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Effects of different rotation modes and straw returning on soil CO, emission

fluxes and moisture, heat, carbon and nitrogen conditions in wheat field
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Abstract: In order to explore the effect of different rotation modes and straw returning on soil CO, emission under
no-till condition, GXH — 3010E1 portable infrared analyzer was used to measure the soil CO, emission rate in a long-term
field experiment. The dynamic variation of CO, emission fluxes under different rotation modes (winter wheat-summer fal-
low, winter wheat-summer maize, winter wheat-summer soybean) and the relationship between soil CO, emission and soil
temperature as well as soil moisture were compared, and the changes of soil organic carbon and alkali-hydrolyzable nitro-
gen were analyzed. The results showed that the CO, emission fluxes fluctuated clearly with different seasons. The order of
CO, emission fluxes were: winter wheat-summer maize and whole straw returning( MA) > winter wheat-summer maize and
no straw returning( MN) > winter wheat-summer soybean and whole straw returning( SA) > winter wheat-summer soybean
and no straw returning(SN) > winter wheat-summer fallow and whole straw returning (FA) > winter wheat-summer fallow
and whole straw returning(FN) . There was highly significant positive relationship between soil CO, emission fluxes and
soil temperature as well as soil moisture under all treatments, and the simulation models between soil temperature and
CO, emission fluxes under no straw returning were better than those under straw returning. The contents of soil organic
carbon and alkali-hydrolyzable nitrogen after harvesting of wheat increased, compared to those before seeding. The soil

organic carbon was increased most under FA and FN, while the alkali-hydrolyzable nitrogen was increased most under SA

and SN.
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Table 1 Basic physical and chemical characteristics

of experimental soil
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Soil Organic  Alkali-hydrolyzable  Available Available
layer matter nitrogen phosphorus potassium
/cm /(g-kg™h) /(mg-kg™")  /(mg'kg™') /(mg-kg™')
0~10 9.33 13.51 24.12 194.21
10~20 7.80 11.97 19.33 164.83
20~ 30 4.37 9.31 10.66 133.07
30~ 40 4.43 9.75 10.63 126.07
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Fig.1 Dynamic variation of soil CO, emission fluxes during

growth period of winter wheat
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Fig.2  Effects of different rotation modes on average

soil temperature in 0 ~ 25 em depth
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Fig.3  Soil average temperature varied with soil depths

under different rotation modes
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Fig.4  Effects of different rotation modes on average

soil moisture in 0 ~ 20 ¢cm depth
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Fig.5 Effects of different rotation modes on average

soil moisture in 0 ~ 100 cm depth
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Fig.6  Soil average moisture varied with soil depths

under different rotation modes
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A Z & T HE 2B &N E - A KT
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BB B /)N, SA AL P+ 458 CO, HEHom & 5 + 38R
(AH DGR 2 IR W B AIG s 4/ - F IR
YEJ5 X 3 CO, HERE &5 + 3R B A A
— B B, FA A FEAE 10 em +)2 CO, HEE &
550 SR LM B, PN AR BRAE 25 em T2
CO, HEGH 5 R M E fe i . 7E 3 Fhe
Y75 2 AT AR I FH Ak 2 T B S i TS AT 38
FH AR, FN 7E AR FH AR PR (BRI /N . FERG AT
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Table 2 Simulation equations between soil temperature in different soil depths and CO, emission flux under different rotation modes

+J)2/em Qb TR e JO3L] TR e
Soil layer Treatment Power function Treatment Power function
FA Y= 70782 0.9748" * FN y= 706" 0.9849" *
5 MA Y = 70-9% 0.9929" * MN Y = 7092 0.9946" *
SA Y = 70-%% 0.9918" SN y = 707 0.9979* *
FA Y= 7078 0.9756" * FN Y = 70683 0.9859" *
10 MA y= 7090 0.9916* * MN Y = 70913 0.9924" "
SA y= 70918 0.9890" * SN y = 70-80% 0.9973* "
FA Y= 7072 0.9736" * FN Y= 700% 0.9833" "
15 MA y=71"0%20 0.9857" " MN Y= 70988 0.9907" *
SA Y = 70929 0.9886" * SN Y = 708004 0.9979" *
FA Y= 7078 0.9736" * FN y = 707012 0.9868" *
20 MA y=71"07 0.9868" * MN y = 1063 0.9894 " *
SA Y = 70-9%% 0.9877" " SN y = 70811 0.9974* *
FA y=107% 0.9715* * FN y = 70-0%! 0.9898" *
25 MA Y= 700 0.9859" " MN Y= 709 0.9913" *
SA Y = 70942 0.9851" " SN y = 708216 0.9967" *

T x o« FORBEMR(P=0.01). T

Note: * * shows extremely significant correlation( P =0.01) . The same as below.

