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Abstract 

The effects of  applying different commercial, controlled release fertilizers (CRF) as a means of controlling 
NO ~- pollution of groundwater in an irrigated maize crop were tested. The polluting effects of  two sources of  
irrigation water with different NO ~- content were also evaluated. 

The results showed that conventional agricultural practices are one of the main causes of  NO3-aquifer pollution. 
Excess nitrogenous fertilization occurs because of the lack of soil monitoring to rationalize the fertilizer dosages 
and because the flood irrigation system, used with the frequency and rates applied, accelerates NO~- leaching. The 
results also show the inefficient use made of water. 

An analysis of the results, using the evolution of the NOa- leaching rate, proved to be a more reliable source of 
information for assessing pollution than the concentrations detected in the soil water solution, below the root zone 
when the water flow was downwards. 

The use of  two different sources of  irrigation water (well, 43 mg NO~- l-~ and stream, 3 mg NO~- l-~ ) showed 
no significant differences on the NO£ leached during the maize growing period owing to the high levels detected 
in the soil and the high dosages of  N applied. 

In the stream irrigation water experiment, a greater polluting effect was observed with conventional fertilizer 
application (urea) than with CRF. 

The results obtained with Floranid 32 showed the effects of control over NO~- leaching both in the case of  stream 
and well-water irrigation sources. With Multicote this is only observed with the use of  NO~- free water. 

1. Introduction 

Nitrogen application rates above crop require- 
ments and irrigation rates unmatched to poten- 
tial evapotranspiration (ET), are the main causes 
of  aquifer pollution by nitrates in agricultural 
areas (Prat, 1984; Ramos et al., 1989). In the 
mid-basin of the Jarama river (Central Spain), 
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widespread  cul t ivat ion of  irr igated maize  and  
u rban  and  industr ial  impac t  on the aquifer ' s  re- 
charge area  (Pelaez et al., 1971) have  led to 
NO~- -N concent ra t ions  near  the EC tolerance 
l imit  for h u m a n  consumpt ion  (European  Eco- 
nomic  C o m m u n i t y ,  1980).  

U n d e r  convent iona l  cultural  practices,  maize  
cul t ivat ion m a y  include a single top-dressing N 
rate o f  up  to 300 kg h a -  1 (Bratos,  1990; Tejedor,  
1991 ) and  extensive use o f  surface irrigation with 
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variable application rates. Matching irrigation 
management to potential water consumption has 
been addressed by a water-balance study (R. Ro- 
man, R. Caballero, A. Bustos, J.A. Diez, M.C. 
Cartagena and A. VaUejo, unpublished data, 
1983). 

Partitioning N application has been recom- 
mended as a means of  reducing pollution risk and 
improving N-use efficiency (Keeney, 1986; O1- 
son and Kurtz, 1989; Ramps et al., 1989). How- 
ever, the maize canopy makes this technique im- 
practical in commercial farming conditions. The 
only way of fertilizing the crop in advanced 
growth stages is via water irrigation using 
sprinklers. 

The use of controUed release nitrogenous fer- 
tilizers (CRF) in intensive crops could be an al- 
ternative to reduos these effects but there is little 
information on its application. This is largely be- 
cause such fertilizers are somcwhat more expen- 
sive than conventional ones even though they 
may involve considerable advantages, such as 
higher N-use efficiency and pollution control 
which could more than offset the price differ- 
enos (Jimdnez et al., 1988 ). 

Some of these fertilizers are being marketed 
whilst others are at the experimental stage (Car- 
tagena et al., 1991 ). Their greatest advantages lies 
in the fact that N is gradually released matching 
the plant's rate of absorption. 

The purpose of  this paper is to test the effects 
of  two CRF on the control of  ground-water ni- 
trate pollution against conventional fertilizers 
such as urea, in an irrigated area of central Spain 
under maize cropping. At the same time, the pol- 
luting effects of  two sources of irrigation water 
are evaluated. One water source is a low nitrate 
content stream and the other a well with higher 
nitrate levels located on the experimental farm. 
Both fertilizer and irrigation dosages applied 
conform to local agricultural practices. 

2. Material and methods 

A 4000 m 2 experimental field was established 
in La Poveda Field Station (CSIC) located in the 

district of  Arganda del Rey (Madrid) on the Jar- 
ama river plain, traditionally used for irrigated 
crop growing. Twenty four ( l l m × 9 m )  single 
plots, spaced 3 m apart, were marked out within 
the experimental field. Half these plots were ir- 
rigated with well water and the other half with 
stream water. The analytical data of water sources 
are given in Table 1. 

Nitrogen application was carried out with three 
different fertilizers as follows: (1) urea; (2) 
Floranid 32 whose nitrogenous component is 
isobuthylidendiurea (a low solubility com- 
pound);  (3) Multicote 4 (a urea-base coated 
fertilizer). Dosage and method of application are 
specified in Table 2. 

