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[ AR 27 B iR AR T 5T BT B = N AT . 1%
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Table 1 Factors and levels of cotton straw composting trail

Ny FEF K -
ZJ;\II CIN Coggg/;t}rqaw Nitrogﬁrﬁource
1 25:1 1 JRF
2 30:1 2 PR
3 35:1 3 MY+ PR

%2 LIGHEXRWZITER
Table 2 Orthogonal design of L9(3%)

- K -
TréLatment C/N/em Coggg,sﬁ;aw N itrog}ekrf LTslource

1 1(25:1) 1(1) s

2 1 22) 2(183%)

3 1 3(3) (M e+ H)

4 2(30:1) 1 2

5 2 2 3

6 2 3 1

7 3(35:1) 1 3

8 3 2 1

9 3 3 2

%3 S5SkgBEHRMAENE
Table 3 Weight of nitrogen source adding into cotton straw of

5 kg
9 9 3+ i 25
C/N U):T:ig C?llijc;IZn ChXilgk;(jn Ej ure
manure/kg and urea/kg
25:1 0.064 1.780 0.890+0.032
30:1 0.031 0.789 0.395+0.015
35:1 0.007 0.178 0.089+0.004
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Note: Date in figure a was the average of different cotton straw sizes and
nitrogen treatments; Date in figure b was the average of different
carbon-nitrogen ratio and nitrogen treatments, Date in figure ¢ was the
average of different carbon-nitrogen ratio and nitrogen treatments.

B 1 LB RRAEASEG TN
Fig.1 Temperature change of the different treatments during
composting period
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FH, SEBERIMLL, ZEARF CIN Y, #¥I4G CIN b
25:1 1 30:1 MIARFT KIS 11 CIN LEEAK N 17:1.
FERSFFCE 9 1 om RIS 0 PR 25 8008 26+ R 1Ak

R4 TRIEARLEXBITREGYLINE.

HLAY IR W 46%. 43%. BEHIRSFFICE N 1om,
IR 2 BN e J 2 AT R FF R T2E CIN (1
I«

CIN RA B[R RIREX/NARAK FHEHAIF T

Table 4 Influence of different factors on C/N, GI and accumulated temperature of cotton after composting
CIN ) T FUE
FhT R AR (GD 4
K%  Factor BWEG FA HL A1) R Accumulated
ST Pre- i Germination index/% o
JR#T Pre-composting After composting Reduce ratio/% temperature/C
CIN 25:1 25:1 17:1a 32 118.2a 1289.56a
30:1 30:1 17:1a 43 113.5a 1264.24b
35:1 35:1 19:1a 45 112.0a 1290.86a
TEARE 1 30:1 16:1a 46 118.6a 1315.75a
Cotton 2 30:1 18:1a 40 113.8a 1287.80b
Straw
size/cm 3 30:1 18:1a 40 111.3a 1240.24¢
. R% 30:1 17:1a 43 121.9a 1259.01b
ZR I . .
Nitrogen Xﬁx;;}':}_' 30:1 18:1a 40 114.1a 1240.24c¢
e+
source ”% * 30:1 17:1a 43 107.7a 1354.41a
I [F—5FREHFIZ R P>0.05 B Dunken £ BILEIEAAN B3 R P A R 1) 3 AMEHIFIE, R,

Note: The same letter in the same column was not significant when P>0.05 by using Dunken multiple comparison method. The data in the table was the
average of 3 treatments of the same factors, the same as below.

x5 EXREAENNER

Table 5 Analysis of variance in orthogonal design method

S R i ) e
Dependent variable Factor P d Mean square F-test Significance
square freedom
LB CIN 0.001 2 0 0.385 0.722
Water holding FEFTAC S 0.050 2 0.025 28.288 0.034
capacity A5 7.117E-5 2 3.558E-5 0.041 0.961
. - CIN 0.016 2 0.008 5.794 0.147
WAL

Air filled TR 0.023 2 0.012 8.330 0.107
porosity I 0.007 2 0.003 2337 0.300
CIN 0.011 2 0.005 30.074 0.032

S FLBGRE L1 e
Total porosity FEAT K 0.005 2 0.003 14.173 0.066
R 0.006 2 0.003 16.932 0.056
CIN 7.130 2 3.565 2.596 0.278
CN FEFFC 9.199 2 4599 3.350 0.230
IR 2.464 2 1.232 0.897 0.527
CIN 0 2 0 1.054 0.487

