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Abstract. Monitoring decomposition process of crop straw is essential for both soil improvement and
carbon sequestration, but it is challenging due to the complexity of straw decomposition products. To
address this issue, CO, emission was used as an indicator to reflect the dynamic characteristics of straw
decomposition. In addition, considering the high cost of commercially available CO, sensors, a
monitoring system was designed and developed based on small, low-cost non-dispersive infrared ( NDIR)
CO, sensors, environmental sensors, and Arduino. Using the commercial CO, recorder TR —76Ui as a
reference, each low-cost NDIR CO, sensor was tested and calibrated. The linear regression model of
1 829 data points yielded coefficients of determination (R*) between 0. 97 and 0. 99, and RMSE between
14.56 wL/L and 56. 36 wL/L, indicating good detection accuracy and stability of the low-cost NDIR CO,
sensors. The CO, concentration inside the straw pile exhibited a periodic variation pattern, which was

consistent with temperature variations, and the amplitude of vibration was gradually weakened as the straw
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dried. This phenomenon reflected the biological rhythm of microbial activity, revealing that the CO,

changes within the straw pile can indicate the decomposition behavior of the straw. The analysis showed

that the rate of straw decomposition was positively correlated with temperature and moisture content, with

R’ values of 0. 813 7 and 0. 892, respectively. After adjusting the straw moisture content to over 40% ,

the decomposition rate rapidly declined and stabilized by the fourth day. When microbial inoculants were

added, the decomposition rate was significantly decreased on the seventh day and stabilized by the twelfth

day. Throughout the monitoring period, the sensors exhibited no significant drift and maintained good

stability. The detection accuracy met the analytical needs of straw decomposition experiments, and the

small, low-cost hardware showed great potential for widespread application in dynamic straw

decomposition monitoring.

Key words: straw CO, emission; decomposition dynamic monitoring system; Arduino; high-resolution

measurement

0 3]

il

v ] i T A 2 A R 2 9 x 10° ¢, 22 4 R R
it 88% , A RS AT FH 24 4 x 10° ' L RS AT I H
AT DR T b A LT B0 - R 4R THE B
QR [E P S P L R VAT AV = 7 Y R
T, A TE RS FT I A 408 | I T A0 50 25 4 1) Y
AP A LIS F S 2 A B 1 B B L
IR LE SR 2 0 ) 00 T 0 e O FRT AL 0 45 4 B 40 o
JC, B CO, , BN 5T Ak i 5 45 2 By Bk 7
Gy T BATT K S W I B 7 A R T AR, B A
fead B2 o I AR T e A ML TR R R R I R
DRI I, 42 5 R i 0 2 1T LA 32 5 - 90 5 B R U
BRSO A W5 4 b AR B AT 4R
AR R P Y R R
A HLBR AL B ) L RS AT AE - o i I i
TR 4 1T AT A R S TR 2 R T A
T T 1 00 A 3o 2 0 ) 2 B SR R o e R AT
N P4 A S8 HORE SR RS R E R, 20 B R AT I
fi 4y B g LS B S M.
e, A B RE L B AT B0 W IR AT RS A 3 45
yips

TEA BT A HLT 2 2L CO, Ik Rt
%, CO, HEM S MUE WIS . & CO, HE
MR IR UL IR IR, S0 A WL e PRI
i W CO, Tk AT e 4F RS FF A HLT A9 40 i LA
TEA HLYI R R B TR b, CO, HE R i — M VR IR 2
AT DL Pk mE R, DL R TR R B
a2 B R AT A T T R B, AR s R
SRR X RS AT CO, HEi W5 5 4 7. BLA Co,
ST T ¥ A A 0 4 KR A BT A AR
T AN A A AT 53 B B B BOR AR, DL il CO,
L TR ik B LS A W o (ELJR 8 BIOR AR M A7 T SR
BESR AR B Z ARSI B, 4 B9 CO, 5Lz

AL R AL FE S5 2% Vaisala 23 #] ) GMD20 ,GMM221
Fl GMM222, 3 [E Li — Cor /A ) 1y LI — 820 FiI LI —
830,74 [ Eosense /3 F] [} eosGP &5, f7 1F AU #% L A
1o AR A7 A3 ] FR BRI A B A% TR R
o R SE TR MR S 2

