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Abstract: [ Objectives ] The study was conducted to evaluate the effects of smooth vetch (Vicia villosa Roth
var. glabrescens) turnover amount on maize growth and soil properties in a maize-green manure rotation system.
The aim was to provide theoretical support for the chemical fertilizer reduction potential of smooth vetch.

[ Methods ] The field trials were conducted in Songming County, Yunnan Province in 2018 and 2019, with the
maize (Heinuo No.1) as test material. The experiment included five treatments: winter fallow (CK), incorporation
of smooth vetch at 15000 kg/hm® (G1), 30000 kg/hm’® (G2), 45000 kg/hm* (G3), and winter fallow with chemical
fertilizer application N 270 kg/hm’ (FN). The smooth vetch was planted during winter season and returned to field
before maize cultivation. NPK content and accumulation in the aboveground part of maize, yield and yield
components were examined at harvest, including soil total and available N, P, and K and organic matter content.
The soil pH was measured as well. [ Results ] The maize yields of treatments G1, G2, and G3 were equivalent to
78.14%, 88.88%, and 92.86% of treatment FN in 2018, and 98.92%, 104.22%, and 113.91% of treatment FN in
2019. However, the plant height, ear height, bald ear length, and single ear weight were not significantly different
(P>0.05) among all the treatments. The grain N content of the FN treatment was (P<0.05) higher than other
treatments, and the N content of its straw was significantly higher than that of CK and G1 treatments. In 2019, the
N accumulation in the shoots of G3 treatment was (P<0.05) higher than those of FN and G1 treatments, which
were 42.03% and 33.91%, respectively. In 2018, corn P accumulation in the FN treatment was significantly higher
than those of CK and G1 treatments, with no difference in K accumulation among the treatments. Except for CK,
there was no significant difference (P>0.05) in P accumulation among the four treatments in 2019. The three green
manure treatments accumulated more K than the FN treatment. There was no difference in soil nutrients among
the treatments in 2018. In 2019. soil available N, available K, total N, and organic matter content increased
significantly, enhancing soil fertility as the green manure application increased. The aggregated boosted tree
(ABT) analysis indicated that soil total N and single ear weight contributed the most to maize yield, both
accounting for 20.89%. [ Conclusions ] The incorporation of smooth vetch at a high rate in the first year (45000
kg/hm?) and moderate rate (30000 kg/hm?) in the second year relegates the need for N fertilizer in maize
production. Smooth vetch incorporation at the above rates could provide similar or even higher N nutrition for
maize to produce higher yields. After two years of incorporating smooth vetch, the soil total and available N and
K and organic matter contents increased.
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Table 1 Application amounts of smooth vetch and
nitrogen, phosphorus and potassium fertilizers under
different treatments

PSR JrrEEH K,O P,O;
Treatment Smooth vetch - o
CK 0 0 90 90
Gl 15000 0 90 90
G2 30000 0 90 90
G3 45000 0 90 90
FN 0 270 90 90
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Pt 45 b PRV E 1 B BT RS BRI . B A
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Fig. 1 Maize grain yield affected by green manure
incorporation rate

[ # (Note) : CK—%&IH Winter fallow; G1—&IJE 15000
kg/hm® ZEAIE Incorporation of green manure at 15000 kg/hm*; G2—&H
JE 30000 kg/hm” £l Incorporation of green manure at 30000
kg/hm®; G3—HJE 45000 kg/hm” £#E Incorporation of green manure
at 45000 kg/hm’; FN—Z H+%JIE Winter fallow + N fertilizer. £ I
AR NG FE R [F]— AR [F] Ab 2R ) 22 57 i 3 (P < 0.05) Different
small letters above the bars mean significant difference among
treatments in the same year (P < 0.05).]
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Table 2 Agronomy properties of maize under different treatments

o fh s M RSN il MK FlA Mis s
Year Treatment Stem thick Bald ear length Ear diameter Ear length Ear height Plant height Weight per ear
(cm) (cm) (cm) (cm) (cm) (cm) (g
2018 CK 7.33a 0.88a 17.00 b 18.66 b 112.44 a 24333 a 257.8 ¢
Gl 8.55a 0.77a 18.66 a 19.33 ab 113.88 a 246.11a 285.6 be
G2 8.55a 0.55a 19.00 a 2122a 11022 a 237.77a 325.6a
G3 7.77 a 0.66 a 18.11 ab 20.22 ab 11722 a 250.00 a 302.2 ab
FN 7.88 a 0.55a 18.77 a 21442 120.77 a 255.00 a 320.0 ab
2019 CK 497c 1.00a 14.46 a 17.03b 12177 a 25277 a 265.5b
Gl 5.62 be 1.86a 1544 a 2037 a 13433 a 309.88 a 325.4 ab
G2 6.45a 1542 1552a 20.01a 131.55a 289.66 a 308.4 ab
G3 6.18 ab 2.18a 16.08 a 21.64a 133.44 a 295.88 a 363.1a
FN 537 be 1.67a 14.84a 18.95a 118.00 a 27277 a 304.4 ab

