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Effect of long-term conservation tillage on soil water regimes and leaf water

potential of crops in rainfed areas of the Loess Plateau
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Abstract; Based on long-term field experiments in the west of the Loess Plateau, this paper discusses the effects of
conventional tillage (T) on soil water regimes and leaf water potential of crops for five conservation agricultural patterns,
comprising conventional tillage with stubble incorporation ('TS) ; no-till and no-stubble retention ( NT') ; no-till with stubble
retention ( NTS) ; conventional tillage with plastic mulching (TP) ; and no-till with plastic mulching (NTP). The rotation
systems of pea-wheat ( P— W) and wheat-pea (W —P ) under rainfed farming were studied. The results show that
conservation tillage could increase surface (0—30cm ) soil moisture content at sowing, and soil moisture content of
conservation tillage are significantly higher than T, showing an increase of between 3.29%—28.67%. The NTS pattern for
spring wheat and field pea soil water content were the highest over all growing stages. The leaf water potential of the field

pea was obviously higher than that of spring wheat, but their daily dynamics were similar to each other over all growing

EEWA : HRK AR E BT H (31360148 ) 5 H Il 4Rl 2% B A RL-H7 G 3k 4 B Bh 101 B ( GSAU-STS- 1230)
rfE B HA:2012-11-16; &7 HH1:2014-04- 18
* MIRVEH Corresponding author.E-mail ; zhangrenzhi@ gsau.edu.cn

http ://www.ecologica.cn



13 4] Eoill A RO PERE O B s S K I3 B AR K S R 3753

stages. It was highest in the early morning at 6;00, and then decreased over time reaching a minimum at between 12 ;00—
14.00, before gradually increasing again. At 18:00, the leaf water potentials were nearly restored to the level recorded at
9:00. As for spring wheat, the maximum leaf water potential appeared at the jointing and heading stage followed by the
booting and flowering stage. The minimum leaf water potential appeared at the filling stage. The leaf relative water content of
spring wheat was highest at the heading stage, followed by the jointing and flowering stages, reaching a minimum at filling
stage. As for the field pea, maximum leaf water potential was achieved at seedling stage and pregnant bud stage, followed by
branching and blossom podding stage. The minimum appeared at the grouting mature stage. The dynamics of water saturation
deficiency was just the opposite to that of relative water content. The leaf relative water content of the field pea was reduced
along with the growing stages under different tillage practices. Over all the growing stages, the leaf water potential of both
spring wheat and field pea measured at 10:00 had a significant correlation with the average soil water content at 0—30cm.
When the soil moisture content was relatively low, leaf water potential of spring wheat or field pea had a very significant
correlation with soil water content. Compared with T, the five conservation agricultural patterns can increase the leafl water

potential and leaf relative water content of crops, of which the effect of NTS is shown to be the most significant.

Furthermore,, osmotic regulation and turgor pressure maintenance could allow crops to achieve a high yield.

Key Words: conservation tillage; stubble retention; plastic mulching; soil moisture; leaf water potential
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B BT A A5 R A BRI B 32 R K 43 S AR Y
MR BHiA AR MK BRI, EE AR
TEAN [ FE Kt R A Ak B X AL i 7K 34 ) 53 i) 7
TS TR IR A DA [V 0 T R 4 ok 3
FIBFTE R . ASCHE R Z 0 T R 1 o i et
TEFIFRAOW X, AN R B 1 it T~ R /0 A g
IREHASACHEAE, X6 PR 90 4 R A X 55 7K o
MR EAT TR, B 7 iz X AR VRBP4
AT R BEEE A

1 #MREFE

1.1 R IXHEN

RIS A B o S R T B R VA AR X H
A R P R R A S LA R X R il
BT RIX SR 2000 m, 4F 3 K BH AR 5 592.5
kJ/cm? , H FBIF% 2476.6 h, 4 6.4 °C, =0 C
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Table 1 Treatments description of the experiment

IEFARES Code  AbFE Treatment HHETT Description
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Table 2 Distribution of rainfall growing stages of spring wheat and field pea

