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Abstract: The objectives of this study were to investigate the effect of different rotational tillage patterns (i. e.

rotation of tillage and no-tillage cropping in different years) on crop yield and quality in a dryland summer maize ( Zea
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mays) -winter wheat ( Triticum aestivum) double cropping system (hereafter referred to as the maize-wheat double
cropping system). A field experiment was conducted with five treatments: no tillage in both the maize and wheat
seasons (MNWN) , subsoiling in the maize season and no tillage in the wheat season (MSWN) , no tillage in the
maize season plus 3 consecutive years of no-tillage and 1 year of ploughing in the wheat season (MNW3NI1P) ,
subsoiling in maize season plus 3 consecutive years of no-tillage and 1 year of ploughing in the wheat season
(MSW3NIP), and conventional consecutive ploughing in the maize and wheat seasons (CK). These treatments
were established in 2004 at the Luoyang Arid Farming Experimental Station of the Chinese Academy of Agricultural
Sciences. The crop yields in 2015— 2021, the grain nitrogen, phosphorus, and potassium contents, the protein yield
of maize and wheat, and the contents of grain protein components of wheat in 2020 — 2021 were determined. The
results showed that the differences in the grain yields of summer maize and winter wheat were not significant between
MNWN and the rotational tillage treatments (MSWN, MNW3NI1P, and MSW3N1P). However, the grain yields
of summer maize and winter wheat were higher in all of these patterns than in CK, and the extent of the improvement
varied depending on the annual precipitation. The use of rotational tillage resulted in a considerable yield
enhancement compared with CK, with increases of 56.2% —65.2% for wheat (increases of 28.2% —32.6% for
annual yield in the dry year) and 47.5% —57.7% for maize (increases of 25.7% — 29.8% for annual yield in a
normal year) , and 18.9% —31.2% for wheat yield in a rainy year. Among the three rotational tillage patterns,
MSW3NIP showed the best effect in terms of enhancing the grain nitrogen, phosphorus, and potassium contents and
the protein yield for maize and wheat, and to improve the contents of grain protein components in wheat. Compared
with CK, MSW3NI1P resulted in significantly increased nitrogen and potassium contents and protein yield in maize
grains (by 4.5%, 15.6%, and 25.8%, respectively) , and increased nitrogen and phosphorus contents, protein
yield, gluten content, glutenin: gliadin ratio, and storage protein content in winter wheat grains (by 7. 7%, 15.2%,
109.8%, 16.1%, 9.6%, and 11.9%, respectively) , ultimately leading to a 38.5% increase in annual protein
yield. While the MNW3NIP treatment also significantly increased wheat grain gluten content, the glutenin: gliadin
ratio, and storage protein content (by 15.9%, 14.4%, and 9.2%, respectively, compared with CK) , the
MSW3NIP treatment further significantly increased the gliadin and storage protein contents in wheat grain by 5. 4%
and 2.5%, respectively, compared with MNW3NIP. Therefore, MSW3NIP is recommended as the optimal
rotational tillage pattern for high-yield and high-quality crops in dryland maize-wheat double cropping systems.
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Table 1 Precipitation year type in the experiment area from 2015 to 2021

AFJE Year H £ K Summer maize 2 /NFZ Winter wheat J&4F Annual
DI [ 7K 4E# Precipitation type DI [ K 4 #4 Precipitation type DI [ 7K 4E# Precipitation type

2015 (2015—2016) —1.10 T 24 Dry year 0.31 7K AF Normal year —0.72 T 24 Dry year

2016 (2016—2017) —0.16 - 7K AF- Normal year 0.32 - 7K 4F Normal year 0.02 -7K 4F- Normal year
2017 (2017—2018) —0.42 T 24 Dry year 1.98 F /K4 Rainy year 0.48 F2JK4F Rainy year

2018 (2018—2019) 0.52 FIKAF: Rainy year —1.67 T 5-4F Dry year —0.24 V- 7K 4F: Normal year
2019 (2019—2020) 0.74 F K4 Rainy year 0.21 7K 4F- Normal year 0.68 FK4F Rainy year
2020 (2020—2021) —0.96 T 54F Dry year —0.30 - 7K 4F Normal year —0.85 T 54F Dry year

DIfCE T #3548 . DI represents drought index.
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Table 2 Annual average yield under different precipitation types and source of variation

it H 5 F oKk Summer maize £ /\N# Winter wheat J&4F Annual
frem TRAE FALE RkE TR FALE EkE TR FAAE ok
Dry year ~ Normal year Rainy year ~ Dry year =~ Normal year Rainy year ~ Dry year ~ Normal year Rainy year

AT KL= Grain yield 4414c 5649b 8140a 2193b 3660a 3900a 7948b 9380ab 10625a
(kg+hm ?)
F1{i F value
A Year (Y) 724. 84 272. 95%x 228.97xx
Ab B Treatment (T) 44, 46%* 33.73%x 71. 83%*
R AL Y XT 0.07 0.02 0.03

