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Abstract.; Gravel mulching technology, as one of the most important field management techniques, has
been long applied by farmers in dry areas to decrease water evaporation and maintain soil temperature
which can also improve crop production in the arid and semi-arid regions. Studying on the influences of
gravel mulching on soil water and temperature as well as ecosystem CO, emissions will play an important
role in assessing farmland ecological effects of gravel mulching. A winter wheat field experiment over two-
year periods was carried out and annual CO, emission was monitored with a static opaque chamber and
chromatography method, and the net ecosystem exchange and harvest index were calculated. In the
experiment, four field treatments were applied, including CK ( control with no mulching), WCK
(supplementary irrigation with no mulching), GM ( gravel mulching with no irrigation), and WGM
(gravel mulching with supplementary irrigation ). Compared with the control treatments, the gravel
mulching treatments can significantly increase the soil temperature and moisture, for specific
performance, WGM was the largest, and followed by GM. Consequently, gravel mulching exerted greater
effect on soil water and temperature. Seasonal dynamics of CO, emissions generally followed the change of
soil temperature with high peaks of CO, fluxes from April to June in both years, whereas CO, fluxes went
conversely with soil water content change over the two years. Statistical analysis also showed that soil

temperature and soil moisture had significant interactions on CO, emissions at P < 0.05 level. By the
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correlation matrix and principal component analyses, the distribution of CO, emissions was the closest
with the two control treatments (CK and WCK) , and the farthest with the two gravel mulch treatments

(GM and WGM ). The gravel mulching practice, particularly the WGM treatment, can significantly

influence the distribution of winter wheat growth parameters such as yield, harvest index, net ecosystem

exchange and so on. The above mentioned results indicated that the gravel mulching technology had the

potential to increase winter wheat yield, promote net ecosystem exchange and reduce CO, emissions from

ecosystem. All in all, gravel mulching combined with supplemental irrigation in the key growth stages could

effectively improve soil hydro-thermal conditions, and reduce CO, emissions from farmland ecosystems.

Key words: gravel mulching; moisture; temperature; CO, emissions; net ecosystem exchange; principal

components analysis
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Fig. 1

Soil moisture and temperature dynamics at different growth stages under gravel mulching and

irrigation treatments during 2013—2015
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Tab.3 Correlation coefficients between winter wheat growth parameters and soil environment change factors

PR BT, BT $M% B RE  AOUE ABH LA KA AWR BEN PR WL o NP NEE
PkE 1
ET, -0.316 1
ET, 0.317  -0.493 1
SR 0.169  -0.430 0.506 |
P 0.374  -0.630" 0.626" 0.803 " 1
K 0.158 -0.040 -0.267 -0.289 -0.358 l
AHOUE -0.080 -0.379  0.388 0. 456 0.526 0.007 l
YEERC -0.552 0.003 0.141 0.500 0.365  -0.405 0.507 1
LAL 0.071  -0.488 0.338 0.708 " 0.707* -0.325 0.619*  0.537 1
e -0.045 -0.347 0.365 0.224  0.587° -0.546 0.191 0. 457 0. 485 1
B -0.491 -0.146  0.212 0.449 0.279  -0.227 0.731*" 0.623"  0.523 0.074 1
HRE 0.194 -0.6527 0.622" 0.624" 0.918™ -0.295 0.689*  0.460 0.750 ™ 0.730 " 0.392 1
s -0.149  -0.321  0.510 0.358  0.597° -0.460 0.594* 0.564 0.696" 0.804 0.379 0.803 ** 1
HI 0.154  -0.242  0.388 0.063 0.424  -0.302 0.174 0.193 0.360  0.779 ** -0.254 0.578* 0.795*" 1
2] -0.362 0.683"° -0.150 -0.467 -0.461 -0.060 -0.156 0.085 -0.530 -0.111 -0.032 -0.366 -0.280 -0.220 1
NPP -0.484  0.225 0.216 0.043 0.231 -0.422  0.274 0. 559 0.073 0.548 0.197 0.377  0.642%  0.552 0.018 1
NEE -0.484 0.225 0.216 0.043 0.231  -0.422  0.274 0.559 0.073 0.548 0.197 0.377  0.642%  0.552 0.018 1 1
Vi FRMIEHELE P <0.05 K | 5% 5 s FR HIEHELE P <0.01 K | i %
iR S SR N SR N Y 98 il RE R 5 K AR ] T IR b B, HLOAR
A1 B i AN 3 [6) A I ROCR i o 72 K 78 2 14K
0.4+ N N EUN
on 2 730 2 A, 4% Ak T i) 9 IR B A K R 02 R
5 4 N e
021 Yk CM3 6CK2 CKI|_ WIIE. (EATS e 9y kA B 5 T 0T R R H R Y
12 4 . . NISIURN N
g > WeK1 kA1 8 35 2 0T LR A BH 6 HP B 38 3 5 9 5 Ak Sl 34
2 0 0 AT 2 /o - S TRL R, 3 i T80 4 K G 43 A T
&) " . B
U e ; WeK2 L KA ORI AR R K ISR, R
8 s AR m R AR BRI PE T, X 5 SCHk[24 -
0.4+ 16 2 2 26  IBEFT A R — 2
1 W(K3 R
7 L 3.2 WRAEEXN CO, H a2
—0.6 C > 2
YR R e K30. o A 7 0 AR F CO, HE T 5% i) U AR 45 6 2
0. -04 -0 2 4 o .
PC1(42.1%) I M R IR S R ORI MM,
M3 AAIR CO, BB R ARSI LIRS CO, HEMOHTT A t, 95 % & /N4 L CO, HEROM

