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The adoption of legume cover crops in no-tillage system can contribute to improve soil fertility by providing
several benefits, including reduction in soil erosion, suppression of weed growth and N supply to subsequent
crops. We conducted a field study to investigate the effect of cover crops and nitrogen fertilization rates on
yield and nitrogen use efficiency of waxy com (Zea mays L.) in no-tillage upland field. Two legume cover crops,
hairy vetch (Vicia villosa Roth) and crimson clover (Trifolium incarnuturn L.) were mechanically terminated
with roller in early June. For each cover crop treatment, nitrogen (N) fertilizer was applied at three different
rates (145,72.5 and 0 kg N ha'l). The growth and yield characteristics of com were significantly affected by the
N fertilization rates in crimson clover plots, which suggest N mineralization from the cover crop residue was
not sufficient. In contrast, N fertilization rates had no significant effect on growth and yield of com in hairy
vetch plots, indicating that the amount of N released from the cover crop is large enough to meet most of the
N requirement of com. However, the application of N fertilizer in hairy vetch cover plots resulted in slight
increase of crop yield, though not statically significant, and high levels of N concentration in com plant tissue
possibly due to luxury consumption of N. Organic residues on the soil surface in hairy vetch cover plots had
substantial amounts of N after harvest, ranging from 100 to 116 kg N ha™', which is presumably retained during
winter season and released by microbial mineralization in subsequent year. The highest nitrogen yield efficiency
was achieved in the plot with hairy vetch cover and no N fertilizer application, followed by the plot with hairy
vetch coverand 72.5 kg N ha™ fertilization rate. In conclusion, hairy vetch showed better performance in com
productivity as compared with crimson clover. In addition, it was concluded that the application of N fertilizer
between 0 and 72.5 kg N ha™ in combination with hairy vetch cover crop might be most efficient for com yield
under no-tillage system with climatic and soil characteristics similar to those of the experimental site.
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Nitrogen use efficiency in no-tillage com production as affected by cover crops and N fertilization rates.

Mineral N rate Input N AE N ARF N
Cover crop 4 r 4
---------------- (kg N ha) -—----m-memem- (kg kg© N ha") (%)
145 199 140 b 32.9 be
Crimson clover 72.5 127 155 b 34.1 be
0 54 17.6 ab 36.7 abc
145 262 11.8 b 34.5 be
Hairy vetch 72.5 189 19.2 ab 47.1 ab
0 117 25.6 a 532 a
No cover crops 145 145 125 b 26.5 ¢

TInput N: the amount of mineral fertilizer N + cover crop N; AE N: agronomic efficiency of N (kg yield increase per
kg input N); ARF N: apparent recovery fraction of N (kg N uptake increase per kg input N).
*Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT.
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Table 1. Chemical properties of soil in each cover crop treatment before com cultivation.

pH OM Av. P,0s Ex. cations (cmolc kg'')
cover crop (15H:0) (s ke) (mg kg') K Ca Vg
Crimson clover 58 a 20.6 ab 228 a 0.13 a 3.64 a 082 a
Hairy vetch 58 a 40.0 a 254 a 0.12 a 3.27 ab 094 a
No cover crops 58 a 112 b 27.6 a 0.09 a 3.04 b 0.80 a

"Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT.

Table 2. Biomass and chemical properties of cover crops before termination.

Dry weight Total C Total N C:N N productivity
Cover crop (Mg ha™) (%) ratio (kg N ha)
Crimson clover 425 a 431 a 20 b 22 a 85.1 b
Hairy vetch 3.65 a 434 a 3.6 a 12 b 132.7 a

"Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT.

Table 3. Biomass and chemical properties of surface organic residues in each experimental plot after com harvest.

