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ABSTRACT 

The inherent inefficiency of fer t i  1 izer N u t i  1 i zation by corn can lead 
t o  a relatively large pool of residual soil N subject t o  leaching and possible 
contami n a t i  on of groundwater suppl i es , particularly on sandy soi 1 s i n  the 
North Carolina Coastal Plain. The objectives of th i s  research were t o : ( I )  
determine the extent of NO, leaching w i t h  respect t o  fer t i  1 i zation scheme and 
( i  i ) evaluate the potenti a1 of several cover crops (crimson clover, rye, 
spring oat ,  wheat, and native weeds) to  recover residual fer t i  1 izer N from a 
corn production system. Soi 1 inorganic N concentrations foll  owing corn 
harvest i n  September were two-to threefold greater a t  most depths when the 
previous corn N rate was 300 vs 150 kg ha-'. Moreover, the largest 
differences i n  residual soi 1 N levels between N rates occurred i n  the 45- t o  
75-cm depth range. Rye was the most effective cover crop in reducing profile 
soi 1 i norgani c N concentrati ons , foll  owed by oat> wheat= crimson cl over= 
native weeds. The greatest soi 1 inorganic N concentrations just prior t o  corn 
planting the following spring occurred i n  the 75- t o  90-cm soi 1 layer, ranging 
from 1 mg kg-' under rye t o  9 mg kg-' under native weeds. Estimates of N 
released from decomposing cover crops during the corn growing season were 59 
kg ha-' for crimson clover, 32 kg ha-' for rye, 25 kg ha-' for spring oat ,  and 
17 kg ha-' for wheat. In another experiment using 15N methodology, cover crop 
recovery of fa l l  applied 15N fer t i l izer  immediately prior t o  corn planting was 
10% for native weeds, 5% for crimson clover, and 35% for rye. The 
corresponding residue 15N released by corn maturity was i n  the order of 
crimson clover (23%) > native weeds (14%) > rye ( 7 % ) .  
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SUMMARY AND CONCLUSIONS 

F i e l d  experiments on a Coastal P la in  soi 1 (Norfo lk loamy sand) served as 
a basis f o r  character iz ing NO, leaching potent i  a1 and t he  subsequent po ten t i  a1 
o f  w in ter  annual cover crops (crimson c lover .  rye.  spr ing oat .  wheat. and 
na t i ve  weeds) t o  recover and recycle residual  f e r t i  1 i z e r  N.  Two approaches 
were used t o  evaluate these N dynamics. The f i r s t  method establ ished two 
l eve l s  o f  residual  soi  1 N v i a  f e r t i  1 i zer N appl ied t o  t h e  previous corn crop. 
wh i le  t he  second method employed 15N- enriched potassium n i t r a t e  app l ied t o  
microplots immedi a t e l y  p r i o r  t o  p lan t ing  rye and crimson c lover  cover crops i n  
ea r l y  fa1 1 . 

Consi derabl y h i  gher concent r a t i  ons o f  r es i  dual so i  1 i norgani c N occurred 
fo l l ow ing  corn f e r t i  1 i zed w i t h  300 vs 150 kg N ha? Because the  greatest  
concentrat ions (33 mg kg-') a t  t he  high f e r t i l i z e r  N r a t e  were found i n  t he  
45- t o  75-cm depth i n t e r v a l ,  i t  i s  l i k e l y  t h a t  f u r t he r  downward movement 
dur ing win ter  months would remove t h i s  inorganic N from the  e f f e c t i v e  crop 
roo t i ng  zone. I n  t h i s  regard. a w in ter  annual cover crop o f  rye  was q u i t e  
e f f e c t i v e  i n  accumul a t i  ng residual  f e r t i  1 i zer N and thereby m i  nimi z ing  f u r t he r  
N losses from the  p l a n t - s o i l  system. Spring oat  showed some moderate 
po ten t i a l  f o r  accumulating soi  1 N and reducing NO, leaching wh i le  wheat. 
crimson c lover .  and na t i ve  weeds were r e l a t i v e l y  i n e f f e c t i v e  i n  t h i s  r o l e .  

Estimates o f  t he  subsequent cover crop N pool p o t e n t i a l l y  ava i lab le  t o  
corn by 16 weeks was i n  t h e  order o f  crimson c lover  > rye  > spr ing oat  > 
wheat. Based on a recommended f e r t i  1 i zer N r a t e  o f  150 kg ha-' f o r  corn grown 
i n  t he  North Carol i na  Coastal P la in .  t he  percentage o f  t h i s  N requi  rement met 
by cover crop N release ranged from 12% wi th  wheat t o  40% w i t h  crimson c lover .  

I n  general.  r esu l t s  from the  15N experiment confirmed f i nd ings  from t h e  
unlabeled N experiment. Rye recovery o f  fa1 1 -app l ied 15N-enri ched f e r t i  1 i zer 
was 35% by t he  f o l  lowing Apri  1 compared t o  10% by na t i ve  weeds and on ly  5% by 
crimson c lover .  As a percentage o f  the  t o t a l  residue 15N. near ly  23% o f  t he  
crimson c lover  N was released by corn matur i ty  compared t o  14% o f  t h e  na t i ve  
weed N and 7% o f  t he  r ye  N .  Low t o t a l  N accumulation by rye  and crimson 
c lover ,  however, severely l i m i t e d  actual N cont r ibut ions t o  corn growth and 
y i e l d .  

v i i  



RECOMMENDATIONS 

Spec i f i c  recommendations based on one s i te -year  o f  data i n  t h e  Coastal 
P l a i n  are d i f f i c u l t  t o  make. Given t he  dynamic r o l e  c l ima te  plays i n  f i e l d  
research, mu1 ti p l e  year studies are requi red t o  proper ly  assess treatment 
e f f e c t s .  Nevertheless, there  are some c lea r  pat terns t h a t  emerged i n  these 
experiments. Results o f  s tudies using two approaches t o  assess NO, leaching 
po ten t i a l  and t he  subsequent cover crop recovery o f  residual  f e r t i  1 i z e r  N i n  
so i  1 ind ica ted  t h e  a b i l i t y  o f  r ye  over t h a t  o f  spr ing oat ,  wheat, crimson 
c lover ,  and na t i ve  weeds t o  f i l l  t h i s  n iche.  I n  s i t ua t i ons  (environmental 
s t ress  o r  pest  -re1 ated pressures) where 1 ow y i e l ds  o f  a h i  gh-N requi rement 
crop such as corn r e s u l t  i n  r e l a t i v e l y  h igh leve ls  o f  res idua l  soi  1 inorganic 
N,  r ye  should be t he  cover crop o f  choice f o r  remedial ac t ion .  With respect 
t o  cover crop release o f  N ,  crimson c lover  would serve b e t t e r  i n  t h i s  capaci ty 
compared t o  t h e  grasses evaluated. Therefore, i n  order t o  opt imize t h e  
i nherent capabi 1 i ti es o f  grasses and 1 egumes , a grass-1 egume b i  c u l t u r e  may be 
more appropri a te  i n cover-crop based production systems. Further 
i nves t i ga t i on  i s  warranted on the  r o l e  o f  b i cu l tu res  i n  so i  1 water and 
n u t r i  ent  dynami cs . 

