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Effects of different tillage practices on physiological characteristics
in flag leaves and grain yield of wheat during the summer fallow
season in dryland of Western Henan
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LI Shujing, WANG Hongtao, HUANG Xiuli, LI Shuang, LI Wenna
(College of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471023, China)

Abstract; A field experiment was conducted to investigate the effects of different practices on soil moisture,
physiological characteristics in flag leaves during the grain filling stage, and gain yield in Meiyao Village, Luoning
County—a typical dryland in the southern Loess Plateau in 2018-2022. The tillage practices included conventional
plowing (CP), once deep plowing (DP), no-tillage with straw mulching (NT) and optimized subsoiling with straw
mulching (OST). Tillage in the summer fallow season significantly affected the soil moisture, and the physiological
characteristics in flag leaves, grain yield of wheat in dryland, but the effects on the physiological characteristics
varied in different grain filling stage. Compared with CP, the soil moisture in DP, NT and OST increased signifi-
cantly by 4.1%, 6.2% and 13.2%, respectively, averaged from sowing to maturity. The flag leaf net photosynthetic
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rate (P,) in OST were increased by 6.3% ~ 114.4% than that in CP, DP and NT. The superoxide dismutase
(SOD) , peroxidase (POD) and catalase ( CAT) activities in flag leaves in OST were increased by 0.3% ~39.8% ,
10.3% ~66.7% and 5.6% ~46.2% , but the soluble sugar (SS) and proline (Pro) were significantly decreased by
4.1% ~31.8% and 3.5% ~53.4% , compared with other tillage practices during the whole grain filling stage. Com-
pared with CP, the 4—year average yield in DP, NT and OST were significantly increased by 18.5%, 11.5% and
35.3%, respectively. OST were beneficial to increase spike numbers and 1000—grain weight, DP was beneficial to
increase grains per spike. The correlation analysis results showed that the correlation between the grain yield and the
physiological parameters in flag leaves varied according to growing season, grain filling stage and measured index.
Increased CAT activity during the whole grain filling stage, as well as P, and SOD activity during the medium, and
medium and late grain filling stages and decreased SS and Pro content during the whole grain filling stage in flag
leaves were beneficial to increase grain yield in dryland winter wheat. In conclusion, optimized subsoiling with straw
mulching ( OST) , where subsoiling was conducted after about 14 days of previous wheat harvest and straw mulching
during the summer fallow season improved the soil moisture at sowing and then during the growth stage, thereby im-
porved flag leaf photosynthetic characteristics increased resistance, and ultimately increased the grain yield of wheat.

Therefore, OST was an optimal tillage practice in summer fallow season for realizing high yields in dryland wheat.

Keywords; wheat; summer fallow season; tillage practice; grain yield; physiological characteristics; dryland in

western Henan
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Fig.2 Effects of different tillage practices in summer fallow season on soil water storage of wheat filed in 2020-2021
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Fig.3 Effects of different tillage practices in summer fallow season on net

photosynthetic rate in flag leaves of wheat in 2020-2022

w
(=}
(=}

500 (A)2020-2021

sz

[ (B)2021-2022

)

b b

601 (€)2020-2021

AN E AL E SOD/(U - g )

EGFS MGFS  MALGFS EGFS
J#E 2 i 3 Grain filling period
[ (D)2021-2022 6001 (E)2020-2021

= 50f

[N
(=}

)

&~
(=}
T

%)
(=}
T

(=}

it % fk ¥ il POD/(U
(3]
(=)

