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Introduction

Maintall1lng sOOfer improving crnp prociJCdon
ettlciency Without advefSely affecting er1Yirorvnental
~aity Is a ma;or ctIaDe"91 lor U. S. Ag:ricullure.
Pesticlde and rll!rale-N contaminalion of ground willer
Is a nalional problem that needs timely and rational
solulions. Research wof1dwide has shown lhat the
most eJrlenslve source of pestlc:ldes and nutrients
denvered 10 ground and sulface walers Is agricu~ure.

There Is a great pubHc concern about ground water
quaHty since ~ Is the source 01 drinking water tor hall
01 the U. S. In rural COmrT'lJnltles, nearly 95"4 01 lhe
populalion depend upon wellS lor drinking water The
8fTlJhasis dunng the 1960's and 1970's was on pom'
source pot,rllon am surface water; at lhis limtl. lhere
is a great pubic concern about ground water CJlality
which WI. probably be a primary waler CJlality Issue of
IIw! 1990's

In Mississippi, ground water constilutes 54"4 of an
treshwaler and is the waler supply for 93% Of lhe
populatIon (10). Ground wafer contamination Is nol
yet considered to be a malOr problem. However lhe
Slale's ground water Is very susceplJble to
comaminalion because ollhe permeable soils. shallow
depth 10 ground water, and high average anl'llal
reintan (10). Waler qualty Information for mosl Of lfte
Slate Is irn1ed to a very lew or;alic: and Il'IOt'g3rK

compounds and IS coosidered lnadeq.Jale lor lhe
prinopal aquIfers Data are lacking on any potential
agricherrical contarnnalJon of ground water underlying
agricultural areas 01 the Stale. paniCulaIty Ihe Delta
along the MISSISsiPPI Aiver and the uplands to Ihe
nonh, Evaluation of tarm managemem (Ullage
practices, pesllcide and renilizer appUcatlon
technology) on surface and subsunace agrichemlcal
transpon and on water quality is essential 10
conserving and protecting lhe Slate's and lhe Nation's
SOli and waler resources

The three basic I1lJtriems applied to crops are
ntrogen, phosphate. and polBSSlUm The only
le",~zer I1lJlnenl believed to create significant ground
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water contamination problems Is N lenllzer as K and
P are not lighly soluble and are easily adsortled 10
soil partides which prevents leaching. Nitrogen
femizer accounts lor hal of the U. S. tenillzer usage
Fertilizer use m the U S. tlas grown rapicIy,
Increasing by 300% between 1960 ancl1980. WIth the
use of nitrogen increasmg moSI tapdly at oyer 400"4.
Across Ihe U. S. average fenilizer N rates fo com
increased from 65 tis, per acre In 196710 135 Ibs. per
acre In 1982 (2). In lhe past crops removed more N
than was appijed as col'M'lerclat tenlnzer; hOwever,
because or Increased N lenUzatlon rates In recent
Ilmes, lIlis trend has reversed. Now only about 60'¥.
or less 01 the N fertilzer applied is USed by the crop In
the year of application (5). The remaJnder IS lost
thl'OUgl'lleaching. washofl.lIOlatilzatlon. or stays In the
~ profile. The lighly soa..bIe rilrate form of Mrogen
is eaSily transponed lhrough lIle soli by percolaling
walM to ground water The best known health
problem caused by l"lItrate5 IS methemoglobinemia. or
blue baby disease, The current U. S. Drinking Waler
Standard lor nllrates Is based on protecting against
this disease, and that slandard is 10 rng nltrate·N per
Utero Other health effects lhal may be associated with
nitrates, but not well documented, inclUde i"1'alrments
oflhe n8t'l1OUS system, cancer (conversion of llltrates
to I1llrosarrines). and binh defects The type 01 land
IiAage. as well as lenilzer N usage. may also
lnI\rence the movemel"ll of agricherncaJs through the
sool profile.

