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Weed Science, 1995. Volume 43:491497 

Approaches for Improving Crop Competitiveness Through the Manipulation of Fertilization Strategies' 

JOSEPH M. DI TOMASO2 

Abstract. Weeds are often more competitive with crops at 
higher soil nutrient levels. This can result in increased de- 
pendency on herbicides and tiliage to maintain adequate 
weed control. A number of studies have shown weeds accu- 
mulate higher concentrations of nitrogen, phosphorus, po- 
tassium, calcium, and magnesium than crops, thus depleting 
soil nutrient levels more quickly and reducing crop yield. 
Understanding basic mechanisms and timing of nutrient 
uptake in weeds and crops can lead to fertilization strategies 
which will enhance the competitive ability of crops while 
reducing interference from weeds. Such strategies can in- 
clude deep band application of fertilizers to the crop row, as 
opposed to broadcast applications. Banding techniques also 
reduce the potential for nitrate contamination of surface or 
groundwater. The addition of nitrification inhibitors or in- 
creasing the proportion of nitrogen as ammonium or urea in 
fertilizer mixtures can restrict growth of ammonium- or 
urea-sensitive weeds. The timing of fertilizer applications can 
take advantage of maximal rates of nutrient uptake into crop 
roots at specific developmental stages. In addition, nutrient 
use efficiency can be enhanced by choosing appropriate crop 
cultivars, maintaining effective weed control practices, or 
altering row spacing or seeding rate to increase accumulation 
of nitrogen, phosphorus, and potassium in crops. 
Additional index words. Banding, competition, ecophysiology, 
fertilizers, nitrogen, nutrient uptake. 

INTRODUCTION 

The importance of inorganic fertilizers in crop productivity is 
well recognized. Numerous studies have shown that crop yields 
improve following the application of nutrients to soil, particu- 
larly nitrogen (N)3, potassium (K)3, and phosphorus (P)3 (for 
review, see 41). However, while nutrients clearly promote crop 
growth, many studies have shown that fertilizers benefit weeds 
more than crops (3, 4, 29, 39, 53, 68, 69, 70). This appears to be 
due to an increase in the ability of weeds to accumulate minerals. 
In early work, Vengris et al. (76), compared the total percentage 
composition of N, P, K, calcium (Ca)3, and magnesium (Mg)3 in 
grassland crops, onion, corn, and their associated weeds. In 
almost all cases, the mean accumulation of nutrients in the weeds 
exceeded the levels measured in the corresponding crop (Figure 

'Received for publication July 8, 1994, and in revised form December 2, 
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2Assoc. Prof., Dep. Soil, Crop, and Atm. Sci., Cornell Univ., Ithaca, NY 
14853. Current address: Dep. Veg. Crops/Weed Sci., Univ. Calif. Davis, CA 
95616. 

3Abbreviations: Ca, calcium; EAS, enhanced ammonium supply; EPA, U.S. 
Environmental Protection Agency; K, potassium; MCL, Maximum Contaminant 
Level; Mg, magnesium; N, nitrogen; P, phosphorus. 
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Figure 1. Mineral content of weeds relative to associated crop. From Vengris, J., 
M. Drake, W. G. Colby, and J. Bart. 1953. Agron. J. 45:213-218. 

1). A similar enhancement in the accumulation of minerals was 
reported in weeds associated with tomato (Lycopersicon escu- 
lentum Mill.) (62, 63), bean (Phaseolus vulgaris L.) (62, 63), 
corn (Zea mays L.) (68, 70), wheat (Triticum aestivum L.) (8, 23, 
24), rice (Oryza sativa L.) (4, 49), and several other crop species 
(3). Increased uptake of minerals in weeds often results in a 
significant competitive advantage over crop species (8, 11, 12, 
15, 23, 29, 38, 49, 53, 54, 60, 69). By altering current fertilization 
strategies, it is possible to simultaneously reduce the harmful 
effect of weeds on crop growth and yield, and maximize the 
competitive ability of crops. 