F i n a l l y ,  i f  cover crops are t o  be widely used as a so i  1 management t o o l ,  
t he  po ten t i a l  scope o f  app l i ca t ion  should be expanded. This expansion might 
inc lude t h e  evaluat ion o f  rye  cul  t i v a r s  w i t h  respect t o  n u t r i e n t  recovery and 
t he  use o f  cover crops t o  recycle nu t r i en t s  contained i n  animal wastes. 



I NTRODUCTION 

Groundwater contamination by ag r i cu l t u ra l  chemicals i s  one o f  t he  major 
problems fac ing ag r i cu l t u re  i n  t he  1990's. N i t r a t e  i s  o f  p a r t i c u l a r  concern 
because r e l a t i v e l y  low concentrat ions (10 ppm NO,-N) impair  water. f o r  human 
consumpti on and because many shal low groundwater suppl i es now exceed 
recommended NO,-N d r i  nk i  ng water standards (Hal 1 berg, 1986; Keeney . 1986) . 
Increases i n groundwater NO, 1 eve1 s have been associ ated w i t h  major i ncreases 
i n  N f e r t i l i z a t i o n ,  p r i m a r i l y  w i t h  respect t o  corn (Zea mays L . )  (Hal lberg,  
1987) . 

Long-term experiments i n  the  Corn Be l t  have shown t h a t  f e r t i  1 i z e r  N 
removal by corn g ra i n  r a r e l y  exceeds 40% a t  economical l y  optimum corn y i e l d s  
(Bl  ackmer . 1986; Oberl e and Keeney , 1990 a.  b) . I n  cases where res idua l  N from 
previous crop f e r t i  1 i z a t i  on remains i n the  soi 1 , the  po ten t i  a1 f o r  NO, 
leaching a lso ex i s t s .  Analysis o f  long-term c l  ima t i c  data f o r  North Carol ina 
shows t h a t  r a i  n f a l  1 exceeds evapotranspi r a t i o n  dur i  ng t he  w i  n t e r  and ea r l y  
s p r i  ng months (van Bavel and Verl i nden . 1956). With an annual crop such as 
corn, t h e  land i s  o f t en  bare dur ing t h i s  per iod when t he  greatest  po ten t i a l  
f o r  s i  gni f i  cant 1 eachi ng ex i  s t s  . 

Winter annual cover crops have been recognized as an i n t eg ra l  component 
o f  southern ag r i cu l t u ra l  systems f o r  many years because o f  t h e i r  r o l e  i n  so i  1 
erosion cont ro l  and enhancement o f  soi  1 p roduc t i v i t y  . With t he  r e f i  nement o f  
conservati  on ti 1 1 age techno1 ogy . new s t r a teg i  es have evol ved w i  t h  regard t o  
cover crop management. The r o l e  o f  nonleguminous cover crops i n  e f f i c i e n t  use 
o f  water and N was recen t l y  reviewed by Wagger and Mengel (1988). I n d i r e c t  
evidence f o r  cover crops u t i  1 i z i n g  residual  N can be found i n  studies reported 
2by Langdal e e t  a1 . (1979). Pelchat (1986) . and Utomo (1986) . I n  these 
experiments. N content o f  w in te r  wheat ( T r i  t icum aes t i  vum L.  ) o r  r ye  (Secal e 
cereale L .  ) cover crops ranged from 12 t o  66 kg N ha-'. Pelchat (1986) found 
t h a t  increasing N app l ica t ions t o  the  previous corn crop from 0 t o  180 kg N 
ha-' resu l ted  i n  an increase o f  16 kg ha-' i n  N uptake by the  subsequent cover 
crop. Informat ion i s  l i m i t e d ,  however, on the  r o l e  o f  cover crops as s inks 
f o r  res idua l  N. Moreover. a be t t e r  understanding o f  the  management o f  cob 
crops i n  t h i s  r o l e  i s  needed t o  ensure t h a t  the  residual  N trapped i s  
e f f e c t i v e l y  recycled t o  subsequent summer crops. 

Winter cover crop e f f e c t s  on NO, 1 eachi ng were evaluated more d i  r e c t  
i n  drainage lys imeters by Karraker e t  a l .  (1950). They found on ly  small 
1 eachi ng losses under bluegrass (h pratens i  s L. ) sod and rye  cover crops. 
Large losses o f  NO, occurred under a 1 espedeza (Lespedeza. 1 ; ~ .  ) sod, but  not  
when a w in te r  r ye  cover crop was grown. They concluded t h a t  most o f  t he  NO, 
came from decomposi ng , senescent 1 espedeza res i  dues. I n  Sweden. B e r t i  1 sson 
(1988) concluded t h a t  a rape (Brassi ca napus L.  ) cover crop could g r e a t l y  



reduce NO, losses, even when farm yard manure was appl i e d  i n  t h e  autumn. 
These studies po in t  t o  a po ten t i a l  bene f i t  o f  cover crops w i t h  respect t o  
reduct i  on i n NO, 1 eachi ng . However, d e f i  n i  ti ve data on t he  d i  f ferences among 
cover crops f o r  t h e i r  residual  NO, use-ef f ic iency are  not  ava i lab le .  

With the  aforementioned fac tors  i n  mind, t he  ob jec t ives o f  t h i s  research 
were t o :  (1) determine t he  extent  o f  NO, leaching w i t h  respect t o  
f e r t i  1 i z a t i o n  scheme and (2) evaluate the  po ten t ia l  o f  several cover crops t o  
capture residual  f e r t i  1 i z e r  N from a corn production system. 



MATERIALS AND METHODS 

Two methods were employed t o  accompl i sh each ob jec t i  ve. each prov id ing unique 
in format ion.  The research was conducted on a Norfo lk 1 oamy sand ( f i  ne-loamy, 
s i l i ceous ,  thermic Typic Paleudult)  a t  t h e  Lower Coastal P l a i n  Research 
S ta t i on  i n  Kinston. This and s i m i l a r  Coastal P l a i n  s o i l s  are q u i t e  
suscept ib le  t o  leaching losses o f  f e r t i  1 i zer N i n  crop production systems. 
Selected soi  1 physical and chemical charac te r i s t i cs  o f  t h e  surface 0.15 m 
p r i o r  t o  t he  i n i t i a t i o n  o f  the  experiment were as fo l l ows :  86% sand, 8% s i l t ,  
6% c l ay ,  2.3 cmol, kg-' CEC, and pH 5.8 .  