By lIle year 2,000. II: has been estimaled that 60 •
70% 01 all U. S cropland will empby some type at
conservation linage For much tarm land,
conservalion tmage may be the only way 10 reQIce
soil erosl(Hl to acceplable limits by 1990 as provided
by lhe Fooo Security Act or 1985. Conservaflon tillage
has proven to mrllmize ~npolnt contamination 01
surface water by redUctions in runoff and erosion. but
iI also Incraases InfiilratJon, and hence lIle potenliallor
increased Ieachlng Of pestlOdes and lenllzers. The
objectlve of this research Is to dalarmne the effect 01
no·tlilage soybeans on plant nlJtrienl COncentratlOflS in



shalloW lPerchecll ground watef and lIlJrlace runoff
dlring the 1990 water year.

Materials and Methods

Research directed toward the development ot cost
ettective methods 01 row crop production in DEC
(Demonstration Erosion Control) watersheds was
ifllllated ciJring the lall of 1987 on the Nelson larm in
Tale County. Mississippi. lnducled In the study area
are three smaI watersheds about 2.09 to 3.17 /'Ia In
sae. SOIls beklog to the Lorinp-Grenada series and
are Ioeulal. Ther. is a genetic fragipan 0.3 10 1.0 m
beloW the soil surlace cteperdng upon location WIthin
the watershed.

This study concerns watershed number one (FIg. t)
which Is 2.14 ha In size. During the 1988190 cropping
years, the watershed was in mlnllTVJm-1i1l soybeans;
lor the 1990 cropping year. it was planted to no-bl
soybeans. tn the tall of 1987, the three watersheds
received a one bme N lertilzer appIcation of 44 8
kgna· l as NH4 -N03 and were planted to Wlntltf
wheal. No N terllizers have been applied slnce that
time, For the 1988-90 CftlPPIng ye3l'S. 0-20-20
lertiiler was broaclcast applied each spnng before
planllng at a rate 01224 kgna'l.

Runolt 'rom the walershed was measured with a 0.61
m Parshall t1ume equipped with a FW-1 recorder
PoI:ernlometer OIJIput lrom the FW-l was convened to
d.scharge and the resultant discharge logged In an
Onnidata Easy logger (Version 3.0) every N rrinules.
The Ornnida1a Easy Logger was also used to iJetlyate
an :SCO oomposi1e safflll9f' S3mpIIng Umes Mre
specified Increments 01 runol1, resultlflg In one
discharge-weighted sample per storm event Samples
were collected in a stainless steel container and
stored at 4C until analysis. During the 1990 water
year (WY), sample collection 01 runoff lor plant
f1Jtrients was net begun unfll February 10. 1990.

For ground water sa~ng, 3 $lIes (Fig. 1) were
establshed abng the northern edge of the walershed
Sites 1, 2, and 3 were located 12.5. 40.7. and 83 3 m.
respectively, lrom the uppermost edge (easlem
boundary) of the watershed. The elevation above sea
level 0' slles 1, 2, and 3 are 98.8. 97.6, and 94,8 m
respectively. Instl\lmentallon lor ground water
sampling at each site ctInslsted 0' observalion wells
(sampling PIezometers) and soil water suction lubeS at
0.15, 0.30, 0.46, 0.61, 0.91. 1.22. and 1.52 m depths
Into the 5011 profile, Observation wells and soil water
SUClI()(I tubes were located about 4.56 m from the
edge of the watershed. wlltlln crop rows. Wllh • 0.91
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m spaang belWeen each observation wei or son water
SUCIIon lUbe. Wrtflln 24 hrs of each storm 8Vitrt. the
depth oj ground water in each observation wei was
measured and aU ground water evacuated. Similarly.
all waler was removed from the soil water suction
tubes and tension set at 0.03 megapascaJ.
Approximately 24 hOurs laler. the depth 01 ground
water In each oOservatlon weD was again measured
and samples obtained from the observation wells and
soil waler suction tubes. salTlP'es were placed In
amber glass containers and transported to the
taboralOf}' where they were stored at 4C until chemical
analysis. Unless OIherwise Indcated. aI chemstry
data reported in thIS manuscript are from ground water
oblalned lrom the observation weDs. AI planting tlma,
those portions of a crop row containing
Instrumentation were hand planted, All ground water
sampUn; Instrumentation was covered during fertiizer
or pestlclde appicatlons. The ground water sampling
equipment was installed during OCtober 1989 Wllh the
Ilrst ground water samples Obtained In Jar1Jary 1990
alter the soil proIiIe had become saturated,