K PR
Bulk density FEAT K 0.010 2 0.005 28.719 0.034
R 0 2 0 0.850 0.540
T CIN 0.006 2 0.003 0.238 0.808
Germination TR 0.008 2 0.004 0.315 0.761
index A 0.031 2 0.015 1.164 0.462
oH {if CIN 0.113 2 0.056 1.140 0.467
Potential of FEAT K 0.012 2 0.006 0.122 0.891
hydrogen AU 0.001 2 0.001 0.013 0.987
g% CIN 0.955 2 0.478 0.198 0.835
Electrical FEFFK 2.883 2 1.441 0.597 0.626
conductivity R 4.486 2 2.243 0.929 0.518
- CIN 1351.402 2 675.701 24.686 0.039
Accumulated FEATKE 8532.395 2 4266.198 155.858 0.006
temperature A 18876.150 2 9438.075 344.804 0.003

2.4 ARIEZEXRFTAEZAIE EC. pH {E. ZERISN
2 6 %, SadMfred kg, H EC,

pH i AR REH . KB Rt , 3 0
EC (A1 pH EIEmMEIARE (RS o K
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FALBERERT S S5 1Y EC 224k R I CIN 24 35:1,F4FF
KRR Lem, RFENASEK BB ER L, Sk
F 23.5%. 25%. 26.1%. AKEZ)5, CIN % 35:1, F%
FFEEH 3 em, SIS FE AL BE ) pH {E 45 = I
HOR PR G, i 21.7%. 16.3%.

17.1%, Jf HAS AP HEFT Ao 1) SRtk o R AT
KEEERETEREE (85, HPhLURSF
KBk 1om AR T AR 0.3g/em®, S5A5FT
KEN 2em MBI RFENZR, (&R T
FHC R 3 cm 4 FEZ) 36%.

#x6 AREFEEXEFTAEERE EC. pHE. ZEHF M

Table 6 Influence of different factors on EC. pH and bulk density of cotton after composting
5% Electrical conductivity pH {E Potential of hydrogen 7% Bulk density
3% IV T . KRR BKE REEN RBEE WK
Factor Pre-composting After Increasing il . After Increasing Pre-composting After composting Increasing
/(mS-cm™) (;?mgcésmth)g rate/%s | re-composting composting  rate/% i(g-cm®) I(g-cm™®) rate/%
25:1 4.18a 5.00a 19.6 7.74a 7.96a 2.7 0.19a 0.26a 26.9
CIN 30:1 3.69 4.20a 121 6.86a 8.01a 16.7 0.18a 0.27a 50.0
35:1 3.78a 4.67a 235 6.75a 8.22a 21.7 0.15a 0.26a 73.3
AT 1 4.01a 5.35a 25.0 7.14a 8.03a 12.4 0.17a 0.30a 76.4
i?rt;\?vn 2 3.8la 453 15.8 6.93a 8.05a 15.5 0.18a 0.26ab 44.4
size/cm 3 3.91a 3.98a 17 6.98a 8.12a 16.3 0.16a 0.22b 375
A JR 2 3.26a 3.67a 125 6.90a 8.05a 14.2 0.18a 0.27a 50.0
Nitrogen %93 4.24a 5.35a 26.1 6.90a 8.08a 17.1 0.17a 0.26a 52.9
SOUTCe s 4.13a 4853 174 721a 8.07a 11.9 0.17a 0.26a 52.9

2.5 ARIEARMHHF LB ERIFFKFLERE TR
SELFRE R ST

BT LB B K o A U i, e
B S AL, Frh I LB KL
BRE . AEAEIL R A RS LR B vy, T I S )
FEKIRIKEES), ARIT BRI AR, FKSL
B WA E 2. AR, BT EERRRRAL
BRAERE KAER 3 (3R 5D, LKA 1em AL #E
FKFLBEE R, KRB E /KL A 3 52.9% 7 H.
FEK 111.1%. 3R 7 ATRAE Y, IR, CIN A

AR F IS ALBRE 22 AN K, FEFTA R (1) 5 A 2
ZE i, RO AL . KRR,
CIN. FEFFKEE. S5 3 AR 2l AL BRI/
ERIEAESE (K 5) o SRS < fLRRE
HERIERTIIRAG, L CIN 25:1, FEFFKFEHR 1om, &
TEA NS FE I AL Bk NFEE f K, 4 IE 3] 76.8%-
74.7%; 69.7%. KRIERTBRFSFTHC AP HA 2 A FR )
LB 2 AN . R RE R, CIN X FLBRE I
INEERER (85D, LLCIN 25:1 ) S FLERE 5/
h 66.0%3F HLyk /N T 24.8%.

