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Effects of different tillage patterns on photosynthetic characteristics
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Abstract: The SPAD value, photosynthetic characteristics, and chlorophyll fluorescence parameters of wheat flag
leaf after flowering stage were studied in a 2-year located experiment in semi-arid areas of southern Ningxia Autonomous
Region using five tillage practices of successive no-tillage (NT), successive subsoiling (ST), subsoiling/no-tillage(ST/
NT), no-tillage/subsoiling (NT/ST), and conventional tillage (CT). The results showed that the chlorophyll relative
content under ST, NT/ST, ST/NT and NT were 32.2%, 27.4%, 13.5%, and 11% higher than CT, respectively,
from flowering to filling stage. Compared with CT, the flag leaf daily average photosynthesis rate ( Pn) of different tillage
treatments increased by 1.6, 1.2, 0.9, and 0.6 pmol m™2+s~'( P <0.05), and the transpiration rate ( 7r) increased
by 1.2, 0.9, 0.7, and 0.3 mmol*m~2+s~!( P <0.05) . The water use efficiency of flag leaf uder ST and NT/ST was
significantly higher than that of CT. In the flowering and filling stages, compared with CT, the values of Fv/Fm, Fv/
Fo, PSIl, qP and gN increased and the photoinhibition degree decreased for the ST, NT/ST, ST/NT and NT treat-
ments. Grain yields increased by 42.1% , 35.3%, 30.3% and 23.5% under the NT/ST, ST, ST/NT, and NT treat-
ments. The WUE based on crop yield increased by 51.3%, 37.8%, 19.9% and 14.6% respectively, compared with
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the CT. The continuous no-tillage, subsoiling, and two rotation tillage practices could improve the crop transpiration effi-
ciency with limited rainfall in dryland, and reduce invalid evaporation of soil moisture. Eventually, the grain yield and
WUE of the ST and NT/ST treatments were significantly improved.

Keywords: semiarid areas in southem of Ningxia; tillage practice; winter wheat; chlorophyll fluorescence parame-

ters; yield
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AR B T 2008—2010 FATHEK AR XE
FHEAMRARERILRE X #T, ZXEIR 1800
m, SEREF & 350 ~ 450 mm, 60% K& H T 7 ~
9=AH, M HBEKBRE RKSEERA
EARMBHARK(LE 1), B E AR KR
PSR, EFHSE 6C ~8.5C, HEEECh 2 200
~2700 h, EFHKEE1753.2 mm, THRE(=0CH
AER)N1.21~1.99, /M 140 ~ 160 do TR
HWANEEL, HEO~40m AHESEN7.18
gkg™!, BAER 50.32 mg-kg!, B 8.55
mg-kg ™!, RPN 84.82 mg-kg~', pH {H N 8.5, /B 1%
FHES1IKF,

