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Response pf Seil CO, Emlsswns_ to #Straw-returning in Citrus/Mushroom

Intercroppmg Systems
YOU Jing', NI Jiu-pai'*, HUANG Rong', ZHANG Yang®, XIE De-ti'

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agriculture Sciences, Beijing 100081, China)

Abstract: Based on the pattern of citrus tree/stropharia mushrooms intercropping, returning-straw was used as the raw material for the
stropharia mushrooms, and an in-situ experiment was conducted to monitor soil CO, emissions under different dosage of straw
application during the stropharia growth period. Soil CO, emissions and the influencing factors were analyzed under different treatments
of cultivated (HSM, ASM, and DSM) and uncultivated stropharia mushrooms (HS, AS, and DS). The mushroom yield and soil
carbon emission efficiency (CEE) were used to provide a theoretical basis for improving the use of land under citrus orchards. The
results showed that; (D Straw return increased the cumulative CO, emissions compared with the control system ( conventional planting,
CK) and cumulative CO, emissions increased with the dosage of straw application. Cumulative CO, emissions from soil treated with
cultivated stropharia mushrooms were higher than those from soil treated with uncultivated stropharia mushrooms, in the order of DSM
(52.09 t-hm™2) > ASM (41.10 t-hm ™) > HSM (33.20 t-hm™>) > DS (27.15 t-hm ™) > AS (25.34 t-hm*) > HS (18.94
t-hm?) >CK (12.16 t-hm?). Cumulative CO, emissions under the DSM treatment significantly increased by 328.37% compared
with CK. @ For the treatment of cultivated stropharia mushrooms, peak soil CO, emissions occurred during the period of mycelium
growth. The highest cumulative CO,emissions during this period were obtained under the DSM treatment and accounted for 43.27% of
the total cumulative emissions. This was followed by ASM and HSM which accounted for 42.63% and 40.57% of emissions,
respectively. @) Cultivated stropharia mushrooms reduced the temperature sensitivity coefficient ( Q,,). The soil temperature (5 cm
depth) had a significant effect on the soil CO, emission rate (P <0.01) but soil moisture did not (P >0.05). Soil temperature
explained 27% to 71% of the variation in soil CO, emissions rates, and the two-factor fitting of soil temperature and soil moisture
explained 36% to 82% of the variation. @ For the treatment of cultivated stropharia mushrooms, the ranked yield of each treatment

was DSM (49.7 t-hm™2) > ASM (47.0 t-hm %) >HSM (23.3 t-hm™?), and ASM had the highest soil CEE (1.14). Therefore,
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under the system of citrus tree/stropharia mushroom intercropping, straw return can increase soil CO, emissions, with the highest

emissions being obtained when a double dosage of straw was applied. However, the optimal amount of straw still needs to be determined

in combination with changes in soil nutrients and crop yields.

Key words : stropharia mushroom; citrus; intercropping; soil CO, emissions; straw returning
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Fig. 1 Experimental design of the citrus/mushroom intercropping system
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Fig. 2 CO, emission rates of soil under the citrus/mushroom intercropping system



4712 2D 53

B 40 %

FH e 4b B[R] +- 4 CO, HEBGH R 2= 5 R B, HARME
HEHFEA—F, Hf HS /9 €O, HERHE K[ 0. 82 ~
10.99 pmol-(m’+s) ' ] ik F AS [2.28 ~ 21.86
pmol+(m*+s) ™" ] Ml DS [ 1.49 ~ 23.26
pmol - (m”+s) ™' . FERRIE T RERE AL, A
[ A 340 FH 22 b 3 1] 1358 CO, HECHUR A7 7E 3

% 5, F W N, DM [ 4.32 ~ 32.84
pmol-(m*-s) ™" ] > ASM [ 2.87 ~ 20.23
pmol-(m’-s) ™" ] > HSM [ 1.68 ~ 15.77

pmol« (m?+s) ~' 1. gafk b, FEFFIR ML B s T
148 Co, Hef A, AL HF3 HHE CO, HERGHE 2

