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Abstract Whereas non-leguminous cover crops such &gy words Nitrogen mineralization - Crop residues -
cereal rye $ecale cerea)eor annual ryegrasd.6lium mul- Nitrogen leaching - Cover cropsSecale cereale
tiflorium) are capable of reducing nitrogen (N) leaching
during wet seasons, leguminous cover crops such as hairy
vetch {icia villosg improve soil N fertility for succeeding
crops. With mixtures of grasses and legumes as cowroduction
crop, the goal of reducing N leaching while increasing soil
N availability for crop production could be attainable. Thitncreased nitrate (N§) leaching and contamination of
study examined net N mineralization of soil treated witgroundwater from increased use of nitrogen (N) fertilizer
hairy vetch residues mixed with either cereal rye or annuah farmlands calls for farming practices that utilize the re-
ryegrass and the effect of these mixtures on growth andshual soil NG after the fall harvest to minimize N leach-
uptake by cereal rye. Both cereal rye and annual ryegrasg. Winter cover crops can potentially accomplish this
contained low total N, but high water-soluble carbon amtle depending on the species used and the planting date
carbohydrate, compared with hairy vetch. Decreasing t{reower and Doran 1988; Meisinger et al. 1991). When
proportion of hairy vetch in the mixed residues decreasededed in the fall, non-leguminous cover crops (e.g., rye
net N mineralization, rye plant growth and N uptake, b@nd annual ryegrass) remove Bl®@om the soil more ef-
increased the crossover time (the time when the amountfe€tively than do leguminous cover crops (e.g., hairy
net N mineralized in the residue-amended soil equalledtch). Rye and annual ryegrass establish more quickly
that of the non-amended control) required for net N minestnd produce more extensive root systems than hairy vetch
alization to occur. When the hairy vetch content was dévcCracken et al. 1994; Kuo et al. 1997). Although N se-
creased to 40% or lower, net N immobilization in the firsuestered in the fall becomes part of the organic N pool,
week of incubation increased markedly. Residue N waeither rye nor annual ryegrass increase soil N availability
significantly correlated with rye biomassr=0.81, and yields of succeeding crops when incorporated into the
P<0.01) and N uptakerE0.83, P<0.001), although the soil (Kuo et al. 1996; Torbert et al. 1996).
correlation was much higher between residue N and theUnlike non-leguminous cover crops, leguminous cover
potential initial N mineralization rate for rye biomasrops fix atmospheric N and increase soil N availability
(r=0.93,P<0.001) and N uptaker £0.99,P<0.001). Jud- during decomposition (Touchton et al. 1984; Hargrove
ging from the effects of the mixed residues on rye N Cori986; Smith et al. 1987; Frye et al. 1988), and yields and
centration and N uptake, the proportion of rye or annubll uptake of summer crops which follow leguminous crops
ryegrass when mixed with residues of hairy vetch shoutend to be higher (Decker et al. 1994; Kuo et al. 1996).
not exceed 60% if the residues are to increase N availalidecause yields of non-fertilized crops which follow legu-
ity. Further study is needed to examine the influence ofinous cover crops are equivalent to those produced when
various mixtures of hairy vetch and rye or annual ryegrafetilizer is supplied at a rate of 10-200 kg N-hgSmith
on N leaching in soil. et al. 1987), the amount of N fertilizer needed for the suc-
ceeding crop to maintain its productivity can be reduced
(Torbert et al. 1996).