This review will focus primarily on the mechanisms of nutri- 
ent uptake in plants, the effects of nutrients on the competitive 
interactions between crops and weeds, and fertilization or cul- 
tural strategies that have been demonstrated, or have the poten- 
tial, to increase crop nutrient use efficiency. In many cases, these 
alternative approaches require a greater understanding of the 
physiological differences between crops and weeds, particularly 
with respect to nutrient uptake. 

MEMBRANE TRANSPORT PROCESSES FOR NUTRIENTS 

The mechanisms and kinetics of mineral uptake have been 
studied extensively in crop species (31). Although few studies 
have considered nutrient transport processes in weeds, it is 
presumed that the general mechanisms are similar to those of 
crops. A model has been developed (Figure 2) representing 
current understanding and proposed mechanisms of mineral 
uptake across the plasmalemma. 
Nitrogen. The uptake of nitrogen across the plasma membrane 
depends upon its chemical form. Both nitrate and nitrite are 
negatively charged and therefore absorption by roots is consid- 
ered to be a thermodynamically unfavorable process requiring a 
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Figure 2. Model representing current understanding or speculation concerning 
nutrient transport processes at the plasmalemma of plant cells. More speculative 
transport systems indicated by question marks. Adapted from Kochian, L. V. 
1991. Pages 229-296 in Micronutrients in Agriculture, J. J. Mortvedt, F. R. Cox, 
L. M. Shuman, and R. M. Welch, eds., Soil Sci. Soc. Am. Series No. 4, Madison, 
Wisconsin. 

considerable amount of energy. The transport of nitrate is char- 
acterized by a high affinity constitutive system (Km = 7 ,uM) and 
a lower affinity inducible system (Km = 35 gM) (6, 25, 36). The 
uptake of this anion is generated by the plasma membrane 
H+-ATPase, which transports H+ out of the cytoplasm and estab- 
lishes a proton gradient that secondarily drives the uptake of 
nitrate on a proposed NO3-/iH+ symport (42, 44, 45). Nitrite 
uptake competitively inhibits the uptake of nitrate and, thus, is 
thought to share the same plasmalemma transporters (6). 

Ammonium influx across the plant cell plasmalemma appears 
to be mediated by more than one process, including a high 
affinity saturable carrier-mediated system (Km = 32 ,uM) and a 
linear nonsaturating component operating at higher external 
concentrations of ammonium (up to 40 mM) (78). The high 
aff-mity system is regulated by negative feedback inhibition in 
the presence of high external ammonium. It has been suggested 
that ammonium and K+ may share the same high affinity trans- 
port system (66), which has been hypothesized to be either an 
ATPase or a proton cotransporter. Low affmity ammonium up- 
take has been postulated to be via a putative channel, which may 
also function in the low affinity uptake of K+ (65). 

Less is known of the transport of urea across plant cell 
membranes. In Chara australis R. Br. (80, 81), however, urea 
uptake appeared to be comprised of three mechanisms; 1) a high 
affmity active transport system (Km = 0.3 ,uM) energized by the 
coupling of urea uptake to an influx of protons, 2) a lower affinity 
(Km = 7 gM) protein-mediated transporter not coupled to the 
electrochemical gradient, and 3) a passive diffusion component. 
Potassium. In comparison to other monovalent cations such as 
ammonium, considerably more effort has been spent charac- 
terizing the influx of K+ across plant cell plasma membranes (19, 
32, 33, 52,65). Studies have shown that the kinetics of K+ uptake 
can be resolved into two transport systems (19, 32). The first is 
a high affinity saturable system (Km = 16 ,uM) characteristic of 
a carrier-mediated transport protein (32). Although this system 
has not been fully characterized, it represents an energy-depend- 
ent process that could be mediated by a K+-ATPase (33) or may 
couple K+ uptake to H+ transport (52). The second, a low affinity 
K+ plasmalemma transport system, is nonsaturating (up to 10 
mM) and has recently been shown to represent an inward recti- 
fying channel (65). 
Phosphorus. Phosphorus is primarily taken up by plants as the 
phosphate anion. The kinetics of phosphate transport also indi- 
cate high and low affinity systems (46, 47), with Km values of 7 
and 88 gM, respectively (72). It is thought that the low affinity 
transport system, operating at higher phosphate concentrations, 
is not important to plants under typical growing conditions, as 
soil phosphate is not generally present at these high concentra- 
tions (46). 