1 (Note) : CK—4 [ Winter fallow; G1—#E 15000 kg/hm? £ Incorporation of green manure at 15000 kg/hm?; G2—# & 30000 kg/hm?
ZRE Incorporation of green manure at 30000 kg/hm?; G3—## F 45000 kg/hm? ZEAE Incorporation of green manure at 45000 kg/hm?; FN—2¢ [Rl+%
AE Winter fallow + N fertilizer. [E)3F 8 5 AN [6)/NE B3R [Rl—4F AN [R) Zb BHIE] 22 55 8 3% (P < 0.05) Values followed by different small letters in

a column mean significant difference among treatments in the same year (P < 0.05).
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Table 3 Nitrogen, phosphorus and potassium contents of maize under different treatments

A s FFHL Grain FE&FF Straw

Year Treatment N P K N P K

2018 CK 127b 027a 0.25 ab 0.59b 0.12a 120a
Gl 127b 0.26a 0.25a 0.74 b 0.12a 1.59a
G2 137b 0.25a 0.25 ab 0.78 ab 0.11a 1.58a
G3 125b 0.25a 0.23b 0.78 ab 0.11a 1.59a
FN 16la 0.26a 0.26a 1.06 a 0.11a 1.55a

2019 CK 0.75b 0.19a 0.28a 0.50 ¢ 0.09b 1.05¢
Gl 0.97 ab 0.19a 027a 0.78 b 0.10a 1.36 be
G2 1.06 a 0.19a 0.28a 1.07a 0.11a 1.55 ab
G3 1.09 a 0.19a 027a 1.03 ab 0.10a 1.76 a
FN 0.90 ab 020a 029a 0.85 ab 0.10a 1.03¢

7 (Note) : CK—4IH Winter fallow; G1—#&H 15000 kg/hm? Z&AE Incorporation of green manure at 15000 kg/hm?; G2—#H 30000
kg/hm? Z¢JIE! Incorporation of green manure at 30000 kg/hm? G3—#H)% 45000 kg/hm? G/ Incorporation of green manure at 45000 kg/hm?;
FN—ZH+%UIE Winter fallow + N fertilizer. [5]54f f5 AN [E)/ING 080K 6] — 45 AN [ Ab Bl ] 22 5 . 2 (P < 0.05) Values followed by different

small letters in a column mean significant difference among treatments in the same year (P < 0.05).

F4 TRLETENXRM EBFHTRRE (kg/hm’)
Table 4 NPK accumulation in above-ground part of maize
under different treatments

)y Year  AbFPE Treatment N P K

2018 CK 114.93¢c  4225b  244.72b
Gl 149.97bc  4437b  293.82ab
G2 176.09bc  48.07ab  333.87ab
G3 18424b  4798ab  346.24 ab
FN 259.37a  52.99a  364.84a

2019 CK 139.15¢  3021b 21683 ¢
Gl 21533b  3539ab  285.06b
G2 28266a 37.15a  29539ab
G3 305.82a  38.70a  329.65a
FN 22838b  3546ab 230.44c

¥ (Note) : CK—4IH Winter fallow; G1—#H/% 15000 kg/hm?
£E)IE Incorporation of green manure at 15000 kg/hm?; G2—##% 30000
kg/hm? Z¢fT Incorporation of green manure at 30000 kg/hm?; G3—f
FE 45000 kg/hm? ZEAE Incorporation of green manure at 45000 kg/hm2;
FN—Z H+EJE Winter fallow + N fertilizer. [&)3) 504 5 AR/ NG 7
BEFRIR Al —AE AN [ A 38 H] 22 57 5 2 (P < 0.05) Values followed by
different small letters in a column mean significant difference among

treatments in the same year (P < 0.05).
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Fig. 2 Soil total nutrient and organic matter contents at maize harvest stage under different treatments
[V (Note) : CK—Z [ Winter fallow; G1—&IJE 15000 kg/hm* Z¢Al Incorporation of green manure at 15000 kg/hm?; G2—#&H )% 30000
kg/hm* £4AE Incorporation of green manure at 30000 kg/hm®; G3—#&H /% 45000 kg/hm* 44 E Incorporation of green manure at 45000 kg/hm’;
FN—4 A+ A Winter fallow + N fertilizer. ¥ [ AR [E) /NG FAE /R 6] — AFE AN [ 4L B H] 22 55 . 3% (P < 0.05) Different small letters above the
bars mean significant difference among treatments in the same year (P < 0.05).]
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Fig. 3 Available nutrient contents and pH of soil at maize harvest stage under different treatments
[ 7 (Note): CK—%[H Winter fallow; G1—f#lJ 15000 kg/hm® £4 Il Incorporation of green manure at 15000 kg/hm*; G2—#&# % 30000
kg/hm® £ Incorporation of green manure at 30000 kg/hm®; G3—##/% 45000 kg/hm* £EAE Incorporation of green manure at 45000 kg/hm?;
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