Mineral N rate  Dry weight Total C Total N C:N N accumulation

Cover crop 4 4 o . -1

(kg N ha™) (Mg ha™) (%) ratio (kg N ha")
Crimson clover 145 479 a 365 a 193 b 192 a 91.1 a
72.5 477 a 283 a 1.75 bc 16.0 a 852 a

0 4.67 a 224 a 1.18 cd 18.1 a 55.8 ab

Hairy vetch 145 4.58 a 43.0 a 2.44 ab 19.1 a 115.8 a
72.5 4.63 a 348 a 215 b 163 a 1004 a

0 3.65 a 40.1 a 2.87 a 14.0 a 1053 a

No cover crops 145 3.09 a 35.1 a 2.13 b 17.1 a 66.5 ab
0 1.78 a 26.6 a 098 d 26.0 a 175 b

"Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT.
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Table 4. Effects of cover crops and N fertilization rates on growth characteristics of com at the 6-leaf stage and after harvest.

Mineral N rate Stalk height Stem diameter SPAD value of leaf
Cover crop (cm) (mm)
(kg N ha™) 6-leaf harvest 6-leaf harvest 6-leaf harvest
Vith cover crops
cC 145 135 b 163 ¢ 16.5 ab 15.7 be 404 a 42.9 ab
72.5 135 b 167 be 15.9 ab 16.6 ab 36.7 b 374 ¢
0 119 ¢ 139 d 147 b 15.7 be 375 b 304 d
HV 145 144 a 175 ab 17.0 ab 174 a 415 a 443 a
72.5 147 a 181 a 17.5 a 16.7 ab 42.0 a 44.1 ab
0 143 a 181 a 175 a 153 ¢ 41.0 a 40.7 b
Main_effects
CC 130 b 156 b 157 b 16.0 a 382 b 369 b
HV 144 a 179 a 173 a 16.5 a 415 a 43.0 a
145 140 a 169 a 16.7 a 16.5 a 41.0 a 43.6 a
72.5 141 a 174 a 16.6 a 16.6 a 393 a 40.7 b
0 131 b 160 b 16.0 a 155 b 393 a 355 ¢
Significance of treatments
COVer Crop (C) ek ek * ns sk sk
Mineral N rate (N) ok ok ns * ns ok
C X N ks ek ns £ ns seskeosk
Without cover crops
145 132 w 171 w 16.0 w 15.6 w 40.8 w 37.1 w
0 89 x 93 x 73 x 9.7 x 294 x 22.1 x

'CC: crimson clover; HV: hairy vetch.
*Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT. DMRT
was applied separately for the plots with cover crops (a, b,---) and the plots without cover crops (w, x,-).

Table 5. Effects of cover crops and N fertilization rates on com yields.

. Fresh ear yield Dry matter yield
Mineral N rate J 1
Cover crop (Mg ha™) (Mg ha")
(kg N ha™) Whole Marketable Ear Stover
VWith cover crops
CcC 145 9.93 ab 8.72 ab 3.16 ab 2.49 ab
72.5 833 b 550 b 233 b 1.96 be
0 3.50 ¢ 041 ¢ 1.04 ¢ 142 ¢
HV 145 10.96 ab 10.58 a 3.46 a 321 a
72.5 11.60 a 1124 a 399 a 337 a
0 8.80 ab 7.00 ab 335 a 2.87 ab
Main_effects
CcC 725 b 488 b 2.18 b 1.96 b
HV 1046 a 9.60 a 3.60 a 3.15 a
145 1044 a 9.65 a 331 a 2.85 a
72.5 9.96 a 837 a 3.16 a 2.67 ab
0 6.15 b 3.70 b 2.19 b 2.14 b
Significance of treatments
COVer Crop (C) sksksk 3k sksksk sk
Mineral N rate (N) HHE kK ok ns
C x N ns ns * ns
Without cover crops
145 797 w 6.56 w 2.18 w 222 w
0 0.83 x 0x 037 x 0.59 x

'CC: crimson clover; HV: hairy vetch; Marketable yield: total weight of ears with a minimum size of 17 cm.
*Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT. DMRT
was applied separately for the plots with cover crops (a, b,---) and the plots without cover crops (w, x,-).
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Table 6. Effects of cover crops and N fertilization rates on nitrogen uptake by com.

