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Coventional tillage and dual mulching of straw and plastic film has stable
effects on spring maize yield and nutrient absorption in Weibei dryland
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Abstract: [ Objectives ] In arid and semi-arid regions, the critical factor in achieving stable and high crop yield
is the nutrient efficiency for crop utilization. We studied the effects of tillage and mulching measures on the yield
and nutrient absorption of spring maize in dryland-fed agricultural areas of the Loess Plateau to reference
sustainable farmland management in the region. [ Methods ] The conservation tillage experiment was started in
2003. It was located in the Loess Plateau Agricultural Ecological Experimental Station of the Chinese Academy of
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Sciences. Eight treatments were selected, four traditional tillage and the other four no-tillage. The treatments under
traditional tillage were traditional tillage (CT), plastic film mulching (CP), straw mulching (CS), and plastic
film+straw mulching (CPS). The treatments under no-tillage were no-tillage control (NT), plastic film mulching
(NP), straw mulching (NS), and plastic film+straw mulching (NPS). The maize biomass, yield, and nutrient
accumulation in different parts of the crop were analyzed from 2007 to 2016. [ Results ] Comparing traditional
tillage group, the CP treatment increased the average grain yield by 24.4% and recorded the highest N and K
utilization efficiency. The CS treatment increased the average biomass by 39.4% and had the highest maize stalk
nutrient uptake, particularly the average K uptake increased by 101.7%. The CPS treatment recorded the highest
average grain yield (9381.6 kg/hm?®) and increased the average total N and P uptake by 63.2% and 123.7%
compared with CT, respectively. Comparing the no-tillage group, the NP treatment increased average grain
yield by 25.8%, NS reduced grain yield by 3.9%, and CPS recorded the highest average grain yield, biomass,
total nitrogen uptake and total phosphorus uptake of plants. Under the same mulching practice, CT treatment
had higher average grain yield, biomass, N uptake by various organs, and total N and P uptake than NT
treatment. In the normal rainfall years, plastic film mulching had the highest yield (27.0%-37.4%), straw
mulching recorded the highest yield in the dry years (3.5%-8.5%), and dual mulching had the highest yield in
the wet years (31.6%-38.1%). [ Conclusions ] In Weibei dryland, traditional tillage shows a better effect on
maize production and yield. With traditional tillage, dual mulching using plastic film and straw is optimal for
maize yield and nutrient absorption regardless of climate conditions.
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Table 1 Details of experimental treatments
R b PhrEaE B
Code Treatment Tillage management
CT 1LGHHE B FKFEFITIESE 0, BEFRREZA 20 com, TBH
Traditional tillage Plough 20 cm in depth before maize sowing, and no mulching of the soil
CP CT + M w5 FERTEIPE, FEATENR, TR, WORE R A KA
CT + film mulching Ploughing was carried out before sowing and the rows were covered with plastic films, but not the
inter-row soil. All maize straw were removed from the field after harvest
Cs CT + f5FTH B SRR B, WORMFEFPRFT A BIR/NX, EARSER R AT, T AT
CT + straw mulching Before sowing, the area was ploughed and covered. After maize harvest, the whole stalk covered the
area evenly. During subsequent maize sowing, the stalk was collected and placed between rows
CPS CT + HuRBERG + WA EISE 76 CT Bfilh b, FEFF SR M PR AISE THR, FoK THUBE MU T AL
CT + film mulching + straw Based on CT, straw and mulching film were used to cover the ground, and maize was planted with
mulching holes on both sides of the mulching film.
NT HEAFE S No-tillage R EE R, NEEAE MR
No-tillage and no mulching was undertaken throughout the years.
NP NT -+ i 5 16 NT 20 E, UL BF CP
NT + film mulching Based on NT, the treatment of the plastic film was the same as CP
NS NT + R FH i FENTHER b, FEFFALHLR CS
NT + straw mulching Based on NT, the treatment of straw was the same as CS
NPS NT + A TG + FEAFBLEE  AHHE, IR ST HFPa Tk, HuBEmME LR 1K S Ae
NT + film mulching + straw NT, the mulching film and the straw were laid flat on the ground surface, and both sides of the
mulching mulching film were perforated to allow for maize fertilization
N P e — e s 25 (B Il = 2y = 2
KAFT s X FREFF S E M A, ey S /DR (eg/hn’) = 25