X vl =iat] PSR 2P Bl R HAE-IFAE TFAE-n
BN B B i - . . .
. Tillering- Jointing- Booting- Heading- Flowering-
Development stage of spring wheat - . . . .
jointing booting heading flowering maturing
P i Rainfall/mm 7.1 9.9 57.9 1.6 32.3
- i 5 - S
BT A BB i EEE@ J)’ﬁgﬂ 251 PiRiaaE=t! (és{ﬁﬁifﬁf@q
Devel st " Seedling Branching Pregnant Blossom Grouting
cvelopment stage of pea stage stage bud stage podding stage Mature stage
[ & Rainfall /mm 7.1 20.7 50.8 6.1 8.3
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Table 3 Dynamics of 0—30 cm soil water content at different growing stages of spring wheat and field pea under different tillage patterns

F/NFZ Spring wheat

b
“iij A 7 A1 TN M Filling stoge
Jointing stage Booting stage Heading stage Flowering stage
T 9.80c 9.87c 21.79h 18.01c 11.27d
TS 11.28b 10.79ab 22.56a 18.36b 12.72b
NT 11.09b 10.96a 22.35ab 19.37a 11.95¢
NTS 12.61a 11.17a 22.58a 19.56a 13.51a
TP 9.86¢ 10.12be 22.31ab 18.25b¢ 11.65¢
NTP 11.15b 10.97a 22.45a 19.45a 13.01b
OB il Pea
Treatments 01 SR SR AL S WK
Seedling stage Branching stage Pregnant bud stage Blossom podding stage Grouting Mature stage
T 9.97¢ 10.60d 21.89b 10.6d 11.54¢
TS 11.17b 12.43b 22.43ab 12.43be 12.27ab
NT 11.12b 11.97bc 22.35ab 11.81c 12.13abc
NTS 12.70a 13.54a 22.61a 13.60a 12.75a
TP 10.86bc 11.80¢ 22.33ab 11.85¢ 11.77be
NTP 11.16b 12.96ab 22.37ab 13.00b 12.18abc

RIRVING R E 0.01 KA 1 5 1

F4 AEMERETENEMHREM KBERREFTHHEL/ MPa
Table 4 Dynamics of leaf water potential of spring wheat and field pea at different growing stages under different tillage patterns

F/NF spring wheat

rmﬁﬁms o 2] e FFAED] W
Jointing stage Booting stage Heading stage Flowering stage Filling stage
T -1.73¢ -1.83¢ -1.75¢ -2.24¢ -2.50c
TS -1.51b -1.61b -1.56ab -2.11ab -2.32b
NT -1.46ab -1.60b -1.61b -2.11ab -2.36b
NTS -1.36a -1.51a -1.46a -1.95a -2.23a
TP -1.68¢ -1.80¢ -1.69bc —2.19bc -2.40c¢
NTP -1.48ab -1.65b -1.61b -2.02ab -2.35b
b Wit Pea
Treatments i 91 Sk A AL I T )
Seedling stage Branching stage Pregnant bud stage Blossom podding stage Grouting Mature stage
T -1.12¢ -1.23¢ -1.16¢ -1.43¢ -1.62¢
TS -1.03b -1.11b -1.09ab —1.38ab -1.55ab
NT -1.06b -1.15b -1.12ab -1.37ab -1.56ab
NTS -0.92a -1.04a -1.02a -1.31a -1.49a
TP -1.08bc —-1.19bc -1.15be —1.40bc -1.58be
NTP -1.06b -1.13b -1.10ab —-1.39ab -1.54a

[ —FIA R NE FREFOR AR BT 5%7KF 225 B3
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Fig.1 Daily dynamics in leaf water potential of spring wheat in different growing stages under tillage practices
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Fig.2 Daily dynamics in leaf water potential of field pea in different growing stages under tillage practices
x5 FEBHEEE TIEDMHKSE(MPa) 5LESKE(SWC, V%) HIER
Table 5 Relationship between leaf water potential of crops and soil water content under different tillage practices
1EY EE W EYED:EE R
Crop Growing stage Regression equation
/N Spring wheat AT WIL=-0.029SWC>+0.781SWC—6.547 0.982**
ZHTE WL=0.085SWC?-1.564 SWC +5.294 0.968 *
e WL=0.007SWC?*-0.003SWC-4.995 0.864 "
FAE WL=0.004SWC?*-0.006SWC-0.363 0.875"
A WIL,=-0.015SWC*+0.462SWC-5.789 0.915**
i 5. Field pea HIN WL=0.01SWC?-0.152SWC-0.600 0.987 **
et WIL=0.008SWC2-0.130SWC-0.738 0.946 **
ZEFE WL=0.004SWC?-0.005SWC-2.976 0.799*
SIRIASE WL=0.004SWC2-0.077SWC~1.104 0.834 "
HEIR R WIL=-0.002SWC2+0.141SWC~-3.023 0.980 "