HEF . DSM [ 10.45 pmol-(m’*-s) ™' ] > ASM
[ 8.21 pmol-(m’-s)™" ] > HSM [ 6.39
pwmol+ (m”+s) '] > AS [5.35 wmol-(m’+s) '] >
DS [ 529 pmol-(m’-s)™" ] > HS [ 3.58

pwmol - (m*+s) '] >CK [2.31 pmol-(m’-s) 71] , K
RS AT IR T + AR KRR 55 2 (DSM) Ak Bk +
HE CO, HEml s % e .
2.1.2 3 CO, AP ! '
ﬁ@Aﬂ;ﬁlEﬂ(lﬂ 3), A AL e GO %ﬂ*ﬁFﬁlz'
Htek By DSM (52,09 t-hm?) >ASM?41 10
t-hmf2) > HSM/(33.20 t-hm ™) >/ (274 1s
t-hm?), > AS(25.34 t-hm %) > HS(18. 04 t-hm )
>CK(12 16 t- hm_z) Tﬁﬁiﬂcﬂ%ﬁ*ﬁﬂﬂ%ﬁiﬁ
Kk fz%ﬁﬁwii’ai*ﬂﬂiiﬁ co, & ﬂfsﬁﬂziz -
Bﬁ%ﬁﬁﬁ AR, 38 cOo, RRHE 2
T, AR RERE R (HS . AS F1 DS) ZbFR M) +
HE CO, BBVHERCEREREFFA B p B s n, %
XF R CK 4y 9 88 T 55.76% , 108.39% il

60.00

= s
14t
50,00 | 'THM
O 2
£ B
;; 40,00 ¢
= C
=
= 3000 | b D
%
S 2000 | E
=
| F
10.00 | ﬁa b
cd d €
e 3
0 : : S S : :
HS  AS DS CK HSM ASM DSM

Ak
NG FRE R BR8N () 2 345 Ak B ] 138 O, RARHEIL
A2 BEME AR, RS RN RIR S A5 5 A KA
Y45 Ah BB 3% CO, SRBUHRRCE A 22 5 L3 PRS- A4
B3 RFEEERFZTLIECO, RRHME
Fig. 3 Cumulative CO, emissions of soil under the

citrus/mushroom intercropping system

K, K 14,02, T HS LB LN,

123.27%. #3% 7 KBKTE45 (HSM | ASM 1 DSM) 4k
PRAY 4 CO, FFUHEL &t 3 B0 0 Bl S F138 H &
s TR N, b, HSM Ab3RA 3% co, BRE
R IR CK B0 T 173.03% , ASM Fl DSM Ab
RO BB T 237. 99% F1328.37% , H HSM, ASM
1 DSM 4b PR 44 co, EH :ﬁlzﬁiiﬂzg%quj(ﬂ%
TR 22 K. 5 AR AR R KER T 4 1 b BEAH HE
i, R 22K, HSM AR+ 3 co, BRHECR
oK AR BT ASM A DSM Zb B i ZE 5, DSM
SEFEAY CO, FBLHEM R KR B R K, Rl
HSM il ASM 4b3H; #2505, ASM Ab B i + 4%
CO, ZHHE K R R .
2.2 R[EIFREFFE H T KA AR L

WE 4 i, £40FE S om 1580 1248 1k
HAMT -8, 2R ARE, A5 RTREE LN
FRRL, 5 B 0 2 4 A (T Tﬁzﬁ’é‘éﬁi
KA, 1 H(aﬁék%ﬁ)%nzﬁ(tﬂi‘%@%iﬁém
BEBAR, #ab e 11 AB0 kT % /l\iisa’%ﬁ/ﬁr“
RARME 4. 72C, 1) A (E 2K FS ﬁ (LHgE5E
ﬁEF)/E'lWi% 4 %&Jﬁii}]fs A 16 Elﬂ_@ﬂ%/\élz
S Hilﬁ]ﬁ?G T8°CE WL e, 454t S por J
R T 4,72, ~26.78°C 2 Al A5k, «’%Mﬂs cm'
+ KR g iﬁfﬁ’%ﬂﬁ K > ASM > DSM > AS > DS >
HSM > HS ,fH A0 CK () 5 em 58I fi@@m
H13.46°C.

