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Effects of deep rotary tillage and drip irrigation quota
on the stress resistance physiological characteristics
of maize in saline—alkali land
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Abstract Aiming at the problems of less precipitation, large evaporation capacity, serious salinization and
shortage of water resources in saline-alkali land in the Yinbei area of Ningxia, deep rotary tillage technology

combined with water-saving drip irrigation strategy was adopted. A split-plot experimental design was
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used. T1 (deep rotary tillage)> and T2 (conventional rotary tillage) were the main treatments, and W1
, 4 050 m’/hm? , W3 (water saving 20 %,
3 600 m*hm?) and W4 (water saving 30 %, 3 150 m*hm?) were the secondary treatments. The soil moisture

(conventional irrigation, 4 500 m*hm?), W2 (water saving 10 %

content, salt content, antioxidant enzyme activity, non-enzymatic protective substances and yield of maize
leaves were measured. The effects of tillage methods and drip irrigation amount on the physiological
characteristics and yield of maize leaves were studied. The results showed that: 1) Compared with the
conventional rotary tillage, the soil water content of deep rotary tillage in 0-20 cm and 20-40 cm soil layers
increased by 0.28%-5.51% and 5.72%-11.70%, respectively, and the soil salt content decreased by
27.99%-51.19% and 30. 41%-46. 79%, respectively. 2) The leaf area index of each water-saving treatment
of deep rotary tillage increased by 0.3%-6.25% at the silking stage of maize, and the relative chlorophyll
content increased by 0. 11%-3.62% at the filling stage. 3) At the filling stage of maize, the superoxide
dismutase (SOD) activity and peroxidase (POD) activity in the leaves of each water-saving treatment of
deep rotary tillage increased by 1.12%-11.81% and 12.41%-19. 73%, respectively, compared with those
of conventional rotary tillage, while the proline (Pro) content significantly decreased by 46.22%-58. 43%,
the catalase (CAT) activity increased by 1.55%-18.51%, the malondialdehyde (MDA) content decreased
by 7.60%-21.40%, 4) The

comprehensive analysis of maize yield and stress resistance physiological indexes showed that the

and the cell membrane permeability decreased by 8.55%-15.86%.
comprehensive performance of TIW2 treatment was the best. In conclusion, the appropriate water-saving
drip irrigation (4 050 m?hm?*) under deep rotary tillage can effectively maintain soil water content, reduce
maize topsoil salinity, increase leaf protective enzyme activity, reduce the accumulation of membrane lipid

peroxidation products (MDA) , optimize maize leaf area formation and chlorophyll synthesis, so as to

achieve water-saving salt control and maize yield increase.

Keywords deep rotary tillage; water saving; antioxidant enzymes; leaf area index; yield
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Table 1 Tillage methods and drip irrigation quota treatment m’/hm”
BEAE T i T Ak A A H )9 /K Trrigation in growing period ik HE A
Tillage Drip irrigation Winter Total drip
method treatment irrigation V3-v6  V6-VIiZ  VIZ-VT  VT-RI  RI-R3 irrigation
W1 1350 525 525 525 1050 525 4 500
W2 1215 472.5 472.5 472.5 945 472.5 4050
T1
W3 1 080 420 420 420 840 420 3 600
w4 945 367.5 367.5 367.5 735 367.5 3150
W1 1 350 525 525 525 1050 525 4 500
W2 1215 472.5 472.5 472.5 945 472.5 4 050
T2
W3 1080 420 420 420 840 420 3 600
w4 945 367.5 367.5 367.5 735 367.5 3150

W TR BERE; T2, W@ E#r . W1 8% A KE W2 W3 . W44 3K 10% .20% F130%. V3,8 V6, &4 ;

V12, KT VT JldE ] R, ik 22 11 s R3, ZLEA .