Because phosphate transport across the plasma membrane is 
thermodynamically unfavorable, it is actively transported 
against its electrochemical gradient (71). For phosphate and 
other anions, including chloride and sulfate, it has been hypothe- 
sized that influx into the cytoplasm is via an anion-proton sym- 
port (31, 71) that is driven by the H+ gradient generated by the 
H+-ATPase on the plasmalemma (47). 
Other minerals. The influx of other macro- and micronutrients, 
including Ca2+, Zn2+, Cu2+, Fe3+, Mn2+, and Ni2+, across the 
plasmalemma is not well understood. However, it is thought that 
transport of these cations is via ion channels (31). Although Ca2+ 
is readily transported across the plasmalemma (26), its concen- 
tration in the cytoplasm is maintained at a very low level. 
Removal of cytosolic Ca2+ is regulated through the activity of 
both a tonoplast Ca2+/H+ antiport system and a plasmalemma 
Ca2+-ATPase (31). 

INFLUENCE OF NUTRIENTS 
ON WEED/CROP INTERACTIONS 

Thus far, no effort has been made to compare the transport 
kinetics, spatial variability for mineral uptake in roots, and 
timing of nutrient accumulation between crop and weed species. 
Although evidence has shown that weeds accumulate higher 
levels of these important nutrients, the mechanisms to account 
for these differences are not understood. 
Influence of fertilization on weed/crop competition. It has 
been recognized that among the major plant nutrients, competi- 
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WEED SCIENCE 

Table 1. Average yield of wheat grown in competition with wild oat under varied 
N fertilizationa. 

Wheat yield 

Preplant N (kg ha-') 
Wild oat 
density 0 84 168 Average 

plants m-2 kg ha- 

0 6390 6780 7240 6803 
3 5300 6140 6420 5953 
8 5420 5090 4100 4870 

20 4710 4770 3110 4197 
50 3630 2900 2580 3037 
Average 5090 5140 4690 

aCarlson, H. L. and J. E. Hill. 1986. Weed Sci. 34:29-33. 

tion is greatest for N (9). When weed densities are low, increased 
N rates can markedly increase crop yield and minimize compe- 
tition with weeds (3, 49). In many situations, particularly those 
with higher weed densities, added nutrients favors weed growth 
(Table 1), often providing little added benefit in crop yield (3, 
12, 38, 40, 49, 53, 54, 58, 69). For example, Carlson and Hill 
(12) found that the addition of N fertilizer to wild oat (Avena 
fatua L. #AVEFA)-infested wheat increased the density of wild 
oat panicles and decreased the crop grain yield (Table 1). In 
another study (60), when the rate of N or total nutrients were 
doubled wheat growth was not increased, but green foxtail 
(Setaria viridis (L.) Beauv. #SETVI) biomass increased 41 to 
75% (60). The increase in weed competition at higher N rates has 
been suggested to be due to increased nutrient accumulation and 
use efficiency by weeds (68, 76). 
Effect of nutrient competition on other physiological proc- 
esses. Competition among weeds and crops for nutrients is not 
independent of competition for other resources. The ability of a 
species to better utilize available nutrients can also provide an 
advantage in competition forwater and light (12,39,53). Okafor 
and De Datta (53) found that increasing N in rice benefited purple 
nutsedge (Cyperus rotundus L. #CYPRO) more than the crop. 
The subsequent increase in purple nutsedge growth reduced light 
transmission to the crop. As a result, rice leaf area index declined, 
concomitant with a decrease in rice grain yield. A barley/pea 
intercrop mixture was more competitive against white mustard 
when N was not applied, as compared to high N conditions (39). 
This corresponded with a reduction in photosynthetic capacity, 
seed production, and shoot biomass in the mustard. However, at 
high N rates, white mustard produced more leaves and was taller 
than pea. Under these conditions, white mustard significantly 
reduced the pea seed yield when a short pea variety ('Alaska') 
was used in the barley/pea mixture. 

