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Abstract 

Fourteen treatments of nitrogen (N) and phosphorus (P) fertiiiz- 
et-s were applied in an overgrazed ejido rangeland in northern 
Mexico, during 1990 and 1991. Eight treatments were applied 
using ammonium nitrate as a source of N (60-0-0,60-30-O, 60-60-0, 
80-40-0, 120-30-0, 120-60-0, 120-90-o and 180-60-o kg ha-‘), 2 
treatments with ammonium sulfate (60-30-O and 120-60-o kg ha-‘), 
2 with urea (60-30-O and 120-60-O kg ha-‘), only P (O-30-0 kg ha-‘), 
and the control (O-O-O kg ha-‘). Triple superphosphate was applied 
as a source for P. The 8040-O treatment was included because it 
was the commonly recommended rate for the area. Fertilizers 
were applied at the beginning of the rainfall season (July) and 
forage was harvested in late October (1990) and mid-November 
(1991). Dry matter production, crude protein (CP) content, and 
in situ digestibility were determined. An economic analysis was 
used to obtain the best economic treatment for forage produc- 
tion. In 1990 with a precipitation of 377 mm, dry matter produc- 
tion was significantly affected for both source and rate of N. The 
maximum amount of dry matter was obtained with a rate of 120- 
90-0 kg ha-’ using ammonium nitrate. However, the best treat- 
ment in terms of economic return was 120-30-O kg ha-’ as ammo- 
nium nitrate. Urea did not produce as well as other N source 
treatments. Crude protein was highest in treatments with the 
higher N, but no significant trend was evident. In situ digestibiii- 
ty was not affected by rate or source of N fertilizer. During 1991, 
precipitation was higher than in 1990. Significant differences 
were determined among N rates but not in N source. In fact, urea 
produced greater in dry matter production than other N sources 
at the same rate. The maximum amount of dry matter was 
obtained with the 180-60-O treatment using ammonium nitrate 
with 4,190 kg ha-‘, but the best economic treatments were the 
12030-O and 60-0-O with a marginal return rate of 377% and 
3558, respectively. Results of CP and in situ digestibility were 
similar to those of 1990. 
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Mesico has 92 million hectares of rangeland, many of which 
have deteriorated due to intensive livestock grazing. Application 
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of inorganic fertilizer may help improve some of these areas. 
Even though this practice has demonstrated a potential to signiti- 
cantly increase both amount and quality of forage around the 
world, it is not yet widely applied in Mexico. The primary reason 
is that the price of fertilizer is high or changes frequently. A sec- 
ond reason is that many rangelands experience high climatic vari- 
ability every year that affects the results of this practice. These 
reasons represent high risks to the ranchers. It is believed that in 
general, the response of rangeland to applied fertilizer depends on 
1) kind of fertilizer, 2) rates and application method, 3) density 
and type of vegetation, 4) soil type and soil fertility, and 5) abiot- 
ic factors such as evaporation and precipitation. 

The effect of applying inorganic fertilizers to increase forage 
production on rangeland in the USA has been the focus of several 
studies (Power and Alessi 1971; Black and Wight 1979; and 
Wood et al. 1986). Nevertheless, there are few studies on fertil- 
ization of Mexico’s rangelands. Ojeda (1969) in a study in the 
north of Mexico reported significantly greater forage production 
with application of 120 kg of nitrogen (N) per hectare in short- 
grass than in areas with no fertilizer; he noted that the residual 
effect could be beneficial for at least 4 years. Sanchez (1972) 
hypothesized a linear relationship of forage production and pro- 
tein content as the rate of N and phosphorus (P) was increased. 
He also found that the best application was 80-25-O kg ha-‘. 
Gonzalez (1972) suggested that application of 80 kg ha-’ of 
ammonium nitrate and 25 kg ha-’ of phosphorus pentoxide (PZ05) 
increased forage production 132% in a shortgrass community 
dominated by blue grama (Boutelow grucilis PVilld ex H.B.K.] 
Lag. ex. Griffiths) and wolftail (L~wwz~s phleoirles H.B.K.). He 
also noted that protein and phosphorus content were significantly 
increased with this treatment. Sosa (1983) showed that the high- 
est forage production was with application of 200 kg of nitrogen 
per hectare. 