2.3.2 XKL CO, HAEEZ  MNLIE CO,
HEBGRA 5 0 ~ 10 em F1 10 ~ 20 em + )2 & /KR %
FRIERI T LI (3 3) , AN A 4B 13 COo, HEjik
WES 0~10.10 ~ 20 em 3 5 /K R B AL 5 E
FHR(P <0.0001), &/NAE - HINFIA /N - B K
A RS FT AR H AL 32 CO, HERGHE &5 1%
FKRAHSCHEY = TREFF AR IC HAL B, & /NE -
B REVERA /N - HIRFeAE L3 CO, HEmGE &
5 A KRTE 0~ 10 em BHUELF T 10 ~ 20 cm; &
INFE - R GAEAE 14 CO, HENGHE f5 35k E

£ 10 ~ 20 em +2EHUEELFTF 0 ~ 10 em FIELHY,
2.4 AEERTIER . BREEHFM

2.4.1 BEABEEG T BT A, HEAHL
M 0~ 100 em 2 EFEACF TS &, BT d
W FRAAL A3, A AL I LR B A/ NE
WO 5 4 LEAB R & . A HLRR S S 2 0 ~ 10
em, Z/NFEIFRSG FA FN MA MN,SA SN 4b B 0 ~
10 em 3G HUBR % 5 73 R AT $E = 49.14% .
43.41% 14.43% . 24.52% . 45.76% .32.29% , 0 ~
100 em V-3 PUAK & 5 20 0 G Fh AT e 1. 54
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1.60.1.26.1.47.1.51,1.58 g-kg™ ', FA FN 34 il d
K, HIIE SA SN, MA \MN 3 i /N, X FE 22
RN P UBLIbG s S Ay N 37N S U N SR IR &= R f i
fifedse /b, 5 PR AE 1S3 0 JR B00% B 0 R FE RS AT, Bl
AR T RIS 2 0 305 2 TR 34 404, A L 5 Hg
x3 FAEABEARX0~20 cm TEGSKES
CO, HEHIB 8 3 R HAE L

Table 3  Simulation equations between soil moisture in 0 ~ 20 depth

and CO, emission flux under different rotation modes

+J)Z/em QbR R

2
Soil layer Treatment Power function R
FA Y = MO8 0.9833" "
FN Y = MO0 0.9765* *
MA Y= Mmoo 0.9940"
0~10 ,
MN Y = M'0%%6 0.9961" "
SA Y = M%7 0.9971* "
SN Y = MO8 0.9883" *
FA Y = pO-82% 0.9836"
FN Y= M7 0.9729"
MA Y= Mo 0.9958"
10~ 20
MN Y = o6 0.9943"
SA Y= M0 0.9977" "
SN Y = MO-871 0.9902"

2.4.2 EEBMERMHEL NESHEL, A
Sb PR A/ INAZ WO 5 - 340 i e 2R 1 34 LU A i
H 0~40 em % 1 JZ08% A5 B HHm . oA &
R R 0~ 10 em 1)2, Z/NZ IR G FAFN,
MA .MN,SA SN ZE 3 0 ~ 10 em BRARE A & 50 9 5H%
FIHET 2 5 64.05.47.43.53.38.42.00,67.03,64.75
mg kg~ U H RS AT A A B AR R o B A 88 04 v o
FA .FN . MA . MN,SA SN Zb B /N E GRG0 ~ 40 em
)2 B0 S R A 2 46.99.52.19.47.99,
44.63.59.81.54.25 mg- kg~ ', 5HEF AT A, SA (SN
HefnER R, ARSI N 53.51.46.99 mg-kg !, HR &
FA FN, 3444351 Jg 40.78.45.02 mg-kg~', MA, MN
BTN, 43 A3 T 40.87 F1136.75 mg-kg ™.
2.5 IhNERBERBAEMEESH
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SRR URIRL TR E A BRI E R R, A
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225 0% . AR /N TR 5k 2
KV o K/NETREREKIE MA, R 41.72 ¢ F
Bl 6 MEHIA /N PR W 2E S, P R R
(42 FA, 4 7 833.3 kg hm ™2, P2 B IR AU /2 SN,
6 166.7 kg*hm~2,
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Table 4  Effect of different treatments on yields of winter wheat

R gy THE ot
Kb 3 Spike 1000-kernels .
Kernels . Yield
Treatment number & weight (ke hm-2)
S0 +hm-2) ¥ Pike /e ¢-hm
FA 640.67ab 42 .37ab 41.49ab 7833.3 +£600.9a
FN 661 .67ab 42 .20ab 40.30b 6333.3+1013.8a
MA 575.00b 46.60a 41.72a 7166.7 £ 166.7a
MN 623.67b 45.60a 40.16b 7166.7 +440.9a
SA 719.67a 38.60b 40.69ab 7666.7 + 440.9a
SN 723.00a 38.63b 40.95ab 6166.7 + 833.3a

T : Al — 7GR 5 A R NG FRERRTE 0.05 /K E2e 5 B3
Note: Different small letters in the same column denote significant dif-

ference at 0.05 level.
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