Textural variations within the experimental 
field were assessed by taking six undisturbed 
samples of the soil profile down to the gravel 
layer. Individual soil samples were also taken on 
each single plot. There is no defined structure in 
the first 50 era, in which the texture is fairly ho- 
mogeneous (Table 3). The gravel layer depth 
within single plots varied between 1.3 m and 2.2 
m. 

Soil samples were taken from all the single plots 
before starting the experiment to assess the nu- 
trient dynamics using the electro-ultrafiltration 
technique (Nemeth, 1979; Table 4). On the ba- 
sis of  this information, a study of the actual fer- 
tilization requirements of  the crop was made via 
a laboratory analysis, paying special attention to 
the evaluation of available N in the soil (Wick- 
liky et al., 1981 ). 

The experiment was laid out in a randomized 
complete block design with four replications, us- 
ing 12 single plots with each source of  water. 
Maize cultivar 'Prisma 800XL 72AA' was 
planted on 24 April and harvested as grain crop 
on 7 November, 1991. For seedbed preparation 
800 kg ha-Z of  a compound 8:15:15 
(N:P2Os:K20) were applied. 

Moisture was monitored by a neutron probe 
and the water flow path through the soil profile 
by a set of  ten tensiometers per single plot (Ro- 
man et al., unpublished data, 1993). The soil- 
water solution was sampled using a ceramic can- 
del extraction system with tips at depths of 50 
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Table 1 
Analysis of irrigation water at the beginning of the experiment 

51 

Source of NOj- NOj- NH~- C1- SO~ CO3H- Ca + + Mg + + Na + K + pH Conductivity 
water (/~mhos) 

Well 43.0 - - 64 521 465 215 68 121 14 7.3 1980 
Stream 3.7 1.1 6.3 43 149 201 81 19 60 8 7.6 870 

All values are mg 1- i. 

Table 2 
Characteristics of the fertilizers and method of application ~ 

Fertilizer Characteristics Activity N contained Top-dressing N rate 
treatments time (%) 

(months) Urea CRF 
(kgha -~ ) (kgha -~ ) 

Urea Soluble 2 46 294 - 
Floranid 32 Low solubility 4 32 94 200 

(ISODUR) 
Multicote 4 Coated 4 29 94 200 

~All treatments received additionally 64 kg N ha- ~ as 8:15:15 compound with seedbed preparation. 

Table 3 
Average figures and coefficient of variation (cv) of the grain size within the experimental field at different soil depths 

Soil-depth 

50 cm 90 cm 140 cm 

Mean cv Mean cv Mean cv 

Sand 37.7 14.8 51.9 22.9 71.9 17.5 
Loam 45.5 9.5 36.1 25 21.2 48.6 
Clay 16.9 11.5 13.1 39.7 6.4 59.3 

Table 4 
Average figures for K, P and N evaluated by EUF in the 24 plots (mg. 100 g-i  of soil) 

EUF.K EUF.P EUF.N EUF - NO~- AvailableN 

20°C 80°C 20°C 80oc 20oC+80°C 20°C+80oC kgN.ha -1 

12.25 8.95 1.48 1.6 8.37 1.85 320 

cm,  90 c m  a n d  140 cm.  O n l y  da t a  f r o m  140 c m  
were  u sed  as soil wa te r  r each ing  th is  dep th  
l eached  to  the  g r o u n d w a t e r  table .  

O n e  sp r i nk l e r  i r r i ga t i on  at  the  ra te  o f  60 1 m -2  
p lus  e ight  surface  i r r iga t ions  at  e v e n  ra tes  o f  431 
m -2  were  a p p l i e d  ove r  the  m a i z e  g rowing  sea- 

son.  R a i n f a l l  d u r i n g  the  s ame  p e r i o d  was 109 1 
m -2.  

T h e  soi l ' s  wa te r  reserve  a n d  h y d r a u l i c  charge 
prof i le  were  pe r iod ica l ly  m o n i t o r e d .  S ix teen  op- 
e r a t i ons  o f  th is  type  were p e r f o r m e d  t h r o u g h o u t  
the  g rowing  per iod .  U s i n g  these  data ,  the  d r a i n -  



J.A. Diez et al. / Agriculture, Ecosystems and Environment 48 (1994) 49-56 

age volumes were determined periodically. Inte- 
grating these data enabled the drainage relating 
to each of the soil solution samplings to be cal- 
culated (Roman et al., unpublished data, 1993 ). 
Sampling was carded out when water flow was 
downwards so that samples from the deeper lay- 
ers are directly linked to groundwater pollution. 
A total of seven soil solution samplings were 
made from April 24 at the following intervals: 
82, 95, 111,129, 146, 153 and 250 days. In the 
first sampling no water was found at a depth of 
140 cm. 