The state of Chihuahua, located in the north of Mexico, has 
about 17 million hectares of rangeland. In general, like most arid 
and semi-arid range areas, the precipitation is erratic and infre- 
quent. However, there are approximately 3 million hectares with 
good plant cover with an average precipitation of more than 500 
mm per year distributed from June to October. The rehabilitation 
of this area may be accelerated with applications of inorganic fer- 
tilizers. But very little is known about the effects of fertilizer 
applications on forage production and quality of that forage in an 
overgrazed area in Mexico. Therefore, the objective of this 
research was to determine if differences in forage production 
exist when applying different sources of fertilizers as well as dif- 
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ferent rates on deteriorated shortgrass rangeland in the State of 
Chihuahua, Mexico. The second objective was to examine the 
protein content and in situ digestibility of the produced forage. A 
third objective was to determine net economic benefits. This 
research may lead to a better understanclmg of the role of nitrogen 
and phosphorus in a native grassland of Northern Mexico. 

Materials and Methods 

Two field trials were conducted during the summers of 1990 
and 1991 on the Ejido Basuchil in the state of Chihuahua. An 
“Ejido” is a community where the law establishes that any timber 
or grazing lands must be used collectively or shared (ComehIs, 
1964). This has caused most Ejido rangeland areas to presently be 
in poor condition. Basuchil is representative of a deteriorated 
grassland that is grazed mainly by domestic livestock, and a num- 
ber of low quality horses that consume more forage than the cat- 
tle and produce little economic value. 

Records of 16 years of precipitation in the area show that mean 
annual precipitation was 534 mm. Precipitation during 6 years 
was above the mean, and precipitation for 10 years was below the 
mean with all being higher than 400 mm yearly except for 1979 
(Fig. 1). Most of the growing season precipitation came during 
June to October, and fluctuations of wet and dry years are not as 
dynamic as on other sites in the state. Some snow events occur 
during the winter. During the study, July to October precipitation 
was recorded using a rain gauge that was placed beside the exper- 
imental plots. 

Soil samples were taken between O-15, 15-30, and 30-60 cm 
each indicated a pH of 6.1; organic matter 0.93%; nitrogen 0.08% 
(based on organic matter content); available phosphorus 9.7 ppm; 
available potassium 560 kg ha-‘; and electrical conductivity of 
0.24 dS m“. The soil is a fine-loamy, mixed, mesic, Aridic 

Paleustoll. The dominant species were zacate navajita azul (blue 
grama), setaria (&-istlegrass) (Setaria spp. Beauv.), lobero (wolf- 
tail), microcloa (Microchloa kuntii Desv.), and tres barbas (three 
awns) (Aristida spp. L.). Other species were junco (flatsedge) 
(Cypenrs spp. L.), liendrilla morada (muhly) (Muhlenbergiu spp. 
Schreb.), and navajita velluda (hairy grama) (Boutelouu hirsutu 
Lag.). 

Fertilizer treatments were applied by hand in a single applica- 
tion in the first week of July of 1990 and 1991 before the first 
growing season precipitation event occurred. Each treatment plot 
was 100 m* (10 m x 10 m) with a distance between plots of one 
meter. After fertilizer applications, the experimental areas were 
excluded from grazing. 

The 3 nitrogen sources were ammonium nitrate (33.55% N), 
ammonium sulfate (20.5%), and urea (45%). Phosphorus was 
applied as triple superphosphate (46% P205). The treatments 
using ammonium nitrafe were selected as a result of an incom- 
plete factorial: 60-o-0, 60-30-0, 60-60-0, 120-30-O, 120-60-0, 
120-90-0, and 180-60-o. Treatments with ammonium sulfate 
were 60-30-o and 120-60-o and treatments with urea were 60-30- 
0 and 120-60-o. In addition, we included a treatment 80-40-o as a 
local control (personal communication with FERTIMEX found 
that this rate was commonly used), a treatment with only triple 
superphosphate o-30-0, and a control O-O-O. These 14 treatments 
were placed in a randomized complete block design with 4 repli- 
cations. 