BT~ B /N A K 2R Y S ARy o T
Fig.3  Principal component analysis of CO, flux, NEE, soil

environment factors and winter wheat growth parameters

3 it

3.1 BAEEMTEAREGNRT

B A B 55 A ] T A A ol B 55 H AR, Rk
A T AL 0 SR A BT S TR, 56 T 75 AT K 0K} 3
TR R BT g 2 0 AR XS 2 4Rk
T3 51 R & /N2 T K 3 A% 1 1 g s AT O
T, 4% Ak B SR B K R G A R T
PERUAE BN i A AR, /N O R T IR
Wb, A K PRI T ELIES T IR A S A R

AN K B B — SO R MR . FE AN TR
AR F B B, R EE B e A CO, HEOE T[]
W, RIET KRN S CO, HE A A,
B R T A IR as R — B, MR
AT LK CO, Hemoth £ 5 B 1
WEFR B % 0 B0 25 AU G RORAR I, W X A
W CO, HEE & 3E 17 ) B0 A, i — 20 Ui W]+
KA T3 B T AR H CO, HEM . % 7 R4k
2 LRI EE A L5 JACOBUS™' [LAVIGNE 25"
EiR D ELY /A W i< K (8

ARy 2 KO IR AL
T & i SRR 2 CO, HEMUM S N R . kA B
W T IR B AR A KRB, w1k H



%9 1

FAM S BRA B A PE T K ABOR X A& /N A BT CO, HEL R R

229

CO, HEFC, FETfI 52 M T 4 A %00 o X 52 M 4 H
HEBRG CO, HEM & /N A KSR 4L
R AT A G R 2 IR A A M e B, 7 e g
BRI AK S 800 Y5 kA 5 R
197 2 AN AL B3, CO, kI 32 354 A 8 JC B 3%
X B AL B XA, 336 8 ) A A T 5 AL B SRR R K 3
SO A R TR e Jf se > CO, HEdik, -
HEEH i) GDD  SOM 5 Bk £ 7 35 40 34 7 A 4%
AT T 4 75 T OBD A W 6 £ S Ak B A R
g T S ) B R, R A B G X
AEARKERD Y AMRPEROEERKT
LI BD, X A REE h TRR A A 55080 TR KON
% At ik, U T3 6 B ' B A 5 A ) R 45 L
IR A B )2 T R R 450, R IR T £
HEATH X5 CERDA™ R Je 45 A — 50, #