Ob-iective 1: Leaching o f  F e r t i  1 i zer N 

Unl abel ed N Experi ment 

With t h e  f i r s t  method, a gradient  o f  residual  f e r t i l i z e r  N was establ ished by 
apply ing 150 o r  300 kg N ha-', as ammonium n i t r a t e ,  t o  corn dur ing t he  1992 
growing season. These ra tes  represent 100 and 200%. respect ive ly .  o f  t he  
recommended amount f o r  corn grown i n  t he  Coastal P la in .  A1 1 p l o t s  received a 
broadcast app l i ca t ion  o f  50 kg N ha-' as ammonium n i t r a t e  a t  corn p l an t i ng  and 
e i t h e r  100 o r  250 kg N ha-' surface banded 10 cm t o  t h e  s ide  o f  each row 
approximately 6 weeks a f t e r  p l  an t i  ng . Fol 1 owi ng corn harvest i n September 
1992, 5-cm diameter soi  1 cores (3 per p l o t )  were taken t o  a depth o f  90 cm i n  
15-cm increments. Soi 1 samples were a i r  d r ied .  extracted w i t h  2M KC1 (10 g 
soi  1 i n  100 mL) f o r  1 h r ,  and analyzed f o r  NH, and NO, on a Lachat auto- 
analyzer. 

Label ed N Experi ment 

A second approach employed 15N methodology under f i e l d  cond i t ions.  P r i o r  t o  
p l an t i ng  rye and crimson c lover  cover crops i n  ea r l y  October, t he  experimental 
area was ch ise l  plowed and disked. The experiment was establ ished i n  an area 
t h a t  had a previous crop o f  corn f e r t i l i z e d  w i t h  150 kg N ha-'. A f a l l o w  (no 
cover crop) treatment and the  two monocultures comprised t he  3 treatments i n  a 
randomi zed compl e te  b l  ock desi gn experi  ment w i  t h  th ree  rep1 i c a t i  ons . 

F i e l d  m i  c rop lo ts  consi s t i n g  o f  galvanized s tee l  f l ash ing  were used t o  prevent 
t he  l a t e r a l  movement o f  water and f e r t i  1 i zer 15N. The microplots measured 2 
by 3 m,  w i t h  f l ash ing  i n s t a l l e d  approximately 10 mm i n t o  t h e  s o i l  and 
extending 10 mm above the  soi  1 surface. Microplots were d iv ided i n t o  4 
quadrants t o  f ac i  1 i t a t e  f e r t i  1 i zer appl i c a t i  on. Potassi um n i t r a t e  1 abel ed 
w i t h  10 atom % 15N was uni formly added as a so l u t i on  t o  t he  s o i l  sur face a t  50 



kg N ha-l  (ca. 30 g 15N per microp lo t )  on 13 October 1992. I n  order t o  
s imulate a p r o f i l e  d i s t r i b u t i o n  o f  residual  f e r t i l i z e r  N t h a t  might occur 
a f t e r  a corn growing season, t he  f e r t i l i z e r  so l u t i on  was moved i n t o  t h e  so i  1 
over a 10-day per iod by approximately 8.0 cm o f  natura l  r a i n f a l l  and app l ied 
water. Four soi  1 cores (1.59-cm diameter) were obtained per microp lo t  (1 core 
per quadrant) and composited i n  15-cm increments t o  a depth o f  90 cm fo l l ow ing  
t h e  l a s t  app l i ca t ion  o f  water i n  mid-October. Holes were f i l l e d  w i t h  so i  1 
from t h e  adjacent untreated area t o  minimize any a l t e r a t i o n  i n  soi  1 water 
dynami cs . 

Soi 1 samples were a i  r - d r i e d ,  ground w i t h  a mortar and pes t le ,  and analyzed f o r  
t o t a l  i norgani c N as prev i  ously descri  bed. Once t he  inorganic N concent ra t i  on 
was determined, an ex t r ac t  volume contain ing 40 t o  100 p g  N was incubated i n  
120-mL specimen cups w i t h  0 .4  g MgO and 0.2 g Devarda's a l l o y  f o r  6 days 
(Sorensen and Jensen , 1991) . G l  ass f i  ber d i  sks (ca . 7 mm d i  ameter) were 
a c i d i f i e d  w i t h  20 p L  KHSO, and sealed i n  a Tef lon packet t o  t r a p  gaseous 
ammoni a.  Fol 1 owing t he  6-day incubat ion per iod,  glass f i b e r  d i  sks were 
removed from the  Tef lon packet and desiccated over concentrated H,SO, f o r  
48 h .  A1 1 15N analyses were conducted on a Europa Sci e n t i  f i  c Tracer Mass 
Stab le  Isotope Detector. 

Objective 2: U t i  1 i z a t i o n  o f  Residual N 

For each approach ou t l i ned  under Object ive 1, win ter  annual cover crops were 
evaluated f o r  t h e i r  a b i l i t y  t o  recover residual  f e r t i l i z e r  N t h a t  might 
otherwise be l o s t  t o  leaching dur ing t he  win ter  months. 

Unl a be1 ed N Experi ment 

The experimental area was ch ise l  plowed and disked p r i o r  t o  p l an t i ng  cover 
crops i n  ea r l y  October. Crimson c lover  (T r i f o l i um  incarnat ion L . ) ,  r ye .  
wheat, and spr ing oat  (Avena s a t i  va L .  ) were d r i  1 l e d  i n  p l o t s  measuring 5 .8  
by 15.2 m. Seeding ra tes  were 28 kg ha-' f o r  crimson c lover  and 56 kg ha-' f o r  
t h e  grasses. A fa1 low (no cover crop) and 4 cover crops comprised t h e  5 main 
p l o t  treatments and two l eve l s  o f  residual  soi 1 N represented t he  sp l  i t - p l o t  
f a c t o r  i n  a randomi zed complete block design w i t h  4 rep1 i ca t i ons .  Winter 
annual weeds i n  t he  fa1 low treatment were a1 lowed t o  grow dur ing t h e  cover 
crop phase o f  t he  study and consisted p r ima r i l y  o f  henb i t  (Lamiurn amptexicaule 
L. ) and chickweed (Ste l  l a r i a  media L .  ) . 