= fRFR 0.05 KPR, = = fUR 0.01 KF i 2254
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Table 6 Relative water content in leaves of spring wheat and field pea under different tillage patterns ( mean +SD)

b2

F/NEZ M B AT 5 K & Relative water content in spring wheat/ %

Treatment K ] FEAEW] W)
Jointing stage Heading stage Flowering stage Filling stage
T 78.97+1.01¢ 81.26x1.16¢ 75.99+0.85d 68.70+0.94¢
TS 82.04+1.02b 86.16+1.08b 77.31+1.02¢ 74.19+1.19a
NT 82.19+0.99b 86.38+0.99ab 77.96+1.06bc 69.17+1.30bc
NTS 85.89+1.00a 87.25+1.01a 80.10+1.13a 75.01+1.28a
TP 79.03+0.58¢ 80.87+0.87¢ 77.67+1.06bc 69.00+1.37bc
NTP 81.93+0.87b 86.09+0.95b 78.37+1.25b 70.16+1.06b
b BT M A RIS 5 K Relative water content in field pea
Treatment S 3 ] FFAE L5 S WS )
Branching stage Pregnant bud stage Blossom pudding stage Grouting Mature stage
T 83.04+1.01¢ 84.97+1.30c 79.97+1.04¢ 66.50+0.57¢
TS 85.52+0.97b 87.29+0.99b 84.78+1.37a 69.51+0.44b
NT 85.40+0.82b 87.19+1.09b 80.14+1.11bc 68.76+0.39bc
NTS 87.61+£0.89a 89.79+0.58a 85.58+1.27a 73.21+£0.82a
TP 83.56+1.19¢ 84.67+0.61c 80.17+1.03¢ 66.51+£0.67¢c
NTP 85.39+1.16b 87.30+1.07b 81.09+0.96b 69.57+1.01b

S PR IEZE Mean=SD ; [6]—F A 6]/ NG FRER R A AL BEAE 5% KF |28 5 B3

2.5.2  BEMNF AR EK RN AL

AN A B A S0 ARG K (32 6) mT LA
B Wi A A S I A S K B AR R W i
150 HESR AR B I, 7R A3 A A 22 5 1 NTS Ab 2
7 AR K B R, 43 R 87.61% F1 89.79% , ik
FEETHEARE, TS I NT Mk, 3 H2ZE %A
WBE HEREET TAR, JFAELEIE] NTS FIl TS
AL BRI R ARG K e 2 T A 4 AN Ab B NTP

FUNT AbFRE] 22 5 A 2 HEATRE S T T A TP
AFR T H T AT TP AR BRI A 5K i 25 R
ZOKF, BESNBG NTS A B RIEE L E S T HE S
ASAEFR TS NT NTP Ab 3 40 3 1] 22 5 A8 i 2%, {H ]
W= TP AT AbFE

SACKE  TEREASEF WA NTS A FE/N X F /)N
27 R G R AR e e, T A SR A, U AR
BT R ECE T R AT, SRS AR 5 e
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MW T o LLE W, BieH/NER TS, B
R R 0N X R R B TR RHE, D
7 NTS AbPRA 7= & i 35 T A A B, NTS 42 1Y

*®7

PRI A 980.01 kg/hm?, b T 4k B R 388.38 kg/
hm? , B 0EIR 65.16% , M AL B R 25 5 A B 3 Wil
2NTS Ab 3 7 f [A) A Sk 28 v T LA 45 kb B, NTS
LR PR R A 527.10 kg/hm?, B T 2R3 55 305.61
kg/hm* | B 1E =5 3K 72.47% ,NTP (TS NT Ab 3 i & =
T T AL TP AbFHS T Ab PR A ARk ) i F K, 27
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Table 7 Effects on yield of spring wheat and field pea under different tillage practices