To decrease N fertilizer requirements for summer crops

Scientific paper no. 9611-16 and reduce N@leaching during the wet season, mixed le-
S. Kuo ((]) - U.M. Sainju guminous and non-leguminous cover crops may be more
Washington State University Research and Extension Center, appropriate than monocultures of either type of plant. This
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tends to establish more quickly and this is able to remotfe Kjeldahl method (Bremner and Mulvaney 1982). Organic C in the

a higher proportion of the residual N than the Iegumino&g" before and after incubation was determined by the Walkley-Black
crop during the fall. In contrast, N fixation by the le umi-rnEthOOI (Nelson and Sommers 1982).
p g ’ ’ y 9 Net N immobilization (I, and net N mineralization (M) dur-

nous crop (_juring the Spl’lihg leads to an increase in avallg incubation of the soil were estimated using zero-order and first-
able N, which can be utilized by the succeeding summetier models, respectively, as follows:

crop. However, before this practice is adopted, more infor- . = — N, _4t (1)
mation is needed regarding the appropriate proportion of "
each component species, N availability of mixed cover Nmin =No(l —¢™) 2

crop residues, and yields and N uptake of succeedingere Ny, is the amount of inorganic N (NHN and NG-N) remain-
crops. Net N mineralization is a useful index of soil NiNg in the incubating soil after timg N; is the initial amount of inor-

Hahili ; P nic N before incubationg is the zero-order rate constant;,|N is
availability (Stanford and Smith 1972). The objectives (ﬂﬁs cumulative amount of net N mineralization, Ns potentially

this research were to determine: (1) the rate and amountyffferalizable N anck is the first-order rate constant.o is the ini-
net N mineralization in soil after the addition of mixed letial potential N mineralization rate.

guminous and non-leguminous cover crop residues in
varying proportions; and (2) the effect of the cover crop
mixtures on growth and N uptake of cereal rye, which way

used as a test crop. In the greenhouse experiment the mixed cover crop residues of hairy
vetch with rye or annual ryegrass were mixed thoroughly with the
Sultan silt loam soil at the rate of 10 gKgsoil. One kilogram of
each residue-amended soil was placed in a 4-l pot and pre-incubated
Materials and methods in the greenhouse from 3 to 27 October 1994 to determine the rela-
tionship between net N mineralization prior to seeding of rye and rye
yield, tissue N concentration and N uptake. The average temperature
in the greenhouse was 23, and ranged from 2C to 28°C depend-

ing on the weather conditions and the time of day. Water was added
to the soil to bring the initial soil moisture level to about 22%. Dur-

- ' ; : : ing incubation, the soil moisture level was maintained by adding a
Billion) was collected from fields in April 1994. At the time that the ugfficient amount of HO to compensate for the weight Ioss%n the p%t

tissue was collected, all the crops were in a vegetative stage. to evaporation. Each residue treatment was replicated three times
samples were oven-dried at 8D for 72h and ground to pass_. 4 arranged in a completely randomized design.

through a 1-mm sieve. Hairy vetch was mixed with either cereal rye sgq, pre-incubation, soil in the center of the pot was sampled

e growth and N uptake

Cover crop analysis

Above-ground tissue of hairy vetcWi€ia villosa), cereal rye $ecale
cerealevar. Tetra Petkus) or annual ryegraksl{um multiflorumvar.

followed by steam distillation of the digest for the determination 9 October 1994, 10 ml of & solution containing phosphorus (37 mM

NHZ-N (Bremner and Mulvaney 1982): carbon (C) by the WaIkIey-S KH,PQ;) and potassium (192 mM as KCI) and 5 ml of a solution

Black method (Nelson and Sommers (1982); and lignin by the meﬁ;é%gmgmg%c;w:sésgggoﬂ nf?l\s/l g?&%i?ni?hucm(éioﬁhﬂ“ﬂ ais

od of Goering and Van Soest (1970). In the total N digestiosQH

was added in four volumes of 1.75ml. Water-soluble N (WSN %?y%gi’e?\%?rﬁ)e(z.gig‘?MMazg Egsl\ﬁlpog(;)mv(/]e(rz%g:j'\gdatsobt?\g%oi? ns(f”
water-soluble C (WSC) and water-soluble carbohydrate (WSCA) {00 ‘No N fertilizer was added to any of the residue treatments.

the mixed residues were determined by shaking 0.5 g of residue With 5" 4 November 1994. 15 cereal rye seeds were planted in each
10 ml distilled water for 30 s (Quemada and Carbrera 1995), followed, They were thinned {0 10 plants pbtl7 days after seeding.

by analysis of WSC and WSN using the same procedures as fgsior \vas added daily to maintain the soil moisture level at 22%.
scribed above. WSCA was analyzed by the anthrone method (Brink er 54 days of growth, the above-ground rye biomass was deter-

al. 1960). mined by cutting plants 1 cm above the soil surface. Plant materials
were oven-dried at 6C for 72 h to determine the moisture content
and then ground to pass through a 1-mm sieve. Total N was deter-

Nitrogen mineralization mined as previously described.

