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a. Whole plant stalks
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c. Crushed straw stack
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Note: Dot of figure is sensor distribution map, and 3 layers for a figure,
4 layers for b figure, 3 layers for c figure.
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Fig.1 Installation diagram of temperature sensor
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Table 1  Statistical analysis of whole water %
FEAPIRAS it B S ON: RME A FrAE %
Straw status Storage form Max Min Average value Standard difference
i#% K Open air 21.12 9.74 14.796 4.379
HEpk 7
Whole plant 7 i Covered 15.71 10.89 12.36 1.918
#+} Sealed 32.76 11.08 19.974 9.024
#% K Open air 23.49 11.36 16.47 5.104
T4 e
Strapping 4 1z Covered 14.37 11.04 12.404 1.409
%4} Sealed 26.95 12.08 17.132 6.101
i#% K Open air 25.58 8.62 20.25 6.839
WA
Hi ﬁ% 74 7 Covered 28.06 8.62 16.824 7.121
Smashing
#+} Sealed 33.52 8.62 20.406 8.878
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Fig.5 Average temperature changes of straw under different
storage methods and straw status
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3.646%. M, SEFGFRE AT IMEE R, HAANRE S 1
RIBFEAE, K 26.68°C, it HEEHLE 5°Cidy, nIREMR
HEANEARRE, KBRS SR, S E R R . 4T
AR T, FRREATLAE R, B, BERAMEE, i
FEAAIATIL, BrrfEZE50 )k 3.536%. 3.364%F!1 3.337%.
FIHEARIRAS, B BRSNS 5 1 R H T3 e,
1X24.80°C, WEETIAEHREE, BT HABMIRE. i
RETF, BERMAAFREFEEER, Pz h 3.71%, &
a B IR, bRHEZESr 5k 3.43%. 3.24%. A LEAE
PRANSTHIAR, BB RSARELEE T IET A 3 Fifififr Jy =
I, (HAEES 20 RKiAF| skl 23.88°C.

T 24 h WASFFRR IR A B0, e PR bk
FERFHEAT AT (B 6D, IR M K IRBEH AT 16~
30°Czlil, T AKHAEN KR, B — A F 8:00
it BT, Wb 8:00 AT FRE. 3 BiA7 i Az K o
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Fig.6 Temperature changes of whole stalks during 24 h

HE RAEAFIT, FEFFRIME S AN IR ET 58 A ek, 524
BRl R s Ko 0~8h JLT-4edeTolir, AR ih £k
TE#5 KA g7tk 2 ], 8~12h M 19.9°CHIIN =2
34.5CIE L Bk, SRIGHE 20 h o4 FR&F] 28°C. W]
DLAIIE, ARG IRET i EAAH R, PO Al
WA T, BRI RE R SORBH B S, AT GE AR AT
FrEks

B A, T UERNAT M GG, A2 PRBEL Y s
N E5iAk 2 FOr iR, g thdE 1~8 h sy, 8~
15h M 20.4°CEMEINE 27.6°C G WAL, fndE
20h AiAi FREE] 24.8°C. R, dWEAR N, H
I A ET I S o D DR T B 7 T RS AT K. B2 KR
ELSF RN, N AN I BT

BEEAANS, TSR, W AR IR
FEARAAT ZE 8 K o 5 53 A 2 F 5 3 LA, W B e e 5 1~
8 /NIIRAG, 2 8~14 /N 18.5°CIVId 5 52 445°C,
%5 14~18 /NI N A% 33.5°C Jaik 2 sh AV, fernilE
AIELAN IR E Tl T 17°C o Al REN N B H 44F T il
PER. TSR, TR .

ATCLANGE, SR RN o5 4 F N A RS FE, R
BN B ESAT T AT RS AT, Wk 45°C AT,
HARLIRGH, DA e A I I 2 R AR B e R
2.4 EHRETULH

R AR T AR T R REVR AR 16 S L 4R AR 2
B R 2 WL, BACRE, TOKRREFTIREISAR AL R
PR BEI ] 2R PR, 2 A0 MR, HE4K
S RN, ATRER R K RN R B DA
BRAEAE M, e k. B, ®EEfA, 1~5 A%
Qar F#MKT 1512, 1608, 1612kJ/kg: I, #EH#Ar
FEFT R AP E B, AL 11 547 kdlkg, 73l 85K -
P it AE N R4 661, 642 ki/kg.