KbF Treatments

YEY) Crop

T TS NT NTS P NTP
F/NA Spring wheat/ (kg/hm?) 596.16b 617.58b 628.05b 980.01a 609.01b 638.09b
Wit Field pea/(kg/hm?) 305.61c¢ 378.57h 359.66h 527.10a 329.98hc 389.03b
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4 Z5iie

4.1 458

AN F R, TR AED AR R T, 7
B 5 S RO XA [RIBEE it g 18 % 7K el
R ARE 2, SEGHE(T) A, ff
PERHEAR A [R5 B b 32 = 0—30 em £ 271
TS KR W N 3.29%-28.67% , Heh ik + RS AT

5 (NTS) A PR + S K B e A F BN R
T o DO R+ A AT A R A E
Wigkte, Wb T gk, B R E KR A
YEH .

Wi G ANEAEANF A E W, oK S0 B AR
KRB, 8 600 i, 2R )5 bl A B ] A 4R
MM R, RAAE 12.00—14 .00 2 [7] 35 ) F MK, B o
BT, #1800 B, oK Pk &2 2 $23T 900 1Y
K, i AR EE WA KB B & T
INEE

/N A A BEAE BT I R A 7 7K S 34 A
XS, ZE R AT AE R 2 BE SR A i A A
X K i e R e e, R R AR TR 2 S A
IREN T Ik, WA A BRI R AR B K A
B A2 W R R R AR 45 TR 2, HE SR L
AN K. 53T ATP AbFRAR L 7E/NAZ
GV F W, A 25 (NTS) Ab 2 2 42
= TAES K

TEREAEF W, B /NSS40 0—30 em
S K E S 1000 (19 K #e2 (8] B T AR
5%, iR /INE W BB, S KRR, ok
PR - KA AR DGR i, e A K R e,
KB SRR ARG, M K
BARET /N 2 1000 A9 7K #4545 0—30 em
S A 3 K 22 T AR S S8R A B KT

SLGHHE(T) ML, BF+ A5 FF 35 (NTS) (e
BEONT) fEGEHHE+FEFFAR I (TS) o+ Hh 57 o5
(NTP) fEGHHE+ MR 5 (TP ) S LRI B ERY
Jiti REAS )R B () 482 i VE A I K B i e M 5 7K
Horr G+ A 5 (NTS) BYOE R ] 2
42 e

FERAVERRAMET, i K 3455 00 7 B 1) - 380K 2y 5%
PR K ARSI Frig 4 B HOREJE S e S 56
AEOYRRRE AR B — AN AR f A, S T Rk #
(AR A Z A SEVED A SR E FHE N Z R R R 1Y
o TR A S XA [ 86 R AR A 0 1 7K 4 A 21
VESE— A IR AR, B4 1 | 1E i s A VR 9 1 A
AR LA T AR & 1 1R,

JUETERLY) 4530 4 7K b | /K 34UV K
O3 AR B A B | B SR AR o0 R AL AR Y )48 By ke
JE T A LUK R AR, P, W s s ) A [ &8
PER BT, LA 4218 52 45 1Y) 3 48 7K 43 ZEAS [R5
(LI i S AEAENLIE

http ; //www.ecologica.cn



13 4

Eoill A RO PERE O B s S K I3 B AR K S R

3761

References :

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Fu A H, Chen Y N, Li W H. Analysis on dominant factors
influencing water potential of Phragmites austral is in extremely
arid area. Acta Prataculturae Sinica,2012,21(3)163-170.

Li L L, Huang G B, ZHang R Z,Jin X J, Guangdi LI, Kwong Yin
CHAN. Effects of conservation tillage on soil water regimes in
rainfed areas of the North China., Acta Ecologica Sinica, 2005,25
(9) :2326-2332

Lampurlane’s, Gantero-Marty’ nez C. Hydraulic conductivity,
residue cover and soil surface roughness under different tillage
systems in semiarid conditions. Soil & Tillage Research, 2005.
Chu P F, YuZ W, Wang D, Zhang Y L, Shi Y. Soil water and
nitrogen dynamics in dryland cropping systems of Washington
States, USE. Soil & Tillage Research,2003,71.:33-47.

Donovan L. A, Grise D J, West J B, Bezdicek D F. Predawn
disequi-librium between plant and soil water potentials in two cold-
desert Shrubs. Oecologia, 1999,120.209-217.