Sultan silt loam (fine-silty, mixed mesic, Aquic Xerofluvents) was air-
dried, ground and passed through a 2-mm sieve. The mixed co ;

crop residues were added to the soil at the rate of 10§ wjl on a Bia analysis
dry weight basis. A 300-g sample of the residue-amended soil w,

placed in a plastic bag (0.1 mm in thickness) and mixed thorough alysis of variance was done using the statistical system (SAS Insti-

. o Wite 1985) to determine the effects of cover crop chemical characteris-
and the moisture content was brought to 220 G'kge. about 70% i on net N immobilization, net N mineralization, rye yield and N

of field capacity, with distilled water, before incubating the soil in th%ptake. It was also used to determine the effect of N mineralization

dark at 25C in a constant temperature room. A polyethyleng, e vield and N uptake. The modified Gauss-Newton model (SAS
breather tube” (1 cm internal diameter) was placed in the opening Qi te 1985) for non-linear regression was used to estimate the pa-
Ieach bag, and the top of the bag was wrapped around the tube tq. geters (ly andk) of the first order equation, whereas linear regres-
ow air to dlffust_e in and out of the _bag. A control without r_eSIdue asion was used to determine the zero-order rate constant,
dition was also included. Each residue treatment was replicated twice.
After 1, 2, 3, 4, 6, 8, 10, 12, 17, and 30 weeks of incubation, the
soil was weighed. Distilled water was added to bring the soil mois-
ture to its initial level, and the soil was mixed well. Three grams of
soil from each bag was removed and extracted with 30 ml 2 M KCI.
The NH;-N and NG-N concentrations in the extract were analyzed
by the steam distillation method (Keeney and Nelson 1982). Total N
in the soil before and after the 30-week incubation was determined by
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inorganic N occurred in the first week of incubation when
the soil was amended with mixtures of rye and hairy vetch
Cover crop chemical characteristics that contained 40% or less hairy vetch. The net N immobi-
lization could be related to rapid microbial growth and N
When grown as a single crop, the N concentration of tlessimilation under well-aerated soil conditions (Aulakh et
above-ground biomass of hairy vetch was twice as highas 1991; Quemada and Cabrera 1995). Denitrification
that of cereal rye or annual ryegrass (Table 1). As the prcaused by increased microbial activity, which could be
portion of rye or annual ryegrass in the residue mixturémited in well-aerated soils (Aulakh et al. 1991), and in-
was increased, the total N concentration of hairy vetch dereased volatilization of ammonia during the first few days
creased and its C:N ratio increased (Table 1). of active residue degradation (Quemada and Cabrera 1995)
Other major differences in the chemical compositiorould also reduce inorganic N levels in the incubating
of the cover crop residues were the increasing concentsails.
tions of WSN and decreasing concentrations of WSC and The net N immobilization rate in the first week of incu-
WSCA, as the proportion of hairy vetch in the mixturéation, g, varied significantly with residues (Table 3), and
was increased (Table 2). There was a significant, positiwas highly significantly correlated with residue N concen-
correlation between residue total N and WSN=Q.96, tration {=-0.98,P<0.0001) (Fig. 2). The critical residue
P<0.0001) but a significant, negative correlation betweét concentration below which net N immobilization oc-
residue total N and WSCr£-0.86, P<0.001) and be- curred was about 32 g N k§ for the fresh residues. The
tween residue total N and WSCA<—-0.89,P<0.001). corresponding C:N ratio was about 10. Other residue
chemical characteristics that also correlated significantly
with the net N immobilization rate included residue C:N
Nitrogen mineralization ratio (r=0.93, P<0.0001), WSN 1(=-0.93, P<0.0001),
and WSCA (=0.90, P<0.0001). Wagger et al. (1985)
The proportion of rye or annual ryegrass in the mixed reshowed that increasing the C:N ratio of crop residues
dues with hairy vetch greatly influenced inorganic N levirom 28 to 37 increased the net N immobilization of the
els in incubating soils (Fig. 1). A marked reduction in soépplied residue from 12% to 33%. High C:N ratios and