W R 5 m DA o SR e AT 70 br, HE
MRIRES T, B8 RAEAARSFT KGR TE 12 109~14 333 ki/kg
Z I8, 1—2 Ay MEESGIE, BT 686 kikg, nlhe
RN AR K, I BHESRAN, SEUEK,
HHABIR D53 % CO, M HO0: 3—4 JI 4y & AT 12
w, ATRERRIN R . AR, UK R, R
SRESR S SNV NG S O Wk S OB S R e
HAE 11 619~14 252 ki/kg 2 [A], 2ot 1—2 H 4y L bkt
TEMEA, 3~5 H4 Mg 300 kilkg Zedi; B EHMEAERAT &
P G, RIGEAE 10 003~13 779 kilkg 2 Ji], i
DRI #E Tl = W K e

FTHCRET, RAE DAL ERRER S, 1
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Ji RAEAEI, AR 5 RS A AR AL, mTREDN D 4T
HRTAL R, R FF 2 1 K LI WS A, AR s P 3
AT EL
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Table 2 Comparative analysis of calorific value for corn straw
J ik Low calorific value /(kJ-kg™)
FEAPIRE i THRIE Qq W B3 Qur
Straw status Storage form 1 27 37 47 57 1 27 37 47 5
January February March April May January February March April May
#& K Open air 14333 12109 13647 13608 12809 13386 10591 12621 12571 11874
Whjffgl ant 7 5% Covered 14252 11619 13741 13989 13511 13336 10317 12710 12856 11728
%1} Sealed 13779 10003 13713 12989 12253 13076 8476 12683 12037 11464
%K Open air 14981 11781 14311 13928 12192 12715 10644 12873 12461 11119
Str?ajbﬁ ng 4 i Covered 15060 12473 15020 14948 14605 14818 10952 14371 13918 13586
% $} Sealed 13989 10076 14077 12643 12085 12871 8933 12642 11003 10246
#% X Open air 12904 9521 11831 11946 11173 12099 7921 10770 10481 10107
Sm*gsﬁng 7 i Covered 12896 10452 13914 11378 10636 12091 8959 12892 11859 9664
%1 Sealed 12877 9995 11389 10243 10414 12073 8522 10329 11440 8330
2.5 TA&#hr T TSR, 3—4 A0 I BRAR T 3.1%. 1.5%.
TR B0 ERAMBER,  6.1%, RSB MARTNE, R A RS, A

Fer, RIPAHE R R ISR MR, AR 3= 220y
BT AT R I 3 AR, TR e AT S

SO R 0T o 3 MARSFRIRZS TS, BERRANST T AS
ARG S UG B IN T ZR AN, A BERS AT A S

2.5.1 Ku Bk 24%, FREREAEAS AR AR AL B R R, TR A LAD
* 3 HmoR: BEFSFHAAAEI A, Ko oL Fe TS
F3 BHKRITL (TR
Table 3 Ash changes of straw (dry base)
TP g K5y Ash %

svwsaws  sogetom 17 271 37 471 571 FH WEE W
January February March April May Average value Standard deviation Poor
Sehk #% KX Open air 9.55 145 14.62 115 11.94 12.42 2.15 5.07
Whole plant % i Covered 9.55 15.39 10.72 9.18 10.48 10.63 3.04 8.39
#F} Sealed 9.55 16.25 15.5 9.47 11.81 12.52 3.22 6.78
) #% X Open air 11.98 13.02 14.18 13.24 13.27 13.94 243 6.2
Stia{)ﬁng % i Covered 11.98 12.24 10.91 10.95 11.85 12.39 1.49 3.96
# %} Sealed 11.98 11.62 11.45 11.8 13.31 13.23 2.55 6.14
Biv K Open air 12.15 16.17 22.44 18.22 21.51 18.1 4.12 10.29
Smashing % i Covered 12.15 16.74 24.02 16.65 19.45 17.8 4.35 11.87
# %} Sealed 12.15 19.09 19.76 17.91 19.67 17.52 3.09 7.61

2.5.2 HEXRH
LR AKIRE IR TR 1—2 Ay FIRG@Ra g, ik
MRAEFF AR T 9.15%. 7.4%. 8.4%, 3 A AL

=

Ny BRI AT RESE A E O AR R . 3 R RS APIRZS TS
BERRANST RS AT S S AR B, 3k 72% 404
R RERS AT W] AR, B X 68% /A

F4 BESTH (FHRES
Table 4 Volatile changes of straw (dry base)

