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Soil Respiration in Response to Different Ridge/Furrow Ratios and Its
Relationship with Soil Moisture and Temperature Under Ridge-Furrow Planting

Patterns

WANG Chang-jiang, SHI Cheng-xiao, FENG Fan, CHEN Ting, ZHANG Lei, LU Xiao-kang, WU Wei, LIAO
Yun-cheng ”

(College of Agronomy, Northwest A&F University, Yangling 712100, China)

Abstract: This study aimed to explore soil respiration in response to soil moisture and soil temperature subjected to different ridge/
furrow ratios under various planting patterns. Traditional flat planting and three different ridge-furrow plantings with altering ridge/
furrow ratios, i. e. 20:40 cm (P40); 30:30 ¢cm (P30); 40:20 em (P20), were performed in the present study. Soil respirations
among different planting patterns were compared. Their relationships with soil moisture and soil temperature were also analyzed. The
results showed that soil respiration flux of four planting patterns reached its minimum value during the wintering stage, started to rise
during the returning green stage until it reached a peak value at the flowering stage, and decreased gradually when reaching the maturity
stage. The magnitude of soil respiration flux in three ridge-furrow planting patterns followed this order; P40 > P30 > P20, which
implied that increasing ridge width could improve soil respiration by 1. 2%-18. 4% . In addition, soil respiration fluxes of three ridge-
furrow plantings patterns were significantly higher than those under conditional patterns during the seedling stage (P <0.05). The soil
temperature of ridge-furrow planting patterns was higher than that of the conditional flat pattern from the seeding stage to the wintering
stage, but was converse from the jointing stage to the maturity stage. Moreover, three ridge-furrow planting patterns have shown
significant effect on preserving soil water storage in comparison with the conditional flat pattern. In general, increasing the width of the
ridge increased soil water storage due to less rainfall from the seedling stage to the jointing stage. The correlation analysis indicated a
positive and significant correlation coefficient between soil respiration and soil temperature (P <0.01). Correlation coefficients in case
of P40 and P30 were higher than those in P20 and the conditional flat pattern. The quadratic model of two-factor soil moisture and soil
temperature could explain 61. 7% -74. 1% of variations in soil respiration. The single factor of the soil temperature model could explain
50.3%-68. 2% of variations in soil respiration. Those results could provide a theory basis for further evaluation of ecological effect on
the ridge-furrow planting patterns.
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KimBEA: 2016-05-22 ;11T HHA : 2016-06-28
EETB . ERARPEIETH (31401348) ; A ts AT (Alk) BHIFE T (201503121-09) 3+ E 4 fFRMEFE 450 H (2015M572604 )
EE® N EBIL(1991 ~) B BiE0FR A, FEWIGR T A SRR AETEE | E-mail : wangchangjiang2015@ 163. com

* IR A E-mail ; yunchengliao@ 163. com



4438 woooH

B % 37 %

ERRARAL R B JC AT IR L, CO, SRR
ROV TR BRI R RIAES R G R RS
HCOo, M EEREZ—, 295 AN CO, HE Y
119% . WA M BRHEBOS T2 K< CO, W
WA EEAERE XY I + e aHE
() FEAR | LTI E AR AR RO,
A | RSN B A ML L 4 A
PRI CO, , H AR AR IR I R A ) I IR T R
G337 RIS A M R K Sy R
HEWPIE A S PR P O A R ) A K
[ZCRNeariE S ARz 10

TR 2B AR PR AR A5 FH TR A ARG 78 22 Ak
B YPATR o VA 2B ARG FERR h 28 AR
W YRR 1) 28 4 R RAR B AR T LA
INT S B TGRSR T 72 A 00 T, 6 e T
TEFRCR . HFFEFR, i 224 MR H A T L
P Aok NET AR R R T R
(7, T AR e b R I U T e 4
AU AN A 1 i e R
T ZEEE TR BORAE T R T R R R RO iz
FAP -z R AR g 4 v e V) ZE A AR A X
(R7ENISIIR R Y S A NP RAE & R Ui
Xof A ST B S B A 5 AN ] G JEE ) 28 5 W Al
RO AN TR SR T T AR, BT 5 RS A K PR A A AR
T Xk SRR 7 R RO, O I, AR S i i AN A
R ZELE , LIRS IR WF5 18 22 6 R AR A [+
2B T TP AR R 7 A AR R AR, Xof 1 SN
W 55 K PSR 522 0] 14 5 R BEAT 1 0L 5 20 W, 4R
FE A SRR AR - A e SEATL A, LASD O TE B A
S ZEAE W RS T 22 B CO, HEBURHE B T4k v 22
B TR IR P A 25 0 4 4 LB