POTENTIAL FERTILIZATION STRATEGIES TO IMPROVE WEED 
CONTROL AND ENVIRONMENTAL QUALITY 

Banding. Despite the tremendous advantages associated with 
the use of inorganic nutrients, particularly N, sporadic water 
quality problems have arisen from their intensive use. In a 

national survey, the EPA3 estimated that 52% of the 94,600 
community water system wells and 57% of the 10.5 million rural 
domestic wells in the United States contained levels of nitrate 
above the National Pesticides Survey minimum reporting limit 
of 150 ppb (73). More significantly, they determined that nitrate 
levels in about 1.2% of the community wells and 2.4% of the 
rural wells were over the EPA's Maximum Contaminant Level 
(MCL)3 of 10 ppm. By comparison, pesticides were detected in 
10 and 4% of the community and rural wells, respectively, but 
rarely exceeded the MCL. As a result, a number of fertilization 
strategies have been employed with the principal goal of reduc- 
ing nitrate pollution of surface and groundwater in agricultural 
areas. 

One approach to reducing fertilizer application rates is to use 
deep or surface banding of nutrients in the crop row. Although 
the advantages of these strategies on groundwater contamination 
are obvious, less is known of the impact of fertilizer banding on 
weed/crop competition. In the absence of a crop, weed growth 
was reduced when fertilizer was deep banded compared to broad- 
cast applications (20). This suppression of weed growth in the 
deep banded plots occurred both in and between the banded row. 
Banding fertilizers within the crop row of bean (55), soybean 
(Glycine max Merr.), peanut (Arachis hypogaea L.) (20), wheat 
(14), alfalfa (Medicago sativa L.), Lincoln bromegrass (Bromus 
inermis Leyss.) (10), and littleseed canarygrass (Phalaris minor 
Retz.) (2) not only lowered weed populations compared to broad- 
cast applications, but also increased crop yield. Otabbong et al. 
(55) compared the effect of weeds on bean yield using three 
fertilization methods; broadcast application, surface banding 
(5-cm strip) on seed row, and deep banding within the seed row 
7 cm below seed level. Their results indicate that surface banding 
in crop row had little beneficial effect on bean yield and weed 
suppression, and even reduced bean yield in unweeded plots 
(Table 2). This was presumably due to increased access by weeds 
growing in the crop row to concentrated levels of nutrients. In 
contrast, deep banding of the fertilizer in the crop seed row 
significantly increased bean biomass and yield, particularly in 
unweeded plots, while also suppressing weed biomass by 44%. 
Thus, beans gained a significant competitive advantage when the 
nutrients were placed below the weed seed level. Similar results 
were reported for deep placement of fertilizers in rice (49). 

An additional advantage to deep banding of fertilizers was 
found in plots where the deep banding application of 50 kg P205 
ha:' provided significantly higher bean yield than surface band- 
ing or broadcast application and similar yield as deep banding 
P205 at 100 or 200 kg ha-l (55). In all cases, the weeds were 
chemically controlled. Based on these results, the authors con- 
cluded that application of fertilizers by deep banding in the bean 
row not only reduced weed competition with the crop, but also 
reduced the rate of phosphorus required to maximize bean yield. 
Using deep fertilizer banding techniques, Cochran et al. (14) 
similarly found no increase in wheat grain yield with N above 45 
kg N ha-1, whereas grain yield after broadcast application of 
45 kg N ha-' was significantly lower than deep banding at the 
same N rate. 
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Table 2. Effect of three fertilizer application methods on weed and bean fresh weight, and bean yield in weeded and unweeded plotsa. 