Poor 10 chemICal analysis. all sa~ were filtered
USing a 0.45 IU" Millipore liller. Runoll and ground
watar san,:lles were analyzed tor P04-P, N03·N. Cl,
and SO,,5 using a Dlonex HPLC equipped with an
AS4A anion colulM, an enlon m1cromembral'l9
suppressor, and a condUCllvlty deteclor. Samples
were analyzed 'or NH4-N using the ihJtomated
colorimetnc phenate rTl9thod (13). As runoff laJ'11lllng
tid not begin at me start of lhe 1990 WV. the
disdlarge weighted nutrient. corcentratiorl from
February 10. 1990 through ~nl 27. \990. was used
to eslJmate f'IJ1rient losses lor the unsampled storms
01 October 16. 1989. lhrough Feoruary 3. 1990_ FOf
this periOd, the storms showed seasonal sllTIllariUes in
plant nutrient concentrations. Sediment
concentrations in runell samples were delem'ined
gravimetrlcaUy.

Nutrient concenlrallOns were usually not normaDy
diSlributed in (he runoff and ground water as
deterTl'WMld by Uletor's t~ (1). Thetelore.
fIOf1)aramelric Koln"lOgOrOY-5mmov rwo-saf1'll)le arvj

two·slded test statistic. r l . the greatest cfstance
belWeen two empirICal CUlTVJlallve distribution
functions, was used to test the hypolhesis that each
nutrient concentration distributIon was the same 'or all
trealmanls. All stallstical comparisons were
COnducted at the 0.05 probabilty level

Names o( rommerolll products are N'!CJudlId for the
benefit of the reader and do not ItrrJ/y Bndorsement or



prefef8ntfal {realment tJy me U. S. Depaftlnsnt of
AgriaJlturs.

Results and Discussions

Nutrients in Surfa«l Runo": The mean diSChasg&
weighted concentrations of PO,'P. NH"N. N03,N, CI,
and 5O,-S In runotllor al measured stomJ events of
the 1990 wv were 0.56. 0.15. 0.28, 2.33. and 0.92
mgt..1, respectJvely (Table 11. Based upon the total
runoll of 330 mm lor the 1990 "NY, tOlai losses 01
PO,.P, NH"N. N03,N, CI. aoo 5O,-S were 1.21.
0.54. 1.06,4 98, and 2.21 kgna,l, respectively. TOlai
precipitation lor the 1990 WY was 1,276 mm. ClIher
water (JIality research In nonh Mississippi has shown
total N and P losses (solution plus sediment) lrom no
til soybeans at 4.7 and 2.8 kgoha· l , raspectively (9).

Cumulative Irequancy d1s1ribullons 01 runoff and
PO,-P, NH,-N, and N03-N losses provided addlllonal
Information on tha losses 01 nutrients In runoll. For
example. considering PO,·P. NH,·N. and N03·N lor
only the storms analyzed, 44, 36, and 22 percent of
the runolf, respectively. had concentrations that
exceeded the discharge·weighted mean concentration
ancl produced about 81, 62. afld 94 percent 01 the
losses.

Single storm events can comribule a slwVl'lCant ponlon
01 the total (measured plus estimated) yeany losses.
For example, a SIngle storm aYert on May 21, 1990.
(Table 1), contribuled about 40"/0 01 the yearty PO,·p
losses. This high P loss was Itle result 01 both a
relatively Ijgh P corcentration (0.81 mgl·l) and
runolf (59.94 mm) Similarty, the largest NH,-N and
N03·N losses lor a single storm evert were 38 and 39
percent. respecllvely. ollhe lotal yearty losses.