The estimate of  leached nitrate was calculated 
from the product of the NO£ concentration in 
the soil solution, below the root area, and the 
volume of drainage water, calculated by integra- 
tion for each period. 

Total N in the EUF extracts (EUF-N) was de- 
termined by digestion with UV radiation and 
subsequent oxidation with potassium persul- 
phate in an alkaline medium (Dtez, 1988), in 
order to transform all the nitrogenous com- 
pounds into NO~-. The analytical NO£ deter- 
minations both of the soil-water solution from 
the porous ceramic cups, and of  the EUF ex- 
tracts, were performed colorimetrically using a 
Technicon AAII (Technicon, USA) autoanaly- 
ser with N 1 naphthylethylenediamine. P was de- 
termined using an ammonium molybdate re- 
agent and K by flame emission photometry. 

N extraction by crop was estimated at 390 kg 
ha-  ~ for a maize production of 13 t ha -  1. On the 
basis of the EUF soil analyses and according to 
criteria as established by Wiklicky and Nemeth, 
( 1981 ), the available soil-N was assessed at 320 
kg N ha-~ (Table 4). These calculations would 
have led us to apply a moderate dosage of ap- 
proximately 100 kg N ha-  t. 

However, as our purpose was to test the pol- 
luting effects of excessive nitrogenous fertilizer, 
we chose to follow the traditional practice of the 
farmers, estimating the top-dressing dosage to be 
applied as 294 kg N ha-  1. This dosage represents 
the average in the area and is in agreement with 
some recommendations (Bratos, 1990). 

Another nitrogen input not always taken into 
account is that from irrigation water. In view of 
the fact that we used two sources of water, with 
different characteristics in the experiment, an 
additional contribution of 32 kg N ha-  ~ with well 
water and 2.3 kg N ha-  1 with stream water is es- 
timated for that supplied throughout the maize 
growing cycle. 

3. Results 

Nitrate concentrations in the soil solution, de- 
tected at different depths, showed an important 
variability in space and time whose coefficients 

Table 5 
NO~" concentrations (rag 1 -~ ) in the soil solution at a depth of 140 cm at varying water irrigation sources and fertilizer types 
(x+sd) 

Treatments Samplings 

2 3 4 5 6 7 

Stream 
Multicote ~ 391 + 124 276_+ 67 270 + 88 281 + 112 305 + 141 315 + 67 
Floranid ~ 180+ I0 315+65 315+94 325+31 335+37 325+41 
Urea 2 506 794 685 637 668 257 

Well 
Multieote 442 + 8 565 + 72 560 + 80 542 + 119 450 + 40 450 + 36 
Floranid 390+ 131 325+75 170+87 163+37 253+92 270+44 
Urea 533+267 613+286 505+ 180 275+ 117 253+ 110 271 + 113 

tSlow release N fertilizers. 
2Only one complete piece of data useable in the whole series (n=4). 



J.A. Dlez et al. /Agriculture, Ecosystems and Environment 48 (1994) 49-56 53 

60 

~ 5o 
N 

I 

4o 

-~- 3O 
0 

~ 20 
0 
z 

10 

M J 
0 = I I 

0 go 

120 

[~ ! ~ '  

2 "  = = 

4O 
~ ,,." ~ 7 Ma ize  cv p r i s m a  800XL 72AA 

~', /  Harves t  20 

-/J'~ A S . . . . I_uIN . O . E I , I I i I  I I 0 
100 150 200 250 300 350 

Doys  o f fe r  sow ing  

100 
Q 

z 
80 " 

3 
e~ 

r -  

3 
! 

Fig. 1. Accumulative nitrate leaching and drainage in maize crops. Stream irrigation w a t e r . . - - . ,  drainage; o - - o ,  Multicote; 
A ...... A, Floranid 32; D- - -n ,  urea. 
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Fig. 2. Accumulative nitrate leaching and drainage in maize crop. Well irrigation w a t e r . . - - . ,  drainage; o - - o ,  Multicote; 
A ...... A,  Floranid 32; D- --r-l, urea. 

of variation were generally high. Average figures 
for NO£ concentrations at a depth of 140 cm, 
together with the standard deviation are given in 
Table 5. This table shows that NOF concentra- 
tions in the first samples are relatively high, in- 
dicating that before the experiment commenced, 
there was an appreciable accumulation of NO j- 
from previous practices. We can also see that 
standard deviations are relatively high in some 
cases (well, urea; stream, Multicote). Similar re- 
sults have been reported by other researchers in 
studies of this nature (Biggar, 1978 ). To the dif- 
ficulties arising from the spatial and temporal 
variability are added others deriving from the 
periodic obstruction of the ceramic cups, despite 

detecting sufficient moisture content through the 
neutron probes. 