#1 FRBEX 2008—2010 £& A #HR/mn
Table 1 Monthly rainfall in 2008-—2010

£ A4} Month BE

Year 7 8 9 10 11 12

1 2 3 4 5 6 Total

2008—2009 78.0 80.3 117.3 26.5 i.5 0.0

2009—2010 51.6 123.4 23.2 22.4 5.2 3.5

1.4 14.8 12.1 10.7 33.8 33.1 409.5

6.5 10.6 39.5 45.3 65.8 46.6 443.6

R 5 MHELH, RR LT R &4
GBF(NT) , EE I ERTFER/NEBIRG (BES ~
8 em) et ,9 A FHEEEM ; EEGTH (ST, l4F
EHEMELMEYRE, RAPERE KFE L
) A RS RIS T R R R, SHERR
BE 30 ~ 35 cm, T2 JE 1G] FR 40 cm; S8t/ B (NT/ST),
2008—2009 4F B §i #E /N & WK J5 & 8%, 2009—2010
EENERKEHTERLHE; BR/4#
(ST/NT),BiFEW R G | EEHTIHEMAL T, 5 2
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F36m’(9Omx4m),3 RER,/NELATHLHE
B AL EYAES, K/NESFHTGIE 26, 1%
FAA B0 2008 4E9 A 15 HAM 200949 A 18 H,
WOERBIN 2000 £ 6 A 24 BRI 201047 H 10 H,
B ALY TR FP BT EEHE A R 375 kg hm 2 (JREK 825
kg-hm=2) 1 P,05 90 kg + hm™2 (& B B 45 750
kg'hm_z)o
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HEEEKE(%); W, AHEATLEEKE (mm),
W, ke LB K E (mm), P A FHREKE
(mm); Y RPN =& (kg - hm™2); Pn RYEYIM
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Fig.1 Effects of different tillage treatments on
SPAD value of flag leaves of winter wheat
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FEFFAERA, ST NT/ST.ST/NT F1 NT 434 B ¥95%
BRI HIEL CT AL FE4RR 1.9.1.2.1.0 pmol m=2+57!
0.6 pmol*m™2+s™ ", 3EIF 33K 17.6% .10.8% (P
<0.05).9.2% M 5.5%,ST BEE T H AL, %
W CT 4 (9.6 p.mol'm_z' sTHHES
14.1%.12.6% (P <0.05).9.7% 1 6.3% , . EAREE
FHRER, 28t BN R E R L/NER
o B RN E RS
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7.5% ;BRI 4318 CT b FE4RH 1.2.0.9.0.6
mmol*m™2+s 11 0.2 mmol - m~2-s~ ", H8WE 4> Bl ik
29.4% .21.7% \16.4% (P <0.05)#1 5.9%,
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T/, FFIE B & AL 28 B 29K 4 FI R 1.1 ~
1.2 pmolCO, - mmol ~ 'H,0 Z [], ST F1 NT/ST kb 38 43
3 CT % 8.6%(P<0.01)f4.7% (P <0.05),
ST/NT.NT 5 CT At 3 [6] 2 5Kk B F K R
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Fig.2 Diumal variation of flag leaf Pn{A) and Tr(B) under different tillage patterns at the flowering and filling stages of wheat
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2.4.1 st& N E#et Fo/Fm Fe Fo/Fo %0 1
FRAEHARBE R B, NE A Fo/Fm RANIRBL N
ST> NT/ST > ST/NT > NT > CT, Fv/Fo K/NYER
3 NT/ST> ST > SI/NT > NT > CT(F 2), FF#E#,

—
-~
-

WUEp/(umol » mmol™)
>

it /) Time

—©—ST -B-NT

—A-CT

ST.NT/ST 1 ST/NT 43 Fv/Fm {843 1% CT 4t 38
5 14.1% .8.4% 1 6.8% (P <0.05),NT b 3 5
CTAb¥ 2 % A g & ; NT/ST. ST # ST/NT AL Fo/
Fo {H4T 5% CT /b B4R % 60.5% .57.1% 1 40.5%
(P<0.05),NT 5 CT A BRIERABE,
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Fig.3 Diumal variation of flag leaf WUEp under different tillage patterns at the flowering and filling stages of wheat

FER W ST NT/ST.SI/NT 1 NT 438 Fo/Fm 8
SR8 CT Ab 4R 18.9% .8.6% .8.1% 1 8.0%,
¥5 CT b3 ) 2 5 A B 3% ; NT/ST &b # Fo/Fo
Bim(2.38) 8 CT Ab## 5 56.7% (P <0.05), K&
e SHELATES CTAABERABE, RESEN
AW, BEEMAEA A T/IELE TG RERFE

B PSI Ak 2 B K33R , NT/ST AL 28 PS I 76 1%
eSS, ULHA ST F0 NT/ST 40 BB B8 f & /N A 3
BeCReRE bt 468, AT H Bk Rl AL Rt T 35 B 0
BBE, AT LAERNES,

2.4.2 st#iet oPST . gP.gN F R Ap A2 E Yok

FF2EH ST 1 NT/ST 4b 35 oPS {45128 0.46
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0.38, & & T CT 4B (0.26), NT Ml ST/NT &

R CT A BERYREBEKFE(ERI). EEHY

ST.NT/ST.ST/NT Fl NT 4 82#) oPS I 853545 CT
AEERIEAN 0.17,0.09.0.06 71 0.05, RH ST LA

BERB/NELEHEMN LS B A RE ST, 2

FEHKELEIEE ST

#®2 FEMELEINELTEN Fo/Fm §0 Fo/ Fo BIRM
Table 2 Effects of different tillage treatments on Fu/ Fm values and