The latgest flJIrktnl concentrations lor PO,-P. NQ"N.
CI, and 5O,-S In runoff wera 4.21. 2..30, 27.59, and
14.30 mgt. '. respectively. whd1 OCOJrred on
June 3. 1990 (FlO 2). These high nulrlenl
concentrations are allributed to a broadcast
appic.a1Jor1 01 0·20,20 on May 26. 1990. As the
fertilizer should not have contained any ritrooen
compounds, the Increase In N03·N may have resuked
Irom a sl/lT1JlaUon 01 microbiological aclivlty. It should
be noled Ihal no N03,N was delected In surlace runolt
lor the period March 9, 1990, lhrough May 21, 1990.
While 1I1e NH,'N concentration in runon Increased
relative to previous SlOrms on June 3, 1990, the
largest Increase was not observed unlil one storm
laler on July 3t. 1990. and may also relleet an
increase In iT'lICrobIological activity. Smaller Il"M:reases
in PO,'P and Cl concemtatlons in runoff occurred on
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May 23. 1990. whICh may be the result of nutrients
leached lrom desiccated VegetallOfl due to a herbicicle
applicaIion on May 8. 1990

Most ikely, these .sMJtion losses Of nutrients represent
almost al of tile IOtai nutrient losses since sedimem
concentraDons were low. Forlhe 1990 WY,ltle mean
diSCharge-weighted sediment concentratJon in I\.IR)#I

was only 319 mgi.-I: sedment)'l8ld was 1.050 Ilq-ha,
Nutnems in Shallow Ground Water: Once Ihe soil
prolile became saturated aDout IT'lid-Janua/y. 1990.
ground water samples were easily obl.ained,
particutany at observatiOn well depths greater than
0.61 m. A typical distribution 01 watet in the
ObservatiOn wells atter a storm event is shown in
flours 3. These data show the tendency of ground
walerto pond abOve the lragipan Iocaled 0,61 to 0.91
m below the soli surface. Neal1y equal amounts
(level) 01 water In all observation wells at Slle 3 may
be an IndlcalJon 01 water movement down $lOpe
across lhe fraglpan surface. Finally, the dala indicate
an abunclance of ground waler Wllhln Ihe lragipan
itse". Research has Indicated that a common
characteristic ot trag/pan soils Is thal the material
above lhe tragipan is usually qlJIle porous whereas the
fragipans have a I1'IJCh lower saturated hydrauic
con:itJctivl1y than the materials above, hence, low
tension waler 1COJrR,l1a1ll$ at the lOP 01 the lragipan
and moves lateraDy (4.11).

The arnJal mean PO,-P, NH,-N. NQ,-N. CI, and
5O,·S concentrations lor al ground water SItes am
depdls were 0.05. 0_08, 11.56. 14.70, and 156
mge'. respedrvely WIth the exception of PO,-P
and NH,-N. nutrient concenlrauons In ground water
were higher than those In runoff Shallow ground
watlll" ~.N concentrations lor same storms
exceeded It1e U. S. Dnnlung Water Standard by as
rruch as a Iaclor of 2.7 (FIg. 4) and ara ollnlerest
since no N lerollers were applied alter 1987. In fact.
for an sites and depths, 59% of all N03-N
concentrations exceeded the U S O!'Inklng Water
Standard of 10 mgi.". Three coastal plain studies
indicate Ihat even when recommended nutrient
management practices were IollowlKf, N03·N
concentrations In shallow ground water were
significantly higher 1han the standard for pUblic
drinking water In one study of conventional·lill
soybeans, lhirty-nme out 01 lorty·lour samples
exceeded tile nitrate·N slandatd 01 10 mgi." (7),
Groundwater at 1 5 m with <:om that received N
lemlzalian showed N03-N concentrallons to be about.
18 mg-l.l (14). Tile CSramag& lrom Ohio alfalfa over