Aboveground cover crop DM was determined i n  December, ea r l y  March, and mid 
Apr i  1 by harvest ing a 0.5-m2 quadrat from each p l o t  on a1 1 sampling dates. 
A f t e r  t h e  f i r s t  sampling date,  care was taken t o  provide adequate distance 



between newly, and previously harvested areas. Plant samples were dried a t  
65"C, weighed, ground, and analyzed for total N and C on a Perkin Elmer 2400 
CHN Elemental Analyzer. Soil sampling was conducted t o  a depth of 90 cm in 
15-cm increments a t  each plant sampling date. Soi 1 samples were analyzed for 
total inorganic N i n  the same manner as previously described. 

In order t o  better understand the recycling of N trapped by cover crops, and 
thereby potentially reduce the N required by the subsequent summer crop, 
cover crop decomposi t i  on was moni tored w i t h  nylon mesh bags contai n i  ng pl a n t  
residue from the respective cover crops following corn fert i  1 ized w i t h  150 kg 
N ha-' only. Aboveground who1 e plant materi a1 was coll ected immedi ately 
pri or t o  chemical desi ccati on i n mid Apri 1 , a i  r-dri ed on greenhouse benches, 
and 18.0 g placed in 1 - m m  mesh nylon bags (15.2 by 30.5 cm). This addition 
corresponded to  a residue loading rate of 3.7 Mg dry matter ha". Growth 
stage a t  harvest was heading for rye, boot for oat and wheat, and mid-bloom 
for crimson clover. The samples were careful ly hand1 ed to  mi nimi ze detachment 
or breakage of various plant parts. Prior t o  mesh bag placement i n  the f ie ld ,  
corn was planted v i a  no-ti 1 lage i n  chemically desiccated cover crops. Bags 
were placed on the soil surface i n  the corn interrow on 4 May 1993 and 
retrieved a t  1 ,2 ,4 ,6 ,8 ,  and 16 weeks after field placement. Bag contents were 
dried a t  65"C, weighed, ground, and analyzed for total C and N .  Soi 1 
contamination was accounted for by ashing a 1 -g  subsample a t  550°C and a l l  
plant constituents are reported on a n  ash-free basis. 

Nonl i near regression equations for percent original N remai n i  ng a t  each mesh 
bag retrieval date were determined by f i t t ing the d a t a  t o  one and two pool 
model s , previ ously descri bed by Ranel 1 s and Wagger ( 1992) , usi ng the Marquardt 
opti on of the NLIN procedure devel oped by SAS (SAS , 1985) . A si ngl e pool 
model assumes t h a t  a1 1 of the plant N wi 11 mineralize a t  the same rate. The 
two pool model attempts t o  segregate plant N into two groups of mineral i zable 
N ;  one t h a t  quickly mineralizes and a second, more passive pool t h a t  releases 
N more slowly. The general form of the equations were as follows: 

E q .  [I] PNR = P + (lOO-P)e-kt 
E q .  [Z]  PNR = 100Pe-k't + 100(1-P)e-k2t 
where: PNR = Percent nitrogen remaining a t  time ' t '  

P =Npoo l ( s )  
K ,  k l ,  k 2  = rate constant of N release 

An appropriate model was chosen for each cover crop treatment based on 
successful regressi on and root mean square error val ues . 



Label ed N Experi ment 

Cover crop u t i  1 i z a t i o n  o f  residual  f e r t i  1 i z e r  N i n  t he  15N experiment 
fo l lowed an approach s i m i l a r  t o  t h a t  prev ious ly  described; however, a more 
de ta i l ed  N balance should be obtained w i t h  t h i s  method. A f t e r  p r o f i l e  
d i s t r i b u t i o n  o f  15N-enri ched f e r t i  1 i zer occurred, t he  cover crops and na t i ve  
weeds i n  t h e  fa1 low microplots were a1 lowed t o  grow u n t i  1 corn p l an t i ng  t he  
f o l  lowing Apri  1 . Plant  and soi 1 samples were taken dur ing the  cover crop 
season i n  December, ea r l y  March, and mid Apri  1 . I n  order t o  est imate cover 
crop d ry  matter and N accumulation f o r  t he  December and March sampling dates, 
a 534-cm2 area was harvested i n  each microp lo t  quadrant and then composited 
i n t o  one sample. Care was taken t o  provide adequate distance between t h e  
December and March harvested areas. A l l  p l an t  mater ia l  was d r ied  a t  65°C. 
weighed, ground, and analyzed f o r  t o t a l  C ,  N ,  and 15N. For the  Apri  1 sampl i n g  
date, aboveground b i  omass was cornpl e t e l y  harvested i n each m i  cropl  o t  and 
al lowed t o  a i r  d ry  on greenhouse benches before i t  was weighed and subsampled 
f o r  moi s tu re ,  t o t a l  N ,  and 15N determinations. Soi 1 sampling was conducted t o  
a depth o f  90 cm i n  15-cm increments a t  each p l an t  sampl i ng  date, w i t h  samples 
processed and analyzed as prev i  ously descri  bed. 

Ai r - d r i e d  cover crop mater ia l  from the  Apri  1 harvest was placed i n  newly 
establ  i shed m i  c rop l  o t s  where the  same unl abel ed cover crops were harvested and 
removed. Corn ( 'Dekalb-Pf izer  689' ) was hand planted on 27 A p r i l  1993. A l l  
microp lo ts  received a broadcast app l i ca t ion  o f  33 kg N ha-' as ammoni um 
n i t r a t e  a t  p l an t i ng  and 67 kg N ha'' as ammonium n i t r a t e  surface banded 10 cm 
t o  t h e  s ide o f  each row approximately 6 weeks a f t e r  p lan t ing .  This was done 
so t h a t  corn recovery o f  cover crop 15N would not  be constrained by low 
ava i l ab l e  so i  1 N .  Previous research i n  North Carol ina has shown t h a t  
f e r t i  1 i zer N a t  90 kg ha-' was s u f f i c i e n t  t o  optimize corn y i e l ds  when 
preceded by crimson c lover  o r  hai r y  vetch cover crops (Nagger. 1989b) . Lime, 
P ,  and K were app l ied broadcast according t o  soi 1 t e s t  recommendations f o r  
corn. Residual weed cont ro l  was provi  ded w i t h  2.24 kg a. i . ha-' 
a lach lo r  [2-chloro-N-(2 '  . 6 '  -diethylphenyl -N-(methoxymethyl) -acetamidel and 
2.24 kg a. i . ha-' a t raz ine [6-chloro-N-ethyl  - N '  -methylethyl ) - 1 . 3 .5 - t r i a z i ne -2 ,  
4 -d i  ami n e l  . Post -emergent weed cont ro l  was provided by a broadcast, d i  rec ted 
appl i c a t i  on o f  1.08 kg a. i . ha-' 1 i nuron [ N '  - (3.4-di  ch l  orophenyl ) -N-methoxy-N- 
methylureal 6 weeks a f t e r  p lan t ing .  At matu r i t y ,  corn was hand harvested from 
each m ic rop lo t ,  weighed, and subsampled f o r  moisture, t o t a l  N ,  and 15N 

determi n a t i  ons . Soi 1 sampl i ng was conducted a f t e r  corn harvest and analyzed 
f o r  inorgan ic  N and 15N as previously described. Data was analyzed by 
treatment us i  ng SAS GLM procedures (SAS . 1985). 



