0 52.0 68.0 69.5 505 495
RSG, % 100 70.11 54.60 5230 80.46 59.77 78.16 79.89 58.05 56.90
After composting
Alfalfa
No. of germination, plant 91 84.0 83.0 80.5 82.0 850 89.0 87.5 91.0 920
RSG, % 100 9231 9121 8846 90.11 93.41 97.80 96.15 100.00 101.10
Rapeseed
No. of germination, plant 83 82.5 83.0 815 86.0 87.0 915 81.5 875 850
RSG, % 100 99.40 100.00 98.19 103.61 104.82 110.24 98.19 105.42 102.41

" Groups C1, C2 and C3 were all layer feces, 20 + 3 of C/N ratio and 30 £ 3 of C/N ratio, respectively; Groups T1,
T2 and T3 were fed the basal diet with three levels of copper and zinc i.e., 0 mg Cu/kg and 25 mg Zn/kg, 5 mg
Cu/kg and 50 mg Zn/kg and 10 mg Cu/kg and 75 mg Zn/kg by adding CuSO, or ZnSO,, respectively.

> RSG: number of seeds germinated in litter extract + number of seeds germinated in control x 100.

V. HERUECR] S f[a MR PR [ R A AR S YR
SRS [ SR e AR RTAE BB b BT AR S REIOFERR > (R B R R SR E
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[P B CIT3 A FI S~ RSG (& 88.46% It » T Tu? fHESA = [0 RSG 73 90% 1) - > &
%mﬁ P TR fp ™ JEEE T 1) EL#HEH?% t“ﬁé B b F“Hﬁ%\i R R RIAV SR FE?JJ/?VBVJ%&ﬁ o FiR
F(2012b) M AR PRS- E T RSG L » ARIUHAT P IR RSG Al IF AT - A
t[%@ 16 — 20% » FIfIY RSG §73% 98% I'] - » Kim et al. (2008) 37| “?,jﬁg[gﬁb* [ R
i A SRR RS Y RSG o — 40.0% » ~f [Z;':FH@J F 104.0 — 164.4% > [N1F=Kim et al.
(2008) ,?”E PSR | RS e SIS B - Tiquia and Tam (1998) 4tl
RSG /i#% 80 — 100% i B m 2 B E



B G R B RS R 201

5. EPVRR S £ B R LS [ 8 5 g
Table 5. Effects of different levels of copper and zinc and C/N ratio of compost material on chemical composition
change before and after composting

Group C1' Group C2 Group C3
Items Group Group Group Group Group Group Group Group Group
Tl T2 T3 Tl T2 T3 Tl T2 T3
Before composting
N, % 3.1 3.07 3.17 1.69 1.68 1.73 1.24 1.22 1.27
P, % 0.44 0.55 0.42 0.41 0.32 0.41 0.37 0.37 0.32
K, % 1.61 1.51 1.6 1.5 1.36 1.39 1.31 1.67 1.4
Ca, % 11.29 1312 1297 11.15 1277 1194 992 11.11  10.37
Cu, mg/kg 30 38 48 20 25 36 15 20 28
Zn, mg/kg 180 230 356 135 186 321 110 155 320
After composting
N, % 3.29 3.26 3.57 2.09 22 1.88 1.46 2.2 1.92
P, % 0.82 0.80 0.80 0.80 0.78 0.76 0.76 0.73 0.72
K, % 341 3.18 3.47 3.36 2.34 3.21 243 2.69 2.27
Ca, % 3.35 3.32 3.59 2.28 2.15 2.09 2.14 2.09 2.21
Cu, mg/kg 45 53 67 36 43 56 30 38 46
Zn, mg/kg 253 345 487 202 254 449 168 226 417

" Groups C1, C2 and C3 were all layer feces, 20 = 3 of C/N ratio and 30 £ 3 of C/N ratio, respectively; Groups T1,
T2 and T3 were fed the basal diet with three levels of copper and zinc i.e., 0 mg Cu/kg and 25 mg Zn/kg, 5 mg
Cu/kg and 50 mg Zn/kg and 10 mg Cu/kg and 75 mg Zn/kg by adding CuSO, or ZnSO,, respectively.
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Abstract

The purpose of this study was to investigate the effect of levels of copper and zinc and carbon: nitrogen ratio
(C/N ratio) of compost materials on copper and zinc concentration of compost. Layer hens fed with three levels of
copper and zinc i.e., groups T1, T2 and T3 fed with 0, 5, 10 mg/kg of added copper as CuSO,, and 25, 50, 75 mg/
kg of added zinc as ZnSO,, respectively. Collected excreta were mixed with rice hull to adjust C/N ratio at three
levels i.e., groups C1, C2 and C3 were all excreta, C/N ratio = 20 £ 3 and C/N ratio = 30 * 3, respectively and
moisture content was adjusted to 60% before 65 days of composting process. The results showed that fermentation
temperature can reach 55°C for 5 consecutive days in each group. During composting period, C/N ratios of C1, C2
and C3 reduced 3, 9 and 15, respectively and losses of dry matter were between 32 and 37%. After composting,
alfalfa relative seed germination (RSG) of group C1T3 was 88.46%, while alfalfa and rapeseed RSG all reached
over 90% in others groups. Significantly higher RSG were found after composting than those before composting.
Copper and zinc concentrations of compost were 1.50-1.69 and 1.26-1.47 times of those before composting.
Concentrations of nitrogen, phosphorus, potassium and calcium were higher after composting than those before
composting. Organic matter, organic carbon and C/N ratio were lower after composting than those before
composting. In conclusion, copper and zinc concentrations of compost could meet the national quality standards
of excreta compost when dietary copper and zinc were 16 and 112 mg/kg, respectively. It indicated that excreta of
layer hens without composting could inhibit seed germination.

Key words: Carbon: nitrogen ratio, Compost, Copper, Excreta of layer hen, Zinc.
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