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Table 1 Fertilization rate in farmland of grey desert soil relative to treatment ( kg hm™)

qb s HIE (N) BIE (P,05) HIE (K,0)
Treatment FLNE Basal JB B Topdressing 43} Total Phosphorus pentoxide Potassium superoxide
CK 0 0 0 0 0
NPK 144 96 240 138 58.5
NPKS 163 77 240 138 58.5
NPKM 192 48 240 138 58.5
NPKM+ 288 72 360 184 78
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Fig. 1 Sketch of the gas sampling box
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Table 2 Physical and chemical properties of the soil in 2012 relative to treatment
e B A BBk oA W
Treatment pH Bulk density Organic carbon Total nitrogen Mineral K C/N
(gem™) (gke™) (gkg') (gkg)

CK 7.82 1.56 8.35 0.56 15.10 14.9
NPK 7.76 1.55 9.40 0.62 15.00 15.2
NPKS 7.71 1.52 8.64 0.73 16.90 11.8
NPKM 7.73 1.46 15.70 1.15 15.10 13.7

NPKM+ 7.62 1.38 23.80 1.86 15.30 12.8

W, 27N B R A — IR o T AR A I [R] 25
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Fig. 2 Soil and air temperature and relative air humidity during the freezing and thawing alternation period
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Table 3 Mean emission fluxes of greenhouse gases during the freezing and thawing alternation period ( 10™ March to 5™ April )

2013 2014 - Mean
Ab 7
o, CH, N,O Co, CH, N,O Co, CH, N,O
Treatment
(Cmgm™“h™") (Npgm™h') (Cmgm™h™) (Npgm™h?) (Cmgm™“h™") (Npgm™h')

CK 37.9+1.8 0.02+0.01 10.3+1.2 31.3+x2.7 0.02+0.01 4.1+0.8 34.6+£2.3 0.02+0.01 7.2%1.0
NPK 89.6+5.9 -0.06+0.01 16.1%£0.9 60.1+4.4 0.04+0.01 18.6+2.2 74.8+5.2 0.00+0.01 17.3+1.6
NPKS 75.3+4.3 -0.10£0.02 22.7+2.6 69.3%£3.9 -0.04+0.01 20.4+27 72.3+x4.1 -0.07+0.02 21527
NPKM  98.4+6.7 0.05+0.01 47.2%5.1 71.4+6.2 0.00%0.01 39.4+4.2 84.9+6.5 0.03%£0.01 43.3+4.7
NPKM+ 130.6+7.2 0.03+0.01 80.0+5.9 94.4+6.5 0.04+0.02 65.2+5.9 112.5£6.9 0.04+£0.02 72.6+5.9

e I + 4riEZ . FIA Note: Means = Std. The Same below

AR AR, 4351 0C 60 ~90 mg m™ h™ FIC 70 ~
75 mg m > h™'ZJA], CKAbH P HE I A%, {NAE
C4~40mgm™h'ZMH (F3) .
23 CHHHMHERBE

AN b HECH HE ik 22 5K, 4 4k BECH HE i
BB RE . ME4F7R, 20134ENPKFHINPKS
WFCH, Z BB HER, S HEBUE 439k C 0.14
M0.04 mg m™ h™', FARHEBAE 520 —0.42F0
—0.45 mg m™® h™'; NPKMAINPKM+ 4b¥ £ 5 F HE
W, e HEE S 0.82H1 0.47 mgm ™ hT, f%
TR HEBE 7390 K —0.12F1 —=0.40 mg m™ h™', 20144F
NPK FINPKSAb 3 #8 CH HE 55 7 flt wip 3 52 B 5 HE
R, TR RS 2 IOEHEBCIRAS  HEBOmE EE 5 )

£ -0.15~0.38 mgm™> h™'fl =0.24~0.1 mgm™“h’'
Z I8, NPKMAINPKM-+ 1 81 [ A i HE ok #
HEHCR B 43 SAE-0.17 ~ 0.25 mg m™® h™' F1-0.29 ~
0.2 mg m~ h™'Z[a, Fif bR, NPKM+ALHE7E
20131201 44F VR i 8] CH - X HE ik 43 7 - 0.03F0
0.04 mg m™ h™", NPKMALFE2013H120144F 1) HE L
SEEIE S50k 0.05H1 0 mg m™ h™', NPKHINPKSZE
JH B HE RO E AR B, H P NPKS P A1 24 HE il
55054 —0.09F1-0.04 mg m ™ h™", NPKAbFH4E
S HERLAE 3510 —0.06F1 0.04 mg m™ h™' Z [f],
BALFE20134E 201 44EFF Z= VRIS (27 d) CH,HY
SRR REA T 0.1 ~0.3 kg hm™ a™" ZH], 54
AECH R 16% ~ 13.8% ($4)

#4 2013F120145% CH,FIN,O 2B HEML 2

Table 4 Total emissions of CH, and N,O during the freezing and thawing alternation period in 2013 and 2014

X VR AR

SRR ) , . . A BAET NI

L Freezing and thawing alternation emission
Job e Average emission (2013—2014) Percentage (% )