RESULTS AND DISCUSSION 

Unl abel ed N Experiment 

Residual Soi 1 N and Cover Crop Performance 

It was an t i c ipa ted  t h a t  t he  150 and 300 kg N ha-' ra tes  appl ied t o  t h e  
previous corn crop would provide a soi  1 inorganic N grad ient  from which t o  
evaluate t he  a b i l i t y  o f  various cover crops t o  capture residual  f e r t i l i z e r  N .  
The i n i  ti a1 soi 1 sampl i ng f o l  lowing corn harvest i n  September 1992 revealed 
s i gn i  f i  cant (p=O. 10) d i  f ferences i n  t he  d i s t r i b u t i o n  o f  i norgani c N between N 
ra tes  appl i ed t o  t he  previous corn crop (F ig .  l a ) .  There was a modest 
increase w i t h  depth i n  soi  1 inorganic N l eve ls  under corn f e r t i  1 i zed w i t h  150 
kg N ha-', ranging from a low o f  5 t o  8 mg kg-' i n  t he  upper 30 cm t o  18 mg kg-' 
between 60 t o  90 cm. I n  cont ras t ,  residual  soi 1 inorganic l eve l s  f o l l ow ing  
corn f e r t i  1 i zed  w i t h  300 kg N ha-' ranged from 11 t o  33 mg kg-', being 
s i gn i  f i c a n t l y  higher by approximately two- to  t h ree fo l d  a t  most depths compared 
t o  t he  low N r a t e  treatment. Moreover, the la rges t  d i f fe rences between N 
ra tes  occurred i n  t he  45- t o  75-cm depth range. Without some form o f  
i nte rven t i  on. these e l  evated soi  1 i norgani c N concentrat i  ons (ca . 33 mg kg-') 
t h i s  deep i n  t he  s o i l  p r o f i l e  would l i k e l y  be l o s t  from t h e  p l a n t - s o i l  system 
before p l an t i ng  o f  next  year ' s  row crop. I n  t h i s  study, p r e c i p i t a t i o n  from 
cover crop seeding i n  October t o  terminat ion o f  cover crop growth and corn 
p l an t i ng  t he  f o l  lowing Apri  1 was 50 cm. 

The hypothesi s was t h a t  t h e  above-menti oned gradient  i n res idua l  so i  1 
i norgani c N would subsequently be i n f l  uenced by cover crop speci es due t o  
d i  f ferences i n r o o t i  ng character i  s t i  cs , growth ra tes ,  and N requi rements . 
Cover crops were seeded i n  ea r l y  October 1992 and by December on ly  r ye  had 
shown a dry  matter (DM) response (F ig .  2) due t o  res idua l  so i  1 inorgan ic  N 
l e ve l s .  I n  general. DM accumulation values were i n  t h e  order o f  r y e  > oa t  > 
wheat > f a l l ow  = crimson c lover .  The corresponding cover crop N accumulation 
values r e f l ec ted  a s i m i l a r  pa t te rn ,  w i t h  t he  N content i n  r ye  f o l l ow ing  t h e  
h igh N r a t e  near ly  double (39 vs. 21 kg N ha-') t h a t  o f  r ye  a f t e r  corn 
f e r t i l i z e d  w i t h  150 kg N ha-' (F ig .  3 ) .  There was no d i f fe rence  i n  N 
accumulation among t h e  other cover crop treatments due t o  p r i o r  N r a t e ,  w i t h  
mean values across N ra tes  ranging from 4 kg N ha-' i n  crimson c lover  t o  17 kg 
N ha-' i n  spr ing oa t .  

Even though cover crop N accumul a t  i on d i  f fered between speci es by December, 
the re  was 1 i t t l e  d i f fe rence  i n  soi 1 inorganic l eve l s  due t o  cover crop. 
Consequently, soi  1 inorganic N r esu l t s  f o r  t h i s  date are presented as mean 
values across cover crops f o r  the  150 and 300 kg ha-' N ra tes  (F ig .  l b ) .  From 



NO, + NH,, mg kg" 

Fig. 1. Distribution of soil inorganic N in September (a) and December (b) 
I 992 as affected by previous corn N fertilization rate. Data points 
for the December sampling date represent mean values across all 
cover crop treatments. The symbols t and * indicate F test 
significant at 0.1 0 and 0.05 probability levels, respectively, while 
NS=nonsignificant. 
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LSDcover 0.17 
LSD N rate 0.1 1 

LSD cover 0.51 
LSD N rate 0.32 

LSD cover 1.02 
LSD N rate 0.65 

Fig. 2. Dry matter accumulation patterns by fallow (F), oat (O), rye (R), wheat 0, and crimson 
clover (C) cover crops following the previous corn crop fertilized with 150 or 300 kg N ha''. 
LSD values are significant at the 0.05 level of probability. 



September t o  December the re  was a marked dec l ine i n  so i  1 inorganic N 
concentrat ions under both N ra tes  ; however, d i  f ferences were s t i  11 ev i  dent 
between N ra tes .  Soi 1 inorganic l eve l s  i n  the  upper 45 cm were low (1 t o  3 mg 
kg-') and simi l a r  between N ra tes .  These same r e l a t i v e l y  low concentrat ions 
pers i s ted  through t h e  remainder o f  the  p r o f i  l e  under the  low N r a t e  bu t  
increased below 45 cm under the  high N r a t e .  It i s  a lso  o f  note t h a t  t h e  
center  o f  h ighest  inorganic N concentrat ion (ca. 17 mg kg-') had s h i f t e d  from 
60 t o  75 cm i n  September t o  75 t o  90 cm i n  December. 

