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Abstract

We conducted a study in Kenedy County of south Texas to
determine nitrogen (N) fertilization effects on crude protein (CP),
P, Ca, K, and Mg contents of 3 important deer browse plants
(granjeno, Celtis pallida; lime prickiyash, Zanthoxylum fagara;
and bluewood, Condalia hookeri). Four N fertilizer rates (56, 112,
168, and 224 kg N/ha) were applied in February 1980 to improved
rangeland plots where brush was reinfesting. Control plots were
nonfertilized. Vegetation samples were assayed for CP, P, Ca, K,
and Mg contents on 5 dates: June, September, and December 1980,
and April and July 1981. The CP content of plants fertilized with
112 kg N/ha or more was significantly higher (P = 0.05) than those
fertilized with 56 kg N/ha or nonfertilized. Except for lime prickly-
ash plants fertilized with 224 kg N/ha, the CP content of plants
fertilized with 168 and 224 kg N/ha was not significantly different
from those fertilized with 112 kg N/ha. The addition of 56kg N/ha
had no effect on the species’ CP content. Nitrogen fertilization had
little effect on the P, Ca, K, and Mg contents of the species. The 3
species from both nontreated and treated plots had adequate CP,
Ca, K, and Mg levels for deer nutritive requirements throughout
the study, but P levels were generally deficient except in April 1981.

Fertilizers increase range forage quality and yield (Duncan and
Hylton 1970, Rogler and Lorenz 1974). However, most fertilizer
research has been conducted on herbaceous species, particularly
grasses. Fewer studies have been conducted on browse plants’
response to fertilization, and most of these have been conducted on
game ranges. Wood and Lindsey (1967) in Pennsylvania and Abel
and Gilbert (1974) in Maine found increased crude protein (CP) in
deer browse in forested areas after fertilization. Anderson et al.
(1974), found increased CP in wavyleaf oak (Quercus undulata)
leaves after N fertilization on a New Mexico range.

Little information exists on the effects of fertilizer on the quality
of browse plants on Texas rangelands. We are reporting the results
of a south Texas study on the N fertilization effects on CP, P, Ca,
K, and Mg contents of 3 important deer browse species.

Materials and Methods

This study was conducted on the H. Yturria Ranch, 13 km north
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of Raymondville in Kenedy County, Texas. The area is in a transi-
tion zone between the Coastal Prairies and the South Texas Plains
(Gould 1975). The climate is mild with short winters and relatively
warm temperatures throughout the year. The average growing
season exceeds 300 days (U.S. Dep. Commerce 1970). Average
annual rainfall is 68 cm with most rainfall occurring during thun-
derstorms that are unevenly distributed both geographically and
seasonally. Occasionally, tropical disturbances produce heavy
rainfall. September has the highest long-term monthly average. A
second rainfall peak occurs in late May or early June from squall-
line thunderstorms. Long rainless periods may occur any time of
the year.

The topography is flat to gently sloping; elevation ranges from
sea level to 30 m (U.S. Geological Survey 7.5-minute topographic
maps). The area consists primarily of chaparral-mixed grass com-
munities (Drawe et al. 1978). Several small tracts of brushland
have been bulldozed or rootplowed on the ranch allowing native
grasses and herbs to become reestablished.

The experimental location was on a tight sandy loam range site
with Delfina fine sandy loam soil (Aquic Paleustalfs). The brush
had been bulldozed in 1977, but reinfestation was evident. The site
had less than a 10% woody canopy cover. The experimental design
was a randomized complete block consisting of 3 separate blocks
with all treatments in each. Treatments were 4 rates of N (ammo-
nium sulfate): 56, 112, 168, and 224 kg N/ha, and a control (nonfer-
tilized). Plot size was 24.4 X 38.1 m with 6. 1-m wide alleys between
plots. The N was applied in mid-February 1980 with a rotary
fertilizer distributor. The study site was enclosed by a barbed wire
fence to exclude cattle. Deer, however, had access to the plots, but
there was no evidence of browsing pressure. The average deer
density on the Yturria Ranch was estimated to be 1/7 ha (Gary
Waggerman, Texas Parks and Wildlife Department, personal
communication).

Three browse species were selected for nutrient analyses: gran-
jeno, lime pricklyash, and bluewood. All 3 species were abundant
on the experimental site and were selected for study because they
are important foods of the white-tailed deer (Odocoileus virginia-
nus)in south Texas (Davis 1951, Everitt and Drawe 1974, Everitt
and Gonzalez 1979, Arnold and Drawe 1979). Plants were sampled
mid-monthly in June, September, and December 1980, and April
and July 1981. Plants were hand-clipped with only the outer 5 cm
of new growth (leaves and stems) sampled. Composited samples
from 12 or more plants of each species were collected from each
plot, air dried at 65°C for 48 hours, ground in a Wiley mill through
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a 1-mm mesh screen, thoroughly mixed, and stored in sealed jars.

