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Effects of Three Soil Amendments pn Greenhouse Gas Emissions From Corn
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Abstract In order te. study the effects of soil amendments on greenhouse gas emissions, five different fertilization treatments ( no
fertlhzatllon conventional fertilization, conventional fertilization + bentonite, conventional fertilization + biochar, and conventional
fertilization + potassium polyacrylate, labeled as NF, CK, B, C, and PAM) were applied on corn fields in the Hetao irrigation district
during the maize growing seasons of 2015 and 2016, and the samples were analyzed by static chamber- gas chromatography. The results
showed that N, O had a bimodal emission pattern in the Hetao Irrigation Area, and the N, O emission peak appeared five to seven days
after topdressing and irrigating (d. p.ti). The CH, emission had no apparent pattern. While the CH, emission peak appeared with a
few treatments after 6 d. p. ti, the rest of the period indicated the CH, absorption in the soil. CO, had a unimodal emission pattern, and
the CO, emission peak appeared during the jointing stage of maize growth. In addition, the correlation analysis indicated that an
increase in soil temperature could significantly increase the N, O and CO, emission rates. Moreover, compared with the CK treatment,
the B and PAM treatments could significantly decrease the cumulative emission of N,O (P <0.05), with a decline of 38.59% and
45.35% , respectively. The B and C treatments could significantly enhance the soil uptake of CH, (P <0.05), and the cumulative
absorption of CH,increased 144.44% and 172. 22% , respectively. The B and C treatment results were significantly different from the
CK treatment based on the cumulative emission of CO, (P <0.05), with a decrease of 25.40% and 22.21% , respectively. In
general , compared with the CK treatment, the comprehensive warming potential of the B, C, and PAM treatments declined by
27.77% , 19.61% , and 12. 16% , respectively. The greenhouse gas emission intensity of the B, C, and PAM treatments decreased by
35.20% , 26.65% , and 13.36% , respectively. The maize yield with the B and C treatments was significantly increased by 11. 33%
and 9. 59% , respectively; and the economic budget of net ecosystem was increased by 16.15% and 12.65% , respectively (P <
0.05). In summary, adding extra bentonite and biocarbon to the conventional fertilization was an effective agricultural measure for

improving crop yield and reducing the global warming potential for the corn planting system in the Hetao irrigation area.
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Fig. 1 Seasonal variation of N, O emission flux in the maize field with different treatments
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Table 1 ~ Average emission flux of greenhouse gases with different treatments

Qb N, 0/mg+(m?+h) ! CH,/pg+ (m* - h) ! CO,/mg+(m?+h) !
NF 0.04 +0.003C —4.46 0. 12A 225.99 5. 45C
CK 0.57 +0. 048A -5.30 0. 30A 446.22 +14. 42A

B 0.43 +0.022B —14.83 £0.44B 333.04 £6. 62B
C 0.61 0. 034A -16.66 0. 85C 349.04 £5.57B
PAM 0.35 +0.030B —4.77 +0.09A 414.32 £33. 64A

1) PR + $REE  n =35 [RIFIAR R FRE R AL PR 22 57 3% (P <0.05)

0.06 [ —=—NF —e—CK —&-B —<C —e—PAM
0.04
P
=
L0
%
£
g 0
=
= -002 | W
5 7
-0.04
_000 | TN N I NN (S N S [N N N N S N U S U S I S S S S S S S S S I S S S—" N " — ——
2 8 2 8§ 8 2 2 3 ¢ g 2 3 T 3 8 2 3 3
T B B R T =™ - - T B B S O
T 9§ 9 9 I I 3 3 7 S § § 3 I T 2 2 =7
sl vy sl s] vy wy wy wy vy o o o o o =i N =t e
= 2 = = & = = = 3= = & & = = = = = =
(2] (=] (] (=] (=] (=] (=] (=] (=] (=] 2] (=] (=] (=] (=] (2] (2] [}
) ) A (4E-A-H) ) )
— # ' J IR . o A M .
"y E2 _.?mggﬂeaa CH, HBEFFERT |y &
5 ¥ - y -~ i - .
- “ | | Fig. 2 Seasonal'varigtion of GH, emission flux in the maize fieJd with different treatments =
= # ¥ — -]
260
—B—NF ——(CK —%&B —¥#—C —6—PAM
240
220
T,
&0
=4
=
£ 200
X
& 180
k)
+H
160
140
o L v v e e e e e
— wy = o = wy =2l o L s wy =] =+ = b=l =2l — =
T 9 3 9@ 9 3T 7 35 =z S 7 9 7 98 9 7T 3 9
$ $ 333355 3% ¢ 23333555 3 3
e L s £ £ £ £ £ = =2 = =
2 2 2 =2 2 2 =2 = @ S 2 2 2 = =2 2 = =
o (2] (2] o (=] ol (=] (o] (] (] (=] (2] o (=] (] (=] (o] (]
H (45-A-H)

3 ERERFIESKENHTEL

Fig. 3 Dynamic change of soil water content during the growing season of maize
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Fig. 5 Dynamic change in the soil temperature during the growing season of maize
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Table 2 Single Pearson correlation coefficient between average emission

L RE S 5 oAy B .