(2013—2014)
Treatment
CH, N,O CH, N,O
-2 -1 2 -1 -2 -1 -2 -1 CH, N0
(Ckghm™@a™) (Nkghm™?a™) (Ckghm™a™) (Nkghm“a')

CK 2.2 0.5 0.5 =0.1 0.1 0.1 0.0 £0.0 6.0 10.0
NPK 1.0 £0.4 1.3 £0.2 0.1 £0.1 0.1 £0.0 6.7 8.7
NPKS -0.5 +-0.1 1.2+ 0.1 -0.1 £0.1 0.1+0.0 13.8 11.6
NPKM 3.3 £0.9 1.6 0.3 0.2 £0.1 0.3+0.0 5.8 17.8

NPKM+ 42 =11 3.5 £0.6 0.3£0.1 0.5 0.0 6.1 13.3

2.4 N,OHMEhERIBS

A 2 5 il 300 A ) it A Ak BN, O HE il 22 501 (8 3
(p<0.05) . WMESHR~, 20134FENPKFINPKSAL
FENLO R HE R W th B AES H 15 H 24, B KIEA{E

N 60 ug m™ h™', TiNPKM+HMINPKMAL#1E3 H
15 By RIEM H180 pg m™ h™', kw44t
23H25H, FfJE N TR, 201448 kRl 4% b
FEAIN,OHE = T3 H 12 H T4k W& hn, NPKAI
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Fig. 4 Dynamics of CH, emission during the freezing and thawing alternation period relative to treatment
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Effects of Fertilization on Emission of Greenhouse Gases in Farmland of Gray
Desert Soil during the Freezing and Thawing Alternation Period in Spring
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(1 Institute of Plant Nutrition and Resource Environment, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China )
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Abstract [ Objective] Freezing and thawing alternation is a natural phenomenon, especially in
high latitude areas, like the northeast and northwest parts of China, The oasis in the arid regions where the
winter is long with plenty of snowfall are naturally subjected to frequent freeze-thaw alternations in spring.
A large number of researches have demonstrated that freeze-thaw alternation could lead to emission of high
volumes of greenhouse gas. So, it is supposed that the croplands in the area studied may emit high volumes of
greenhouse gases in winter and spring, but dynamics of the emission and fluxes of greenhouse gases emitted
during this period are not well documented. [ Method)] Along-term field experiment was initiated in April
1990 at the National Grey Desert Soil Station of Xinjiang Academy of Agricultural Sciences, and designed
to have a total of 12 treatments, among which 5 fertilization treatments, i.e. CK ( No fertilization ) , NPK

( nitrogen, phosphorus and potassium ) , NPKS ( 0.9NPK+0.1 Straw nitrogen ) , NPKM ( 1/3NPK + 2/3
sheep manure-nitrogen ) and NPKM+ ( 1.5NPKM ) , were laid out for this study in a cropland of grey desert
soil, and emissions of greenhouse gases during the freezing and thawing alternation periods of 2013 and
2014 monitored with the static box method and gas chromatography. [ Result] Results show that Treatments
NPKM and NPKM+ reached C 113 and 85 mg m ™ h™" on average in CO, emission, respectively, relatively
higher than the other three Treatments NPKS, NPK and CK, being 72 mg m“ h™, 75 mg m* h™" and
35 mg m* h™', respectively. Similarly, Treatments NPKM+ and NPKM was relatively higher in N,O flux,
too, reaching N 73 and 42 pg m? h™! on average, respectively, which were obviously much higher than
22 ug m> h™" in Treatment NPKS and 17 pg m ™ h™" in Treatment NPK ( p <0.05) . However, the treatments
were all relatively low and did not differ much in CH, emission from each other. N,O emission displayed a
significant rising trend in flux during the early freeze-thaw period, but a declining one in the late period.
CO, emission exhibited a similarly trend, too, but not so strong. The N,O emission during the freezing and
thawing alternation period ( 27 days ) reached N 0.1 ~0.5 kg hm ™ a™', accounting for 9% ~ 18% of the total
of a year, while the CH,emission during the period accounted for 6% ~ 14% of the total and did not vary much
with the treatment. [Conclusion] The freezing and thawing period in spring is a time period of high frequency
in greenhouse gas emission in the oasis of gray desert soil. Especially during the early and mid phases of

the alternation period, both CO, and N,O emissions were apparently on a rising trend, but during the late
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phase they dropped significantly along with the decline of soil moisture content. Among all the treatments,
Treatments NPKM and NPKM+ had significantly longer emission periods and higher emission fluxes, while
Treatments NPK and NPKS had higher peak values, but short emission periods. In addition, snowfall in
winter was found to be a key factor affecting emissions of greenhouse gases. High snowfall could increase
the soil water content and sustain the content for a longer period of time, which could in turn prolong the
greenhouse gas emission period, while low snowfall could hardly sustain high soil water content for long,
thus shortening the emission period. To sum up, all the findings in this experiment demonstrate that the
emission of greenhouse gases from farmland of gray desert soil in the oases is high during the freezing and
thawing alternation period. So it is necessary to take into account the greenhouse gas emission during this time
period, when estimating volume of greenhouse gas emission and its warming potential in this area.

Key words Grey desert soil; Oasis cropland, Fertilization; N,O, CO, and CH,; Freezing and

thawing alternation
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