W N 77 cm, FEFFTEEN 64 cm, #5/NXJE N
RZR) B8 150 kg/hm?, jifi P,O, G HERRES) &N
75 kg/hm?®, &R R 6 JTtk/hm?, RELSEASTT R,
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Table 2 Average grain yield of maize in different precipitation years
s FH4E (kg/hm?) SFAKAE (kg/hm?) FIKAE (kg/hm?) ZAFE (kg/hm?) Ccvl Ccv2
Treatment Dry year Normal year Wet year Multi-year average (%) (%)
CT 7290.5+79.7 ¢ 7256.5+1183.8 cd 6907.2 £ 925.3 be 7147.6 = 556.0 de 3.0 233
CP 85763+ 167.7b 9969.2 £515.0a 7670.8 £ 1086.7 abc 8893.5 £ 523.8 ab 13.2 17.7
CS 7907.0+31.7 ¢ 8198.4 + 1086.3 bc 7466.2 £313.6 abc 7889.6 + 466.6 cd 4.7 17.7
CPS 8933.4+121.0a 9486.5 £ 607.3 ab 9540.7+512.2 a 9381.6 +303.0 a 3.6 9.7
NT 7600.6 +44.3 d 6234.5 £905.6 de 6287.4 +£2160.0 be 6555.7+751.5¢ 11.5 344
NP 8542.8 £236.5b 7915.0 £ 745.9 be 8502.1 +£819.3 ab 8250.2 +£405.7 be 4.2 14.8
NS 7864.4+232 ¢ 5696.3 £1046.0 ¢ 6063.4+1787.6 ¢ 6300.5+ 7343 ¢ 17.7 35.0
NPS 8885.8+192.5a 9057.5 £457.8 ab 8274.6 + 807.4 abc 8758.4 £ 327.9 abc 4.7 11.2

# (Note) : FEFEAN 10 4556, T5 . SFAKRMFEKREDBIHR 3 4. 4 45H0 3 4F Accross the 10 year's localized experiment, there were 3
dry years, 4 normal years and 3 wet years; [F]554 5 AR R]/ING T4 7R A R R K AR RUR [R] A0 B 7] 22 53 5 3 (P < 0.05) Values followed by
different lowercase letters in the same column indicate significant difference among treatments in same rainfall type of years (P < 0.05); CV1—A[i]
[ /K A BU 1] 45 57 R X Coefficient of variation among different rainfall type of years; CV2—4F P[] 48 53 22 3] Inter-annual coefficient of variation.
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Table 3 Analysis of variance of spring maize grain yield and biological yield

e O BHE B A < BHE AEfy x Bl B < A < BHE x B
Item Year Tillage Mulching Year x Tillage Year x Mulching Tillage x Mulching Year x Tillage x Mulching
APk i Grain yield ns w3k w3k * ns ns ns
774 Biological yield ok ns Hok ns ns Ho sk

# (Note) : *—P<0.05; **—P < 0.01; ns—/ . 3 Not significant.
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Fig. 3 Nitrogen uptake by stalks, leaves, grains and whole plants of maize

[ (Note) :

Ik BRSO AL BRI ZE 0.05 /K22 57 .35

Different letters above the bars indicate significant difference among treatments at the 0.05 level.]
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Fig. 4 Phosphorus uptake by stalks, leaves, grains and whole plants of maize
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Fig. 5 Potassium uptake by stalks, leaves, grains and whole plants of maize
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Fig. 6 Nutrient harvest index of maize under different mulching and tillage methods
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Fig. 7 Nutrient use efficiency of maize under different mulching and tillage methods
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Different letters above the bars indicate significant difference among treatments at the 0.05 level.]
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