Duplicate plant samples for each treatment replication were
analyzed for CP, P, Ca, K, and Mg. The duplicate samples were
averaged prior to statistical analyses. Total N was determined by
the Kjeldahl method (Peech et al. 1947). Nitrogen levels were
multiplied by 6.25 and expressed as percent CP. Levels of Ca, K,
and Mg were determined by atomic absorption spectrometry
(Robinson 1966). Lanthanum oxide was added to Ca and Mg
samples to reduce interference. Phosphorus was determined by the
rapid digestion method (Bolin and Stramberg 1944).

Each plant species was analyzed separately for analyses of var-
iance. Plant species were not combined for analyses of variance
because of the generally wide range of values among species.
Duncan’s multiple range test was used to test the significance of
mean differences at P = 0.05 (Steel and Torrie 1960).

Results and Discussion

All nutrient content data for the 3 browse species is presented in
Table 1.

Crude Protein

Nitrogen fertilization increased the CP content of the 3 species.
Granjeno plants fertilized with 112, 168, and 224 kg N/ha had
significantly higher levels of CP than control plants; for example,
granjeno plants fertilized with 224 kg N/ha were 249 higher in CP
than control plants. Lime pricklyash plants fertilized with 112 kg
N/ha had significantly higher levels of CP than control plants,
while plants fertilized with 224 kg N/ha had significantly higher
levels of CP than those from the other N treatments. Bluewood
plants fertilized with 112 and 168 kg N/ha had significantly higher
levels of CP than plants fertilized with 56 kg N/ha or nonfertilized
plants. Apparently, adding 56 kg N/ha had little influence on the
CP content of the 3 species. Other workers have also reported
increased CP content in shrubs after N fertilization (Gibbens and
Pieper 1962, Wood and Lindsey 1967, Anderson et al. 1974).

The CP content of the 3 species differed significantly among the
5 sampling dates. Crude protein was highest in September 1980
and/or April 1981, and lowest in December 1980 and July 1981.
The higher CP content in September 1980 probably resulted from
36 cm of rain which fell in August 1980 during Hurricane Allen.
After the heavy rainfall, the vegetation sprouted with young,
tender growth.

The CP peak of April 1981 probably resulted from new spring
growth. Varner et al. (1977) and Everitt and Gonzalez (1981),
reported that the highest CP in south Texas browse plants usually
occurred during the spring.

Phosphorus

Mean P levels of lime pricklyash plants fertilized with 112, 168,
and 224 kg N/ha were significantly lower than P levels in control
plants. There were no significant differences among treatment
means for bluewood and granjeno. The P levels of the 3 species
differed significantly among the sampling dates. Phosphorus levels
of bluewood and lime pricklyash were significantly higher in April
1981 than on the other dates, while P levels of granjeno were
significantly higher in April 1981 and September 1980 than on the
other dates. The P levels of the 3 species were generally lowest in
December 1980 or in July 1981. The higher P levels in April
support the findings of Varner et al, (1977) and Everitt and Gon-
zalez (1981), who reported that the P content of south Texas
browse species was higher during the spring.

Calcium, Potassium, and Magnesium

Calcium levels of fertilized browse plants did not differ signifi-
cantly from those levels in control plants. However, Ca levels of the
species did differ significantly among dates. The 3 species’Ca levels
were significantly higher in December 1980 than on the other dates.
This agrees with the findings of Everitt and Gonzalez (1981).

Potassium content of fertilized browse plants did not differ
significantly from that of control plants, but mean K levels differed
significantly among the 5 sampling dates. The 3 species’ K levels
were significantly lower in December 1980 than on the other sam-
pling dates. Lime pricklyash and granjeno had significantly higher
levels of K in September 1980 than on the other sampling dates,
whereas bluewood’s K content was significantly higher in July 1981
than on the other dates.

The addition of N fertilizer had little effect on the Mg content of
the browse plants. No significant differences were found among the
treatment means of bluewood and lime pricklyash. Granjeno
plants fertilized with 112 and 224 kg N/ha had significantly lower
levels of Mg than plants fertilized with 56 kg N/ha or those
nonfertilized. The 3 species’ Mg levels differed significantly among
sampling dates, but the species did not respond alike. Lime prick-
lyash and granjeno’s Mg content were significantly higher in Sep-
tember and December 1980 than on the other dates, whereas
bluewood’s Mg content was significantly higher in July 1981 than
on the other sampling dates.

Precipitation

Lack of rainfall during the first 3 months after N fertilization
may have been detrimental to plant nutrient content. After fertili-
zation in mid-February 1980, only 2 cm of measurable rainfall
occurred until mid-May, when 12 cm of rainfall was recorded over

Table 1. Mean treatment and seasonal nutrient contents of 3 south Texas browse plants following nitrogen fertilization.