Fresh weight Bean yield 

Application Weeded Unweeded 
method Weeds beans beans Weeded Unweeded 

kg ha-l x ICF kg ha-l 

Broadcast 24.9 33.5 29.4 1730 760 
Surface banding 24.4 33.7 23.9 1750 520 
Deep banding 14.4 38.8 31.9 1710 850 
LSD 3.1 2.5 2.7 38 16 

aFrom Otabbong, E., M.M.L. Izquierdo, S.F.T. Talavera, U. H. Geber, and L.J.R. Ohlander. 1991. Trop. Agric. 68:339-343. 

Nitrification inhibitors and alternative nitrogen sources. Ni- 
trate is the predominant form of N applied to agricultural soils. 
However, nitrate can be rapidly lost from soils through denitri- 
fication (70). Furthermore, nitrate is a negatively charged com- 
pound, subject to rapid leaching out of the crop root zone and 
possibly into groundwater sources. Thus, enhanced N use effi- 
ciency is possible through the utilization of nitrification inhibi- 
tors or alternative sources of N, particularly ammonium and urea. 

Weed species can vary in their response and sensitivity to 
various forms of N. Teyker et al.(70) reported a differential 
growth response in corn and redroot pigweed (Amaranthus 
retroflexus L. #AMARE) to nitrate and ammonium. While corn 
shoot dry weight was unaffected by N applied as either nitrate 
(220 mg N kg-1) or ammonium (220 mg N kg-') plus 5 mg ai 
kg-' of an experimental nitrification inhibitor (EAS)3, total N 
content in the corn tissues increased by 33% with ammonium 
plus EAS compared with nitrate. In contrast, ammonium plus 
EAS not only caused chlorosis and crinkling in redroot pigweed 
leaves, but dramatically reduced pigweed shoot dry weight 
(75%), total N accumulation (57%), and extractable Mg (92%), 
malate (91%), and oxalate (83%) compared to nitrate treatment. 
The authors suggested that enhancing the proportion of N as 
ammonium may provide more effective weed control on ammo- 
nium-sensitive plants, reduce N loss from the crop root zone, and 
reduce leaching of N into groundwater. 

Witchweed, both Striga asiatica (L.) Kuntze #STRLU and 
Striga hermonthica (Del.) Benth., are parasitic weeds which can 
reduce yields markedly in monocots (51). Although mechanical 
and chemical control methods have not proved successful in 
controlling these weeds (18), witchweed infestations are affected 
by the form and concentration of N used in fertilizers. Pesch and 
Pieterse (59) and Mumera and Below (51) reported that urea, and 
to some extent ammonium, reduced witchgrass infestations by 
inhibiting germination and radicle elongation. In similar studies, 
Farina et al. (21) and Agabawi and Younis (1) demonstrated that 
ammonium dramatically reduced the incidence of witchweed in 
corn and sorghum (Sorghum bicolor (L). Moench). These 
authors concluded that shifting the N source from the current 
ammonium-nitrate combinations to ammonium sulphate or urea 
would provide more effective control of witchgrass in tropical 
grain crops. 

Timing of fertilization applications. Differential timing for 
utilization of nitrogen was also demonstrated between wheat and 
rigid ryegrass (Lolium rigidum Gaud. #LOLRI) from Australia 
(16). Demand for N in wheat is high before the three-leaf stage 
when tillering begins. Thereafter, N use is less efficient in wheat. 
By comparison, annual ryegrass produces tillers continuously 
and is stimulated by late N applications. Therefore, early N 
application reduces the competitive effect of annual ryegrass on 
wheat yield, and growers are encouraged to apply N fertilizers 
prior to the three- to four-leaf stage in wheat (16). In another 
example, application of N at planting did not increase yield of 
winter wheat when downy brome (Bromus tectorum L. 
#BROTE) was present (79). However, applying N during a 
fallow period in a fallow-winter wheat cycle reduced downy 
brome interference with wheat (5). This response occurred be- 
cause the N penetrated deeper into the soil profile by the time 
wheat was planted. The shallow root system of downy brome 
was unable to access the bulk of the N, whereas winter wheat 
absorbed N at greater depths in the soil. 