Results and discussion

Table 1 Chemical characteris-
tics of hairy vetch and rye or an-
nual ryegrass residues mixed in
varying proportionsN Nitrogen,
C carbon. Values in parentheses

Residue Ratio Concentration (g Ry C:N

Total N Total C Lignin

. Vetch:rye 100:0 34.5 (¢1.1) 343 (x17) 117.9 (#6.1) 10
are standard deviations Vetch: rye 8020 335 (+1.0) 343 (+15) 777 (+40) 10
Vetch:rye 60:40 30.8 (+0.8) 360 (+18) 56.6 (+3.9) 12

Vetch:rye 40:60 26.3 (£1.5) 384 (x20) 63.3 (£4.7) 15

Vetch:rye 20:80 21.7 (£0.7) 360 (+25) 37.6 (¥3.2) 17

Vetch:rye 0:100 15.8 (+0.9) 368 (+24) 32.5 (+2.8) 23

Vetch:ryegrass 80:20 33.5 (£1.3) 353 (x23) 66.9 (£4.8) 11

Vetch:ryegrass 60:40 30.2 (£1.2) 364 (x31) 61.9 (£5.0) 12

Vetch:ryegrass 40:60 26.3 (£1.1) 360 (+35) 60.9 (£4.5) 14

Vetch:ryegrass 20:80 22.3 (x0.8) 337 (x25) 51.6 (x3.0) 15

Vetch:ryegrass 0:100 15.1 (£1.1) 368 (+21) 35.6 (x2.7) 24

Table 2 Water-soluble N und C in the hairy vetch and rye or annu&/SCwater-soluble C,WSCAwater-soluble carbohydrate. For other
ryegrass residues mixed in varying proportiohsSNWater-soluble N, abbreviations see Table 1. Values in parentheses are standard deviations

Residue Ratio Concentration (gRy WSC:WSN WSCA:WSC
(%)
WSN WSC WSCA

Vetch:rye 100:0 10.0 (x0.9) 55.7 (£2.8) 7.4 (x0.4) 6 0.13
Vetch:rye 80:20 9.0 (+0.8) 58.9 (+2.9) 13.4 (+0.6) 7 0.23
Vetch:rye 60:40 8.4 (£0.7) 65.4 (+3.0) 22.4 (x0.8) 8 0.34
Vetch:rye 40:60 8.0 (+0.6) 73.6 (¥4.5) 34.6 (£1.2) 9 0.47
Vetch:rye 20:80 7.0 (x0.5) 78.5 (£5.0) 50.4 (£1.4) 11 0.64
Vetch:rye 0:100 5.7 (x0.6) 94.8 (£6.0) 69.8 (£1.5) 17 0.74
Vetch:ryegrass 80:20 9.5 (+0.8) 67.1 (£6.1) 26.8 (£1.7) 7 0.40
Vetch:ryegrass 60:40 8.0 (x0.4) 76.8 (x7.1) 42.8 (x2.0) 10 0.56
Vetch:ryegrass 40:60 7.5 (x0.3) 98.0 (£7.2) 59.6 (+2.3) 13 0.61
Vetch:ryegrass 20:80 6.4 (x0.3) 114.3 (+8.1) 85.0 (£3.0) 17 0.74

