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Abstract. A pot experiment was conducted under greenhouse conditions, using a sandy loam calcareous
soil, to evaluate the effect of urea and urea-based fertilizers, N-application rate and leaching fraction on
oat dry forage yield. N-uptake and N-leaching losses.

At low leaching fraction (L), single (Li1) and split {Us) urea additions were superior to the sulfur
coated urea (Scu) and urea formaldehyde (UF) at low and high N-rates of application (80-160 ppm). At
high leaching fraction (Lp). yield and N-uptake were significantly reduced for all treatments except Scu.
U and Scu proved to be more effective, at high leaching and high N rate, giving higher yield, higher N-
uptake, better forage yield seasonal distribution and less N-leaching Joss.

Nitrogen leaching losses varied from 1.1 to 11 .8% of applied N; and were mainly in the NO; form
except when urea was mixed with sulfur (U + 8), where leaching in the NH7, form was of considerable
magnitude.

Introduction

Soils of the Kingdom of Saudi Arabia, being a part of arid and semi-arid regions, are

subjected to the problem of inherently low N content. Thus, heavy N fertilizer appli-.
cations are often necessary to obtain high yields for most crops grown on these soils.

Most of these soils are coarse-textured and high in CaCO3 content [1], where N fer-

tilizer efficiency may be low due to N losses by leaching and volatilization.

The efficiency of fertilizer N applied to the soil is influenced by various factors
such as N source, N rate of application, time of application, species of plant and other
conditions specific to the site. The effect of the source and N rate on the leachability
and atmospheric loss of N fertilizers has received considerable attention. Many
researchers have demonstrated that using slow-release N sources as sulphur coated
urea (Scu) has increased the efficiency of N fertilizers [2-6]. Contrary to these results,
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it was reporteld that Scu was of no greater benefit than urea and urea combined with
sulfur in fertilizing California annual grass lands [7]. Also Allen er al. {8) found that
Scu was not more effective in reducing leaching losses than soluble N sources for fes-
cue grass (Festuca arundinacea L.) and rye grass (Lolium multiflorum L.).

Recently, much interest has been developed in utilizing some of the marginal
lands in Saudi Arabia for growing oat (Avena sativa L.) as a winter forage crop beside
alfalfa. (Medicago sativa L.). Therefore it was thought necessary to initiate an exper-
iment to study the fate of N applied to these soils. The purpose of this research was,
therefore, to study the effect of N source, rate of N application and leaching fraction
on the productivity of oat forage and to determine the effect of such treatments on
N losses.

Materials and Methods
A surface sandy loam (Torrifluvent) calcareous soil was obtained from the Col-
lege of Agriculture, King Saud University Experimental and Research Farm at

Derab, 25 km south west of Riyadh (24° 42~ N, 46° 44-E, Alt. 600 m). The soil is low
in organic matter, native available N, P, Zn and Fe (Table 1). The soil was dried,

Table 1.  Characteristics of the soil under investigation

Soil property Derab soil
Great soil group Torrifluvent
pH, 1:1soil water ratio 7.45
Ec.,dS/m 7.1

CaCO, % 333
Organic matter % 02

CEC meq/100g 4.5

Sand % 63

Silt % 21

Clay % 16

Soil texture Sandy loam

WHC % 30

available N ppm 54.88
Sodium bicarbonate soluble-P ppm 1.0
Available K, NH,OAcppm 192

DTPA extractable Fe ppm 0.36

DTPA extractable Mn ppm 1.26

DTPA extractable Zn ppm 0.26

DTPA extractable CU ppm 0.34
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crushed and passed through 2 mm sieve. A greenhouse cxperiment was carried out
using plastic pots 20 cm in diameter and 15 cm height, cach containing 11 kg of soil.
The treatments consisted of two leaching fractions (L1, Ly) and two rates of nitrogen
(80 and 160 ppm) equivalent to 200 and 400 kg N/ha, respectively. Each rate of N-
application included the following six treatments:

1) Urea one addition (Uy), 2) Urea split addition (Uy), before planting and eight
weeks later. 3) Urea + Sulfur (Uj + S), 4) Sulfur coated urea (Scu), 5) 2/3 Sulfur
coateld urea +1/3 urea (2/3 Scu + 1/3 u), 6) 2/3 urea formaldehyde + 1/3 urea (2/3
UF + 1/3U).

The Scu was supplied by the Tennessee Valley Authority (TVA). The sulfur
added to urea in (uq + S) treatment is equivalent to sulfur in Scu (13.3% S); and it
was applied as elemental sulfur (<100 u). Each pot received 7.87 g P as superphos-
phate and 1.58 g K as K»SOy before planting.- All fertilizers were thoroughly mixed
with soil at 5 cm depth.