a two year penod average 1.5 mg-l" N03~N,
compared with ~.9 10 32,8 mg-l-l measured under
soybeans (6). In this present sludy, soybean
r&Sldues, lops and rools, ara Sl.Ispected as the N03 ·N
sourca As in other research, It would appear that one
of lhe prlmary !aetol'S U\3I delermnes the magnilude
of N leaching bsseS 10 groundwall!f is the availability
of sokJbIa N forms, espeoally nitrate, in the upper soil
profile alter the soybean harvest (12) In addition.
legumes may causa a greater avalLability 01 N03·N in
lhe rool zona and, hence, can promel1e signillcant
nilntlcatlon and N03·N leaching (3). Funhermore,lhe
use of conservation linage may raSlJIt in Increased
infiltration rates die pnmarily 10 lhe Iormatlon of
rnaaopoteS In the SOil end, thus. lnallasing the
Iikeihood 01 cherTllCala leachlng beyood the root zone (8).

In general (sItes 2 and 3), N03-N conceOlralions
during the winler at depths <0.46 m were greater lhan
those deeper In the soil profile (fig. 4 am Fig. 5)_
However, these higher ground waler N03-N
concenltations at Ihe shaloW depths In lhe SOil profile
deaeased drama\lcally (F"IQ. 5) during tM spring we
10; 1) coml~atleactung 01 the soil prome, 2) l"lltrient
uptake by a prolific late winter-early spring growth of
nallve vegetaTion, and 3) deOl1Jificatlon, For much 01
Ihls same time period, no N03 -N was delected in
runoll.

In contrast to SItes 2 and 3, WInter ~,N

concentrations at SIte 1 were greater at the 1.52 m
depth than at shallower depths In the soil profile.
These higher N03-N concentrations may be annbuled
10 a combination 01 biological and hydrological lactors.
For example, sile , has Ie" slope than Sltes 2 and 3
Ihat may result in a greater 3CCUrT'IJlatlon of SlJlface
residues and hence a larger earthworm population to
IncorporaTe reslOJes infO Ihe soil pro!ile. Furthenn::lre,
lhe liane, slope would pIOmote a grlater amount of
downward waler movemetll (leaching) and perching
above Ihe fraglpan. AddIUonal research Is needed to
verily this hypothesis. The Inilially high N03-N
concentralions at the 1.52 m oepth decreased
contlruously wring the wlnlerfspring motllh$, $UCh
Itlat by Iale spring N03,N concenrratlons were Slmlar
10 those 811tle shallower depl:hs (fig. 4).

In general, with only a lew exceptions, distribulion
tunctlons 01 N03,N concentrations In ground water lor
individUal storm events cillered sigt'lficamly (5 percent
leveij at observation weU deplhs 0.61 m or greater. but
were S1mlar (5 percenf level) at we. depths 0 46 m or
less. Oistnb.sllon lunc:bOns of PO.'P and NH.-N
concenlrallons were Ihe same (5 percenf Ieveij across
study SIles at all we. depths. No trends In PO.-p or

75

NH.-N concemratlons were observed with season or
well deplh.

Ground water samples were collected 8M analyZed
trom both observation wells and SOil waler suctlon
tubes, aI at the same SItes and depths. The annuaJ
mean PO.-P, NH.-N, NO!fN, Ct, and 5O.,S
concentrations in ground water COIected by soi water
SOCIion tubes (lor an sites and depths) were O,OS,
0.08,9.94,10_16. and 12.43 mgi.-1• respectively. At
all siles, for Individual storm events, dlSlrlbutlon
functions of CI and N03-N concentrallons, coUeeted by
these two techfWq.res. generally ditleted sigr'llncatllly (5
percetll level) at depths greater than 0 46 10 0_61 In.

The SO.-S COnceftrations affered S1gt'lficanlly (5
percent level) at al depths. In conuast (except lor a
lew depths and sites), PO.·p and NH.,N
concentration dislribution functions did not diUer
between the two sampUng methods.