Cover crop DM accumulation increased appreciably from December t o  March as 
sp r ing  regrowth proceeded (F ig .  2a and b ) .  Averaged across N ra tes ,  r ye  
accumulated t he  highest  DM (2.64 Mg ha-') and wheat accumulated t h e  l e a s t  
(0.87 Mg ha-'). Also noteworthy i s  the  r e s u l t  t h a t  mean DM i n  t he  f a l l o w  
treatments, which was composed o f  w in te r  annual weeds, exceeded DM values f o r  
both wheat and crimson c lover .  With regard t o  p r i o r  N r a t e ,  and s i m i l a r  t o  
December r esu l t s ,  on ly  rye  showed a marked DM increase (3.27 vs 2.01 Mg ha-') 
when fo l l ow ing  the  300 vs 150 kg ha-' N r a t e .  Cover crop N accumulation 
pa ra l l e l ed  t he  DM r esu l t s ,  w i t h  mean r ye  N content (40 kg ha-') approximately 
two t o  th ree  f o l d  greater  than the  other cover crop treatments and rye  N 
accumulation increasing 55% under h igh residual  soi  1 N (F ig .  3 ) .  Spring oat  
a t  t he  h igh residual  s o i l  N l eve l  accumulated the  same amount o f  N as r y e  a t  
t h e  low res idua l  N l e ve l  . Nitrogen accumulation by wheat, crimson c lover ,  and 
f a l l ow  treatments were s i m i l a r  and unaffected by p r i o r  N r a t e .  

There were no s i g n i f i c a n t  d i f ferences due t o  cover crop i n  t h e  d i s t r i b u t i o n  o f  
so i  1 inorgan ic  N w i t h  t he  p r i o r  f e r t i  1 i z e r  N r a t e  o f  150 kg ha-' by March 
1993, consequently, data are presented f o r  the  p r i o r  300 kg N ha-' r a t e  on ly  
(F ig .  4 ) .  A d i s t i n c t  pa t te rn  was evident i n  soi  1 inorganic 1 evel s , w i t h  
s i gn i  f i c a n t  (p=0.10) treatment d i f fe rences confined t o  t he  lower two so i  1 
depths and concentrat ions i n  the  order o f  rye  < spr ing oat  < wheat, crimson 
c lover ,  and fa1 1 ow. Soi 1 i norgani c N concentrat i  ons under r ye  were general l y  
< 1 mg kg-' throughout t he  p r o f i l e  compared t o  a mean o f  13 mg kg-' under 
wheat, crimson c lover ,  and f a l l ow  p l o t s  a t  the  75- t o  90-cm depth. These 
r e s u l t s ,  and the  concomitant N accumulation values, r e f l e c t  t he  abi 1 i t y  o f  r ye  
t o  e f f e c t i v e l y  u t i l i z e  residual  s o i l  N .  

Jus t  p r i o r  t o  cover crop desiccat ion and corn p lan t ing  i n  Apri  1 1993, DM 
accumulation by rye,  spr ing oa t ,  and crimson c lover  was s i m i l a r  and greater  
than wheat and fa1 low treatments (F ig .  2 ) .  These DM values were i n  t h e  range 
commonly reported i n  other studies f o r  t he  region.  Only rye and sp r ing  oat  
responded t o  residual  soi 1 N l e ve l  , increasing an average o f  45% (1.37 
Mg ha-') from low t o  h igh residual  soi 1 N p l o t s .  The corresponding N 
accumul a t i  on values , averaged over residual  soi 1 N 1 evel , were i n  t he  order o f  
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LSD N rate 6.8 
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LSD N rate 1 1.5 

Fig. 3. Nitrogen accumulation patterns by fallow (F), oat (O), rye (R), wheat (W), and crimson clover (C) 
cover crops following the previous corn crop fertilized with 150 or 300 kg N ha-' . LSD values are 
significant at the 0.05 level of probability. 
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Fig. 4. Distribution of soil inorganic N in March (a) and April (b) 1993 as affected by cover 
crops following the previous corn crop fertilized with 300 kg N ha". The symbols t 
and * indicate significant treatment differences at 0.1 0 and 0.05 probability levels, 
respectively, while NS = nonsignificant. 



crimson c lover  = rye  > oat  > wheat> f a l l ow  (F ig .  3 ) .  As w i t h  e a r l i e r  sampling 
dates, r ye  N accumulation increased sharply (108%) under h igh compared t o  low 
residual  s o i l  N l e ve l s .  Spring oat  a l so  responded t o  residual  s o i l  N l e ve l  by 
Apri  1 , accurnul a t i  ng 27 kg N ha-' a t  t he  1 ow residual  so i  1 N 1 eve1 compared t o  
50 kg N ha-' a t  t he  h igh residual  N l e v e l .  Only t he  f a l l o w  treatment, 
comprised o f  w in te r  annual weeds whose growth had terminated by t h e  A p r i l  
sampling date,  r e f l e c t e d  a ne t  decrease i n  N accumulation. Associated w i t h  
these r e l a t i v e l y  low N accumulation values i n  f a l l ow  p l o t s  were t he  greatest  
so i  1 inorgan ic  N concentrat ions, most notably i n  t he  60- t o  75- ( 7  mg kg-') 
and 75- t o  90-cm (9  mg kg-') depth i n t e r v a l s  (F ig .  4). Wheat. crimson 
c lover .  and s p r i  ng oat  treatments had i norgani c N concentrat i  ons i ntermedi a t e  
t o  fa1 1 ow and rye  (1 mg kg-'). Whi l e t h i  s range i n  soi  1 inorganic N 
concentrat i  ons was re1 a t i  ve ly  small j u s t  p r i  o r  t o  p l  a n t i  ng corn. NO, movement 
below t he  90-cm sampling depth appears 1 i ke ly  given t h e  d i f fe rences i n  cover 
crop N accumulation. 

Cover Crop N Release Rates 

Nitrogen release pat terns ,  expressed as a percentage o f  t h e  i n i t i a l  res idue N 
remaining, are  i l l u s t r a t e d  i n  F ig .  5 .  An exponential equation r e f l e c t e d  t he  
dec l ine i n  residue N over t ime f o r  a1 1 curves, w i t h  on ly  marginal d i  f ferences 
between cover crop r e s i  dues. These resu l  t s  are somewhat su rp r i  s i  ng , as 
previous work has shown d i s t i n c t  d i  f ferences between cover crop N re lease 
ra tes ,  p a r t i  cu l  a r l y  between grasses and 1 egumes ( W i  1 son and Hargrove, 1986; 
Wagger , l989a) . Resi due decomposi ti on and N re1 ease proceeded a t  a re1 a t i  ve ly  
r ap i d  r a te ,  such t h a t  by 4 weeks i n  t he  f i e l d  the  N remaining i n  t h e  
respect ive p l an t  residues ranged from 42 t o  50%. By 8 weeks, which 
corresponded w i t h  corn t a s s e l i n g l s i l k i n g  and a per iod o f  h igh corn N demand, 
t he  percentage N remaining ranged from a low o f  18% f o r  wheat t o  27% f o r  rye .  
The general order o f  cover crop N release by 16 weeks was crimson c lover  > 
wheat = rye  > oa t ,  w i t h  a mean residue N remaining value o f  approximately 8%. 