Rl @itz — o H RTER A7 B2 5 0 7K R 1 e
A K CO, HETOR Wi ) BILEE 18 A B R, 475 A o ik — 20
E:I:%O

4 it

(1) 5%} Ak ¥ CK A L, 854 78 25 BB A 2k
T KRG WD ZE R DR OK ORI SR B 8, A R
THE /N ZZ A T R bR R e R A AR T
PiZEL/NEH CO, HE (WGM AL FEF GM 4b B 73
W CK AL PR S REAIG 16% F1 9% ) e T A4S &
iV 33 (WGM AL AT GM b3 43 Bl 45 CK 4b 315
BImahn 209 #134% ) o WA w85 0] AT RO0E 0
IKBARDL AL HAE A KR S m R ™ 8 JF B AIK
A CO, HE, e A H ARG A He .

(2) FH S FE R 3 18 53 7 A 2 W AE B A0 3 3 )2

A 2w A WA B AL S 8. AL, CO, FISEIA R , & /N3 B CO, HERRL 23 A 5 5 17 7 25 4k B

k5 ET, — & 5 i JLF
FEJE EREWA> CO, HET, 5 T Bk A1 8 5 30 4 2% 4 1Y
SCHRA AR 22, 3 18] 128 Ak B¢ 17 0% 0 8 5 2 020 €O,

13

14

AL UM A 2R AR SE M, T AR A R SR s e S R A B AN

AL BHRR R 3T o VR IR AT B 4G O R A T A R
K BRI T SCRESE BUAR AR 25 R GUICHRRS ™ 19 H A9

2 £ x W

ESKILD H B, PETE S, JOHN R P. Agricultural production and greenhouse gas emissions from world regions—the major trends
over 40 years[ J]. Global Environmental Change, 2016, 37. 43 - 55.
GALDOS M V, CERRI C C, CARLOS E, et al. Simulation of soil carbon dynamics under sugarcane with the CENTURY model
[J]. Soil Science Society of America Journal, 2009, 73(3) . 802 - 811.
LUO Yiqi, TREVOR F K, MATTHEW S. Predictability of the terrestrial carbon cycle[ J]. Global Change Biology, 2015, 21(5) .
1737 - 1751.
B, MRS RS CO, g my EBR S e R HAUHIAF T D). Ll & H K%, 2014
SHAO Junjiong. The interannual variability of net ecosystem CO, exchange and its underlying mechanisms in terrestrial ecosystems
[D]. Shanghai: Fudan University, 2014. (in Chinese)
PR NE-FRBAER B E R HCE M E RSP D]. et deatshol k2, 2014
LI Xiaomi. Study on greenhouse gas emissions and its influencing factors from the maize — wheat rotation field[ D]. Beijing:Beijing
Forestry University, 2014. (in Chinese)
ZGEPE A K, T IB I, . BEE Jr RIS BE X X S HCH, RN, O HECRsEma [T]. 4ol TREA4R, 2014, 30(11) .
216 —224.
QIN Xiaobo, LI Yu’e, WAN Yunfan, et al. Effect of tillage and rice residue return on CH, and N, O emission from double rice field
[J]. Transactions of the CSAE, 2014, 30(11): 216 —224. (in Chinese)
ZE , 2 K Ik, WANG Hong, 5. A 9y 5T 5 35 0 %ok 42 1 X0 2 A 1 A3 I O B2 R S [T ). el TR 2 4k, 2015, 31(5):
226 -234.
QIN Xiaobo, LI Yu’e, WANG Hong, et al. Impact of biochar amendment on carbon emissions intensity in double rice field in
South China[ J]. Transactions of the CSAE, 2015, 31(5): 226 —234. (in Chinese)
T BRJR I 55 TR A Ll s UM g [T . el TREE 4, 2016, 32(H5 7] 2) : 128 ~ 134
CHEN Haixin, LIU Jingjing, ZHANG Afeng, et al. Effects of straw and plastic film mulching on greenhouse gas emissions in Loess
Plateau, China: a field study of 2 consecutive wheat — maize rotation cycles[ J]. Science of the Total Environment, 2017, 579 . 814 - 824.
XU i, TR BT RG,  i 5F . OR [ N D E - KRR R H A S R G IC A (1], AR, 2017, 28(1) .
169 - 179.
LIU Jingjing, ZHANG Afeng, FENG Hao, et al. Influences of different irrigation amount on carbon sequestration in wheat — maize
rotation system[ J]. Chinese Journal of Applied Ecology, 2017, 28(1): 169 —179. (in Chinese)
WANG Bin, LI Yu’e, WAN Yunfan, et al. Modifying nitrogen fertilizer practices can reduce greenhouse gas emissions from a
Chinese double rice cropping system[ J]. Agriculture, Ecosystems and Environment, 2016, 215(1) . 100 - 109.
SAPKOTA T B, JAT M L, SHANKAR V, et al. Tillage, residue and nitrogen management effects on methane and nitrous oxide
emission from rice — wheat system of Indian Northwest Indo-Gangetic Plains[ J]. Journal of Integrative Environmental Sciences,
2015, 12(Supp.1): 31 —46.
LI Xiaoyan. Gravel-sand mulch for soil and water conservation in the semiarid loess region of Northwest China[J].
2003, 52(2): 105 - 127.
LI Xiaoyan, SHI Peijun, LIU Lianyou, et al. Influence of pebble size and cover on rainfall interception by gravel mulch[ J].