Vetch:ryegrass 0:100 3.9 (x0.1) 127.3 (¥9.3) 103.2 (¥3.5) 33 O..81
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Fig. 1 The effects of time and 400
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Table 3 N immobilization rate during the first week of incubationhalf of N,, g net N immobilization rate estimated by linear regres-
and the first-order parameters associated with N mineralization in thien. For other abbreviations see Table 1. Means followed by the
soil amended with hairy vetch and rye or annual ryegrass in varyisgme letter within a column for the mixture of hairy vetch and rye or
proportions.N, Potential mineralizable Nk first-order rate constant, annual ryegrass are not significantly differentRet0.05 when com-
NoK initial potential mineralization rate;, time for mineralization of pared by Ducan’s multiple range test

Residue Ratio q No k Nok tyo No/organic N r2

mg kg'week®  mgkg? week* mg kg tweek®  week %
Vetch/rye
Control - od 88.1e 0.117 ab 10.3d 59c 52d 0.73
Vetch:rye 100:0 od 183.0 a 0.143 a 26.2 a 49c 9.6 a 0.95
Vetch:rye 80:20 od 169.1 b 0.129 ab 21.7 ab 54c 9.1 ab 0.98
Vetch:rye 60:40 od 163.0 bc 0.116 ab 19.0 bc 6.0 c 9.0 ab 0.99
Vetch:rye 40:60 105¢c 156.7 ¢ 0.090 bcd  14.2 cd 7.7 bc 9.0 ab 0.95
Vetch:rye 20:80 29.0b 1704 b 0.065d 11.1d 10.6 a 95a 0.95
Vetch:rye 0:100 36.7 a 139.4 d 0.075 cd 104 d 9.3 ab 81c 0.90
Vetch/ryegrass
Control - od 88.1f 0.117 ab 10.3d 5.9 bc 52d 0.73
Vetch:rygrass 100:0 od 183.0 a 0.143 a 26.2 a 49c 9.6 a 0.95
Vetch:ryegrass 80:20 od 160.2 bc 0.120 ab 19.3 abc 5.8 bc 8.6 bc 0.98
Vetch:ryegrass 60:40 33¢c 163.3 bc 0.106 ab 17.3 bed 6.6 abc 8.9 ab 0.96
Vetch:ryegrass 40:60 185b 152.2 cd 0.094 ab 14.3 cd 7.4 ab 8.5 bc 0.93
Vetch:ryegrass 20:80 26.2b 140.8 de 0.100 ab 14.1 cd 6.9 abc 7.8 ¢ 0.95
Vetch:ryegrass 0:100 39.8a 1353 e 0.083 b 11.3 cd 83a 78¢c 0.90

low N concentrations of residues such as rye, oat, amdil amended with 100% rye or annual ryegrass was as-
wheat stems accentuated net N immobilization (Quemaslamed to be 30 weeks because after this period of incuba-
and Cabrera 1995). Carbohydrate is a readily available ¢ion, the amount of net N mineralized in the soil was not
ergy source for soil microbes (Gupta 1982). As this prédifferent from that of the control soilR>0.05). The varia-
mary C substrate was increased with increasing proption in t. with residue N level implies that the residue N
tions of rye or ryegrass, coupled with a reduction in totédvel needed for net N mineralization varied depending on
or water-soluble N, the conditions became favorable ftie length of time the residues had been incorporated into
net N immobilization. the soil. The critical residue N concentration for net N
The concentration of inorganic N in the soil amendeahineralization in soil incubated at 2@ for 20 weeks was
with the residue mixtures with high rye or annual ryegrads.3 g N kg, in the study of Frankenberger and Abdel-
contents gradually increased with time after the first weekagid (1985). Both rye and ryegrass had a lower N con-
of incubation (Fig. 1). The crossover poirt)( i.e. the centration than 17.3 g N kg (Table 1), and required much
time when the amount of net N mineralized in the residunger than 20 weeks of incubation for net N mineraliza-
amended soil equalled that of the control soil without redien to occur.
due amendment, increased as the percentage of rye or anAs with residue N concentration, the residue C:N ratio
nual ryegrass in the mixed residue increased (Fig. 1). Aswhich net N mineralization occurred also depended on
with g, there was a highly significant correlation betweethe length of time the residues had been incorporated into
t. and residue N concentration (Fig. 3a). Thefor the the soil (Fig. 3b). Quemada and Cabrera (1995) concluded
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-1

No, was short (Table 3), averaging 7.1 weeks over all
treatments, and was comparable with thg of 6.2 weeks

of other plant residues incubated at°g€3(Frankenberger
and Abdelmagid 1985).