1 MR

1.1 5 XN

A4 5 75 79 b & ARRE 42 K 2% 3k 1 il g
(108°52'E,34°36'N) #H47 , Hiu sk 5 -1 Ji v &R 4 74
+ et HIEAE 1.05 grem ?,0 ~20 em )2
RAENLR &N 14.60 g-kg ™', 2A 1.14 g-kg ',
B2 99. 40 mg-kg ™', AL 20. 24 mg-kg ™', AL
B 243.20 mg-kg ™' JR P AEIE ). U506 X R HLAY g
T 2 M B 1 2R XU 2013 | 2014 i1 2015 4F
R K H= R 43 0 A 450 . 539 F1 505 mm , 4F 349 i 1 7%
KA 417.6 mm, Hf 60% ~70% KK 1E 7
~9 H 5 KSR R 494,70 k) -om 77, 24

A PR BB 247,35 kJ-em 77, BAESEH H IR B8
2271.6 h, H BUE 43 % R 51%; 47 ¥R
13.2°C, JC 7 W AE 220 d £ 47, 0°C 19 1% 3 B
4926. 8°C ,10°C Hy 1 sh B4 337. 7°C ,20°C 1Y% 3h
FHIE2 556. 4°C ¥ o x5 215 d.
1.2 it SE

RESMET IR AL X A 30, ik 8 4
AL AL 3 AV B AW AL BT 1 A FAE b B
(CP). SEFNACFEIEE 3 FZELL, 439K 20 cm: 40
em., 30 cm: 30 cm 140 ¢cm: 20 cm, ARG ZE TEMK IR0
h P40 | P30 A1 P20. 22 [ 7455 0. 008 mm HRLHEHEL,
ZE15 15 cm, VA U ZE WA FPAE 547 /N2 pE AL
R /IME 22, SEAEAERATEE A 30 em), 45 Ak B P
I 150 kg-hm 2. /NXAK 6 m,| 9E 4 m, B4k
B3 RER 3 12 A/NX 1 BT AR B/INX Py
6 2 AR ZE AN/ NX RIS 12 17/ A2
/N AL R P, 0, 120 kg-hm ~* (i BERRES ) Al
N 225 kg-hm > (JR 2 ) , & 0 — U it A 8% AE A1
40% AL , 703 75 W A1 22 8001 43 0 it A 30% AIE,
INFE A K IPR A THEE. K56 T 2014 4E 10 A 13
HH&®,2015 426 H 10 H k.
1.3 WEFE bR 5

- SN R R P 5 LT A A A o B
X GXH-3010E1 (LI = M ER i 5T T A 7= ) it
e, H 0PI 2= AR N 16 om, = 3 h
18.35 em. TIERFIEHUCELE PVC JIEEE |, PVC JIK
JAE B 22 7 — DA A FPAR X (I P9, 4l AR EE S
em, ZEIRIEIE N —VIHEY) , B/ DX 23 1 AR
JAE B UK A T R B e, A E B A
Bl W A R B R IR N AR ZESEEAT 33 1K
DISE (2014 4F 11 H 23 H & &SRR —K) , &
YR 5 B A IV 0 — W, 38 o W R VT3
]84 14 08 :30 ~ 11:30"%) . L4422 B PR 33
RIS OCER[20].

- B - g0 g ) A0 iR TP3001
HL IR T T (TR PHAR S B P &5 A BR A A AR )
MPEFFE X (HHN)S em 110 em HJEIEE.