MGFS
JE 2% 15} 3] Grain filling period

MALGFS
i 2% I # Grain filling period
600 (F)2021-2022

MALGFS

EGFS

MALGFS
#E 15 W Grain filling period

EGFS MGFS

dcp

MGFS
i 2% I # Grain filling period
DP

EGFS MGFS MALGEFS
i 2% 15 ¥ Grain filling period

MALGFS

NT Il OST

Bl 4 BREFBHIEARIT 2020—2022 £ /N EEH S4BT R0

Fig.4 Effects of different tillage practices in summer fallow season on activities of

antioxidant enzymes in flag leaves of wheat in 2020-2022

14.29% F1 21.9% & 15.9% A1 27.19% , NT 7 FE 3 1 ]
P REAIR 8.3% , TEE S vh W RS 91 43 031) b 3 42 v
7.7%M1 14.3% , 5 NT Lk, DP Fl OST 757 2% i 1
A3 17.8% 1 24.7%  AEHE N rh 143 1)
FARE 6.0% M 13.2% ,0ST 7EHEN h s W 248
11.3%, 5 DP Akt OST 7£HEH AT i fnh 5
W B 5.8% .6.8% F1 9.7% ., WKl 4C 4D
FiER 2 AEFEER I POD TSR3l OST>DP>
CP>NT, \N¥HFE, 5 CP M, # K Fi ) DP Al
OST 73 5] i 2 $2 7 14.7% F1 34.4% ,NT i 3 F&A%

12.4% ; ESK ) NT 8 25 FEAIK 19.4%, 1] OST &k 3%
PEE28.1% ; #EHK 5 1) DP A OST 433l e & 1R 5
8.2%M121.7% ,fA NT B EF#K 21.0%, HE 4E 4F
AILAE Y, 5 CP AL, DP H1 OST () 2 4FSF- 44 jift it
CAT {&E PEFE A E R P W 24 = WS IR R 7.5% ~
29.6% ,NT AAERES s W ol 4 55 13.3% ., 5 DP
AHEL , OST ZEFES Fr A A s 153 1) 5 25 4 v
11.3% .5.3%F1 6.4% .,

Zg E R, OST AR SOD . POD I CAT i
TEREAHER N 1 i 28 T ab 3, DP %8¢ CP



180 T XA 5T

941 45

Al 5 2 HE S SOD A CAT 3% 1k, A & 2020—
2021 4FFEVE 3% AT WA 2021—2022 4F B #E 3% A
HE I RYE POD 16 PE, NT #% CP #&& 7
WIFN S 1T SOD g, DL & 2020—2021 4
JEHE SR AT R HE SR S S R CAT 16, (H A
THER POD 6

2.3.2 sttt SS fv Pro AWy Rm  BHFE KT
FEHEDE , £ AL BN R SS A Pro 5 2 14 52 B AR
s, HASTR) B 2= B4R =) 22 5 238 1 2K
S PIAE AR AR — B (& 5) . MIE SA 5B 1]

2007 (A)2020-2021

—
w
(=}

—_
(=1
(=}

50

AL SS/(mg + g

£ 2% I 7] Grain filling period
(C)2020-2021

EGES MG
£ J% I 7] Grain filling period

dcp 1 DppP

PIAE M, 5 CP A EL , NT Fl OST By SS & & 15
ANHESR IS i 25 WA, 2 A 38 43 ) 18 25 R AIK 7.3 %
~11.5%%1 19.4% ~26.2% ; DP 1 2020—2021 4E i
FEIR RIS 0 3 25 S T AE 2021—2022 4F
JERREARESR I 1 1 E Rk, 181 5C.5D KW, 5
CP e, DP NT A1 OST [T Pro & & 78 ¥ 3K Ay
153 59 B E AR 10.8% 7.1% 1 26.0% , #EM rh i i
FRRAK 23.8% . 14.2% F1 32.7% , S h )5 ) 4 35 1%
11%19.6% .9.1% 1 30.3%, 7] W, OST 7E4& A4 #E 5 I
Bynl PREFRAR A LR SS Fl Pro &,

a
r I (B)2021-2022

3]
(=1
<

—_
W
<

50

Al A B SS/(mg + g )
=
(=)