The data for experiment 1990 were collected once in late 
October and data of experiment 1991 were collected in mid- 
November. To evaluate forage production, a 0.25 by 1 m rectan- 
gular quadrat was used . Three quadrats selected at random were 
handclipped at ground level in each treatment plot. Dry matter 
yield was determined after oven drying the samples at 60°C. An 
analysis of variance was conducted, and orthogonal contrasts 
were utilized to check for treatment differences at the 0.05 level 
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Fig. 1. Mean long-term precipitation (mm) at Basuchii Chihuahua, Mexico. 
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Precipitation-use efficiency was determined by dividing forage 
yield over total precipitation of the growing season. An economic 
analysis was conducted using the following prices for the fertiliz- 
er (per metric ton); urea $120.86 (392,808 pesos), ammonium 
nitrate $101.17 (328,808 pesos), ammonium sulfate $72.81 
(236,640 pesos), and triple superphosphate $154.54 (502,246 
pesos). This economic analysis was conducted according to the 
method suggested by Pen-in et al. (1988). This economic analysis 
compares the costs that vary with the net benefits. This compari- 
son is important to farmers because they are interested in seeing 
the increase in costs required to obtain a given increase in net 
benefits. The net benefit curve is useful for visualizing the 
changes in costs and benefits in passing from one treatment to the 
treatment of next highest cost. The net benefit curve also clarifies 
the reasoning behind the calculation of marginal rates of return, 
which compare the increments in costs and benefits between such 
pairs of treatments. Values below the line have higher costs that 
vary, but lower net benefits than values on the line. These values 
below the line represent dominated treatments and are eliminated 
from consideration. 

Crude protein (CP) was determined using three samples for 
treatment by micro-Kjeldahl (Tejada 1983). To evaluate in situ 
digestibility, 2 rumen fistulated bulls weighing about 550 kg were 
used. One week before placing the nylon bags in the rumen, the 
bulls grazed in a shortgrass area dominated by zacate navajita 
azul (blue grama). 

Crude protein and in situ digestibility were analyzed as a com- 
pletely randomized design. A protected least significant differ- 
ence test at the 0.01 level of significance was used as a multiple 
comparison technique (Dowdy and Wearden 1991). 

Results and Discussion 

1990 Results 
In the summer of 1990, the first growing season precipitation 

event occurred on 13 July. The experimental plots received a total 
of 377 mm of rainfall during the growing season (July to October), 
which was slightly below normal. Dry matter production was sig- 
nificantly affected by source of fertilizer as well as rates (Table 1). 

The maximum amount of dry matter (3,810 kg hd’) was obtained 
with ammonium nitrate (120-90-o). On the other hand, the control 
treatment only reached about 520 kg hd’ which was significantly 
lower than yields from all fertilizer treatments. In general, treat- 
ments with ammonium nitrate produced more forage than treat- 
ments with ammonium sulfate as a source of N (Table 1). 
Ammonium sulfate produced more than urea. 

Even though both treatments with urea significantly increased 
dry matter production in comparison with the control, smprising- 
ly the treatment with 120-60-o did not yield more (1350 kg ha-‘) 
than the treatment with 60-30-o which produced 1434 kg ha-‘. 
Treatments with ammonium sulfate were different from treat- 
ments with urea. The treatment with 60-30-o produced 1,760 kg 
ha-’ whereas the treatment with 120-60-o yielded significantly 
more at 2,662 kg ha-‘. These results clearly conlirmed that ammo- 
nium nitrate and ammonium sulfate are the best sources of inor- 
ganic fertilizers to apply on this rangeland in terms of dry matter 
production under the conditions given in this year. 