SRR B K AE D S Y R
TDR-300 7K M0 E AL (FEE Delta 23 7 AE 72 ) 2 F
X ()T, 6 em F12 em 2T G KR Bk
18 DAVIS Vantage Pro2 43 (35 E DAVIS 24
A AR ) W

R WA [ B Be -S98R B8 | 7K 53 R 7 722 Ak
FROE /N IR 5y 5 AR BT EL, 4300



11

T RVLAE : SRR T AN F]VA 2% T S IR F) 5 o B HC o 7K A PR 5 B4 o i

I (2014-10-26 ~2014-12-13) , 84 1] (2014- 12-
14 ~2015-02-14) , & 7 #A-4% 15 #9 (2015-02- 15 ~
2015-03-21) , ¥ 17 -4 16 1 (2015-03-22 ~2015-
04-24) , 7 4E31- AU (2015-04-24 ~2015-06-09) ,
S B B A B IR R | R FIK S i
B[] P 4 UL 1B 1) - S48, & A B A B Y
IR | R FK 4 Ry /N A A R P A
HUREEPR SN
1.4 Aot 5ab e

i SPSS 18. 0 #4777 22 43 Bt FAH S 20 7,
KA K 7 2250 BT (ANOVA ) FllfRe /N g 35 25 S 1
(LSD) Fb A A [] Ab B[] 4= S8 09 0 YL 8 AT K 43 22
S BEE B EKE N a=0. 05, M E KT a=0.01;
FIHH Pearson AHIC R FOTA + 10T 57K 4K 19
AARNE ; R SigmaPlot 12. 5 #E47 J5 R 1 481 & il &
FHIE.

2 HRE5H

2.1 THERE

S5cm Al 10em + )2 IR EE/NZ A K EHE
BATPEARL (1) ,5 em 110 em )2 R ¥ R0
N1 AR, 6 AkE. 5 em +)2 3 MNHZBEMA
AT WFEREMKT CP(R1); 10 em +)2
P40 Fl P30 1447 WP B & T P20 Fi CP, 3L
o P40 B3 T P20(P <0.05). FHMIAIBA M,
em F1 10 cm )2 10 B Y5 e 90 A 78 2B 45 RN AL B i3 1
CP, H B BE P30 403 5 em + 2 IRIE B &
F CP, I ZZEWAH 10 em HERELRFET CP,
ARAH] P40 AbFE 5 em L EIRE B E ST CP, P40
FIP30 4B 10 em )2 B 1 255 T P20 A CP. Z
Je b2 A B A A CP Ak B A I B B T, T
AT T BRI AL B AR A 5 em +
JZIRERIA CP W3 5T P40,10 cm HJZERIN

4439

25

20
g 15t
#
ZE
B o0t
g.
vy 5 L

0 -

=5

25

20 +
g st
=
=
2 10
g
s st

0

2014-11-01 2015-01-01 2015-03-01 2015-05-01
H# (5-H-H)
E1 2014 ~2015 FENELEFHLTES em
10 em TEBRETWL

Fig. 1 Soil temperature among different planting patterns at 5 cm

and 10 cm soil depth in winter wheat growing season in 2014-2015

CP & 3 MBI AL BE.
2.2 FEAKR S KE
INEEBBNEOK B EARBS (K 2), k4
R ZEE 50 Wk, Bk 23T 204. 2 mm. A 2014 4F
10 A K 2015 483 H id), BoKHe D, &4 21 R/
F5 mm E/‘Jlg%ﬂ(ﬂlljiﬁi 1 RKF 10 mm E/‘JF%ZK, 3
HIKE S APIFEK K BB N E, RitREk
154 mm; 5 H A E/NEZ IR TERTF 10 mm /Y
kK.