Twenty seeds of oat were planted in each pot and seedlings were thinned to 10,
two weeks after planting. Micronutreints were added after thinning at rates of 10
ppm Fe as EDDHA, 10 ppm Zn as Zn EDTA and 5 ppm Mn as Mn EDTA. The pots
were weekly irrigated, by adding distilled water, in excess of the field capacity to col-
lect approximately 70 and 140 ml of the leaching water. These were designated as
leaching fractions 1.} and Ly, respectively. Leachates were collected in plastic bottles
during a 24 hr. period after each irrigation and kept in cold room between irrigations.
At the end of each plant cut the cumulative leachates in each bottle were measured
and analysed for NO; and NH7 using Microkjeldahl method described by Chapman
and Pratt [9]. Four cuts were taken after 8, 12, 16 and 20 weeks of planting. Plants
were ovendried at 70°C for 48 hr. and dry weight was recorded. Total nitrogen was
determined by digesting 0.2 g of plant material using sulfuric-salycilic acid mixture by
Kjeldahl method, Chapman and Pratt [9].

Pots were arranged in the greenhouse in a split-split plot design, with three
replicaitons. The main plot, sub-plots and sub sub-plots were assigned to fertilizer
source, nitrogen rate, and leaching fraction, respectively. The data obtained were
statistically analysed using ANOVA procedures and the differences among the
means were separated according to the LSD method [10].

Results and Discussion

The analysis of variance (Table 2) shows that differences in forage yield, N-
uptake and total nitrogen leaching losses were highly significant (P < 0.01) among
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Table2. Summary of the anlayses of variance for the effect of urea and urea-based fertilizers on oat for-
age yield, N-uptake and n-leaching losses.

5.0.V. Yield Total N-uptake Total N loss
g/pot mg/pot Yo

(Fertilizers) F ** ** *x

(Rates) R L1 4 *%

(Leachlng) L * ¥ * K *¥

FxR N.S. o .

F x L * X LR * ¥

RxL * N.S. N.S.

F x R x L * % * * ¥

* and ** significant at the 3% and 1% level of probability, respectively; N.S. = not significant.

fertilizer treatments (F), N-application rates (R) and leaching fraction (L). Differ-
ences due to interactions among these factors were significant with the exception of
those in yield due to FXR and differences in N-uptake and total N-losses due to
RxL.

Dry forage yield and N-uptake at low leaching fraction (L)

At low leaching fraction (L, ). (Table 3) split adition of urea (U, ) gave signific-
antly higher yield than Scu, 2/3 Scu + 1/3U, U, +8§ and 2/3UF + 1/3U at the low rate
of N-application (80 ppm), whereas the single addition of urea (U,) was superior to
these treatments at the higher rate of N-application (160 ppm). The effect of U, +§,
Scu and 2/3 Scu + 1/3U on dry forage yield of oat was not significantly different at 80
or 160 ppm N. The slightly soluble urea formaldehyde (UF), combined with urea in
the 2/3UF + 1/3U treatment, gave the lowest yield in all cuts regardless of the N-
application rate and leaching fraction. The split addition of urea (U,) gave higher
yield than the single addition at 80 ppm N, while the opposite was true at 160 ppm N,
though differences were not significant.

The effect of different fertilizer treatments on N-uptake at low leaching fraction
(L)) was almost parallel to their effect on yield (Fig. 1) except that differences
between U, and U, were statistically significant {(P= 0.05). This could be attributed
to luxuary N-uptake in U, under restricted leaching conditions.
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Table3. Oat forage yield as affected by nitrogen source, rate of N-application and leaching fraction

Nitrogen fertilizer source L Ly
Cut Cut Cut Cut Total Cut Cut Cut Cut Total
1 2 3 4 1 2 3 4
_ g/pot -
A- 80 ppmN
Urea one addition (u,) 31.27 17.07 4.10 1.67 354.11 34.10 5.00 3.70 0.70 43.50
Urea two additions (u,) 25.57 23.30 9.00 0.40 58.27 28.17 11.37 7.87 1.77 49.18
U +s 30.17 13.40 1.80 0.40 4577 23.87 547 230 070 32.34
Scu 25.37 12.17 793 330 4877 25.87 693 7.70 2.67 43.17
2/3Scu + 1/3u 23.30 1893 5.27 0.27 47177 23.77 6.20 636 0.93 37.26
2/3uF + 1/3u 23.27 677 100 0.10 31.14 25.90 4,20 0.200 0,10 3040
B- 160 ppmN
Urea one addition (u,) 26.90 28.20 7.27 3.07 65.44 242 893 447 176 39.16
Urea two additions (u,) 29.50 14.30 10.50 4.30 38.60 2570 8.20 9.87 2.67 46.44
u, +S 30.00 17.10 2.07 0.57 4974 18.40 22.80 290 1.17 45.27
Scu 17.40 17.83 10.90 5.57 351.70 17.50 16.87 80 537 47.74
2/3Scu + 1/3u 19.60 23.17 890 3.10 54.77 21.87 827 3.67 430 38.11
2/3uF + 1/3u 27.90 8.60 040 0.53 37.43 2557 630 D67 030 3304