T ARR/ING TR R A R 22 578 P<<0. 05 /KPR 3 o *Rledh 5 KR I7 223 BT 16 P<<0. 05 M1 P<<0. 01K F 25+ B F . TR,
Note: The different lowercase letters indicate the difference among treatments is significant at the P<C0. 05 level. * and ** indicate that the variance

analysis was significant at the P<0. 05 and P<<0. 01 levels. The same below.
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Fig. 2 Effects of different treatments on grain yield of
summer maize, winter wheat and annual under different
precipitation types
MNWN AU TR T B + 2 0 Bh s MSWNAUR TR TR+ 24 5
G BF s MNWSNIP AU ok 22 0F + 22 2 3 45 G Bk 148 @ B
MSW3NIP AU TR F AL + 22 %2 34 G LAF BB s CRAUR ML oM
FHEA . TR RELF AR AL LA NG TR R W] —
JKAE R R A Ab B ) 22 B 2% (P<<0.05) . MNWN represents no
tillage in both maize season and wheat season; MSWN represents
subsoiling in maize season and no tillage in wheat season; MNW3NI1P
represents no tillage in maize season plus consecutive 3-year no-tillage
and 1-year plough in wheat season; MSW3NIP represents subsoiling in
maize season plus consecutive 3-year no-tillage and 1-year plough in
wheat season; CK represents conventional plough after wheat and maize
harvest. The same below. The error line represents the standard error.
lowercase letters indicate significant difference

Different among

treatments within the same precipitation year types (P<20.05).
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Table 3 Effects of different rotational tillage modes on nitrogen, phosphorus and potassium contents in grains in dryland maize-

wheat double cropping system ( %)

b B H E >k Summer maize

& NA Winter wheat

Treatment f= AL

A

W ik

Nitrogen content ~ Phosphorus content

B A

Potassium content

B

W ik

Phosphorus content

B A

Nitrogen content Potassium content

MNWN 1. 33ab 0. 26a 0. 35ab 2.21b 2.76b 2.19¢
MSWN 1. 34ab 0.25a 0. 34ab 2.20b 2.92ab 2.47bc
MNW3N1P 1. 36ab 0.27a 0.37a 2.31a 2.88ab 3.09a
MSW3N1P 1. 38a 0.25a 0. 34ab 2.38a 3.18a 2.70b
CK 1.32b 0. 24a 0.32b 2.21b 2.76b 3. 26a

TE: FSVECAS R]/NG bk 37 b PR ) 22 5 78 P<<0. 05 KF % . T,

Note: The different lowercase letters in the same column indicate the difference among treatments is significant at the P<C0. 05 level. The same

below.
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Fig. 3 Effects of different rotational tillage patterns on grain
0 0 25 3 A= & 4H BT 0
11.9% F19.6%, B MSWN 43 7 B 2 £ 5 5.4% . protein yield in dryland maize—wheat double cropping system
18.4% .12.500 #113.2% . MSW3NIP # MNW3NIP BRI R FRARAEDR A LR R /NS 35 R R 4 R 4R F R Ak
[ 2 /N 2 47 60 T v B 11 R 30 2R 141 2 0 ) 0 2 4 g ] 2% 5 W % (P<<0.05) . Thé eArror line'rep‘)rlesems 11Ane standard error.
Different lowercase letters indicate significant difference among

W 5.4% M 2.5% . BLW, MSW3NIP A #| T 2 & & treatments within the same crop or annual (P<Z0.05).
INFERFREAS T R

F4 FAABRHMEANBME-ZHRERL/NZHFNEQREASHENT N
Table 4 Effects of different rotational tillage patterns on the properties of protein components in winter wheat grains in dryland

maize—wheat double cropping system ( %)

4k 3 HWHEA HREH Rk e WEH WEELL i 2
Treatment Albumin Globulin Gliadin Glutelin Glutelin/gliadin Storage protein
MNWN 2.33b 1. 71ab 3.33b 4.14b 1. 24¢ 7.46¢
MSWN 2.36b 1. 76ab 3.36b 4.07b 1.21c 7.43c
MNW3NI1P 2.54a 1. 85a 3.36b 4.81a 1.43a 8.16b
MSW3N1P 2.36b 1. 78ab 3.54a 4.82a 1.37b 8. 36a
CK 2.32b 1. 66b 3.32b 4.15b 1. 25¢ 7.47c

E: AR EASREEA LE.,
Note: Glutelin/gliadin is the ratio of glutelin to gliadin.

3 iFit
3.1 RRAXAHBEX S FRE - EZRARZAEDFE ST REG RS ETHH W

PR AEY P AR SR R HAEY A ) e B H AR . A ERBRES R TR AR 0 R ks Rk
P R R NTTE /AR (R 7//E S T S N 1) s LI N1 A Bl N o0 51 O W 1 =G 5 SR SN - 1 K e
Y E S AR EE 2) X 5 R RS ERHES A K = ER A THEMES MW RN, 5%
GEHFVE R L, AR PPk BR AR  3 4R E A /N AE SE E I 0~100 em 4 J2 A HEAE K B T R AR R 6. 4%~
11.3% . SR, MNWN K 3 Ff & AR A CK 34 AT 4 = VR4 7 8 B H 3 iR 2 75 W 25 TN R /K AR B RIVE T 5 o T
NBIFFE 2 B, AS 5] B KA BT AV 4 57 ek 3% B0 R HC 6 Bk 10 i 1z A (], C A0 5 B AR A5 2 A 28 o] LA 6 7K A 7
A SR TR LRI EORNE A B IR R SR S TRLAE B B X AR i 4 T
SRR, 546 G BB A LE , o Bk 76 SF K A5 B FORFF R S B v 1. 900, 78 KOKAE SR 55 4. 7% B AE F /K AR 3 7= 3%
R s B AR T2 K AR W] il AN FE R P R S 18, 096, (HL7E KUK AR B PR A R ON i . TR IR R TE A B
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