H B 0 CO, 43 B J5 ¥ 76 75 T I8 fife AL A 0t
FEPMELLE K o I 4FE K, Arduino  Raspberry Pi 45 i
DN R WA ST )| R 197 N
NDIR CO, fRi&as HiiE At H e e @ T2
B0 Al AR I . SCHR[ 22 15k A Arduino 5
NDIR CO, f£J&#8H & T CO, id#AL, 3 M H F R
s ) CO, HE ik B AW, SCmk [ 24 ] 0 1)
Raspberry Pijilli 7" NDIR CO, & Jg & it 45 0 4% B2
TEARGEATRIE R BT , 525 (80 LB I 1
J7 MR 1% 2 ( Root mean square error, RMSE) J 5 ~
21 pL/L, i 3 B H & RS IE J5 , RMSE A Dl 38 3]
1.7 ~4.3 pL/L, 3CHk[23 13 T Arduino 5 NDIR
CO, & A8 W 25 AR, - AR 3550 45 o1 35 vh
ARSI BE 01, ST CO, 15 A 6 I 45 SR 9E 17 1L
B E 2B R R 0.97.0.84 F1 0.99, ¢
Bk (301 BT 7 — R I A iR 2 UM R ik A 3l s
ARG, S G LA M o B AL H B, % & G AL Al
6% 1y CO, HEL &, DL b #F 98 % WK i A& NDIR
CO, 1% IR HA 5l (b A 0 s 88 R 0

I A R A CO, HE R BT 5T 30 B A 4 0E
AR SCHIFFERE T IS fife 20 285 W I 5 vk, A 5 A T 8 At ik
e AR W0 0 i AT BLBURE T CO, , 70 i AT HE AR 9 3B AL
BB i — E R AR, Jl o W HE AR Y CO, YR AR AL,
30T R A W T B 5 1R B R AT A B A et — A
FTF AL LA JE 6 B 4T 4F ( Non-dispersive infrared ,
NDIR) CO, &/ &4% 5 Arduino 255 I B RV 5,
Ly I 25 73 B3 M U A AT il i €O, ok B 28 4k, 23 #r
FEFF I AT, 1 CO, HETCRE VR S AR T FT S fi#
AT AR BRI AT, LU O O 2% 7 AT 1 Aotk 5 285 M



£ 10 3]

AR AF e JET CO, R A I B AT A 3 25 I R S 401

Jr AR IS R AR S A
1 BMNRZFRITESBESIFTE

1.1 MW REET

i U A A e B ME AR N AR = 2R €O, R iE
i W% CO, e B A8 Ak T D B e 5 FF A 10 2 38
FEAE o ARWFSR 00 H 00— 24 8 5L TR A B 1 1 S
RS S W RS, fRIERRE HER Y CO, ¥
Wi s R AR CO, WyAEAk, 23 BT RS FF 04 i i AL
T BRGNS R o R R N IR R
CO, 4345 , 43 Rl FF I ffe Xof 8l i /N IR BE CO, R B ™
AR B S A R AR AE DG R CO, B A RRE
A 5T $E A 2 4 CO, & I8 R IR 85 4% Jkgs | it
A B8 i o AR AR N 38 S J 3 22 a5 2 B AR I
PRI T . AL TR G R AR AT O W 4
HERR I Sy ik PR AR B[R] 25 (A b 43 9 T ) e
A& LT /N g I 8] 01 225 (8] 8] F 478 512 75 FF 5] 0 /)8 9 5
CO, e b 25 5, IF 45 B RS IR+ B2 W BF VR 45
FECHE | 43 BT R FF T8 ik 0RO AT SR JREAE 2 TG RS 5 A
S3 AT AT EEE

S B B IAR B AR X RS R HEAR S N R
5 CO, e B AR Ak 25 AU 1 B DA SRS FF M 44 3 1w A
(A PR 0k B 1 I T T I R G . S R0
TS Pk R P AL R A E A B I I R &
i Arduino B - #1158 BB 1 52 HOPE ), S 4R
AL RSB BE RET &, REMELME 1
FiroR AL 4% Arduino F & M A% SR 25 A B | B A B B
B AR

HLIFAEBR 9V/DC

REATHEA LR | | MH-714B7 | UART el peaoan
COMEE | femasi [© >
2 LR <> AR L
2SR ey
BME280% | 1 | Arduino
2SR (e [ Mega 2560
T _ EanlEs
: SP1| sD 4l
DS18B202Y | 1-w [P g g
FFRRE || emaspmh [ Teh#ti
JL EEL
| HE ST |