CATENA,



230 | 1 R A= 20174

15

17

18

20

21

22

23

24
25

26

27

28

29

30

31

32

33

34
35

Journal of Hydrology, 2005, 312(1): 70 - 78.

I RN AAACER 5. BR A A N AR EH K A S AR W AE K RRAE M R [ T/0L] . Ll LA 2 4%, 2016, 47(5) : 155 -
163. http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? flag = 1&file_no =20160521&journal_id = jesam. DOI10.
6041/j. issn. 1000-1298.2016. 05. 021.

FENG Hao, LIU Xiaoqing, ZUO Yiqiu, et al. Effect of gravel mulching degree on farmland moisture and water consumption
features of crops [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (5): 155 - 163. (in
Chinese)

UG, T . B I BR A B 3 X R LB AE B - Bk S R T R ()], K R AR REBRT, 2012, 19(4) :
284 -288.

YU Hailong, HUANG Juying. Research progress on influence of mulching gravel and sand on soil macropore characteristics and
soil hydrological process of gravel-sand mulch field[ J]. Research of Soil and Water Conservation, 2012, 19(4) : 284 -288. (in
Chinese)

KLU, . Hb A 7l 5 )5 8 FURLAZ A R 28 R 2 [ ] WEMEHE K 23], 2009, 28(4) : 41 -44.

GUAN Hongjie, FENG Hao. Effects of the thickness and grain size of gravel mulch on soil moisture evaporation[ J]. Journal of
Irrigation and Drainage, 2009, 28(4): 41 —44. (in Chinese)

ZHANG Afeng, LIU Yuming, PAN Genxing, et al. Effect of biochar amendment on maize yield and greenhouse gas emissions
from a soil organic carbon poor calcareous loamy soil from Central China Plain[ J]. Plant and Soil, 2012, 351:263 -275.
KHIFE, M, . AR K ERLNE T Y BR R L7 &0 [T]. Rl TRk, 2016, 32(2) = 119 - 126.
SONG Mingdan, LI Zhengpeng, FENG Hao. Effects of irrigation and nitrogen regimes on dry matter dynamic accumulation and
yield of winter wheat[ J]. Transactions of the CSAE, 2016, 32(2) :119 - 126. (in Chinese)

RAICH J] W, TUFEKCIOGLU A. Vegetation and soil respiration; correlations and controls[ J]. Biogeochemistry, 2000, 48(1) .
71 -90.

GOURANGA K, ASHWANI K. Effects of irrigation and straw mulch on water use and tuber yield of potato in eastern Indial J].
Agricultural Water Management, 2007, 94(1 -3) . 109 - 116.