Inspect ion o f  the  i n i  ti a1 residue C :  N r a t i o s  provides some explanat ion f o r  the  
r e l a t i v e l y  small d i f fe rences i n  N release ra tes  between t h e  residues. The N 
concentrat ion o r  C:N r a t i o  o f  p l an t  residues has f requent ly  been used as a 
t o o l  f o r  p red i c t i ng  t he  r a t e  o f  decomposition. Oat, r ye .  and wheat had C :N  
r a t i o s  i n  a very narrow range o f  35 t o  37: 1 wh i le  t he  C : N  r a t i o  o f  crimson 
c lover  was 19: 1. Although the C : N  r a t i o  o f  crimson c lover  was below t h e  
t heo re t i ca l  value (25: 1) above which net  N immobi 1 i z a t i  on occurs (A1 1 i son. 
1966), and t h e  grasses were above t h i s  thresho ld  value, these d i f fe rences are  
not  over l y  1 arge. Another con t r ibu t ing  f ac to r  may have been t he  cover crop 
developmental stage a t  t he  cessation o f  growth. Ranel 1s and Wagger (1992) 
reported t h a t  a greater  propor t ion o f  crimson c lover N was released from 
c lover  co l l ec ted  a t  t he  l a t e  vegetat ive stage compared t o  harvest dates 



ranging from early bloom t o  1 ate seed s e t .  Averaged over 2 years, C :  N ratios 
increased from 14: 1 t o  18: 1 between la te  vegetative and l a te  bloom while 
cellulose and 1 ignin concentrations increased a n  average of 48%. Of the 
structural carbohydrates, 1 i gn in  i s  the most resistant t o  decomposition by 
microorganisms and i t s  presence in cell walls can retard the degradation of 
cell ulose (Szegi , 1988; Waksman and Hutchi ngs , 1936). 

I t  i s  important t o  obtain some index of N ava i  labi 1 i t y  based on the in i t i a l  
residue N content. Estimates of N released from each cover crop were 
calculated from values generated by the decom 
multiplied by the cover crop N content a t  the 
crops following the previous low fer t i  1 i zer N 
th is  approach, the potentially available N by 
crimson clover, 32 kg N ha-' for rye. 25 kg N 
wheat. 

losi tion curves and then 
time of desiccation for cover 
rate (150 kg ha- ' ) .  Using 
16 weeks was 59 kg N ha-' for 
la-' for oat ,  and 17 kg N ha-' for 
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Fig. 5. Percentage of initial cover crop N remaining during the 1 993 corn growing season. 
Sy.x represents the root mean square error. 



15N-Labeled Experiment 

Cover Crop Recovery o f  15N 

Fol lowing t he  app l i ca t ion  o f  15N labeled KNO, t o  microplots p lanted t o  t h e  
respect i  ve cover crops, so i  1 sampl i ng was conducted t o  determine t h e  r e s i  dual 
p r o f i  1 e NO, d i s t r i b u t i o n .  Averaged across m i  c rop lo ts  , approximately 55% o f  
t he  labe led f e r t i  1 i z e r  was i n  the  surface 15 cm o f  soi  1 and 34% i n  t h e  15- t o  
30-cm depth (data not  presented). Below 45 cm the  d i s t r i b u t i o n  o f  15N 

was r e l a t i v e l y  uniform, inc lud ing  detectable enrichment i n  t h e  75- t o  90-cm 
so i  1 l aye r .  The i n t e n t  was t o  f a c i  1 i t a t e  a somewhat deeper and more uni form 
d i s t r i b u t i o n  o f  15N i n  the  s o i l  p r o f i l e  but  apparently 7 .5  cm o f  i r r i g a t i o n  
water was no t  s u f f i c i e n t  f o r  t h i s  task .  I n  t h i s  regard, i t  i s  a lso  important 
t o  character ize  t he  p r e c i p i t a t i o n  envi ronment from cover crop p l  an t i  ng t o  
terminat ion o f  growth the  fo l l ow ing  spr ing.  From October 1992 t o  Apri  1 1993 
general l y  be1 ow normal prec i  p i  t a t i  on prevai l e d  (Tab1 e 1) , which would moderate 
f u r t he r  downward movement o f  NO,. 

Estimates o f  f e r t i  1 i z e r  15N recovered by cover crops i n  December and March 
were based on small area samples i n  each microp lo t .  By mid December 1992, 
< 1% o f  t he  appl ied 15N had been recovered i n  each cover crop treatment (Table 
2) . The r e s u l t s  were unexpected s i  nce there  were substant i  a1 d i  f ferences i n 
cover crop DM estimates. ranging from approximately 0.75 Mg ha-' f o r  fa1 low 
and crimson c lover  treatments t o  1.85 Mg ha-' f o r  r ye .  However, p r o f i l e  soi  1 
inorganic N was considerably lower under rye  (16 kg N ha-') compared t o  
crimson c lover  (53 kg N ha-') and f a l l ow  (71 kg N ha-'). By ea r l y  March 1993, 
estimates o f  cover crop 15N recovery had i ncreased consi derabl y from December 
va l  ues . W i  n t e r  annual weeds i n f a1 1 ow m i  crop1 o ts  had accumul ated l o % ,  crimson 
c lover  5%, and rye  20% o f  t he  f e r t i  1 i zer 15N appl ied t he  previous fa1 1 (Table 
2 ) .  The associ ated soi  1 i norgani c 15N val ues i n  March r e f 1  ected t he  continued 
abi 1 i t y  o f  r ye  t o  be t t e r  u t i  1 i ze residual  so i  1 N than crimson c lover  o r  w in ter  
annual weeds. P r o f i l e  s o i l  inorganic N i n  March decreased sharply from 
December l e v e l s ,  y e t  there  was near ly  a f ou r f o l d  d i f fe rence  between r y e  
(6 kg N ha-') and crimson c lover / fa l l ow (22 kg N ha-') treatments. 

Just  p r i o r  t o  terminat ion o f  cover crop growth i n  Apri  1 , recovery o f  res idua l  
15N i n  crimson c lover  and fa1 low treatments was unchanged from March estimates 
(Table 2 ) .  I n  cont ras t ,  r ye  15N recovery increased from 20 t o  35%. These 
resu l t s  are s i m i l a r  t o  those from a study conducted on t h e  Maryland Coastal 
P la in ,  where average percent recoveries o f  f a l l  N were 8% f o r  na t i ve  weed cover, 
8% f o r  crimson c lover ,  and 45% f o r  r ye  (Shi p ley e t  a1 . , 1992). Based on t he  
i n i t i a l  f e r t i l i z e r  15N app l i ca t ion  o f  50 kg ha-', N recovery was 2.5. 5, and 17.5 
kg ha" f o r  crimson c lover ,  fa1 low, and rye,  respect ive ly .  As might be 
expected, p r o f i l e  soi 1 inorganic N decl ined t o  r e l a t i v e l y  low amounts from March 
t o  Apri  1 but  1 eve1 s were approximately t h ree fo l d  greater  under fa1 low and 
crimson c lover  treatments compared t o  rye.  