SRR B S

Fig. 1 Block diagram of measuring system

L1.1 RGBT

BOE R AR R 25 £ B Arduine FE R AR B & —FP
RRATT W 65, 9 B2 1] 50, 5 5 3 I 5 55 1 e 5 dia
IR, EWY R E £ &, T TR RS
TF %o A /2 A i 22 A A% s 2L B IF 5T 5 5K, B
FHEAFE L5 Y Arduino Mega 2560 R3 JI & #z,

K ATmega2560 fif ¥ il #% it v, B A 256 KB [A
2, Re iR KRS, [EE, R A Grove — Mega
/O 45 Oy R (& 2) 8 o AR HEAL S 4 51 (fF
21 {58 2.VCC A GND) #: 00, 3- {4 88 3 5| 1
(PWM VCC #1 GND) fy fig HL 4 11, ] i 4k A 46, ff

Arduino Mega 2560

Grove—Mega I/O shield

2 Arduino Mega 2560 f# #5 il %% 5 Grove — Mega
170 A R
Fig.2  Photograph of Arduino Mega 2560 microcontroller

and Grove — Mega 1/0 shield

CO, ¥ & W I >k H 2% T NDIR J 3 ) MH —
Z14B & RIS (b BB A BR A /) il 2, 181 3)
P Ry iz A e Ry /NI e (RSE (K x 58) 2 57 mm x
34 mm) , ELA [ 5 6 U8 KK 2%, s/ A SR R
N SR I A 22, S B ER A B R M, R R
P Ab TR LA JA 2 B . TR s ML,
B S SR I I A/D B B b T RA T B 4
HECTE  A B )G W, Hoy SR A, Wik
Z R AR HER AR CO, W B (IRBLLL ) 3%
B PR R AR 400 ~ 10 000 WL/ L, M4 30 4% % oo i
AR 400 ~2 000 pL/L, 43 BEZ A1 pL/L,

57 mm

i IR (+5V)

%l 3 MH —Z14B % NDIR CO, % B g% 455 b
Fig.3  Photograph of Winson MH — Z14B NDIR CO,
sensor module

R o3 AR AT il ML, W BRI AR A
%6 ] BME280 7Y &% F A5 3 ( /% [ Bosch Sensortec 2%
A ), AR AR B TR EE AR R R A ) A% %
JoAt, Al ] ) s A B A R R R U, OF AR
IR LA A A/D B f S I BT A S it e
5 SPL 2 M AB M 45 EHE B A, 72 W ] T 30 55 1



402 &k L

W 20244

QU TR BE R R A A U 1Rl 43 O A
—40 ~85%C .0 ~ 100% F1 300 ~ 1 100 hPa, ¥ Il &%
W £1°C 3% 1 +1 hPa,

2 PSR FE M R TR RE A L TS ORI A e A A i
W, Sk BEORE A1 43 BT A T f AR, E$F DS18B20 #Y
L (32 E Maxim Integrated 2y #) il 3 ) Il & #%
FEMEORIEL R o 2455 e 4 I B A% I oo, It &5
PABCF I s A AE7E N B EEPROM H | LSRR 2R i L
PEAT LI, IR — 10 ~ 85°C KGNSl 0. 5C
HA 2B W F AR5, ik H B KBS [6)
I A 0 5 T A A R 5 B % J2 TR AR A

B4, K DS3231 AR H B B ( Maxim
Integrated 2 ] il 38 ) i 77 B 18] 31 %%, 48 B 32 kHz
PRYR 5 28 R 432, TARIRJE - 40 ~85°C , L H§ I’
CamfEt . R ibAT R W5 7 Hr >R FH SD R H
it F 5, S HE SPLGE 5 Phil . DA BBk MH — Z14B
LR RS TAEHE R 5V RLAN, BT A B b 2 37 7%
3.3 VRIS V [ LRI A
1.1.2 RGE®IPiit

¥ Arduino IDE 2. 3.2 A% 5 f2)7 , IRIE X
FF R IRBE R, e R AR Y SRS HE A G IR,
TAEWE 4 FToR . WG B Be A 5 51 A e AR
oW R D fE RIERfE RTC T SD K%, K5
PAT EAE IR, AL FE I RTC 3R Y i isf i), 355 1 i)
e ek 4R E W E B SR JE R SR 2 4> DS18B20
BME280 #1 ) &% 6 /4~ MH — Z14B % £ J&R 28 50 (5 , 4%
AL EIE S A SD £, MR TERESL
At B B, Sy o R BHL9E | 3R BURRUE 1 A% I e
AL, B BE R AERIFE Y 5 ming