Plant growth stage can have a dramatic effect on the utiliza- 
tion of available nutrients. Pandey et al. (56) studied P uptake in 
a variety of weeds and crops and noted the rate of P uptake varied 
with age and species. In the perennial weed, purple nutsedge, 
uptake of P was rapid until plants were 24 d old. In contrast, the 
demand for P in other weeds and a number of crops, including 
pearl millet (Pennisetum glaucum R. Br.), wheat, and chick pea 
(Cicer arietinum L.) was higher after 60 days, during the flow- 
ering and fruiting stages. 

METHODS OF ENHANCING NUTRIENT USE EFFICIENCY 

Nutrient-effi'cient crop cultivars. Crop cultivars vary in a num- 
ber of developmental characteristics, including stature, canopy 
development, and leaf orientation (38, 39, 49). These qualities 
can have a dramatic effect on competitiveness in the presence of 
weeds. Several studies have reported differences in the ability of 
various cultivars of soybean (28, 48), pea (38, 39, 77), bean (43, 
61), rice (4, 17, 49, 58, 75), wheat (7, 13, 23, 64) and other crops 
(27, 37, 64) to compete with weeds. While these studies generally 
examine the influence of weeds on specific growth parameters 
or crop yield, few have compared either the effect of fertilizer 
rates, particularly N, on crop/weed interactions (38, 39, 75) or 

494 Volume 43, Issue 3 (July-September) 1995 

This content downloaded from 129.173.72.87 on Tue, 14 Apr 2015 13:18:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


WEED SCIENCE 

Table 3. Effect of pea cultivar and N on mean seed yields and final above-ground 
biomass of white mustard leaf in a barley/pea intercrop systema. 

Seed yield Dry wt 

N treatment/ White 
Pea cultivar Barley Pea Total mustard 

g M-2 9 r-2gm 

No nitrogen 
Alaska 133 (37b) 230 (63) 363 189 
Century 16 (5) 334 (95) 350 105 

90 + 90 kg N/ha 
Alaska 262 (79) 69 (21) 350 1766 
Century 204 (33) 406 (67) 618 948 

Source of variationc 
Pea genotype *** *** * * 
Pea genotype x N ** ** ** NS 

aLiebman, M. 1989. Field Crops Res. 22:83-100. 
bPercentage of total yield. 
CNS = no significant difference at P = 0.1, * = significant at P = 0.1, ** = 

significant at P = 0.05, ** * = significant at P = 0.01 using student-t tests. 

nutrient-acquisition properties of crop cultivars alone or in the 
presence of weeds (23). 

In addition to manipulating fertilization strategies, some stud- 
ies have demonstrated improved weed control by increasing N 
use efficiency by selecting appropriate crop cultivars. For exam- 
ple, Liebman (38) and Liebman and Robichaux (39) examined 
the competitive interaction between white mustard and a bar- 
ley/pea intercropping system, using two pea cultivars, with and 
without N. When N was not added, total crop seed yield (pea + 
barley) was not different using either a long-vined ('Century') 
or short-vined ('Alaska') pea cultivar (Table 3). However, 'Cen- 
tury' pea seed yield was 45% higher than 'Alaska' pea under 
these same conditions. N fertilization increased barley seed 
yield, but dramatically reduced 'Alaska' pea seed yield. Thus, 
total seed yield did not improve when 'Alaska' pea was used in 
the intercrop system, whereas white mustard biomass increased 
by nine-fold. In contrast, N application increased both barley and 
'Century' pea seed yield, and resulted in a 74% increase in total 
seed yield, despite a similar nine-fold increase in white mustard 
biomass. Seed yield differences with the two pea cultivars was 
due to the ability of 'Century' pea to overtop and shade the weedy 
mustard under both low and high N conditions. In contrast, the 
shorter vined 'Alaska' pea was unable to compete with the 
fast-growing white mustard under high N conditions, as its yield 
declined by 70% compared to 'Alaska' pea yield without addi- 
tional N. From this work the authors concluded that weed/crop 
competition under an appropriate set of cultural and soil condi- 
tions should play an important role in the choice of crop varieties 
used in intercropping systems. 