Table 1. P r e c i p i t a t i o n  dur ing t he  1992-1993 cover crop growing season and 
departures from 30-yr  averages ( i n  parentheses) . 

Month P rec i p i t a t i on  

October 
November 
December 
January 
February 
March 
Apri  1 



Table 2.  Cover crop recovery o f  f e r t i  1 i z e r  15N and p r o f i l e  soi 1 inorgan ic  N 
content a t  various times dur ing the  1992-1993 cover crop season. 

Cover crop 15N recovery P r o f i l e  soi  1 inorgan ic  N 
Cover Crop Dect Mart A P ~  Dec Mar A P ~  

- % o f  t o t a l  I5N - kg ha-' 

Fa1 1 ow < 1  10 10 a' 71 a 22 a 15 a 

Cri mson c l  over < 1  5 5 a 53 a 22 a 15 a 

Rye < 1 20 35 b 16 b 6 b  5 b  

t 15N recovery values are estimates based on small area samples w i t h i n  
m i  crop1 o t s  

$ Means w i t h i n  each date fol lowed by the  same l e t t e r  are not  s i g n i f i c a n t l y  
d i f f e r e n t  a t  p > 0.05. 



Corn Recoverv o f  Residue 15N 

Total  cover crop N a t  desiccat ion i n  Apri  1 was 19. 21. and 61. kg ha-' f o r  
fa1 low, crimson c lover ,  and r ye  treatments, respect ive ly  (data no t  presented). 
These values represent the  cover crop N pool p o t e n t i a l l y  avai l a b l e  t o  t h e  
subsequent corn crop. Poor stands i n c r i  mson c l  over m i  crop1 o ts  severely 
l i m i t e d  i t s  po ten t i a l  N con t r ibu t ion  t o  corn. 

Approximately 5 wk a f t e r  re turn ing 15N 1 abeled cover crop residues t o  new 
micropl o ts  , estimates o f  corn recovery o f  residue N were < 1% f o r  a1 1 
treatments (Table 3 ) .  Corn was a t  t he  V3 t o  V4 developmental stage, a pe r iod  
when p l an t  demand f o r  N i s  r e l a t i v e l y  small compared t o  l a t e r  stages o f  
development . The i norgani c soi 1 15N pool , which a1 SO represents N mineral i zed 
du r i  ng cover crop decomposi ti on, i ndi  cates very d i  s t i  n c t  d i  f ferences i n 
avai 1 able residue N.  As a percentage o f  t h e  t o t a l  residue 1 5 ~ ,  about 6% o f  
t h e  r ye  N ,  15% o f  t he  na t i ve  weed N.  and 34% o f  crimson c lover  N resided i n  
t he  so i  1 inorganic N pool . The resu l t s  i 11 us t r a te  t he  r e l a t i v e  d i  f ferences i n  
grass vs . 1 egume C : N r a t i  os w i t h  respect t o  governi ng r e s i  due decomposi ti on. 
Three wk l a t e r  (25 June), corn had recovered near ly  11% o f  t he  N i n  crimson 
c lover  compared t o  6% i n  fa1 low and 2% i n  rye treatments. The amounts o f  
residue 1 5 ~  i n  so i  1 inorganic N pools a t  t h i s  date were low, such t h a t  
treatment d i  f ferences were general 1 y o f  no agronomi c consequence. 

Corn recovery o f  residue 15N by phys io log ica l  matu r i t y  i n  ea r l y  September 
fo l lowed a pa t t e rn  s i m i l a r  t o  the  mid-season sampling date (Table 2 ) .  I n  
summi ng up t h e  t o t a l  residue 15N avai l able dur ing t he  corn growing season, 
i nc lud ing  an est imate o f  15N i n  corn roo ts ,  approximately 23% o f  t h e  crimson 
c lover  N was released compared t o  14% o f  the  na t i ve  weed N and 7% o f  t he  rye  
N. Based on t h e  i n i t i a l  N content o f  the  respect ive cover crops, these 
percentages equate t o  only 3 ,  5,  and 4 kg ha-' o f  ava i lab le  N from fa1 low, 
crimson c lover ,  and rye,  respect ive ly .  These N con t r ibu t ions  would have no 
impact on corn y i  e l  d potent i a1 . 

F ina l  l y ,  these corn recovery values o f  residue 15N were less  than ha1 f o f  t h e  
estimated 80 t o  90% o f  i n i t i a l  N t h a t  was released from grass and legume 
residues dur ing t he  corn growing season i n  t he  mesh bag experiment a t  t h e  same 
l oca t i on .  It should be noted t h a t  N - a v a i l a b i l i t y  estimates using a mesh bag 
approach on ly  provide i nformati  on w i t h  respect t o  a po ten t i  a1 l y  avai 1 able N 
pool , and the re fo re  do not a f f o rd  a d i  r e c t  measurement o f  r e s i  due-N 
con t r ibu t ions  t o  a cropping system. Nevertheless, r esu l t s  obtained w i t h  
15N-labeled residues i n  t h i s  study suggest considerable overest imat ion o f  N 
con t r ibu t ions  from cover crop residues based on a mesh bag technique. 



Table 3. Distribution of 15N recovered from cover crop residues a t  various 
times during the 1993 corn growing season. 

- 

Corn 15N recovery ~ r o f i  l e  soi 1 inorganic 15N 

Cover Crop 6Junt  25Junt 9Sep 6 Jun 25 Jun 9 Sep 
-- - 

% of total residue 15N 

Cri mson clover < 1 10.6 16.8U8.8) b 33 .8b  < 1 b  4 . 0 a  

RY e < 1 2 . 2  6 . 1  (6 .9 )  a 5 . 7 ~  < 1 b  < l a  

t 15N recovery values are estimates based on sampling 3 corn plants i n  each 
mi crop1 ot . 

$ The value i n  parentheses represents an estimate of corn N recovery when the 
root 15N component i s  included and i s  based on roots comprising 15% of the 
total plant dry weight a t  physi 01 ogi cal maturity . 

§ Means within each date followed by the same le t ter  are not significantly 
different a t  p > 0.05. 
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GLOSSARY 

Abbrevi a t i  ons ( u n i t s  o f  measurements) 

mg kg-' m i  11 i grams per k i  1 ogram 

kg ha-' K i  1 ograms per hectare 

Mg ha-' megagrams per hectare 