. N concentration
Mineral N rate

N accumulation

Cover crop (%) (kg N ha™)
(kg N ha™) Ear Stover Ear Stover Whole
Vith cover crops
CcC 145 1.34 be 1.29 ab 42.4 abc 31.8 be 742 b
72.5 1.30 be 1.09 abc 30.1 ¢ 21.6 cd 517 b
0 1.06 d 0.79 ¢ 10.8 d 11.7 d 225 ¢
HV 145 155 a 142 a 53.5 ab 453 a 98.8 a
72.5 137 b 1.29 ab 545 a 43.1 ab 97.6 a
0 1.20 cd 1.03 be 40.3 be 30.1 ¢ 70.5 b
Main effects
CC 1.23 b 1.06 b 278 b 21.7 b 495 b
HV 137 a 125 a 495 a 39.5 a 89.0 a
145 144 a 135 a 48.0 a 38.6 a 86.5 a
72.5 133 b 1.19 a 423 a 324 a 74.7 a
0 1.12 ¢ 091 b 256 b 209 b 46.5 b
Significance of treatments
Cover Crop (C) Hk sokok Rk Hokok
Mineral N rate (N) ok Hohk ** Hak
C x N ns ns ns ns
Without cover crops
145 117 w 097 w 253 w 21.6 w 469 w
0 1.19 w 093 w 43 w 6.8 x 1.1 x

fCC: crimson clover; HV: hairy vetch.

*Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT. DMRT
was applied separately for the plots with cover crops (a, b,---) and the plots without cover crops (w, x,--).
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Table 7. Nitrogen use efficiency in no-tillage com production as affected by cover crops and N fertilization rates.

Mineral N rate Input N AE N ARF N
Cover crop 4 4 4
---------- (kg N ha”) -—----—--- (kg kg© N ha") (%)
Crimson clover 145 199 140 b 32.9 be
72.5 127 155 b 34.1 be
0 54 17.6 ab 36.7 abc
Hairy vetch 145 262 118 b 34.5 be
72.5 189 19.2 ab 47.1 ab
0 117 256 a 532 a
No cover crops 145 145 125b 265 ¢

TInput N: the amount of mineral fertilizer N + cover crop N; AE N: agronomic efficiency of N (kg yield increase per kg

input N); ARF N: apparent recovery fraction of N (kg N uptake increase per kg input N).

*Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT.

Discussion

slojeHA] BB S BE W RS A
ol A9 FFFS W] AR AHESEH T ELo) A
= AaAM|Fo] AopE AR 4ol =
H9E=d| (Table 4, Table 5), o]= AYPLEITZHO| A4 F
o AW A e R S5S AARRITE Wagger (1989)2}
Reeves et al. (1993)2] HAtofA] TAZPEZ2H O] A AYAF
k2. 7171 100~150 kg N ha ' 7} 111~181 kg N ha ' 0. & K il
=t 2 AFo) A% 85 kg Nha ' O& o]} We 53
oAt} (Table 2). o]o]| Hjsto] A7lEZ=H O] ghalu|= 22
2 Hlw3 £7)31E]7] oj#fd 210]3l=t, o] A2 Reeves
(1994)7} K1k &S 28 9] eHEH] H9)Ql 11~250] A4
Z|digkoll 7ot etz o {7149 wEb|7) 30K
AW AAa7}t BEshel= W 20 ofstoll A= Al &= F]
3} (net mineralization) 7} Doyt B A ot (Mitchell
et al,, 2000; Reeves, 1994). o|&3t AHLIFTZH O] F2 %]
2ARAVY T =2 B = B2 XY Al akE Axt
o = Qe T m AR O] A A Ak S A

710l 2] ol DAL st o F-ofl FAF A4k H Eigo] A

[e]

S 289} slof2fH| x| 9] TWEpr]= 242t 5 et 69 A
O & (Choi et al., 2011), TEZHEL z1o3l 6 10270
AUEZEZRTL AS7IE AU A LAPE 218 EH
axghego] Wolxl Z1 o2 FFE ), Parr et al, (2011)9] ¢
ol A% roller—crimper XIQF A[7]7} sfloj 2| 2| &} &S
28] F gk JFks T, AHESEH A
Al Aaghego] 7t Hli= A2 sllof2fH x| Eot o
2hthal 3F99Th @E Touchton et al, (1982)2 AHEZTEZHE
S| 7HA] AR 75 F7HAQ i AR Qlole
F2bgo] ol2& AIZF YERA] tthal Harskel=t],
ol & AIF 9 Aaet YA|skgirt,