Recent research has focused on developing crop varieties with 
improved crop yields under both high and low N conditions (35, 
67). In preliminary results, a corn line selected for high N use 
efficiency increased grain yield 5.1 and 2.6% without and with 
N, respectively (35). The development of better N-efficient crop 
cultivars would be of great value in tropical environments where 

poor nutrient soils are common and the economics of the region 
prohibit extensive use of fertilizers and pesticides. Development 
of these cultivars may also reduce the potential for groundwater 
contamination with nitrates, and possibly improve crop competi- 
tiveness with certain weeds. 
Effective weed control. In most instances, excessive fertilizer 
application rates can provide sufficient nutrients for season-long 
growth of both the crop and weeds. However, in other cases, the 
availability of nutrients for crop growth is dramatically reduced 
in the presence of weeds. Growth and yield reduction because of 
nutrient depletion is exacerbated when weeds accumulate a 
disproportionate amount of macro- and micronutrients (74). To 
maintain adequate mineral uptake in crops under these condi- 
tions, one or more weed control measures must be employed (22, 
34, 49, 57, 74). Thus, a situation often exists in which fertilizer 
application increases dependence on other weed control meas- 
ures, by enhancing the competitive affect of weeds (3, 49). 

A number of researchers have demonstrated increased N, P, 
and K accumulation in crops when weeds were controlled by 
herbicides or hand weeding (34,57,74). Mechanical or chemical 
weed control increased rice grain yield 34% and increased the 
accumulation of N, P, and K 48, 30, and 38%, respectively, 
compared to unweeded plots (34). Thus, maintaining adequate 
weed control can greatly enhance the uptake and efficiency of 
fertilizer in crops. 
Row spacing and seeding rate. Weeds removed 30 to 40% of 
available soil nutrients in wheat (82), with a corresponding 10% 
reduction in grain yield (50). However, by manipulating crop- 
ping systems it is possible to improve crop nutrient efficiency. 
Johri et al. (30) evaluated the affect of reducing crop row spacing, 
increasing seeding rate, and cross-sowing seed on N, P, and K 
uptake in wheat and several broadleaf and grass weed species. In 
this study, all three treatments led to significantly higher uptake 
of N, P, and K in wheat, and reduced nutrient uptake in grass and 
broadleaf weeds. 

CONCLUSION 

Weeds often accumulate more nutrients than crops, thus gain- 
ing a competitive advantage for other resources, particularly 
light. Furthermore, the nutrient levels in the soil will likely be 
depleted more rapidly in the presence of weeds, causing addi- 
tional losses in crop yield. Thus, it is important to develop 
fertilization or crop production strategies that will enhance the 
competitive ability of crops and minimize weed competitiveness, 
yet reduce the potential of environmental problems associated 
with water quality. This can include such practices as fertilizer 
banding in the crop row, substituting urea or ammonium for 
nitrate in fertilization combinations, and carefully controlling the 
timing of nutrient application. The development of many of these 
approaches requires a better understanding of the spatial and 
temporal kinetics for nutrient fluxes in root tissues of weeds and 
crops. In addition to manipulating fertilization strategies, nutri- 
ent use efficiency can be enhanced through the choice of appro- 
priate cultivars, and the employment of cultural practices that 
maximize nutrient uptake by crops. For example, nutrient use 
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efficiency by crops is greatest under conditions where weed 
infestations are low. Thus, by controlling weed growth, it is 
possible to maintain high crop productivity at lower levels of 
applied nutrients. Alternatively, more efficient fertilization sys- 
tems may reduce herbicide rates required to provide adequate 
weed control. 
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