RT7 FRERMIRF LEEERFKFLEE MBS FLEEE R R0

Table 7 Influence of different factors on water holding capacity and air filled porosity of cotton straw after composting
FeKFUBRE  Water holding capacity/% JEAFLBREE  Air filled porosity/% MALEREE  Total porosity/%
re-composting composting rate Pre-composting composting Reduce ratio Pre-composting composting Reduce ratio

25:1 28.0a 50.0a 78.5 59.7a 16.1a 76.8 87.8a 66.0b 24.8

CIN 30:1 28.4a 48.2a 69.7 58.9a 26.3a 55.3 86.6a 74.5a 13.9

35:1 28.0a 48.1a 71.7 60.0a 22.6a 62.3 89.0a 70.7ab 20.5

FEFTCRE 1 28.0a 59.2a 111.1 57.9a 14.6a 74.7 88.9b 73.8a 16.9

ifrt;‘,’v“ 2 28.7a 44.4p 54.7 60.9b 24.2a 60.2 86.7b 68.6b 20.8

sizelcm 3 27.8a 42.7b 53.5 65.0c 26.3a 59.5 92.9a 68.9b 25.8

A JR%E 28.6a 49.0a 71.3 60.5a 23.9a 60.4 89.2a 72.9a 18.2

Nitrogen pLE 28.8a 49.0a 70.1 59.1a 17.9a 69.7 88.0a 66.8b 24.0

SOUTCE g9 4 Jt % 28.6a 48.4a 69.2 60.3a 23.2a 615 88.9a 71.6a 19.4
3 it # A O R AT PR RS AR . I R R A AT A I

1) MAT AR AL (1S A BE bR o AEARSAT L I
e, AT RS R A, A

RERE AR B TERS, WD T R K ER R
LRIy FIREOE KI8T SR R . R R 1Y)
PR E RS AT AW HERE PRSI HLAEE & Al
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(R P AR S BRI T 5 46 2 KT 193+
PR ZEAE h SRS 0 B AT b A R T A B ) T
MR TR GE R K Al i, LRI AT RE R R 2R
A LR AE R, X936 A PR i ik
FIEHLE AT LA 0 A 4 458378 2 A T 4 3 4
e I T 14D v i O XS AR B 45 T KR 2 R R
Y, WO T RAERECR, AR TR R . fetE
(1 R L 7R 40~65°CHS), i pEkEl 55°C AT L4
BEIR G 4o AR G SR R e T g i E i
P2, WS R B AR RE R . Mg s T
63°C, FEMGEDNG S N, ik F) 72°CHY,
T A o DRI T e 0 A T A A S A P
JE o FEATRIG 35 b BEAE 55 2 R TG B 55 il
S AR bR B 3 R 2 T 3 B R I PR UL B Y L A
FF58 AR R AT HE— 20 A

CIN. FEFFKSE. R RGN ECy pH 1H.
WAALBREE . Gl ¥IE W MR, RS Xy
IKFLBEURE « 2R i, AR Lom ffi4d
AR TR R IR AT R K FURE A T, AT
INFETRIIK o2 1 LR e MR R IR BE T - AP ik
AN FHERR, i B SRAAT R B 0 B T 75 b
YIMRR AR, 1 oo A G (0 J s ok ey, 2
SRR BEREAT A & 3 5 S IR PO AR A
ENENUEEL. 25 1, nTCARIHERSLBREE, A,
BURIX 3 ANFEhR ol & A AT R 41

2) KRAT A e i o e M AR B PR 58+ 20 A
EARAEVEDAR RIB A TS O R K5 784
{1 L8 A A R T 1R AR 2R 10 AR R 1 a4t
Cip ) e ) = 2 SV o e A R B0RE (0 244
JRAE R IERT G A W A8k, K FLBR B B o bl s) i
SN AEARIG b AP R B R AT I RE 2K FLBR
FERIA R ST E TS B8 —BAK
B EAL 0.2~0.8 glem® AL, IRl
B3 7E 55%~96% 75 [ A M, e AR IR &
AEBIRRFT 200 30 d BT KT 0.2 glem®, JLr
DIREFTKE h 1 om AbBEAR T AN 0.3 glem®s %
AL HR R PR AT LB Y AE iRy, o LA
FIKE Sy 1 em Ab3 R4 K AL IR S 35 e T oA Ak
B, AR TR B W 2L KRS
Fro mivl, 936, B, B mRSRERY