A synergistic effect was noted during 1990 with N and P. The 
treatment with triple superphosphate alone (0-30-O) was the same 
as the control flable 1). Nitrogen alone (60-0-O) yielded 1,280 kg 
hd’, but when both N and P were applied, 696 kg ha-’ more for- 
age was harvested. This obviously exceeded the sum of the indi- 
vidual responses. This result of synergism agrees with the find- 
ings of Wight and Black (1979) who found that N alone or P 
alone yielded less than application of both elements together on 
glaciated plains of eastern Montana. 

Precipitation-use efficiency was higher in treatments with 
ammonium nitrate and ammonium sulfate, whereas the treatment 
with 120-90-o obtained 10 kg ha-‘-mm in comparison with 1.3 kg 
ha-‘-mm in the control. Urea only improved soil water-use effi- 
ciency compared with the control treatment and also with respect 
to the treatments with 0-30-O and 60-0-O among nitrate treat- 
ments. 

Crude protein was significantly diierent among treatments dur- 
ing 1990 (Table 1). Crude protein content was higher in treat- 
ments with the highest N than in other treatments. Treatments 
with 120-90-o and 180-60-o reached 6.9% and 6.8% crude pro- 
tein, respectively, while the control gave 5.0%. However, crude 
protein content varied considerably, but no specific trend was 

Table 1. Forage production, crude protein, in situ digestibility, and precipitation use efficiency on a rangeland with different fertilization treatments 
during 1990 and 1991. 

Fertiliir 
treatments Fertilizer 
N-P-K sources 

120-90-0 Nitrate 

lwI-60-0 Nitrate 
120-m-o Sulfate 
120-30-O Nitrate 
120-60-0 Nitrate 
60-30-O Nitrate 
80-40-O Nitrate 
60-30-o Sulfate 
60-60-O Nitrate 
60-30-O URX 
120-60-O Urea 
60-O-O Nitrate 
0-30-o Super Triple 
O-O-O 

Year 1990 Year 1991 
Fr&pitation Precipitation 

Crude In situ use Fertilizer Fertilizer Crude In situ use 
Yield protein digestibility efficiency treatments sources Yield protein digestibility efficiencey 

$4$-l) @) (%I (kg mm-9 (kg ha-‘) w w 6.9 a 60 10.0 1 X0-60-0 Nitrate 4190 6.7 ab 60 @;y-‘) 

3502 6.8 a 60 9.2 120-30-o Nitrate 4065 5.7 d 60 714 
2662 6.3 b 60 7.0 120-60-o Urea 4000 6.1 c 60 7.3 
252s 5.9 c 5s 6.7 120-60-o Nitrate 3865 6.5 b 5s 7.0 
2441 6.2bc 58 6.4 120-60-o Sulfate 3500 6.6 ab 5s 6.3 
1980 5.1 ef 58 5.2 120-90-o Nitrate 3260 7.0 a 5s 5.9 
1971 6.2 bc 50 5.2 m-40-0 Nitrate 2865 6.4 bc 50 5.2 
1760 5.5 d 50 4.6 60-0-O Nitrate 2035 5.6 d 50 3.7 
1717 4.8 f 50 4.5 60-30-o Urea 2025 5.2 ef 50 3.7 
1434 5.1 ef 50 3.8 60-30-o Sulfate 1895 5.5 de 50 3.4 
1350 5.2de 50 3.5 60-60-O Nitrate 1560 5.4 ef 50 2.8 
1286 5.3 de 50 3.4 60-30-o Nitrate 1275 5.5 de 50 2.3 

613 5.0ef 50 1.6 O-30-0 Super Triple 825 5.0 f 50 1.8 
520 5.0ef 50 1.3 o-o-o SlO 5.0 f 50 1.4 

Means followed by the same letter for crude protein are not significattly different at the 0.05 level of probability. 
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noted. In situ digestibility was not affected by fertilizer treat- 
ments. The digestibility level of the control treatment was 50% 
while the highest N treatment was similar to the control. 