ﬁ —¢
Fm EER2ADS18B20%
LA A
6 MH-Z14B%)
FEIRAR U
BIEEASD R
[l ey s FEHUBME280%4
A Bda
|

4 I 3R g A v 7
Fig.4 Programming algorithm flowchart for

monitoring system

1.2 fREENRERE

R 22 w0 BTy 0 DA AT IS A T 0 /0 B 05
CO, W B2 72 5, A% RIS 58 B 22 (] 14 FH 0 1% 22 L 46 %)
TR 28 R A5 R A R R R o i, A B, X
6 > CO, M&IRRAR AT R HE o 2 a5 A Vi i 1A
R AT BRZY W] SR A HE AR TR 9 7 1 AT, B e

MH — Z14B RUL L% & T % 408 WA 3R 58 T s 17
20 min A |, SR J5 i 3 Arduino 45 MH — Z14B Bl {%
RS KRR HE 4R A, HOE AL A o B
400 pL/LPY

FRBAET , X 6 A~ CO, 1% B 8% (X I g 5
CO2_1 ~CO2_6) #4740, % & Arduino ¥4
KRB 5 min, B fir A7 152 4% B Tl R BE Iy,
HESERAE 14 d, HoRAE 3633 DEE Al X AU
S 6 AT B g 0 i 25 SR O B, T AR AR A
I 235 S Al B8 - Y0 S5 OB RN Jpe /AL, S5 SR an 3k 1
o o B E 6 A AL R AR Ik R OIE W 22 N
101. 83 pL/L, f /Nt 2E K —94. 16 wL/L, $ K48
PRl 12 A% R A B A WA B2 + (50 pl/L +5%
PLRA ) B UE T BEAS RS B2 B A, L 3t 3 1) R
R R

F1 CO, ERBHAEIRENILER

Tab.1 Maximum relative error of CO, sensors
pwL/L

1L X2 i RO 22 Fe/N U 2
C02_1 20. 00 -57.50
c02_2 93.17 -47.00
C02_3 5.17 -94.16
C02_ 4 101. 83 -11.50
C02_5 52.17 -45.33
C02_6 35.50 -60.17

R — NS A IR R 22 B T B A R
Z SR E ST LA L E H CO, e AY TR -
T6Ui( H A T&D 24w il ) Jy J& 1, XF 6 4~ MH —
Z14B AL S G B H (ARG TORS B AT T 00 3 A o
HEECRAERE 7 d, RAERIIE 5 min, R4 1829 4
Xt 7 AR BCHE A, 10 4P [0 8 4 M R 6 4~ MH —
Z14B TG R WA MER Y 25 AN 5 iR A Y
PeiE ZBC R A 0.97 ~0.99, 35 5 iR 25 (RMSE) iy
14.56 ~56.36 pl/L, iXE =5 H ¥ CO, WELE
400 ~ 1200 wL/L 3t B P 3% 3, SR U 3 25 5 800 &
SR 2 o A2 bR B R A A A R AT AR
W AU S5 45 1% gt o R 2 1E i 25 4 70. 5 pl/L,
/MU 2R - 52,52 ul/L,

G A0 LSRG FEHE R P9 CO, fE KSR 1
B SR 0 B X LR AT T AR v S R, R 6 TR o
B4, % Arduino 5 MH — Z14B (& B #5 #5 8t UART
BV B T A R R AT 0 B A8 9 G 56 RS
FERGIR UL 1.3 95) 847 20 min L |, SR 5 FF 46 % 42
BAE e s IF AR B TR o

[vi) B, ol ] S 24 SR S 0 A5 4 P9 P SR RE AR,
YORAHE S Y /T E], 5 Arduino SR 42 504 Xt 1



510 AR AF e JET CO, R A I B AT A 3 25 I R S 403

~ 1100 ~ 1100 ~ 1100 = 25.075

] y=1.02622-4.2537 et ?N y=0.96422426.517 . a2 }{szoggg;hmh I

1000 R2=0.9804 g £ 1000 R=09882 v} . £ 10000 RMSE/56.36 1L/l 38 o

LEl RMSE 422,61 ul/L. LE| RMSE716.25 uL/L Ig} Ho4 )

= 900+ = 900 . = o00r

= _ = =

%agoo— ?5% 800 - Pré_ 800 [

o= 700 - S 700 53 7001

S S 2

2 eo0f 2 600l 2 e00f

= =} -

O O O

T 500+ T 500F 500

= = . st .