A WIS EL T BRI Rk, TR R B A Bk
T RS 16 pH (B AL T 39B0A5E, AR AR Tk
W AAT o AEAREG T, pH AE Bl AP 52 0L O B 1)
Eth, SRR KRBT B AF PRI
TP Fp o, 5 EHE— DT T AR A R AH Y
WA, EC BRI —Tifebs, & kbl
JiE R SR A TV R 2 DB T AE R
AR, WIS S R PR Y IR CIN, TR AT
JE AR R AR S INFE 0, T ReE BT i P
i PR B R R, AR, R
(FIRRFT EC A T R BERTHS A P i, BLBEE K
P EA T, ARFT R TS PR /Bl 2 3. AR DL
CIN 24 25:1. FEFFKIEA 1om. R NILFEN EC
AR RIS AHIALIE EC & T IR E, MI+HIRE
WA iE], BEEH A REA LR R T EC $mr. W H
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Favorable conditions of cotton straw composting using as soilless
culture substrate

Zhang Ye, Yu Hongjun, Yang Xueyong, Jiang Weijie™
(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijingl00081, China)

Abstract: The aim of this study was to find the optimal conditions for cotton straw composting as a Soilless
Culture Substrate. Cotton straw size, carbon-nitrogen ratio, and nitrogen source were investigated to determine
their effects on the process of cotton straw composting by using an orthogonal design method. Each factor was set
at three levels: C/N ratios were 25:1, 30:1, 35:1, cotton straw sizes were 1, 2, and 3 cm, and nitrogen sources were
chicken manure. urea, and a mixture of chicken manure and urea. Cotton straw applied in this trial was bought
from the famers in a Beijing suburb and was broken into 1-3cm particles by machine. The C/N ratio of cotton
straw was 38:1. The dry chicken manure and urea as the nitrogen resource were used to adjust the C/N ratio. The
cotton straw weight of each treatment was 5 kg, and the water content of each treatment was adjusted to 60%-70%.
Plastic weaving bags of 70-liter capacity were used as composting containers and were placed in three layers with
a randomized design. Each treatment had one bag and three replications. The bags were turned over every 10 days
during the maturation phase in order to improve the O, level inside the bags. The trial lasted 30days.

The parameters included composting temperature, C/N ratio, bulk density, pH, EC, accumulated temperature,
water holding capacity, and air filled porosity. A temperature meter recorded the temperature in each bag every
day. Bulk density and porosity were determined following the Byrne method and conventional method,
respectively. The pH and electrical conductivity (EC) were determined by 1Q150 Portable pH/mV/thermometer
measurement.

The results from the study indicated that during the composting period, C/N ratio of 25:1, 1 cm straw particle size,
the mixture of chicken manure and urea as an added nitrogen source were the optimal conditions to sustain high
temperature (> 50°C) in the composting pile of cotton straw, and the days keeping high temperature in the three
conditons was 9, 10, 8 days respectively. The C/N ratio had a significant influence on total porosity reduction,
with the highest value (66.0%) in a C/N of 25:1, and that in pre-composting decreased by 24.8% compared with
after composting. Cotton straw size had a significant influence on water-holding capacity . accumulated
temperature and bulk density increase, and the highest values (59.2%, 1 315.75°C, 0.30 g/cm® ) occurred with a
cotton straw size of 1cm. Compared with pre-composting, the water holding capacity after composting increased
by 111.1%, and the bulk density increased by 76.4%. Nitrogen source (chicken manure and urea) had a significant
influence on accumulated temperature, and the highest measured value (1 354.41°C) occurred with the mixture of
chicken manure and urea as the nitrogen source. Recommended values are a C/N ratio of 25:1, 1cm cotton straw
particle size, and a mixture of chicken manure and urea as an added nitrogen source for cotton straw composting.
Key words: straw, composting, nitrogen, orthogonal design method, maturity index, soilless culture substrate