An economic analysis of these 1990 data shows that the best 
results were with ammonium nitrate as shown in the net benefit 
curve (Fig. 2). Values below the line have higher costs that vary, 
but lower net benefits than values on the line. These values below 
the line represent dominated treatments and are eliminated from 
consideration. From Figure 2, it seems reasonable that a rancher 
may be interested in applying the 60-0-O treatment although 
$21.54 (70,000 pesos) ha-’ must be invested. In addition, there 
may be more interest in investing $30.77 (100,000 pesos) ha-’ by 
selecting the 60-30-o treatment. In this case, a net benefit of 
$92.31 (300,000) pesos will be gained instead of a net benefit of 
less than $61.54 (200,000 pesos) with the 60-0-O treatment. 
Therefore, the results of the economic analysis show that the 
treatment with 60-30-o was the best with a marginal return rate of 
325%. The marginal rate of return for 60-0-O was 107%, 92% for 
120-30-O, and 316% for 120-90-o. 

1991 Results 
Summer 1991 was very wet. The plot area received 547 mm of 

rainfall during the growing season. Dry matter production was 
not affected by the source of fertilizer but was significantly 
affected by rates (Table 1). The maximum amount of dry matter 
(4,190 kg ha*‘) was obtained with the 180-60-O treatment while 
the O-O-O treatment yielded 810 kg ha-‘. The treatment with only 
phosphorus (0-30-O) yielded 825 kg ha-’ which was similar to the 
yield in the control treatment (810 kg ha-‘). This result confirms 
that phosphorus alone has little effect for increasing forage pro- 

duction. Hence, results of this research may suggest that no fur- 
ther research in fertilization with only phosphorus is needed. All 
other treatments had forage yields that were significantly greater 
than the control. In addition, we can not explain why the syner- 
gistic effect observed in the experiment of 1990 was not support- 
ed during the results of this year. 

The results of treatments with urea during 1991 were different 
from the results of treatments with urea in 1990. In 1991, both 
increased forage production in comparison with the control 
(Table 1). The treatment 120-60-o yielded 4000 kg ha-’ and treat- 
ment 60-30-o yielded 2.025 kg ha-’ while the control had 810 kg 
ha*‘. The 2 treatments with ammonium sulfate were statistically 
different and both produced significantly more than the control. 
Forage production levels from nitrate, sulfate, and urea were sim- 
ilar in 1991. Urea at 120-60-o produced more than all forms of 
60-30-o. 

During 1991, the results with respect to the percentages of 
crude protein were similar to those reported for 1990. We found 
significant differences among treatments. The 120-90-o treatment 
with ammonium nitrate reached the maximum percentage of 
crude protein with 7.0% in comparison with 5.0% in the control 
(Table 1). 

In situ digestibility was not affected again either by rates or 
source. The 180-60-o treatment produced 60% in comparison 
with 50% in the control treatment. The precipitation use efficien- 
cy was higher in all treatments than in both the control (O-O-O) 
and the treatment with only phosphorus (0-30-O). In general, all 
treatments in 1991 yielded more forage than the same treatments 
in 1990. It seems reasonable to assume that this result was the 
effect of higher precipitation. 

+ Phosphorus ?+c Urea A Sulfate w Nitrate 

Fig. 2. Net benefit curve for the fertilization experiment in 1990. 
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Fig. 3. Net benefit curve for the fertilization experiment in 1991. 

Lie 1990, an economic analysis of the 1991 data shows that 
the best results were with ammonium nitrate as shown in the net 
benefit curve (Fig. 3). Values below the line have higher costs 
that vary, but lower net benefits than values on the line. These 
values below the line represent dominated treatments and are 
eliminated from consideration. The marginal rate of return for 60- 
O-O was 242%, 204% for 80-40-0, and 377% for 120-30-o. 

Conclusions 

The best sources of fertilizer to apply in this rangeland with a 
precipitation close to 400 mm are ammonium nitrate or ammoni- 
um sulfate. In addition, the 120-30-o treatment with ammonium 
nitrate was the best in tetms of economic return. However, with a 
precipitation of 500 mm, the source of N fertilizer does not mat- 
ter. This means that urea responds as good as other sources when 
more moisture is available. The practice of fertilization assures 
that protein content increased as well as the precipitation use efft- 
ciency. 
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