As with Ny, k and N,k varied with residue mixtures
(Table 3). Nk and k were significantly correlated with
residue N, WSC, and WSCA (Table 4). The water-soluble
constituents appeared to correlate better witlor Ngk
than did the residue N or C:N ratio for the mixed residues
of vetch and ryegrass. The mednwas 0.103 week,
which is comparable with the mednof 0.149 week® de-

5.745 - 2.3228x
0.971***

~
I
~

1
wk
N
5}
1

1 ® Veichirye

1 B Vetchiryegrass ™)

net N immob. rate, mg N kg~
o
S
L

0 T T T T B termined in the laboratory incubation at X3 set-up by
10 20 30 ; 40 Frankenberger and Abdelmagid (1985). Microbial biomass
Residue N conc., g kg’ is positively affected by the size of the soluble C pool

Ei ) . . I gReinertsen et al. 1984). As the size of the soluble C pool
g.2 The relationship between the net N immobilization rat . . o, . e
during the first week of incubation and residue N concentratio§/aS increased with the addition of residues Cont.a'nmg
™ P<0.001 more rye or annual ryegrass (Table 2), the net N mineral-
ization rate and rate constant decreased, and N immobili-
zation increased.
that a C:N ratio of 20, which Stevenson (1985) considered
to be critical for net N mineralization, does not necessarily
have to be reached before net mineralization occurs in sBRie growth response to addition of mixed residues
face-applied residues incubated at°@5for a period of
60-96 days. In this study, even at a residue C:N ratio Decreasing the proportion of hairy vetch in the mixture of
about 15 (Table 2), net N mineralization did not occur urirairy vetch and rye or annual ryegrass decreased rye
til after 10 weeks of incubation at 2& (Fig. 3b). growth and N uptake (Table 5). The rye biomass, N con-
The N mineralization potential (@) of the residue- centration and N uptake were better correlated with resi-
amended soil decreased with increasing proportions of rgee N (Table 5) than with residue C:N ratio, WSC, or
or ryegrass in the mixed residue (Table 3). It was withtWSCA. Residue N, however, was less significantly corre-
the range of 20-300 mg N k{j soil reported in the litera- lated with rye biomass production, N concentration and N
ture (Stanford and Smith 1972; Smith et al. 1980; El-Hanptake than was the initial potential N mineralization rate
ris et al. 1983). Residue N correlated significantly with N(Nok) obtained from the laboratory incubation (Table 5,
(Table 4). There were also significant correlations betweé&ig. 4). There was better correlation of rye growth and N
N, and other plant fractions, including WSN, WSC andptake with inorganic N concentration in the pre-incubated
WSCA. The mean fraction of soil organic N before incusoil amended with the residues JNhan with residue N.
bation that was potentially mineralizable was 8&® N; reflected the overall influence of cover crop residues
(SD) g kg™, well within the range of 0-410 g kg organic and soil environmental conditions on net N mineralization
N given in the literature (Stanford and Smith 1972; Eluring incubation. If Nl is the primary source for rye N
Harris et al. 1983; Serna and Pomares 1992)wids high- uptake, it should be more effective than residue N alone in
er for the residue-amended soil than for the control sa@itcounting for the variability in N availability to the
without residue amendment (Table 3). The half-liveg,( plants. Significant correlations between crop yields or N
or 0.693/k), i.e. the time required to mineralize half of thaptake and soil inorganic N concentration before planting