EG
£ X 1 7] Grain filling period
12001
(D)2021-2022

1000
&0
t 800F
=1
s 600
~
& 4001
X

[

=3

<
T

MGES MAL
£ % I 7] Grain filling period
B OsT

EE NT

5 BERFAEMEFRIT 2020—2022 FE/NEZEMH TR EEMHESR S S0
Fig.5 Effects of different tillage practices in summer fallow season on the content of SS

and Pro in flag leaves of wheat in 2020-2022

24 BERSARAMEAXNNEMIEFTEREY

FSES= A

BN ZFHRE T 2O 52 /N 22 Rl R B, T
7 F R 7= g 38 A I A 2, ELG R, TR
FP (RN AEA AR R AR (R 1) . B
JK XD ) 2018—2019 4EJ, 55 CP #H 1, DP |
NT I OST AYRERL L i 2 4 &, ™ o 40 ol b 2 4
15 10.8% . 7.1% 1 34.7% ,FEUAL OST W EHE e 5
NT #H kb, DP Fil OST ) fRL E Al Tk 5 3% Ik 25 42
L PR IR R 3.5% M1 25.8% ;5 DP AHH, OST
IR 2, 7 o B R 21.5%, REOK DA
X Z 1 2019—2020 4FJE, 5 CP #H L, DP NT Al
OST 197 o #6) B R 38 449 4 35 42 o8, ™ k40 ol 44 55
43.4% 32.1%M143.3% ;5 NT A, DP H1 OST )4
BOMBCR B 5 R, H OST 19Tk Bl 3 5 48

e, NI 7™ i W 25 42 5 15 DP A LE, OST 1 RE
B SRR, TR R (AR EOR ™ R E
FES, EEMROKERZN 2020—2021 FE, 5
CP HLL,DP 1 OST A4 A Z50RN Bk 0t 35 42 /55, NT
WP T AL, {H DP NT F1 OST By T-Hi 5 4
EREAL, NT A1 OST A9 7™ £ 43 0l b 25 42 55 5. 6% Al
16.3% ;5 NT M H, #i%L OST W 4R &M DP B 2%
RRARR, RO B0 — 3 1 o S 4 (B TR T 1 3 22
S, 754 DP AR 5.1%, OST W& 16.3%,
SRR K IR A EAE B R K B 20 1Y 2021—2022 4F:
B£,5 CP fHEL, DP NT F1 OST 1™ 2 #4) Bl K 28 4
WEEE R R 2 B 34.4% .6.9% F149.5% ;
5 NT AL, DP A OST i) A8 0 A Adokr $5 4 i 35 42
1=, H OST TRt i 42 5, 430 i 47257 %
F139.8% ;5 DP M LL , OST 7= 5 ¥4 ol K 25 1) I 25 42
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= I 11.2%

M 4 FSHEE /N e R I A OST>DP >NT>
CP. 5 CP fHIL,DP AYREER Aok & Tk 8 Fl ™ &
IrEER T 6.7% . 12.9% 2.1% F1 18.5% , NT 42
5 7.9% .3.9% . 1.6% 1 11.5% , OST $27 21.7% .
12.5% 4.8%F135.3% . 5 NT A1t , DP {5
FIRED 8.6% , B & i E T 6.2% ; OST A FEAR
REEL TR ™ 4 ) 0 AR 12.8% .8.3%
3.1% M1 21.3%, 5 DP Ak, OST W% Tk Al
PR B EEE 14.1% 2.6%H 14.2%, Al WL, &
PRI ZR R BRAS [) B 1 45 it ] LA o 4 2 /N 22 7 o e
HAGR P Z, DP F) 42 = Bk 4L, OST 4 DP 6 1]
I R REBORN T B, I e i e