iii%&'g*\aﬂ(iﬂx‘rﬁﬁiﬁ(jﬂﬁﬁ, H2Z B W 5 i
K, RIS P A A B R RS K R 3. 36%
~45.93% . RAR L, XFRE CK AIARFR & K &8 Kk
Bl R 5 RS AT A AR HE. 5 X LA Y
TR 5 B 7 i RS A AR A DG, RS FFRIRE X B R A
— & WA ALK AE T, SR o ik, S350
T Rk A P A 5 K R LR b T R A AR
535 A 58 5 K AR A SN A7 AE — 2 B )
2.3 4 co, HEBU S KA TS E T
2.3.1 13 CO, Hetd A5 R BEA S S

IR S S ) - T R B IR R 2
—, IESARAREOTRE T 13 Co, HEus R
5 cm HIERBEZRIMCREM(KES), 080+
HENFIR AR S em 3R B 2 A4 A B A DM
(P<0.01). HBIAEAREH, KKK HMATF 5 em
R AR AL W] LR 27% ~T1% 1 3% CO, HE
B R AL, Hih 5 em T HEREE XN IR CK Y T
HE CO, HEGHE R i BEFEE e R (71% ) [ # S
(a) ], TS5 em 3ETEEE XA 1T KBk 35 25 40 ¥ 1Y) £
e CO, HEBGH R MR REIE , BN 1R KBk 55
WAL REE T 5% ~9% . WK 5 ftn, 7RI



10 44 TS . MG/ RIR GG 25 EAE T LI CO, HE SRR R RS FFIA F 2t fry e i 4713
2 L Wi AN ; 21 ; hiEE
26 |- ;
24 |
2
20 |-
o
= | —A—HS
® 16 | L o As
H oLk —— DS
12 —&— CK
-- - HSM
10 - - ASM
8 --4-- DSM
() =
4 1 ! 1 ! : ! i
2017-11-01  2017-12-01 2018-01-01  2018-02-01 2018-03-01  2018-04-01  2018-05-01  2018-06-01
[CEEA S 3] : g E i
50 - 2

(b)

40 +
:
¥ oof Yy
§ |4
= \ )
'E_ L
H ol Y&
1 J_ ;—&\ T
10 |- ‘, |'
A
AN -
0 ] |_ E| ] ] ] H|

2017-11-01  2017-12-01 2018-01-01  2018-02-01 2018-03-01
A8 (41 -H)

B4 REEERSETIES om BEMLTEFRESKESTK

2018-04-01  2018-05-01 2018-06-01

Fig. 4 Change in soil temperature (5 cm depth) and soil moisture under the citrus/mushroom intercropping system

RBYTEBLT , FAE L5 CO, HE B R A BUS 4 2
AAEALA MR BT, TR A B, R A Ay
B, RUIE R BRI, 13 co, Hii
HRZ R R AR, MAE R R, HoAh %
X JEL 14 52 M O g 2

TR U R B Q2 PR RAE - HE I Wi X - 358
TR AR AR o o R LA AR R ] - i 5k e
it e B A A ARk, R A (2) T EI
AR PR IR R U R B, Horh DS AP K, 2. 49,
FYR R HS A0 (2.03) Fil ASM ZbFE(1.56). &l 6
fiiR, SXFIR CK ML, AR 35 KBRS 45 (HSM . ASM
1 DSM) BEIR T Qo 8, T oA k35 R BR 5 4 14 b 2
(B AS AbEEAM) Q, [EIF Frsin. ZERSFRA H AR
AT, AR 7RIk 3575 B4 Ak B A AR 07 A AR 3%

KERTELEAO IR Q  fEA PTREAL, 435148 HS | AS Al
DS AP/ T 7. 4% | 16% F124% .
2.3.2 13 CO, HEHE R S RIS K B ARG
PES3 A

AT Quadratic [RS4SR 5 B0 AU X
+3E CO, HEm A AR E oK E R IFT T
G, R 2. Quadratic MIIFFIRI LG E R
#£0. 008 5 ~0. 375 1 2], $REALT LA B R® 7
0.0059 ~ 0.1184 Z [a], o] WAL 56 % 1 F,
Quadratic [ AR RIXT + 458 CO, HERHE 2 A 1 1k
S AR LA RO B, I HAE i T 13 co, HE
TR A - AT S K A S T i R B, HS |
AS. DS, CK, HSM #il ASM 4bBH ) 44 CO, HEE
R AR TR K S AN AEAE WA DG, T DSM