B | 1 | I I 1 ] = | 1 I I I 1 ] B 1 1 | | 1 1 J

400 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100

L RRERCO2_ 1M B YRR /(UL 1) L RRERCO2_2IM B B /(ul - 1) B IREARCO2_ 3R U BE /(L. 177)

= 00T _0.0447445.1563 e w100 y=09661x421231 L. & oor ¥=0.9702:429.704 L.

¥ 1000 R=0.9894 s o ¥ o000k R?=0.9898 o, D £ 1000 R*=0.988 oy

] RMSE #34.76 pl/L g RMSE-414.56 pL/L g RMSE419.31 pl/L s I

= 900 = 900 = 900

X =X =R

% 7, 800 T T, 800 T T, 8001

o I e Ia <

'3 7001 o3 700 o2 700+

= = =

= 600 | 2 ool

= = =

O 1=} _ O

T 500 S 5001 T 5001

== ==} . == .

= I I 1 I I I ] = 1 1 1 I 1 1 ] = 1 I I I 1 I ]

400 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100

EIRARCO2_AM TR /(L L) AR CO2_ST R /(UL - L) AR CO2_6TM R /(L - L)

5 FET TR-76Ui £l CO, iC ALK M 7 () MH — Z14B B AL S48 A5 P 5 45 74

Fig.5 Calibration models for MH — Z14B sensors used based on measured concentration by TR —76Ui

SRR ] 3000r 1 0076+457.133
R2=0.9988

25001 RMSEA110 pl/L

2000

1500

SD-FAsitk

CIEAZCO, MR/ (L - L)

1000

L

(

N : s 1 1 1 1 I
Bl 6 NDIR CO, & BR#5 5% He il i 500 1000 1500 2000 2500 3000
Fie 6 T £ NDIR CO dule b . MH-Z14BAEMEBEAATMCO, W BE /(UL - L")
1g. est o , sensor module by static 7 NDIR C02 ﬁ%;ﬁ’@%ﬁﬁ@ﬂéﬁ%'ﬁ GC ﬁ*ﬁ‘?—f%ﬂﬁiﬁ?

Fig.7 Comparison of CO, results measured by NDIR
A AR R [E] 5 Arduino 0 55 B0 4E B[R] %o g, 3k sensor and gas chromatography
KA 12 ANSMABEA, (i Agilent7890A YA A €4 3
L (GC) XA M CO, YEEEHEAT 0 HT. B 7 R Arduino
RAEFIES GC /M 8s Xt e, i T4 P9 it 56
FEFF,CO, ¥ R T T, K 3 (8] CO, vk ¥ 3 36
900 ~3 000 wL/L 3 il , 28 1 171 15 55 750 o 5 3R 4% R
Pl 1, U AL R A AR R S N B A A
1.3 MRSt

SRy AT RS R M AR RS A S i A R CO, 1 HE L
A R IR E S N R U (R
(K x9E x®)2mx1.5mx2m, & 8), MM ZEH

chamber method

I 3 A E WU H R TR, B R R 5 AN RS R Pl 8 AT e ol 245 WL =

il W S5 AN B R S SR, B Fig.8 Experimental chamber for monitoring straw

S5 A LA it R A o B, WL = A L i sl ] LA decomposition

B AU % AP RS, I BEAR AN FL AT JE/NT 5 emo LR 23 A7 X (Elementar 24 &, £

TR RE i /N RE AT, SRR O RS 22 136, By e K B WL CONVHL S ST &R & &, 20 5 o 41.63% |



404 ok HLo ¥ 2024 4
0.41% 5.21% 0.02% ., FEFFoA LN 102, K FE D -D. ﬂ (3)
FEAS 7] Ab 3HUR S F A% A J At o B, 0L 000 1 ) SR HH 7 v M,

Fofr Ab B < G FE AR AS & oK R E ) 40% LA b5 B 6L D, =m,C, —m,C, (4)
AW TR R 3 R T B R LR AR (e AR T AR - :DU-D(,XIOO% (s)
VR AWRAR), &L 1:25 5KIEA, WY ! D,