®1 BERFERRMEAXNINNEFER MM ERHZM
Table 1  Effects of different tillage practices in summer fallow

season on wheat grain yield and its components

4 BHERL MR TR Fre

Tillage  Spike number Grains per 1000—grain Grain yield/

Year practice /(10* - hm ) spike  weight/g (kg + hm™?)
CpP 379be 28.8¢ 43.2b 4710d
2018— DP 373¢ 31.6a 44.3a 5219b
2019 NT 385b 30.4b 43.7b 5044c¢
OST 454a 31.8a 44.6a 6342a
CP 294c¢ 26.1d 41.3¢ 3523¢
2019— DpP 354a 30.5a 44.5h 5052a
2020 NT 340b 27.1¢ 45.0b 4655h
OST 351a 28.9b 47.1a 5049a
CP 367d 33.8b 50.0a 5930¢
2020— DP 382c 37.3a 48.2b 5944c¢
2021 NT 417b 34.3b 47.9b 6260b
OST 458a 36.6a 48.7h 7277a
CP 343¢ 23.7d 42.1c 3513d
2021— DP 366b 27.4b 43.3b 4723h
2022 NT 352¢ 24.9¢ 42.8b 3756¢
OST 421a 29.1a 44.7a 5251a
CP 346¢ 28.1¢ 44.2¢ 4419d
44%?:9 DP 369h 3170 45.1b 5234h
average NT 373b 29.2h 44.9h 4929¢
OST 421a 31.6a 46.3a 5980a

F{H F value
e
Tillage 762" " 857" 38.6"" 792"
practice(T)

Ye/;tii;) 810"~ 4234 3082"" 1562 *
ﬂﬂ’ﬂiixﬁg 69" * 3641%* 218" 500"

TE : [ FV U5 B AN R /NG B 30 [ 4F B2 AL 3 0] 22 53 W 3% (P
<0.05), = Fl = = 4l FRom BE KT P<0.05 Fil P<0.01,

Note: Different lowercase letters after the same column indicate sig-
nificant differences among treatments in the same year (P<0.05). * and
# * indicate statistical significance of variance at P<0.05 and P<0.01,

respectively.

25 BERZEFARAMEARNTMNEFEREMKE

E5EM4ESHMERLE

L 6 TIHT, /NFE 7= dk R LA R R 5 i A
PRRRPE A AE DG DR A 4 2 | T R e S R A i
TR F KA 21 2020—2021 4R P i SHE
HIIE T POD A1 CAT 3% 4, #E 2% b i it P, I
SOD .POD CAT &%, # K vh 5 Bt P, M SOD |
CAT T PR 52 I 35 Bl I 3 TE AR DG OC &R B 5 v
FE CAT 36, B R it P, S SOD . POD
T MRS W P, & SOD | CAT %M & i 3%
TEAH 5 56 28 5 MR £ 5 3 2% A W ik P, & SOD |
CAT %1k, HEH Hh I P SOD (CAT it 3 s
] CAT 1E PR B3 IFA SR, 77 it FEEEL 5 8
TR Pro AT SS 2 2t 2 sl A Wl 3% A
PR (ER A=) L RAEL I 2 iR IP R P Svt )
FKF, AERKERZETHREKRKE DB
2021—2022 4B | B T-hr i 5938 I CAT 7%
PEAS B ZEAHOCAE 77 f  REAR R BOR TR S5
SR S0 B B B A G, o
JEr P, & SOD (POD , CAT If £ IEAH G, 5 r- SS
M Pro Al B & TUAH G

3 W ®
3.1 BRERRSHES IR M E A+ Ek S0
211

HINEBAE R TR IE [ AR TR 0 3 4R A
BRI, S bR B /N A2 AR R F, T e 7 o
AR EE R L], — K IEE (DP) e #F 55 (NT) |
BUHTRPABE 55 (OST) BAL G BIHF (CP) A F T4
1o /N R LA S AR AR AU 0~ 200 em
+ 2 HEE KR, o I E KGR L OST #x
P, B PR 2R RN A R T 0 4 K A3 R DL, U
D BEIH T, 2 4l B8 Ak, DT AR A5 35 e 1) B K
TR, T B A e, Ik EE AR AT i gl
FH IR IR A e i 2 R A A 0~ 300 em
T2 IEE K, F KR AT LLSE 2= FF 46, AT
BN INAZ 4y BEFNREEL, {7 B R 12.0% ~30.0%
BB ST TR, SR B B o i N Az
AF 0~200 em 214 4 7 K 5 43 0 15
5.5%F1 4.5% , B HF 09 ROR WS T Wb, =Rk HE
SRS K B, BN AN B G b T 4R o AR
HI 0~200 em + )2 HIEE K HLFALLE 100 ~
200 cm T JERRI P TN, X LERFFR BRI T4
LR K Ve - AEAS R A 77 55 N R BUAS
[, ZASBFSE 54, NT 1 OST %58 DP /N2 ~ i
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(A)2020-2021