A f b

>

(I )

IAHEZEY g5 oA AAAE] Gt 34 vepd
A& AB] A7t Sapapo] o] 8 E= FAlol| £AFEY @
H|7} 20 o]ok= s A 40| K737t £X1E317] o
o2 AZE Aa A ngEY] 35S St B
& A uEAE Al Brekes SV Askaat
(priming effect)E YO A A HA|LLo| H|F =& X7
ske-2 Holrkar A4 Ut} (Acosta et al., 2011; Schomberg
et al., 2006), SHAIFE 2 Ao A S2bzo] Yigt AHEER
H o] An| 7 i &M= 50%H T B 450 2 weky| gl
£, SYEFEH + H2 725 kg Nha ' AJHFofA] 52
) 7 - 7 e} G- M4 145 kg Nha  AJu]Le} v] s 7
Zto]7t QIAAITE (Table 4) SEo| At AEpie 194

O FAstrt (Table 5). ol FAE R w22 RY 37

H Aa FEo] S| T Aaa g BEoto] s
7)ol AaR= @Afo] dolud A= AYZFETt Jones (1983)
= SgoA G FSo] ATeE AR AAgEkol
Aagthal siel=t, 2 AfolAE 2EZ 2R HY
Aaghego] AaAlnlgko] HSpR Wolxl= A& & 4= 9
2t} (Table 6)

gloje|w| 2] T Erof| A A H|gk]| nh2 842420] A5
9 L= 2to]7F FEREA] 9t A2 Seo et al, (1998)0] .
gk AAY FH AR ES FojeHRTe R 4=
Aol Hagh Aag Bl 358 4= 92 ou|ditt,
Griffin et al, (2000) 3oje]Wz|e} LTutE EAFL
sto] SAEE GEE APS o AiAu|of T 4=
FHgo] e A] ghgrom) o] ujEatEo] 4= A
2 QS S S5 fECR Tt mEAEol =
Uk Q1 vk-g-o]akal 31T}, I Acosta et al, (20112 4
AU T2 S42ge 232 ul 5 Fo] 2| H| XS 50%
(1.8~2.3 Mg ha ') SIFPL uf Hogt 2jolE HHAL
100% 2Hgh A 2jatefA= 2tol7t gilom, sjojejw|x] &
AAAFF (100~200 kg Nha ) REO 2= ZAAH] glo] -2
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v

m

i)
Jo P 2

KN
=

kS

S Qltha B skt $hH o g]w)| x| ulE
of| A kg Nha ' 9}72.5 kg N ha ' AJH]5-] ¢ e
AR < URANE A Fa|Hto]| vls) thas 2
kS 1 Y=t (Table 5), ©|A-& Seo and Lee (1998)2] 04?—

oA sllofefHx] BEA] HaH| = O] AlGo] FAGARL:
Songeo] AT S ZNATIE ATt FASHAC,
Acosta et al, (2011)< dflof2fH 2] w]Eto] AAHE F
_9_ ]IH _‘?._)'\_/': /KT‘:'iﬂ 1H94 R A ’6‘]—3}:}1]_5 R A 5‘/\3):0] =
o]—Zﬂ th O]L- 11/\_4 J’]_o]
S AARRICERL 319l om o] of A4 120 kg N ha  AJH] 72
S PR FHlFET 14% 7heE S7F8FITE Table 60f]
A Slofalm ] ahae] S ol 9 ]le] Wagey
o] A aAulago] BrE4E ot A& 2 4 olid,
214 145 kg N ha ' 9} 72,5 kg N ha ' AJu]710] 2 2
22 717V 1.42% L 1.29%% Jones (1983)7} H.13t A
S=0] A g 9121 0.45~1,30%2} H] s
e ool St AU Ao el 3t
o At Aol gt 144 271, Qriol 54, 2]
{ o} S 0w osle] Sl e Aslithn
A ¢lo] (Maltas et al., 2009) XA ==9] AAAM|7}
Ykt 7ze] 2L S5 Al AToH Maltas et
al, (2009)- 220 kg N ha & 278 Aa AJH|= Yalek
Das doxthal 81913l Parr et al, (2011)-2 24 112 kg
N ha ' AJd]o]] W] 24 168 kg N ha ' AJH]G-9] s=afo]
B wertia Mgt B AIEAAE folak <lgE A
oXolx|ut loje]u 2] + A2 145 kg N ha ' AJH|FE] S=eko]
72.5 kg Nha ' AJH]FEECE G 43RS Hof 7ho) Z4o] B
2-go] e Aoz WAE T (Table 5),