4714 7 S 40 &
15.00 oS % 3.00 v
§§~mm. Flomne %jig:lm 1.86 1.90
?;E— .o . % 1.50 | H
%E} 5.00 | )2 * %1 1.00 } H
< 050
. 20-02 10:0[] ‘ 20100 - A:O,OO % 0 HS AS Ds ;E; HSM ASM
g:: 1500 | 27 L8003 o F-@ z iﬁﬁﬁi’ﬁ%‘:éﬁ‘c'ltti% CZ)Z ﬂtfﬁié?icn%oﬁﬁi@%*;ﬁ (Q(;0 |
£t ig. 6 Temperature sensitivity index of soil CO, emissions ( 0y
% 5_ . 0. under the citrus/mushroom intercropping system
ke *
im : ¢ R, LA AR A ( Quadratic U1K
0 10.00 2000 30.00 RIPIAE R® BIMH R0.375 1), DL HA A% & /% A1 iF H
. 2000 y=L167 16001 (¢) DS + ARG RER 75 45 AL FR (DSM) B8 K T + RS K
gy, o M B CO, HERCHR 1 TR
Eﬂ’;E, 10.00 AT EEBIRL S A, T3 RF /E5\7K3Xif:l:
£E .. ¢ CO, HECEZR VI 15— M6 R RUEC e
" 0 BUK Stk Rl I 45 22 0 -9 CO/ i, e
o 000 2000 3000 DSM 4bFErh ) gk g SritheiEa i%m)ﬁ%LK
. | Tigsaas @cK B R S K BRI A0, % SRR Bk
=S 2 R 12/ 679 Y, RHECO, HEHH AR B
€% o SRR R . M KR
=R GORTE, SARYRRU AT - CO, HhiLiRme
o R, ﬁ%ﬁ*Lﬁ HEh5e. ﬁ?ﬁﬁ$ﬁﬁ
o om w000 g psM AR HHALARE +BE CO, HEHCHE % 15 5
. AL P RO RACHE A 3 30— S
P 100 T 2.3.3 REEEMERLG T KRN T 5 co, Heok
£E w00 B e T
%E‘ 300 F “'”)// hE3 T IAEH, 5 em 3R M+ AT A
0 IKERA G kA R (EX 550 R A1
2000 00 5, KOS T8 A U R T H0L 4 B A T U
% 1sm fﬁﬁﬁ?‘ . R T CO, HERR AR AL, FCAR BRI TE 40% ~
ggum ., 80% I}, HIKIHFWHFEVEHS 58 CO, HEms
é'é 10,00 * :’0 .o RAME B A B A e (P <0.05), Hopxtig
B2 500 U CK XK PR fg i 17 2 e 25 ( R =0, 824) , HSM
’ 10.100 EU.lUU 30.00 AL SR 0 37 Er_ﬂiﬁ(# =0.357).
35.00 - — s 2.4  AN[FIFEFFE H T B SR HERRCR
Bn | Teims P 7 AR, RTREFFE B R Bk 2 0=
%% 20.00 B ESR, Hrp ASM F1 DSM Ab B a9 K ER 55 45 52
& o0 *”}3,-/ FEH HSM AR BB BT 23,70 t-hm 7 Al 26. 40
™ S oo Chm ™, T ASM Al DSM 4L B8] 22 5 R 8 8. i —
0 e % AR RS P61 60+ SR R 4
mmmwc ASM A A SRR HEORCR e (1. 14) , HOR 2

E5 11 COo, HMERE Sem THEBEEHX R

Fig. 5 Relationships between soil temperature (5 cm depth)

and the CO, emission rate of soil

ACBRAY A HE CO, HERHE R A 4 AR

HKE R

E)

DSM(0.95), HSM b3 % (0. 70) .
3 it

AT A FH RE A KPR, 48 A HL



10 4 UFBRAE . AT/ KRBk BAE T 4 CO, HEC R ILBCR X REFF A H 2 1 )i 4715
®2 1ECO, HIMEXES T BREREKENXRFTE
Table 2 Relationship equations between soil CO, emissions rates and soil moisture (5 em depth)
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it a b, b, R? a b R? R P
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Table 3 Composite model parameters derived for the combined influence of soil temperature ( 7T')
and moisture (W) on the soil CO, emissions under the citrus/mushroom intercropping system
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