7 Yield [»+ 7 & Yield
H% Spike number |3# »o HEEL Spike number
R L Grains per spike w4 FHRL 4L Grains per spike
T 1000-grain weight | @ @) »* T # 1000-grain weight
00s =i»
SOD & F» soD
PD| @ PP ¥ & » POD
AT P I QI P S » CAT
s NO @ QR s
Pro A NVWOVNVWWNS # Pro
EGFS
745 Yield |» ™ H Yield
R Spike number |34 s« AL Spike number
FE KL %L Grains per spike e KL EL Grains per spike
THi 7 1000-grain weight | @ @ » T ki 1000-grain weight
r|OOOC p,
son | & @ N F » soD
roD| PO F & » POD
caT| @ @O LI F < CAT
SSNNOIRVUNQQ 58
Pro NNNENNQUNL  Pro
MGFS
75 Yield |s 7 4t Yield
HEH Spike number |y s FEAL Spike number
KL %L Grains per spike s FERLEL Grains per spike
THE 1000-grain weight | @ @) »« T} & 1000-grain weight
ro& 4 P
soD|@ & @ KP » soD
poD|@ & #& POD
CAT @ F O Q@ F @ » CAT
s NN W\ N oss
Pro NVY VONNE + Pro
MALGES
Mo 10

08 06 04 02

(B)2021-2022

7 B Yield| s 7 & Yield
HEH Spike number |3 s £ % Spike number
FRLH Grains per spike| s 5 s FRL L Grains per spike
T & 1000-grain weight 7 A X p T H 1000-grain weight
P, o S S P,
SOD ## o # #f & »+ SOD
POD | F & & ¥ » POD
CAT | F & & 7 ¥ » CAT
SS [P NN e R N S8
Pro NN RN # Pro
EGFS
77 Yield|s# 7= i Yield
Fi 4 Spike number | g s FEEL Spike number
HERE# Grains per spike| € 3 »o BRI £L Grains per spike
T} 1000-grain weight | € % »< T} # 1000-grain weight
P, | 5 P,
SOD | # 3 o 3¢ ¢ SOD
roD (IS ISP I F > POD
caT S PO PP P I » CAT
SS PN RN NN N s S8
Pro NN NN N # # Pro
MGEFS
77 i Yield [ 77 it Yield
%k Spike number [ »« FU#L Spike number
FEHRE K Grains per spike |3 # »% HURLEL Grains per spike
F 4 E 1000-grain weight |#% 3 #F » T HiE 1000-grain weight
P\ @GS P,
SOD |# % % % ¥ »+ SOD
PoD # I L F &P # » POD
CAT IS S O PP » CAT
S5 ™ T N N R R QY XSS
Pro [ N ™ N NN WX Pro
MALGFS

0 —02 —04 —06 —08 —1.0

Woeowooxox Fll ox o= pRIFIRIT2E7E P<0.05 .P<0.01 F1 P<0.001 /K 3%,

Note: * ,

# % and * * % indicate statistical significance of variance at P<0.05, P<0.01 and P<0.001, respectively.

6 2020—2022 EE/MNEFESENEESHANEXE

Fig.6  Correlation between grain yield and physiological parameters in flag leaves of wheat in 2020-2022