Fu/ Fo values of wheat flag leaf after flowering stage

gz FEH Flowering HEHRW Filling
Treatments  Fy/Fm Fv/Fo Fu/Fm Fu/Fo
ST 0.73a 2.56a 0.69a 2.20ab
NT 0.64ab 1.90b 0.62a 1.79ab
CcT 0.64ab 1.63b 0.58ab 1.52b
NT/ST 0.69a 2.62a 0.63a 2.38a
ST/NT 0.68a 2.29a 0.62a 2.04ab

¥ FFARANEFERARRAE T2 REEEKF(P<
0.05). TR,
Note: Different letters indicate significant differences( P < 0.05) in

same line. The same as below.

Fr1E88 ST, NT/ST.ST/NT #1 NT b E K P
gN 4> B CT ALZRAY 1.33 £570 1.08 £%.,1.30 1%
F1.05/5.1.20f%F0 1.03 £%.1.19 £5H1 1.02 £,
MEY ) ST.NT/ST.ST/NT 1 NT b Hf) P FgN {H
A¥HIR CTALEEAY 1.38 F5H0 1.07 £5.1.16 f5#1 1.06
£E.1.10 f5F10.99 f%.1.07 £ 0.96 f5. BLBAZESF
T RERBREEAHREABHBEERR

INEET EBEY PSIERGER FHABE, U
ST.NT/ST b R B % .

FERARR NT &b BE 41, ST NT/ST il ST/NT 4b#
M1 - gP/gN {H3 CT L F# B FFEAK, W ST,
NT/STHI ST/NT 3 MBiEAb B F] 22 R A B 3, ST,
NT/ST.ST/NT F NT AL #K) 1 - gP/gN B4 5% CT
A FBREAIK 181.8%.100% (45.5% 71 18.2% . HEHKIN
{U ST 4 FBAY 1 - gP/gN EBEMT CT 438, Hit
BAHEE CTAHEERAEE (F3), 18 ST.NT/
ST I ST/NT AbFE AT A/ J & A S 4 i 6 7 Bk
#, BEL/NEN R XA HEES
2.5 ARMMERAMZENETFBRABERREKS

TR ERMm

AR EAE RN AN PR B S HA LR
AR, s Rk —ERHETT AL IR SR
BB THEAEEE=HBR(EY. 5
CT 4b¥AH £, NT/ST, ST, ST/NT 1 NT &b B 48 667
m? B EAr BN 6.5% (P <0.05).4.6% (P <
0.05)4.2%F1 2.2% ; AR TR L NT/ST #1 ST 403
AyHI3RE 11.4% 1 8.7% (P <0.05), NT # ST/NT
AR 2.7%F1 0.7% ; NT/ST. ST, ST/NT 1 NT 4t
BT RES I CT AL B4R 10.8%.8.1%.6.5%
M3.4% (P <0.05), /N& ¥R ™ & 73 7 4% fn
42.1%.35.3%.30.3%F123.5% (P <0.05) ; K5 F
IR BIR T 51.3%.37.8%.19.9% 1 14.6%
(P<0.05),

%3 AEHELERNEELEEHN oPS1 qP.gN 1 - gP/gN BIEM
Table 3 Effects of different tillage treatments on @PS Il « ¢PgN and 1- gP/gN in flag leaf after flowering stage of wheat