¥4 )43 Volatile matter/%

I = T
Sfﬁaaft(;{us Sﬁgj}im 1A 21 3H 41 5H FHE = ¥4 Poor
January February March April May Average value Standard deviation
sbk i#% X Open air 78 68.88 70.72 72.67 72.35 72.52 341 9.12
thﬁe plant 74 7 Covered 78 70.59 74.37 74.59 77.2 74.95 291 741
%3 Sealed 78 69.68 70.84 73.68 74.29 733 3.25 8.32
TR i#% X Open air 76 70.73 67.42 711 71.06 71.26 3.06 8.58
Strapping 74 7 Covered 76 72.37 70.78 75.29 72.87 73.46 2.15 5.22
%3 Sealed 76 71.28 67.55 72.64 72.82 72.06 3.06 8.45
it %K Open air 73.99 69.87 66.37 62.13 67.99 68.07 4.37 11.86
Smashing 4 i Covered 73.99 68.21 62.49 69.43 66.44 68.11 4.20 115
%3 Sealed 73.99 65.7 64.67 65.89 65.63 67.18 3.84 9.32
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D R R, G A AE L PR 7 % 427K
YRR o KRS FT T3 4K 0 & R i ik 19.16%, 45
FEFNFT A FFA, 2050 K 15.71%R1 15.34%, (1T 3A58
RN ] B B T, B R RN B A7 I (1) 4K
TR RE A R R LR, R AR
ARAAAR R, HEUEAA X, n]RER D Ak B
RS FF AL ZUR AR, WK B K KR AT

2) FEFFRIIEAEIT, T 35030 5 ks Ll PR B il 58
FEAFHR ARG AN IR . K SIS, 3 AR
) Ak B 7 SRS AT, HP IR AR AN s, AR 22 AR
fE 3.24~3.71°C i), BRRFEFAEGE R Bk BH &AM
N EAF L B S 0k 40.8. 35.4. 44.7°C, FTHHES
Fr EaR % 32.7. 30.3. 35.8°C, ¥yiEAH AT 4 40.5. 39.3,
43.7°C, FIIRFSFT D) T2 atAr, Bk MR FH g &
Z I, NAZ R REIR B R R A

3D DA N SEHE I, SERRANF [ RS AT A A AT,
SPIMEALE 14 000 kd/kg Ze A7, K RS AH AR AE 13 000 kd/kg
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Effect of storage methods on properties of corn straw after storage

Tian Yishui'?, Xu Yayun'?3, Hou Shulin®, Zhao Lixin'?, Yao Zonglu*?, Meng Haibo**?
(1. Institute of Rural Energy and Environmental Protection, Chinese Academy of Agricultural Engineering, Beijing 100125, China;
2. Key Laboratory of Energy Resource Utilization from Agricultural Residues, Ministry of Agriculture, Beijing 100125, China;
3.College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: To understand the effects of different storage conditions on physicochemical properties of crop straw, this
paper has studied 3 kinds of straw pretreated methods which specifically are the whole plant, baling and crushing,
together with 3 storage methods of pretreated straw i.e. stored in the open air, under the covering condition and under the
sealed condition with tarpaulin for a period of 5 months. The results show that average of total moisture content of
crushed stalks reaches 19.16%, which is respectively 15.71% and 15.34% higher than whole plant and baling straw. Due
to the influence of environmental humidity and their own physical and chemical effects, total moisture contents of straw
stored in the open air and under the sealed condition are higher than that stored under the covering condition; for the
same pile of straw, total moisture content in each layer has the same change, but there are significant differences between
the values. Straw temperature changes with the external environment; all are closely related to moisture content, average
daily temperature does not change significantly, and the range is only between 3.24 and 3.71°C. The maximum storage
temperatures are 40.8, 35.4 and 44.7°C, respectively, when whole plant stalks are stored in the open air, under the
covering and sealed condition; the above data for baling straw are 32.7, 30.3 and 35.8°C, respectively; and crushed stalks
are 40.5, 39.3 and 43.7°C, respectively. So, the bale of straw is easy safe storage, and when the whole plant and crushing
straw are stored for a long time, it should keep the environment ventilated. The calorific value is negatively correlated
with total moisture content, the calorific value based on dry basis is higher than that based on receive basis. When the
group is on dry basis, the calorific values of whole plant and baling straw are similar, with the average reaching
14 000 kJ/kg, and the calorific value of crushed straw is lower, around 13 000 kJ/kg. When the group is on receive basis,
the calorific value presents downward trend over time, showing more obvious decline in February and a negative
correlation with the total moisture change. Taking the whole plant stalks as the example, the calorific value is reduced by
1512, 1608 and 1612 kJ/kg respectively from January to May when straw is stored in open air, under the covering and
sealed condition; the average calorific value of sealed storage is the lowest, only 11 547 kJ/kg. On the whole, the total
moisture and volatile of crushed straw are higher than whole plant and baling straw, and the ash content is lower than
them; the total moisture and volatile of sealed storage are higher than stored in the open air and covered storage, and the
ash content is lower than them. Therefore, crushed straw is not conducive to energy use, and bale of straw is easier
storage than the whole plant, but its cost is higher; sealed storage is not recommended, and because the parameter indices
change inconsistently when straw is stored in the open air and under the covering condition, the latter two methods
require further study.

Key words: straw; storage; physical properties, chemical properties; variation