®1 ZNERREKHBRTFRENTHME /C

Table 1~ Averaged soil temperatures among different planting patterns in various growth stages of winter wheat/°C
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5 P30 8.55£0.52a 0.70 £0.13ab  7.34 £0.47a  12.63 £0.45a  19.53 +0.83ab  8.91 =0.12a
P20 8.30£0.25ab  0.36 +0.48ab  7.44 +1.04a 12.62 £0.94a  19.93 +0.90ab  8.81 £0.36a
CpP 7.92 +0.05b 0.25+0.11b 7.98 £1.25a  13.20+1.09a  20.80 +0.56a 9.06 =0.20a
P40 8.92 +0.17A 1.99+0.11A  7.37£0.30A  12.34 £0.20A 18.91 +0.28B 9.22 +0.28A
10 P30 8.88 £0.21A 1.78 +0.17A  7.28 £0.06A  12.36 +0.35A 18.82 +0.41B 9.12 +0.41AB
P20 8.73 £0.20A 1.46 +0.18B 7.27£0.40A  12.24 +0.58A  18.86 +0.46B 8.95 £0.46B
CP 8.32+0.10B 1.29 +0.08B 7.20 £0.56A  12.54 +0.67A  19.66 +0.37A 9.02 +0.37AB
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Fig. 2 Precipitation and soil volumetric moisture among different
planting patterns at 7. 6 e¢m and 12 c¢m soil depth in winter

wheat growing season in 2014-2015
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Table 2 Averaged soil volumetric moisture among different planting patterns in different growth stages of winter wheat/%

+J)Z/em Ab ¥

AELET BB

Hill A RTF-HCOW BOTIHER OFEREUN 2ETW
P40 27.54 +1.30a 24.22+2.87a  26.63 +1.3la 32.29+1.06a 27.28 =x1.22a 27.17 £1.35a
7.6 P30 25.98 £2.66a 21.80+1.85a 25.79+1.03a  34.65+2.99a  27.70 =0.29a 26.44 +1.32a
P20 20.48 0. 11b  16.91 +0.68b  22.59 +0.44b  31.54 +0.52a  25.23 +0. 74b 22.47 +0.32b
Cp 19.28 +0.83b  13.78 £1.37b  18.72 +1.00c  31.45+1.29a  23.56 0. 8lc 20.44 £0.99¢
P40 35.95 +£2.20A 24.05+2.98A  27.44 +2.56A 33.86 +2.72A  27.66 £3.42A  29.54 £2.37A
12 P30 33.92 +1.37A  22.47 +3.45AB 24.59 +2.03AB 36.92 +2.95A  28.80 +4.37A  28.98 £2.65A
P20 28.57 £0.67B  19.63 +2.98AB 23.84 +0.09B  35.32+1.64A 25.76 +1.78A  25.94 +0.83AB
Cp 27.46 +1.50B  17.51 £2.27B  23.63 +0.77B  33.71 +1.73A 24.86 +1.79A  24.76 +1.33B
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PRI R 5 1. 2% ~18.4% . R4 /N B B FI
A, LRI R A SR BN P40 > P30 > P20 >
CP, Hoh i B BL v Z2 2 W AL 3 0 25 5 1 CP, i 2
AE TR AL FR ] (9 25 52 A8 (0 3, BG4I P40 Ah B ) I i



11 TBRVLAE . BRI AR VA 22 He Xk - S 0 4 582 1) K HC X 7 A PR B 4441

10+
# Of
&
g 4f
B
L
0 ' L L '
2014-11-01  2015-01-01  2015-03-01  2015-05-01
H (4E-A-H)

32014 ~2015 FRNECEFH T ETFRTH
Fig. 3 Soil respiration among different planting patterns

in winter wheat growing season in 2014-2015
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Table 3 Averaged soil respiration among different planting patterns in various growth stages of winter wheat/pumol - (m?-s) !

e _ ‘ AFRAH BB _ A
B A BT B -ITAE) TFAE- 1A SEHH
P40 3.20 £0.22a 1.98 £0.22a 3.50 £0. 14a 5.28 £0.67a 7.86 £0.45a 4.03£0.01a
P30 2.87 £0.32a 1.91 £0. 34ab 3.64 £0.67a 4.85 £0.45a 6. 64 0. 80ab 3.66 £0. 33ab
P20 2.73 £0.31a 1.88 £0. 20ab 3.32£0.37a 4.80 £0.45a 5.95 £1.36b 3.32£0. 16b
CP 2.08 +0.19b 1.71 +0.32b 3.26 +0.82a 5.25+1.41a 6.89 +0.97ab 3.38 +0.36b