LSD, s (eut;-, 5, 5= 4, total 6.58, 3.55, 1.69,0.35 and 7.71 respectively)

Combining elemental sulfur with urea (U, + S) significantly reduced the forage
yield (Table 3) and N-uptake by oat plants (Fig. 1), especially at the high N-applica-
tion rate (160 ppm). This may be due to the oxidation of S, added as fine particles (<
1004) which would raise the S:N ratio in soil and decrease soil pH. High S:N ratioin
soil, as a result of S-addition was shown to reduce the yield of some crops [11, 12}.
Also the acidity produced, in the fertilizer layer, as a result of S-oxidation might
inhibit the nitrification process causing the NH: accumulaiton and therefore, affect-
ing plant growth [13].

Substituting soluble urea for a portion of Scu in the treatment 2/3 Scu + 1/3U
considerably enhanced N-uptake by oat plants relative to the Scu alone. However,
this had no significant effect on the yield (Table 3). Contrary to these results, El-Wali
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et al. [14] showed that the sugar cane yield was improved when Scu was mixed with
urea.

The above-mentioned indicate that under low leaching (L,) conditoins, such a
sprinkler irrigation, the readily soluble urea seems to be superior to the slow release
Scu and UF even when combined with urea.

Dry forage yield and N-uptake at high leaching (L,)

Increasing the leaching fraction from L, to L, significantly reduced the oat for-
age yield (Table 3) for all treatments except for the slow release N-source treatments
(Scu and U.F.), where the reduction was insignificant. This is due to the slow release
characteristics of the N-sources. The large reduction in yield was obtained with the
single addition of urea (U; ) at 160 ppmN probably due to high leaching losses of
readily soluble urea. Under these conditions of high leaching, the relative effect of
different fertilizer treatments on yield and N-uptake, generally, presented pattern
similar to that at L}, except that higher forage yield was obtained with Scu at high N-
application. The N-uptake in U, was, however, higher than in the Scu at 80 ppm N
but comparable to that at 160 ppm N (Fig. 2 and Table 3).

The dry forage yield of oat was highest in the first cut in all treatments. This was
mainly the result of rapid early-season N-uptake. The yield decreased sharply in the
third cut due to the drop in N-supply. Oat plants suffered from severe N-deficiency
in most treatments in the fourth cut. It is worth mentioning that the highest forage
yield in the third and fourth cuts was obtained from Scu and split addition of urea
(U,). This is due to the slow-release characteristic of Scu that makes N available to
plants over a more extended period of time. Split addition of urea (U,) reduces N-
Josses and early luxuary N-uptake leaving more N for latter growth, giving a better
seasonal distribution of forage production [6, 15, 16].

These results show that under conditions of heavy leaching and high rate of N-
applications, both Scu and U, proved to be more effective whereas U, was less effec-
tive. These results agree with those obtained by Vaughn et al. [7] and Allen e al. [8].

Nitrogen leaching losses

Data obtained for the cumulative leaching of N under the various treatments are
presented in Table 4. Total N-leaching losses varied from 1.1 to 11.8% of the applied
N depending on fertilizer source, N-application rate and leaching fraction. The per-
cent of N loss, generally, decreased with the high N-application rate. Similar results
were reported by Brown et al. [17] and Wesely et al. [18]. The least leaching losses
resulted from Scu application (1.1 - 2.5%) followed by 2/3 UF + 1/3U (1.9 -5.8%)
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and U, (3.0 - 7.8%) treatments. However, N-leaching losses from 2/3 Scu + 1/3 U
and U, + S treatments were significantly higher (P < 0.05) than the above mentioned
treatments and considerably increased at high leaching fraction (L,). Although,
Hummel and Waddington [19] reported similar findings, further investigations are
needed to explain why substituting soluble urea for a portion of Scu in the treatment
2/3 Scu + 1/3U, greatly increased N-leachability. Mixing S with urea in a single addi-
tion (U, + S), generally increased the N-leaching loss. This may be associated with
inhibition of nitrification process effected by the acidity produced by S-oxidation in
the fertilizer layer. N-leaching losses from U, were significantly higher than from U,
only at 160 ppm N and L, (Table 4). N- leachmg losses were mainly in the NO; form
with the exception of the U, + S treatment, where loss in the NI-I+ form was apprec—
iable and reached as high as 47-60% of the total N-loss at 160 ppm N This may, also,
be attributed to the inhibition of nitrificaiton leading to the accumulation of NH: in
soil. Prasad [13] reported similar findings and attributed the high leaching loss as
NH: to the acidic conditions that existed in soil which reduced the development of
substantial population of nitrifying microorganisms.
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