Summllry and Conclusions

While the resultS presented W1ttun thls mal"llsctipl
represent only one year of research, and should be
considered preliminary, they do provide the lollowlng
Insighls regarding Ihl quality of ground and sulface
water 01 a no,till soybean watershed:

Most plant l"lltriert conceroationS, except N03·N,
in shaklw ground water are relatIVely low and
present no enVIIor1Tl8nfal problems,

2. Even tMuoh no r'lIlrogen was applied to the no,l1Il
soybeans, N03,N concllmra~ons In shallow
ground water, at times, exceeded U. S. DriMing
Water Standards. ClOP resiO.Jes are the
suspected N source.

3. Plant nJlriem concentrations and yleJds in sulface
runoll from a nCHll1 soybean walershed are
relatively low and should pose no environmental
problem.

4. Once the soil profile becomas saturated, free
water is eaSily perched aboVe the lra~ and Is
suspec;led 10 move dOwn-stope tau~raJly across
lhe lrag.pan sulface.

The results 01 This one year study have also helped to
define additional tesearch ateas which InckJde;

Research is needed 10 dellne ground and surtace
water quaity under conventJOnal.lIl soybeans as
compared with Ihe no-U soyosans of this presem
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sludy (This research was Initialed al the start 01
1991 WY).

2. Additional research is needed to define and
quanlily the movement of shallow ground waler
that may contaIn hlgll N03-N concentrations.

3. A more delailed sampUng and chemical analysIs
ot soil and crop reSidues IS needed 10 betler
dellne N cycling. The role 0' soybean residues
as a N source needs 10 be delenrlned and
related 10 environmental lactors such as rainfall
intenSity and duration.

4. Deeper observation wells are needed to
determine it plant nulrients, specifically N03-N,
are moving below Ihe Iragipan.

5. Research Is needed to deline the role 0' cover
crops and appUcatlon ofleroizers below ground
as a means of reduclng plant nutrient
concenlratlons In ground waTer and surface
runoff. respectively.
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Table 1. Nutrient concentratian in runoff of individual
storm events from a no-till soybean watershed
during the 1990 water year.

p04-p NH4-N NO;rN

srORlA DATE RUNOff CONC LOSS CONC LOSS CONC LOSS
10-16-89 (mm) mg-t 1 kg_ha- 1 mg-L-1 k9_ha- t mg-L-1 kg-he 1

THROUGH
2-3-90 159.36 nd nd nd nd nd nd

2-10-90 30.73 0.27 0.08 0.14 0.04 0.95. 0.29
2-15-90 7.11 nd nd nd nd nd nd
2-22-90 3.81 0.12 0.01 0.01 0.00 0.77 0.03

"~ 3-2-90 5.16 0.59 0.03 0.30 0.02 0.02 0.00
3-9-90 2.79 0.09 0.00 0.19 0.01 0.00 0.00

3-10-90 0.58 nd nd nd nd nd nd
3-15-90 11.66 0.00 0.00 0.20 0.02 0.00 0.00
3-20-90 2.44 0.03 0.00 0.22 0.01 0.00 0.00
4-5-90 5.61 0.11 0.01 0.23 0.01 0.00 0.00

4-21-90 18.62 0.09 0.02 0.21 0.04 0.00 0.00
4-27-90 8.79 0.15 0.01 0.22 0.02 0.00 0.00
5-2-90 0.86 0.14 0.00 0.34 0.00 0.00 0.00

5-12-90 5.41 1.06 0.06 0.08 0.01 0.00 0.00
I

5-21-90' 59.94 0.81 0.48 0.06 0.04 0.00 0.00
6-3-90 4.22 4.21 0.18 0.22 0.01 2.30 0.10

7-31-90 2.46 1.12 0.03 0.99 0.02 1.50 0.04
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Figure 2. Nutrient concentrations in runoff from
a no-till saybean watershed.
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Figure 3. Ground water in observation wells after
a typical storm event.
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Figure 4. Nilrate-N concentrations in ground water of a no-till
soybean watershed at the 1.52 m depth.
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