1) B IR /NG S B AR R 2 AR DAL B - VPR 15 0. 05 AT 19 5 %

®4 TEFRSTERENKSBEXES T
Table 4  Correlations among soil respiration, soil

temperature and soil moisture

g L Ky
5 cm 10 cm 7.6 cm 12.0 cm
P40 0.836" " 0.830" " 0.261" " 0. 168
P30 0.732** 0.722"* 0.394** 0.297**
P20 0.748" " 0.728 " 0.510" " 0.458 "
cp 0.735"* 0.725"* 0.524" " 0.428 " *

1) * /R P<0.05, % = F/R P<0.01, F[HE

PEET 12 em )2 BE P40 H57.6 ecm +JZ/K5H)
FOC R BGRB8 KA1, Hogy 3 A b 35 w4
2K A E B IR B K. Pt S L
PERAH SR S em HZREM 7.6 em T JEK
ST 55 K S T OE R
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KR(E 4). 1 HErF g o i 4 & R T i 7t
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PLo5 em 2R B AT DL R 1 HE 0T AR b Y
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0.682, P30, P20 F1 CP 43 %/ & 0.503, 0.531 A
0.514. [ENIMFEE — Mok 1 5 07 g s 4 i I 32 1Y)
A AR 07 P I R BBUR M R B Q) T, FH IR R
BVETRE Q,, = 'R, P40, P30, P20 #il CP )+
R RHIR A B A 1,95, 1.71, 1.61 il 1.79,
Horbr P40 Xl 78 A 5 SRR P20 Ui B2 19 S5
2.
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- R R A 5 2 (R AR 2 TR AT (A
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P20 Fil CP Ab 34 5% 22 {8 1Y) &5 BB A v, 16 W] P40 Al
P30 1) - EWF M AN Ty 57 3] 4= 33K 53 () 52 e, T P20
F1CP (1% T 301 4857 1 5K 3 B2 AR
2.4.4  IERFIE S K BRUR - Z (8] 1Y) 56 R
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Fig. 4 Relationship between soil respiration and temperature of 5 c¢m soil layer in winter wheat growing season in 2014-2015
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Table 5 Model parameters of soil respiration in relation with soil temperature (7') and soil moisture ( W)

R, =8+&T+{W+0T* + \W?

R, =a+BT+yW

Jb 3 N
8 & 14 [ A R? e’ B b% R?

P40 2.757 0. 147 -0.116 0. 007 0. 003 0.741** 0.229 0.283 0. 048 0.724* " 97

P30 2. 106 0. 149 -0.074 0. 003 0. 002 0.617" " 0. 161 0.203 0. 064 0.608 " * 97

P20 4.210 0. 102 -0.235 0. 003 0. 005 0.690 " * 0.727 0. 153 0. 056 0.631" " 95

Cp 3.107 0.071 -0.185 0. 006 0. 005 0.652* " 0.338 0. 185 0. 068 0.599 * * 95

6. e.L.0. A, a, B,y HESH

3 it

V) 28 A FRRMRELOS - S AR A P 32 AR T e A
Yy A= K Y ET B B, T2 S 8 ROR BT
102 ARG R A A 1 2B AR T AL 3
SR EE = T CP, M1 I 2= ], CP 8
TN ZEER AL B, 32 B IR /N A2 AR K Y AT A B B
T8 2B A ORI AR I 2o 5 e 22 1 E R T, O 1
WL AL D R T N
JEY) CP AR BGREJR S B/ iR, R R AT LA

1252 3 22 K PHFR ST RE A0, 18 2852 WAL B 135
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S R R AR ) 2 4 TN R R E I SR 2
7 1) V4 TR AE RN, A AREAE FARBEK P REENT
5 mm A TCRERE K EEAL A BOK AT e rp | 3
It A KRB ARBFSE M 2014 4E 10 AR R
2015 43 AdA),/hF 5 mm B9FEIKIE 21 I, KF
10 mm AYREZK AT 1 IR, VA 2B 46 T FP AT 4 FRASCR 4
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Fig. 5 Relationship of residues values of soil respiration with soil moisture of 7. 6 cm soil layer in winter wheat growing season in 2014-2015
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