Note: T1, deep rotary tillage ; T2, ordinary rotary tillage. W1 is the conventional irrigation amount ; W2, W3 and W4 save

water by 10 %, 20 % and 30 % respectively. V3, seedling stage ; V6, jointing stage ; V12, large bell-mouth period ;

VT, tasseling period ; R1, silking stage ; R3, milk ripening period.
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T1 and T2 are deep rotary tillage and conventional rotary tillage, respectively. W1, W2, W3 and W4 were drip irrigation quotas of conventional irrigation
(4500 m*/hm? ), water-saving 10% ( 4 050 m*/hm? ), water-saving 20% ( 3 600 m*/hm*) and water-saving 30% ( 3 150 m*/hm? ), respectively. V3, seedling
stage ; V6, jointing stage ; V12, big trumpet period ; VT, tasseling period ; R1, silking stage ; R3, milk ripening period. The following Figs. are the same.
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Fig.1 Effects of tillage methods and drip irrigation quota on water content of different soil layers in main growth period of maize
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Fig.2 Effectsoftillage methods and drip irrigation quota on salt mass fraction in different soil layers during the main growth period of maize
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Fig.3 The effects of tillage methods and drip irrigation quota on LAI and SPAD in the main growth period of maize
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growth period, see Table 1 for details. Different lowercase letters on the same growth period column indicate significant differences between

treatments (P<Z0.05), Figs 5 and 6 are the same.

4 HEAXRBEETANERMHFBEMELEFENTISAYEEENZ N

Fig. 4 Effects of tillage methods and drip irrigation quota on superoxide dismutase activity and peroxidase activity in maize leaves
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Fig. 5 Effects of tillage methods and drip irrigation quota on proline mass molar concentration and catalase activity of maize
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Fig. 7 Effects of tillage methods and drip irrigation quota on maize yield
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R2 EXFESLIESKE AMRENH HAtAHRERMRESLFESENEXE
Table 2 Correlation analysis between maize yield and soil moisture content, salt mass fraction, leaf photosynthetic performance
index and antioxidant characteristic parameters

Parameter WS SSC LAI SPAD SOD POD CAT Pro MDA M Yield
WS 1.00
SSC —0.59" 1.00
LAI 0.57" —0.22 1.00
SPAD 0.647 —0.77" 0.38 1.00
SOD 0.32 —0.66" 0.08 0.66" 1.00
POD 0.32 —0.44 —0.23 0.25 0.61" 1.00
CAT 0.42° —0.637 0.06 0.42" 0.76" 0.72" 1.00
Pro —0.53" 0.42" —0.53" —0.26 0.09 0.24 —0.08 1.00
MDA —0.38 —0.01 —0.72" —0.2 0.051 0.31 —0.14 0.47 1.00
M —0.47 0.3 —0.47 —0.07 —0.28 —0.35 —0.637 0.36 0.54™ 1.00

7= 5 Yield 0.777 —0.67" 0.63" 0.67" 0.43 0.15 0.53" —0.637 —0.617 —0.59" 1.00

TE o A3 B R 7R 0. 01 AN 0. 05K - 22 57 i 3 . WS, &K R 5 SSC, £ 03 B ht 4 5 LAT, M I B £ SPAD MM 2 38 5 43t 5 SOD ,
AP EAL TS T POD , i AL W S s CATT i A0 U 8 5 Pro, BTZURR &5 B s MDA, TR 88 Joi ek B JR MR 32 5 ML, 200 L B a8
Note: ** and * represent significant differences at the 0. 01 and 0. 05 probability levels, respectively. WS refers to the moisture content; SSC
refers to salt mass fraction; LAT refers to leaf area index; SPAD refers to the relative chlorophyll content; SOD refers to the activity of
superoxide dismutase; POD refers to peroxidase activity; CAT refers to catalase activity ; pro refers to the proline content; MDA refers

to the mass molar concentration of malondialdehyde; M refers to cell membrane permeability.
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The specific meanings of WS, SSC, LAI, SPAD, SOD, POD, CAT, Pro, MDA and M are detailed in Table 2.
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Fig. 8 Principal component analysis and comprehensive score of maize yield and different factors
under two tillage treatments treatments
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