ZHANG Shulan, LOVDAHL L, GRIP H, et al. Effects of mulching and catch cropping on soil temperature, soil moisture and
wheat yield on the Loess Plateau of China[ J]. Soil and Tillage Research, 2009,102(1) . 78 - 86.

RIS AL RS AT IO B PR AT A A 5 AN R AUK I FUTRCGR [T ] Rl TR, 2015, 31(19) .
103 - 111.

YU Kun, FENG Hao, ZHAO Ying, et al. Ammoniated straw incorporation promoting straw decomposition and improving winter
wheat yield and water use efficiency[ J]. Transactions of the CSAE, 2015, 31(19): 103 - 111. (in Chinese)

LHE % A/NE PR 5. RN AR A A S D EAERIEm [T]. £l TR24R, 2010, 26(34 T 2) . 188 - 194
WALLVE. APRRA R Z U R AL R (D] Jbat. P EAEBEBI S A B, 2016.

PENG Hongtao. Study on the mechanism of rain water interception by the pebble and sand mulches[ D ]. Beijing: University of
Chinese Academy of Sciences, 2016. (in Chinese)

P AR SR, WA RIEE R T LK KA MIRLT]. Rk, 2015, 52(5) : 1058 - 1068.

ZHAO Dan, LI Yi, FENG Hao. Dynamics of soil water evaporation from soil mulch with sand-gravels in stripe [ J]. Acta
Pedologiga Sinica, 2015, 52(5) : 1058 —1068. (in Chinese)

PRER e it 2000 55 IR XS T il L8 CO, HERCY IR0 [J]. s R, 2016, 49(17) : 3380 —-3390.
CHEN Hui, HOU Huijing, CAI Huanjie, et al. Effects of aerated irrigation on CO, emissions from soils of tomato fields [ J].
Scientia Acricultura Sinica,2016,49(17) : 3380 —3390. (in Chinese)

XA BEARAEART 8 b R AR A/ R R M R [ D], P BdLRAA, 2015,

LIU Quanquan. Effect of simulated precipitation change on greenhouse gases emission in a dryland winter wheat field on the Loess
Plateau[ D]. Xi’an: Northwest University, 2015. (in Chinese)

JACOBUS H. Etude de dynamique chimique( studies of chemical dynamics) [J]. Recueil des Travaux Chimiques des Pays-Bas,
1884, 3(10): 333 -336

LAVIGNE M, FOSTER R, GOODINE G. Seasonal and annual changes in soil respiration in relation to soil temperature, water
potential and trenching[ J]. Tree Physiology Victoria, 2004 ,24(4) . 415 - 424.

BEF A, R, 55 AT 6 7 2%k T P A b i e LR K e M E RS [T Padb ROk A4k, 2010,
19(1) . 150 - 154.

MAO Yunling, DENG Jia, LU Bin, et al. Effects of different mulching on soil temperature, moisture and unit weight of Olea
europaea L. garden in dry and hot Valley of Yunnan[ J]. Acta Agriculturae Boreali-occidentalis Sinica, 2010, 19(1) . 150 -
154. (in Chinese)

CERDA A. Effects of rock fragment cover on soil infiltration, interrill runoff and erosion[ J]. European Journal of Soil Science,
2001, 52(1): 59 - 68.

MR, HULR B e S TR T R X 5 SOk AR T ], i EY B, 2012, 32(3) : 698 ~704.

PANG Lei, XIAO Honglang, LU Jianlong, et al. Soil profile structure and moisture character of gravel-sand mulched field in arid
and semiarid area of China[ J]. Journal of Desert Research, 2012, 32(3): 698 —704. (in Chinese)

POESEN J, LAVEE H. Rock fragments in top soils: significance and processes[ J]. CATENA, 1994, 23(1). 1 -8.

Al SRR A RIS LK ABRE T MBI [ T]. ROl TR AR, 2009, 25(6) : 40 -45.

LI Zhuo, WU Pute, FENG Hao, et al. Simulated experiment on effect of soil bulk density on soil infiltration capacity [ J].
Transactions of the CSAE, 2009, 25(6) : 40 —45. (in Chinese)