R 3 AT, i = SARHE R B2 R/ NIBF A CK
>PAM >C >B >NF, PAM. C 1 B Z4b¥AH I CK 43
TFEAR 13.36% . 26. 65% i1 35.20% , 43k 3] i Pk
#5(P<0.05). B, C4bHE CK I, B2 &4
R 11.33% | 9.59% , B RG 4 U P i %
A 16. 15% . 12.65%. HILAI%I,B fl C LIE_IE
FE AT BN A S R G A iR

flux of greenhouse gases and soil water contentand soil temperature

HHEH T N,0 co, CH,
A K -0.06 0.079 0. 249 Mgﬁlaﬁkgi}# PAM AL}EE X‘TFE%E%&E}}‘VEFH , {E
I 0.478"  0.509 ™ -0.152 XN, OHERR 40 1] 4 ) 8 250820 17 T 28 AU s o
1) % F5% P <0.05 BHEM; * * Fok P<0.01 BEMK i, Hg S R GAHAS CK %E%ﬁj@r.

%3 AEAEBETEESEZiTHRE., GWP, GHGI, EX7~E NEEB

Table 3 Cumulative emissions of greenhouse gases, GWP, GHGI, corn yield, and NEEB with different treatments

e REA R kg hm —2 GWP GHGI i i\JEEB

N,0 CH, Co, /kg-hm ~2 /kgt~! /kg+hm =2 /JG+hm
NF 0.57+0.03C  -0.14 £0.05A  6374.64 £132.63C  6540.43 £140. 10D  1026.36 +35.93BC 6378.36 +84.50C 8 2..78._47';183._53(:
CK 8.68 £0.55A  —0.18 £0.02A 11923.85 +422.87A 14 504.26 +575.29A  1280.94 +64.72A  11341.50 £272.79B ' 14 792.‘_90";'561* 9B
B 5.33+0.24B  -0.44 £0.03B  8895. 12 +164. 34Br10 476. 41 +225. 52C 830.06 £30. 73D 12626.98 £258.91A 17 182. 49I.+529- 85A
C 8.06 £0.55A  -0.49 £0.02B  9275.31 +169. 35B 1411 660. 39 +224. 52BC 939. 60 +35. é3CD 1242967 £295. 02A 16 664 15 _._4601" 18A

PAM 4.74 +0. 498 1109. 84, 471"693 11491.89 +198. 238 14751, 6'1' +420,75B,

-

-0.16 +0.03A  11334.15+750.28A- 12 740. 35 +729. 40B

= o

2.3 R R |

/IR A B 3R 4 TR
HEAT LI & bR QK 53 1 i 75 247430 FLIT. 889
PAM/5 CK B 322 5. 15 CK AHIHE B4 C Al PAM
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Table 4  Soil nutrient status with different treatments

HAR AL

AHLE ) AL

R /g-kg ™! /g kg ! /mg-kg ™! BB R/ mg kg™ /mg-kg ™! /mg-kg ™! pH
NF 12.69 0. 64C 1.55+0.01C  13.47 =0.49C 3.46 0. 18B 96.19 £3.21A 13.68 +0.82B  8.17 +0. 10B
CK 14.82 £0.52B 1.64 £0.03B  16.29 +0.35B 5.35+0.83A 104.95 +3.03A 19.36 +0.55A  8.11 +0.10B
B 18.44 +0.46A 1.79 £0.02A  19.36 +0. 81A 5.72 £0.59A 106.76 +3. 62A 19.58 +0.43A  8.19 =0. 12B
C 17.47 £0. 16A 1.78 £0.02A  18.84 +0.34A 6.31 +£0.34A 106. 11 +4.83A 19.94 £0.53A  8.63 =0. 19A
PAM 16.69 £0.41AB  1.77 £0.02A  18.13 £0.27A 5.92 £0.72A 105.90 +3.33A 19.41 £0.85A  8.14 +£0.07B
35 AT A L . 4 EURIRN 25 AL A %5 RESHRIHEES R HEEM

Table 5 Single Pearson correlation coefficient between cumulative
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