Lctey et al. (1977) have studied the correla- 
tion between the NO~" of irrigated soils in Cali- 
fornia and nitrogenous fertilization and volume 
of drainage. The N leached correlated signifi- 
cantly with the volume of drainage and with the 
dosages of fertilizer added however, it had no re- 
lation with NO3- concentrations in the soil solu- 
tion. Consequently, NOF leached was evaluated 
(concentration of NO£ × volume of drainage) 
periodically for each of the treatments through- 
out the experiment. The results are presented as 
cumulative curves, with the cumulative volume 
of water leaching in Figs. 1 and 2. 
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It can be seen from the figures that drainage 
increases rapidly throughout July and the begin- 
ning of  August, i.e. coinciding with irrigation 
time and providing that the water supplied ex- 
ceeds actual evapotranspiration. Quantification 
of this process during the growing period gives 
approximately 97.61 m -2, which proves that both 
the flood irrigation system used and the fre- 
quency and dosages applied accelerate leaching 
of salts and, particularly, of  nitrates. At the same 
time a 20% water loss through drainage is con- 
firmed. In addition, an uneven distribution of 
water in single plots is detected. It accumulates 
in the ground's typical depressions which origi- 
nates a certain variability affecting the uneven 
distribution of water to cover the crop's require- 
ments and, consequently, the information ob- 
tained in the experiment. 

4. Discussion 

Before starting the experiment an objective 
evaluation of  the actual nitrogenous fertilizer re- 
quirements was made as a function of  the N 
available in the soil, in order to assess the agree- 
ment between the dosage necessary (I00 kg N 
ha -  ~ ) and the dosage applied (294 Kg N ha-  ~ ): 
the latter was the final choice. 

This substantial difference obviously proves 
that, in many cases, nitrogenous fertilizers are 
applied in excess because, on the one hand, 
farmers rarely using soil analyses to evaluate their 
fertilizer requirements and, on the other, be- 
cause there is insufficient awareness of the risks 
of pollution which results from the use of excess 
nitrogenous fertilizer. 

Fig. 1 shows that the rate of  NO3-N release is 
more intense in the first stages coinciding with 
the greater intensity of drainage. A turning point 
is observed after 125 days in CRF and, after 140 
days in urea. In general, the most intense NOF 
leaching is detected in the first phase because of 
the greater intensity of drainage but also because 
in the CRF treatments a proportion of N was 
supplied as urea in order to ensure nitrogenous 

nutrition of the crop in the early growth stages 
(see Table 2). 

The urea treatment showed a N O ;  leaching 
rate clearly higher than that obtained by CRF. 
This behaviour could mean that the high solubil- 
ity of urea has a short period of activity giving 
rise to high concentrations of NO~- in the soil 
water solution. This is finally turned into high 
leached N figures as can be seen in Fig. 1. 

In contrast, the CRF showed moderate leach- 
ing rates which give rise to lower leached N fig- 
ures. Fig. 1 shows that almost twice as much N 
leached from the urea treatment than the CRF 
treatment with stream-water irrigation. The two 
CRF treatments showed similar amounts of 
leached N. The leaching of NOF from the urea 
treatment followed the accumulative drainage 
curve closely. 

In the experiment using well water as an irri- 
gation source, the NO£ leaching curves (Fig. 2) 
showed similarities with those obtained using 
stream water; thus a higher NO~- leaching rate 
again occurred in the first stages with a turning 
point similar to that found with the stream water. 

Owing to its high solubility, urea again exhib- 
ited an accelerated rate of N release at the begin- 
ning, which determines a low use of N by the 
plant, finally causing a marked NO~- leaching 
process. 

However, Floranid partially controlled N re- 
lease with lower NO3 concentrations in the soil 
solution which finally turns into moderate 
NO3 losses through leaching. 

N-leaching in Multicote well-water treatment 
runs at a higher level than that observed with 
stream water irrigation, displaying figures simi- 
lar to that of  urea. No reasons justifying this be- 
haviour were found. 

The NOF concentrations in the soil detected 
at the beginning of the experiment demonstrate 
an appreciable NO~- pollution of the soil at ori- 
gin, which makes it difficult to clearly separate 
the effect of  applying different types of fertilizer. 
Under  these circumstance, it is difficult to ap- 
preciate the effect of  two different types of irri- 
gation water which, whilst different in their 
NOF content, nevertheless represent relatively 
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small contributions compared with the content 
of the soil. 

The amount of NO£ lost through leaching de- 
pends on the amount of water moving through 
the soil and the concentration of NO~- present 
when the water is draining through the rooting 
zone. According to Pratt (1984), once the crop 
has been selected, management, irrigation and 
nitrogenous fertilizers must ensure that the crop 
has a competitive advantage over other factors 
affecting N. 
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