Fig. 3 The relationship between 40 ] ]

the crossover point ), i.e. the ] y = 53.173 - 1.6180x 1y= -21325+21727x
time when net N mineralization 1 r = -0.980""" 1 r= 0.966"*"

in the residue-amended soil 30 ] & Vetch/ryegrass i

equalled that of the control soil ] B Vetch/rye

without residue amendment, and

a the residue N concentration or x -
b residue C:N ratio. 2 20
P<0.001 ‘:0 .
107 a ]
0 T T

10 20 30 40 0 30

Residue N conc., g kg '
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Table 4 Correlation coefficientsr] for the relationship between cu- or initial potential N mineralization rateNgk) and chemical character-
mulative amount of net N mineralization in a 30 week incubatioistics of the residues. For other abbreviations see Table 1
(Nc), potential mineralizable NN,), mineralization rate constani)(

Residue chemical Vetch/rye Vetch/ryegrass
characteristics

N¢ No k Nok N¢ No k Nok
Total residue
N concentration 0.94 *** 0.78* 0.95*** 0.93** 0.86* 0.86* 0.78* 0.79*
(C:Ny™* 0.89** 0.79* 0.93** 0.93** 0.71 0.76* 0.62 0.66
Lignin concentration 0.59 0.66 0.76* 0.83* 0.47 0.68 0.53 0.63
Water-soluble fraction
N concentration 0.74 0.76* 0.83* 0.86* 0.94** 0.91* 0.90** 0.90**
C concentration —0.98** —-0.84* —0.92** —0.91*** —0.97 *** —0.96** —0.91** —0.92**
Carbohydrate concentration —0.99*** -0.75* —0.91** —0.89** —0.94** —0.96*** —0.89** —0.91**
(C:Ny™ 0.83* 0.81* 0.92** 0.95*** 0.96 *** 0.96 *** 0.95 *** 0.97 ***

* ** and *** represent 0.05, 0.01, and 0.001 levels of significance, respectively

Table 5 Correlation coefficientsr] for the relationships between ryeto seeding ryeN. cumulative amount of inorganic N after 30 week
biomass, N concentration or N uptake and parameters associated withubation; N, potential mineralizable N determined from laboratory
residue chemical characteristics and net N mineralization in oil.incubation;N,k initial potential N mineralization rate from laboratory
Correlation including all but control treatment without residue amendicubation. For other abbreviations see Tables 1 and 2

ment; B correlation including all treatments}; soil inorganic N prior

Soil or residue r
parameter
Biomass N concentration N uptake
A B A B A B
Residue
N 0.81** 0.84 *** 0.83***
C:N —0.72* —0.73** -0.70*
WSN 0.80** 0.78** 0.82**
WSC —-0.68* -0.61* -0.67*
Water-soluble carbohydrate —0.79** -0.65* -0.77**
WSC:WSN -0.65* —-0.58 -0.64*
Soll
N; 0.81** 0.83 *** 0.96 *** 0.97 *** 0.93 *** 0.93 ***
Nc 0.76** 0.80** 0.78** 0.81*** 0.79** 0.82***
No 0.75* 0.75* 0.57 0.61* 0.72* 0.70**
Nok 0.93*** 0.94 *** 0.90 *** 0.91 %+ 0.99 *** 0.99 ***

* ** and *** represent 0.05, 0.01, and 0.001 levels of significance, respectively