BV 34 1 e 2 /K 4y I3 0 2.19%F18.8% , OST 11
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e BB R UR 76 T R 0 A R 3 A T O
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OST .DP FlI NT % CP #J4 R F st/ Nz it P I
H1 OST 7EREAHES A RO B EAR , T 3R A5 55
AR X 5 OST 7R3 W Re R R AR
1) 3K o S A G, AT ARSI R BT, TR L A
MHEA UEEEYDE AR E R gt
SRR RS RS B A% G B 0 28 s 1 &/

F B IR A TERE, kRS g I
TR B AR SRS & T &/ N AR A B I
H10~100 em )2 HHEE K, B 0EHE LS
FEERPE , ATFFE IR &L, DP Fil NT XFREn: P Ay
S ] DR S s SAS T) T S5, HG v DP SR i 0 A
LA PORTERT, I NT 263 5% H 5 3L
AR, X AT RE S NT 3K ) - S FE K 4% DP 3%
i, B T X K 4 1 R AR A G (R AL
AR — T,

SOD ,POD Fll CAT HA V& BRAE P 4 4 3 M S 1)
AEJT, B 1 SOD \POD il CAT 1 PE | T 4 22 #H Ak
T RIS 00 T R R s A, R
SEF R TLREAR S BT R, e R A
TRRAL G B T 2 i E R /N T SOD
POD Gk, Tk R&EDY O, MR T 5
/N SOD 1 POD 6 1, FFRLIE 72 10.0%
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AWFgEH, OST HA L i SOD ,POD fl CAT
T R R A e e A LR Ho OST i
I SOD {7 1 A T 5 v S A L At Ak 3 08 2 4 vy A
I S B T CP A DP ;i POD & M 7EHE
Hh ) S I B CAT 35 P AE H A I #0  3%
fe A A B U P A E R D) OR R A v
POD Fl CAT ¥ 1, 76 VE 5 i 91 £ 47 5 = 1 I
SOD ,POD FlIl CAT &k, 76 3% b 5 W OR e s 1Y
JEEM SOD H1 CAT T 4] 412 /55 5 1l /N Az 7 o AT IF
mIfE . Pro A1 SS AF A #4741 M P9 1198 155 8 17 )
JBT, T R R A PR K S A, 2 SR R 0 B
PE L M RTE 2 B 2 K BB Pro DA
XL AT SS 16 JE KPR B8 B 2 %
B T BUE FR e B AL2Uh Y SS & Th i, IR Y
Pro 1 SS % it B R A AR A2 W R R AR, OB B
Yy FERIEEZ I RE F1 3R AR, EIN A
BEVE T AT DA G 25 T s v 2 Pro T SS
HLEAAREI Y CP>DP NT>0ST, Hidr OST #H A4k
P2 AE YIE A B FRAR 11.7% ~ 32.7% F11 9.2% ~
26.2% , Ut I U RPN 55 1T G2 vk /N 22 A HE S
Z MBI, B RO A 7 Y B 2R R RE
SR, ASBIEGE vh B B 5 /0N 22 T 470 396 g 3 2 A
BB YIS B — R BA TG, ST A&
BRI GBI ] 48 v B S A T O 2 S 3 A T P 5
S RS R TR — AT
33 ERERAEAMEAXNERM/NEFEREN

B 2% B 2 1

/N 7 p B T AU AR R BIORN TR
g , AR ST, OST 1 4 4F 1y 7= ik B
Al 3 5 BN 14.2% ~35.3% , FLHG P 1) 32 B I R
EREBOE AN, BN 12.8% ~21.7% ; TR IR Z 1S
&R 2.6% ~4.8% , FEIHACFIE LA B IR R HEFE 52
/N PR I E ST R B, BN = B AT R O =X /)
F e R R AR ) 12.0% ~ 14.2% , FEE R A
A RE SRR N 7.5% ~ 9.5% "% ; 75 1% R 5 b (4 B
ST, I DRI A ook R I 7 o T DR Ol BB
1 1.0% ~ 18.0% , T-RiEH A Fr 4t & , (R 228 1k
R X AT rb e i b B 2 1
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L, DP ¢ NT F8HOR T4 55 G (35 A8 Ak, T AR 5K
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