g3 FF 7 Flowering WA Filling
Treatments oPS 1l qP gN 1-gP/gN ePS 1l qP gN 1- qP/gN
ST 0.46a 0.72a 0.84a 0.11b 0.41a 0.58a 0.72a 0.19b
NT 0.31be 0.64ab 0.80a 0.22ab 0.29ab 0.45ab 0.68a 0.37a
CT 0.26¢ 0.54b 0.78a 0.31a 0.24b 0.42b 0.67a 0.38a
NT/ST 0.38ab 0.70a 0.82a 0.16b 0.33ab 0.49ab 0.71a 0.35a
ST/NT 0.31be 0.65ab ¢ 0.80a 0.13b 0.30eb 0.46ab 0.70a 0.33a
%4 REBHELER NEFREASF AR EGKE
Table 4 FEffects of different tillage treatments on winter wheat yield and water use efficiency
o mH WEY  THE FR O SR kR KARRRE
Treatments Ears Grain per 1000-kemnel Yield Pre-sowing water ~ Water consumption WUEy
/(10*+hm™2) spike weight/g /(kg*hm~2) storage/mm /mm /(kgemm™ " +hm"?)
- ST 3%4.33a 32.40a 32.91a 2990.15a 309.65a 204.57b 14.62ab
NT 385.33ab 30.60ab 31.47be 2730.17ab 286.02¢ 224 .59a 12.16¢c
CT 377.00ab 29.80b 30.44c 2210.12b 284 .64c 208.30b 10.61c
NI/ST 401.67a 33.20a 33.73a 3140.18a 303.89ab 195.66¢ 16.05a
ST/NT 393.00a 30.00ab 32.40ab 2880.14a 301.76b 226.37a 12.72bc
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AR, A MERTR LR E KN B E
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M EEITHRARR R, IR T SR KR B
71 s SR BARRS TA5 45 BB ) o] i + K 4 B9
KE, BERBTECKE  ARSHELEL/NEE
il 0~ 200 em 12 £ KB FE KKK A ST> NI/
ST > ST/NT > NT > CT, & ek — & S B BHE
BHYE TR, MM MER B NEAE
HRANAEEA/INKF 535 0~ 200 em T
KEERA—F, HHAER RH R - HRHdE
EE T RSB, BERR T RNERS
HIYEABEST (P <0.05), & R4 5 I8 B 4 3k
14.1% ~17.6%.9.2% ~ 12.6% M 5.5% ~ 6.3%.
3.3 BHMEHENXTMNERRSEHARR

WY 5 iy IR b sl E T RS R e FR AR
HEERRERE Y PSTAIIEE, SR
ARG T LIE— E R b RIS R F R YRR
S, AFRARBHELEMBL/NE, HERTOE
SH ML S e b A BRI BEA B H
SHRES BB, bt R R E R R R

R PS I HETEE ML R b2 R, H AR
B S B TSRS, R T /NE M FE UL
WR BEROBE ST, BN AR I B TT REYE , RE A/
EiAE KRBT 26888, LLUEFERR L
HEN B, X 5K KA EITHEREE R X
R H g2 -3, ~
3.4 BHEENEX R/ EF RASHANEN
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B/ ERTETFRARRATRHEEER.
FEE, KSR E, FBOLEEH TR, =
BREMARY, CERREH, L BRI
BHERESCE T KR, BRI FRAT=VRRR,
EREE MR’ 5EY RS, RSN
KiAK, RBEE FRES/NE T MERS 0
~40 em T ETRASEBRE, RHFETHETY
RERERTYRANFREE , T ERAFA ™ &
BEREY, AR %, NT/ST. ST, ST/NT Fil NT 4
FEHEL BRI/ N E RS R B R TRES BN
RERHBREEHHRER, 2 F AR BHE™
42.19%.35.3%.30.3% M 23.5% , A FE#ELE K
FE AL FIERT 0 ~ 200 em 3K B AT bl Hat
E=—B

Hao ZPIF5E 5 i, B K A R AMEES
TRAE 0} A5 GE B BHIE 24. 1%, T 76 20 T 4R UK
3.2%, BEGHIRLIEEL, FEHK, =BF
B + MBI  H AR 2P B R &
K AF R3], A RB R Bt/ B
GH R/t A A B AL 28 = BOK K 4 R A
MBS HBIEEBHBEET 51.3% (P <0.05),
37.8% (P <0.05).19.9% 1 14.6% , 8t/ TFH &
EFMAE BRI = B AUK S FIFREHEE (P <
0.05) B FEE RS MG BB, WA R AL
SHER RN ERR R AR M AR ERAEE
YER

4 2 ®

1) ZEREATE 3 i) 18 5L T SE 5 A9 A R B 1R
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