have been shown (Keeney and Bremner 1966; Serna aesidues added. After extensive residue decomposition, the
Pomares 1992; Kuo et al. 1996). initial inorganic N, not Nk, gave a better indication of N
Because Bk was highly correlated with N(r=0.95, uptake by plants (Kuo et al. 1996). In the present study,
P<0.001), it gave a good indication of the initial phase afet N mineralization in the soils incubated at°g5was
N mineralization after the residues had been added to soiéasured immediately after residues had been added so
in the greenhouse. that Nk values gave a good indication of the initial N
Kuo et al. (1996) noted that when cover crop residuesineralization potentials of the residues, and correlated
had been incorporated into soil for a period of about well with rye biomass production and N uptake.
weeks before net N mineralization was measuregk did Although N, is a significant factor affecting crop yield
not reflect the difference in initial N mineralization potenand N uptake (Keeney and Bremner 1966; Stanford et al.
tials among various types of residues, nor could it be us@d73; 1977), it was not as closely associated with rye
to indicate the initial amount of inorganic N prior to incubiomass and N uptake as,k (Table 5). Campbell et al.
bation. Fresh cover crop residues are readily degradafll®93) found similar results. N mineralization potential
with shortt,,» of 5-8 weeks (Jenkinson and Rayner 197Teflects long-term N availability, which is not as good an
Kuo et al. 1997). The pk measured after extensive resiindicator of soil N availability as hk when assessing N
due decomposition had occurred was influenced more ayailability within a short period of time after incorpora-
indigenous soil organic N than by residue N or the type tibn of easily-decomposable residues.



352

. . . 4
Fig. 4 The relationship between
L . . . = = - 17.808 + 3.9283
the initial potential N mineraliza- - y = 0.30019 + 0.11633x 1004 Y=~ RN X
tion rate (\,k) anda rye bio- L, 1= 0939 " {r= 0985
mass production and N uptake. 2 2 80
P<0.001 o 3
()]
3" a £ 60 -
£ g
L o 8 404
@ g
Vetch/rye >
1 B Vetch/ryegrass 201
o o Control
1 4+ ———————— 0+
10 15 20 25 30 10 15 20 25 30
-1 -1 -1 -1
Nk, mg N kg ~ wk Nk, mg N kg~ wk

The proportion of hairy vetch in the mixture of hairyGoering HK, Van Soest PJ (1970) Forage and fiber analysis. Agricul-
vetch and rye should not be reduced to 40% or less if in- tural Handbook no. 379. USDA, Washington, DC

. . . . pta UC (1982) Carbohydrates. In: McLaren AD, Peterson GH
creases in rye biomass production, N concentration, an (eds) Soil biochemistry, vol Ill. Dekker, New York, pp 91-118

uptake are to be significant (Table 6). Similarly, in order tQargrove WL (1986) Winter legumes as a nitrogen source for no-til
achieve significant increases in rye N concentration and N grain sorghum. Agron J 78:70-74 . .
uptake' the percentage of hairy vetch in a hairy Vetch/ry@n.klnson DS, Rayner JH (1977) The turnover of soil organic matter

grass mixture should not be lower than 40%. When the in some of the Rothamsted classical experiments. Soil Sci
) 123:298-305

proportion of hairy vetch was 40% or less, immobilizatioReeney DR, Bremner JM (1966) Comparison and evaluation of labo-

was intensified, as indicated earlier. ratory methods of obtaining an index of soil nitrogen availability.
Although increasing the proportion of hairy vetch in Agron J 58:498-503 _ _ _

the mixture of hairy vetch and rye or annual ryegrass kseney DR, Nelson DW (1982) Nitrogen-inorganic forms. In: Page

. L AL, et al (eds) Methods of soil analysis, part 2. Chemical and mi-
above 40% further increased the availability of N for the crobiological properties, 2nd edn. ASA and SSSA, Madison, Wis,

succeeding rye crop, this practice could compromise the pp 643-698
effectiveness of the cropping system in reducing N leackdo S, Sainju UM, Jellum EJ (1996) Winter cover cropping influence

ing. Further study is needed to determine the effectiveness)h =o' nilrogen mineralization and corn yield. Biol Fertl Soils
of Va”_ous mlx_tures of ha'_ry vetch and rye or annual Y&uo S, Sainju UM, Jellum EJ (1997) Winter cover crop effects on
grass in reducing N leaching. organic carbon and carbohydrate in soil. Soil Sci Soc Am J
61:145-152
McCracken DV, Smith MS, Grove JH, Mackown CT, Blevins RL
(1994) Nitrate leaching as influenced by cover cropping and nitro-
gen source. Soil Sci Soc Am J 58:1476-1483
Meisinger JJ, Hargrove WL, Meikelsen RL Jr, Williams TR, Benson
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