WS TAS AT AEAS , Z 5 AR A, AT S AR AT Sk R
TE 40% L) |,

1 Ak B BOFS AT 28 2 A E i YRR 3R 206 2
(]S (K x 5 x 15 )40 em x 30 ecm x 20 em) |, %4
i 4 AT A SR 25 1 O 25 U, 28 A% BEA IR
BE (RS (K x 5 x 15 )54 cm x 44 ¢cm x5 em) , JiE JAE
DU JE A AR e i T DL A A A R S AR
FEAS o AT 00 25 4% J5 B 0 TR 9, R S R T
$70.07 g/cm’,

NG MRS FEIE f B2 CO, HEMCAL AL, DA K 2%
SIPER I CO, Mk B AR Ak, f5 B A B A & 9 By
/R o B NDIR CO, f& A e | A T F5 FT 3 14
NER (R T J7 5 em) AR AR 1m0 DL R i F 7
10,25 .50 ,100 cm &b, i 00 5 4% #1 3% 1 4 777 [6] CO,
WL AL . BME280 U f# Jgk g 452 B il & T AT HE 4K
FM E 75 30 em 5 BE W RS AR HCE PR B A R
JE AR AR A, BT IR K AL R S
A ] 5 AL R AR AR bR . DS18B20 U4 % 5 A b 1 T
FEFFHEAR R AR T 7 10 em &b, T W I 5 #F
M A S T Ko PN PR B A o A g X B SR AT MH -
Z14B AL AR U 5 IR 0 3 A% 2 A 455 T[] 1)t 0
WL 28 AR 1 CO, ¥ B K s SR I B A2 4k o

, ) T ) <A
T SAE e

NDIR CO, & Bk

REFFRER

B9 feian g B
Fig.9 Sensor module placement with subject straw sample
1.4 HWNHESFTE
R A AR, iR ¥ CO, il 358 % AT i gk 12
I E G IEIERT T B IR AN
_dcMeo, 273 P
T dt V. 2713+TP,

(1)

Dc()zz fo Fdi (2)

A F——CO, HEiiE & , mg/min
C——CO, W, ul/L

dC . .
E—COQ AR A, L/ (L min)

M., ——CO, 5T

V.——1 mol SARFEFRUER SR T T 5 &L, L

T— W Ei iR, C P—— RS K54 , kPa

P, FrifE R <%, kPa

V——CO, HE s A A AL, m’

Deo,—— 2 CO, i ik, mg

D, ——3F NDIR CO, f& g I i £l 53 A% AT
Wi 2K i i, mg

M —H8or 75

D, — 3 T RREERAS R AT B 2K i it g

m,—— R I I R BT RS AF T i, g

m,—— IR I 25 WA RS A T i, g

C,— R W IR T FF & iR, %

C,— iR B0 25 B A FF S ik %, %

W, il T )8 ik B, %%

D,— AW 6 St , g

D, ——iHE ] U E R, g

WD g /) S 71 d (2023 4FE 9 H 20 H—
11 H30 H). R5#r CO, ZEfb 5t wimtt e &R,
WY RS 3 X, T 11:00 F1 18:00 R4 F;
FERE T UE W ZFEE T . SREEFEAS 5 37 BV L
NI VK AE ( - 80°C) WARAF, SR 5 HEAT HL 1A L 4
WEY Z RNy . RAFEARM 3 REL ., KK
SBIIR], SR AR AL 0 A K R RS B TR N
JE& fife 390 i i S O A e R B i B L K
FRH T PRAE 1 (100°C,48 h) P&, & 5 %k HI o
%ML (Elementar 2 &), 5 ) yE47 &

I (] B3t 3 2[R A Ak 3 A AR A o A
51 A TR E AR AR TS SIS 2 AT
PR f T AR Ak, 585 3 A IR0 0D (] R AR A AT AR, 0
KR R AR

2 HERESHH

2.1 BHEKES CO, HMHEMNE

P10 R UL =5 Py 55 0L = b 2 O R R L
WL 2 b5 L 5 N Y =S TR R R AR ks B — 2L
HER FOULI 2 PR B LG WL % Ah L R MR AR, A




510

AR AF e JET CO, R A I B AT A 3 25 I R S 405

SUEEEBE H TR B, B AR IR B, UL
B HIEE A 40°C LA L, 3 A 2 10°C 0 23 U X
P JRE A A 5 s R R B, I = P S SO
M WE(E L AMIE 10 A E e . SR U
0 P g RUASEADL 38 0l 9 AR A, I R AR 5 e I EE

80 &

< 60

B0 SN = N 5 = A s SRR R AR Ak
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Variation of CO, concentration and straw

temperature after moisture adjustment
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