%ﬂ E’X]—‘:’ ‘:’_L]E_ R /\]H]?_Q,] _Q~/’:_/’\_ /{H Q EU /\E]:_Q_
7t mjua o] A Al e Aol gon (Table 4,
Table 5) A4 o] &7 &% 7P e =20]9 =1 (Table 7),
o]h Zrx WhAgo] At A o 2 tkoky| qgoi Azr= )t L

T4 o] AR 29 "”Xﬂ 2 gl|oje]H x|t 27

ES 2w Tt A Z47) S E 0] 52%2} 59% 4
0|31t} (data not shown), ©] 734— S5 5748 Al
Al Fz20] HEAAEo] T EAFAE A EAtelA] dA
3| ZrAUctal 3= Choi et al, (2011)9] H 1o} AX|gIc}
,L]%Z} o /\‘1:_1’ J,]— o]:l:l ol .J..7]-oﬂ EH-g]— ﬁﬁ‘j'oi ZFZ tﬂ—
A& A7) H T E2E-2 ER - (allelopathy) 2
2 29 LS Asfgttiar & A Ut} (Choi et al,, 2011;
Zougmoré et al,, 2006), F-3|EL9] 4=7Fo] #|5}lE &
9loF@l O 2ar0] F 2 A AIH|EFO] 145 kg N ha ' o] &+
£ AP S5 B9LS 4 3Uek, 98 AACTA 4
R R A0 AR ool Pllot 8, B
AEA) 5o o8l £41%]7] 4t} (Keller and Mengel, 1986;
Rice and Smith, 1982), & Liu and Wiatrak (2012)2 F-73-&

14
Ol X

AL U1

O

> (luxury consumption of N)

ol

—

3
=1

N Jlm

7

e
£

=

¢

TS}

el

o
X

Mo

Al 2| el HAE fER Qs @714
S} ol 4= 9lo] -5 Ao WASlelE A
oA R e Bl DAt ek s,
Q1S o fgtae] Ajo| S Az 4= e, 9
AEo] A3 BolAw o B £of o] HET)
AHE0] Aso] FRE Tk d#A =t (Griffin et al.,
2000; Maskina et al,, 1993), & A|g 2] EokS AJoFER H
o] o} FAFAES nliE 7t S Aol vl
X 2GS RS A0R PR, TBAE VAN
20| $HSRURS 2AG Aol TR
), Solelux] w]sr, T el M 22t 15.8% 20,4%
13,872 RujETe] mokato] /Y e AL T 4
213t (data not shown).

B RIS 2SR o 8150l A)w
of St A} A7) ALK HDE S 8 Fof ol
S MRl 0] AT S e AL AzhEr,
Maltas et al, (2009)-> TEAZo] 445 43} & ZH&7dl=
B¢ F71AA 9 B9 f7Ed A LAl A W=

FEE Fote] 22 Yol| At 8 o
RIS A )88 HABAY 5
53] 778 240lA o 52E 2 ES] Ao
[grolut w5l EorEe] Al Hla AjEo 21
oF BL7|3}E| 22 (Reeves et al., 1993) F3HE 45+

2 Y eo] A8a: 522l o] ol o83 4 9)
o]t} Campiglia et al. (2014)2 F7-2 A Aol 4] 3]|o]
H| 25 of-all 2= AuiAl A EH| EAF XA =0l

JiF EAsk=dl, slofelHA] AR Hrk= 4
o) wolA 5t Ael §7] WAARE eae 1
60 kg N ha ' of] Gtha Rusigch 2 A=
S 40k Foll ATEle] 5 AEE] charel Har)
ot glgion, 5] sloleldlA) TEIE 100~116 ke N