Franzluebbers A J. Water infiltration and soil structure related to
organic matter and its stratification with depth. Soil & tillage
Research, 2002,66: 197-205.

Chu P F,Yu Z W,Wang D,Zhang Y L,Shi Y. Effect of Tillage
Mode on Diurnal Variations of Water Potential and Chlorophyll
Fluorescence Characteristics of Flag Leaf after Anthesis and Water
Use Efficiency in Wheat. Acta Agronomica Sinica, 2012, 38(6) :
1051-1061.

Mrema A F, Granhall U. Sennerby-forsse plant growth, leaf water
potential , nitrogenase activity and nodule anatomy in Leucaena
leucocephala as affected by water stress and nitrogen availability.
Trees-Structure and Function, 1997, 12(1) ;42-48.

Tomar V S, Toole J C. A field study on leaf water potential,
transpiration and plant resistance to water flow in rice. Crop
Science, 1992, (22). 5-9.

Zhu C G, Chen Y N, Li W H, Fu A H, Yang Y M. Effect of
Drought Stress on Photochemical Efficiency and Dissipation of
Excited Energy in Photosystem 1l of Populus euphratica. Chinese
Bulletin of Botany: 2011, 46 (4) . 413-424.

Wang Z, Zerihum D, Feven J. General irrigation efficiency for
field water management. Agricultural Water Management, 1996,
30 123-132.

He Y M, Zhang R Z, Zhang L H. Effects of different tillage

[13]

[14]

[15]

practices on fungl community structure and ecologic characteristics
in loess soils of the North China. Acta Ecologica Sinica, 2007,27
(1):113-119

Li D C, Velde B, Delerue J F. Image analysis of development of
under Acta

cultivated  soil  structures

Pedologica Sinica,2002,39(2) :214-220.

Non-Tillage system.
Baumhardt R L, Jones O R. Residue management and tillage
effects on soil-water storage and grain yield of dryland wheat and
sorghum for a clay loam in Texas. Soil & Tillage Research, 2002,
68: 71-82.

Licht A Mark, Al-Kaisi Mahdi. Strip-tillage effect on seed bed soil
temperature and other soil physical properties. Soil & Tillage
Research, 2005, 80 233-249.

Ruan C J, Li D Q, Leaf Water Potential of Sea buckthorn and
Influence Factors in the Semiarid Loess Hilly Region, Shanxi
Forest Science and Technology

Zeng ¥ J, Zhang X M, Li X M. A review on the water
physiological characteristics of Tamarix and its prospect, Chinese

Journal of Applied Ecology, 2002, 13 (5) :611-614.

S k.

(1]

(2]

[10]

[16]

[17]

FPZLL BRI T, 25 LA AR b T 55 DX 2 o 35 oK 34 A 4k B
FsZma Ao Rl 2E 4k ,2012,21(3) 163-170.

Y W E, KA, B /NE, Guangdi LI, Kwong Yin
CHAN AR GRAP I B 1 46 1t 0 VR AR 4 3K 43 1 5% . AR
A2 ,2005,25(9) :2326-2332.

RS 6, TIRSC, AR, 5K, A1 L BHE DT /N TP 6 R
THE I K B 5 4 2 9 S 2 4 H AR AR K 43 1 0% B B2 1.
YE¥2E4,2012, 38(6) ; 1051-1061.

RN, BRI T, 2R DAL AR 4L, 0 i T R a X5
PSS Ab2E AR R REAE RS . R 2441, 2011, 46 (4) .
413-424

o A, TRATBE BRI TR S R BR A 1 i T - 4 2
TELER 5 R AARAE B R A AR 2R 2E R, 2007, 27(1) < 113-119.
248, Velde B, Delerue J F, SRBEAK. G Bk il B R BAE + 9045
P AL B G 4B L4253 ,2002,39(2) :214-220.

BC AT, 2R AR 2 T 5 8 4 P B X VD K 3 S i PR
B AOlL AL, 2000, 11(1) 2 1-4.

B UYL, A5 B, 25 /N R 4 K 43 24 AR PRI 5 i e 17 FH
AR, 2002, 13 (5) :611-614.

http ; //www.ecologica.cn



	1.pdf
	2.pdf
	stxb201211061556.pdf
	3.pdf
	4.pdf