Treat-
ment Treatment means! Seasonal means
Species (kg/ha) CP2 P Ca K Mg Date CP P Ca K Mg
Bluewood ON 16.2¢ 0.17a 1.33a 257a 0.68 a June 1980 168 b 0.17 ¢ 134b 236 b 0.64 be
S6N 164bc 0.18a 1.38a 2.58a 0.69 a Sept. 1980 197a 020b 099d 258b 062c
112N 18.1a 0.18a 1.20a 242a 0.66a Dec. 1980 170 b 0.16¢c 1.56a 187¢ 072b
168N 18.5a 0.18a 1.29a 238a 0.66a Apr. 1981 194a 024a 1.18¢ 253b 058¢c
224N 178ab 0.17a 1.22a 243 a 0.66a July 1981 140c 013d 135b 303a 080a
Lime pricklyash ON 153¢ 0.24a 1.22a 1.60a 0.39a June 1980 156 b 0.18 ¢ 1.20b 164b 033D
56N 154bc 022ab 1.25a 1.57a 0.38a Sept.1980 178a 022b 102¢ 1.76 a 046 a
112N 16.4b 0.21a 1.20a 1.64a 040a Dec. 1980 143c 017 ¢ 188a 135d 046a
168N 16.3bc 0.21a 1.14a 1.59a 04]1a Apr. 1981 181a 029a 096 ¢ 1.56c 035b
224N 175a 0.22ab 1.22a 1.54a 0.37a July 1981 150 bc 023 b 097 ¢ 1.62 bc 035 b
Granjeno ON 20.5b 0.2]a 364a 1.86a 1.02a June 1980 254b 023b 29 ¢c 1.84 bc 083 ¢
56N 21.6b 0.22a 358a 1L.74a 1.02a Sept. 1980 293a 028a 380b 209a 115a
112N 253a 0.25a 331a 1.82a 0.96a Dec. 1980 18.1¢ 020bc 518a 147d 1.17a
168N 25.5a 0.25a 356a 1.82a 1.00ab Apr. 1981 274ab 029a 234d 193b 0.78d
224N 27.1a 024a 3.34a 1.85a 0.95b July 1981 197¢ 017c¢ 312¢ 1.75 ¢ 1.02 b

'Means associated with the same letters within a species and column do not differ significantly at the 0.05% probability level, according to Duncan’s multiple range test.

2CP = Crude protein.
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a l-week period. Drought conditions prevailed from June-August
1980 until after Hurricane Allen. Above-normal precipitation was
recorded on the study area thereafter until July 1981. Although no
volatilization measurements were made, it was observed that the
ammonium sulfate pellets lay on the ground for a considerable
time before dissolution. Consequently, some N may have been lost
by volatilization. Hull (1963) reported that up to 50% of N broad-
cast on grassland soils in the ammonium form can volatilize.
Although the CP content of N-fertilized browse was significantly
increased, we believe that a greater increase in CP and possibly
other nutrient levels would have occurred with more rainfall dur-
ing the early months of the study.

Conclusions and Management Implications

We found that browse plant quality, as measured by CP content,
was increased by N fertilization. However, a N applicationata 112
kg N/ha rate was needed to significantly increase the CP content of
bluewood, lime pricklyash, and granjeno. Applications of 168 and
224 kg N/ha rates did not generally enhance the CP content of
browse plants over those with the 112 kg N/ha rate. The CP
content of the 3 species, from both fertilized and nonfertilized
plots, always exceeded the 13% minimum level recommended for
maximum gain and reproduction in white-tailed deer (French et al.
1956, Murphy and Coates 1966, Verme and Ullrey 1972). Nitrogen
fertilization had little or no effect on the Ca, K, and Mg content of
browse plants. The Ca, K, and Mg content of the 3 species always
exceeded the requirements for deer and other ruminants (Mag-
ruder et al. 1957, Maynard and Loosli 1969, Verme and Ullrey
1972). Since the nonfertilized browse plants contained adequate
levels of CP, Ca, K, and Mg, N fertilization is probably not an
important management tool for south Texas browse plants, If
managers do desire to use N fertilizer to increase CP levels, our
results indicate that rates need not exceed 112 kg N/ha.

The P levels of the 3 species were often below the 0.25% min-
imum requirement level reported for deer (Magruder et al. 1957).
Phosphorus is a critical nutrient in deer food plants in south Texas
and elsewhere in the United States (Urness et al. 1971, Short 1977,
Everitt and Gonzalez 1981). Unfortunately, we found that, for
some unknown reason, the P content in lime pricklyash decreased
with N fertilization. We assumed that the sulfate from ammonium
sulfate would have only a slight influence on nutrient solubility in
the soil with a pH of about 8.0 (Jerry Jacobs, Soil Conservation
Service:personal communication). If the sulfate had any measura-
ble effect, it should have increased the P availability. Therefore,
other N and P fertilizer rates and combinations need to be evalu-
ated on browse plants to determine if their P content deficiencies
for animals can be alleviated.
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