4z

B
r:% B>

1&%
il
o riu
Job 2L fo ox off

2

¢

B

i

o
i)
=2

e}
Loofn

Al

Al ]

5 o
et X

1o
>
mlo i
;‘3

}_

AH

i)
pach

>~

OHT OPO

Y :é L

OE]Z

oS.';L 1B

o0 mh M Mmoo o > ju T

O

ha ! 2220] &7] A4S B3l 72107 3L AT} (Table
3). sllof=Hx] Fu|telA 2|3k %1% Zﬁ O]ME'JHﬂXH =

2AYAFEFS- 1327 kg N ha ' (Table 2), 42815 2baj &-20] 2
A2 1053 kg N ha™ (Table 3), i—f—’r—# % AAh T
©.70.5 kg N ha ' 0|22 (Table 6) 235 Asgfrc) 53}
T A= S5 *‘—XHS]"— ZAATFO] 431kg Nha '

e Ao Yeptid), ol2e e 2 solz)
2] ZAf0] ol el 7]l 719 Aow 255
ek, ZAEo] Eafiofl gk Hax 18k A2 njAEo]
olshim A ¢ BEol 71e 5 715l el 2o
(Groffman et al,, 1987; Mitchell et al,, 2000), YHFx o g
#3 Aza 2700] v8) mESlR e d 27olA B o
ERAT} (Lupwayi et al., 2006; Mitchell et al,, 2000), Mitchell
et al. (2000)& 6%0] oo TG 22 WASEIE
SH 7] Aas AR A0 40%00 sigst et 1o

>~
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A 79 1% 02 ATt Baskylct, AlE &
e G4 28 F o] Bl B 2= AL A
Zo|Bg oo} Zro] HAo] 7|57} A=, Folgl= A
A YE T ELE A8l 7|8 A 02 AYzhETt. Choi
et al, (2009)9] AtofA L T]EAES] AL Fr|37F A4
Elo] Fafde] o] 8=]x] & f-ofl= o]l Eall7t 218
o & 2HEo] Aaolgo] 7HsdtA| "okl st
ole] Auts Aujsh F4-2 44 AuiAl I ELE
o] 8-> Fulk Aufo] H|F]| A o] F AL o FF
Aate] frefsh, i g Bl dlofEwA7 A-eE
gErjof v]g] 4=3hS & 4= U3} Groffman et al, (1987)
T oofy] AolA LI EHE K50 dA IS
2 a7h SRt slojeHiAl= o= FE AFAolqlrt
I Bk Hp Qlok, ey AEESEH O] W2 ALY
2 T8 XY A7)0 FHE ofuEr EFEAC] 7191
ouch LI R = virt Bt EfolA] v

-

=
Z

Lo

3
ol Zst EA4ES Hol=t| (Reeves, 1994), 2 Al EQFS
ALofE oW pHi= 5, 8% Fof2]H| %] AL T fejgt 20|
It (Table 1), kA A-EZZHE 2est B A A
Aol A7} == 49 sle~5Y FoAol EAELR o]
Soh Ko} g A4S FH3 7RsAo] Qlukar dakE Lt
A o] GHEE 7|F0R B S AuiA] 714 A
oF w B2} AN FrishE Slojelw|A] + A &
] 3L0] o] 7 &9k} (Table 7). 3FA|NE o 2]w| %] 1]
Brofla] AAE AH|GS o ko] o S7khe AgS B
7] Wi ) =2 AARS: s LgeFe] AlulzL
asikar Az Floje]ulA] uETtefl A B A
B]eFe] 50%9]1 72.5 kg N ha ' o]0 &2 Alu]gt ¢ o ol4}
Frego] S7HE|R] ookl A MAagHS B uf Mo 9t
F7t ol Ao & EE 9t waka] B AIE Aul|2}
FARRE 715 9 B EAJS 717 78 S5 Aul R of A
FlofeH| x5 ulE3) EAFo R o]g3 H$ 0~72.5 kg N
ha ' ] UolA A2 RS Aush= Zo] 71g a8 o]
2ha FekEL, A2 Q1 Akl Bl Hok AR S
A77F dad Aot
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