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ABSTRACT

INFLUENCE OF THE MANAGEMENT OF NITROGEN
FERTILIZERS AND MOISTURE DEPLETION ON WHEAT
PRODUCTION IN A RAINFED AREA OF JORDAN.

All Husni Ahmed Ankeer

Dr. Bulros Haller.

GCo- Seaprorvesed by
Prof. Dr. Anwar Ballikhi.

Two studies were carried out at Mushaqqar Agricultural Experimental
Station, located approximately 28 kin South West Amman. Its annual
rainfall is about 350 mm. The soil was classified as fine, montmorillonitic,
thermic, entic chromoxerert. The objectives were to study the effect of
different tillage-nitrogen management practices on soil moisture storage and

depletion, and crop yield.

A randomized complete block design was carried out, in three
replications. The first experiment included two application methods of
fertilizers broadcasting, (B), and incorporation, (I) were assigned as the
main treatments, whereas, the three nitrogen fertilizer sources urea, (F1),
ammonium sulfate, (F2), and potassium nitrate, (F3) were used as submain
treatments. The second experiment chisel plow, (T1), and moldboard plow,
(T2) were assigned as the main treatments and nitrogen fertilizer splitted
once, (N1), twice, (N2), and three times (N3) as submain treatments. Thesc

experiments were run in 1990/91 and 1991/92 growing seasons.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



XV

The results indicated that in 1990/91 growing season, there was no
effect of the method of nitrogen fertilizers application , while in 1991/92
season broadcasting of urea as nitrogen fertilizer affected the soil moisture
parameters studied, and produced the highest yield and soil residual mineral
nitrogen forms. Under duck-foot fallow-wheat rotation the highest grain
yield was obtained compared to chemical fallow, while the lowest yield was
found under continuous wheat rotation. In all rotations, moldboard plow
treatment produced the highest yield and the total depth of water stored

compared to chisel plow during 1991/92 growing season.
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1. Introduction

Wheat is one of the most important cereal crops grown under dryland
conditions in Jordan. About 70% of the total cultivated area is used for field
crops. The cultivated area extends within the desert in the East and South
East (annual rainfall is about 250 mm), and the Western High-lands (annual
rainfall is more than 400 mm). The fluctuation in the rainfall amounts,
intensity, and distribution between the regions, and even between the
successive years for the same region, results in differences in total area

cultivated, and in yield.

Nitrogen fertilizer as well as soil moisture level influence the growth
and yield of wheat crops markedly. Nitrogen application to wheat is not a

common practice by most Jordanian fanmers.

Two separate experiments were conducted in Mushaqqar Agricultural

Experiment Station to achieve the following objectives:

I. To study the effect of using different nitrogen fertilizers forms, namely:
nitrate; and ammonium, on wheat yield components.

2. To evaluate two methods of N-fertilizers applications, namely:
broadcasting followed by seeding or broadcasting the fertilizers
followed by incorporating them in the soil then seeding the field.

3. To study the effects of different methods of nitrogen fertilizers
application on water consumptive use of wheat crop, soil moisture
content, and their relation with wheat yield.

4. To study the effects of the rate of N-fertilizer and time of addition on
wheat growth, and its relations with the yield and yield components,

under two tillage practices, namely: chisel and moldboard, and wheat-

fallow crop rotations, in the Mushagqqar area.
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2- Literature Review

2-1 Effect of nitrogen fertilization on wheat production:

The application of nitrogen fertilizers to wheat crop was found to
increase the nitrogen concentration in grain and straw and had resulted in
increasing uptake of nitrogen and phosphorus. Irrigation at 75% available

soil moisture gave the highest nitrogen and phosphorus uptake(1).

Application of N - fertilizer increased‘vegetative growth of crops and
soil water extraction prior to heading stage. The applied nitrogen did not

increase depth of soil water extraction(2).

Comfort et al. (3) found that applying 67 kg N ha-!, increased the
wheat root density significantly in the upper 30 cm compared to the control.
While, the density decreased by applying 134 kg N ha-!. The root growth
was much less below the 30 cm depth, when 134 kg N ha-! wete applied,
compared to the 0 and 67 kg N ha-! treatments. Root growth and depth of
soil at which is consumed moisture were found to be highly influenced by N
fertilization. Wheat yield was not significantly increased when more than
134 kg N ha! were applied. The total nitrogen uptake by wheat crop
exceeded the amount of N applied showing that N mineralization during
crop growth was an important factor in the N uptake by the crop (4).
Korentajer and Berliner (5) in studying the effect of soil moisture on
nitrogen response for two seasons indicated that grain yield response
significantly to N- fertilization. The mean yield values obtained were 3.18
Mg ha! grain yield at 389 mm seasonal rainfall, and 1.7 Mg ha-! grain yield
at 136 mm seasonal rainfall. A better correlation was obtained (R2 = 0.63)

between the predicted and the observed yields.
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The fallowed plots contained significantly more moisture at seeding

time than the continuously cropped plots. Grain yields usually varied with
available soil moisture at the seeding time. Stubble mulch plots usually had
less nitrate than the control plots because residues remained longer on the
surface than when incorporated into the soil. Mineralization was so slow
when residues were left (6). Stanford and Epstein (7) reported that the
highest N mineralization rates occurred at soil matric suctions of 1/3 10 1/10
bar. A linear relationship had generally existed between amounts of mineral
N accumulated and soil water contents, but increasing the dryness reduced,

N mineralization.

2-2- Lffect of application methods and forms_ of nitrogen

fertilizers on wheat production:

Different nitrogen sources have different effects on wheat production
due to the different N- losses afler application, during the growing season.
El-Khattari (8) reported that the dry weight of straw and grain had increased
significantly as the rate of nitrogen applied increased. He found that
ammonium sulfate produced more dry weight of both straw and grain than

did urea or ammonium nitrate.

Brown (9) studied the effect of three rates (0, 67, and 268 kg N ha!)
fall-applicd (NH,NO;) on evapotranspiration, ET, and water use by winter
wheat. The results indicated that ET for the spring-summer growth period
was 22.1, 27.2, and 31.5 om for the respective N treatments. The amount
soil moisture consumed by wheat were 6.1, 11.2, and 15.5 cm for the
respective three N treatments. Grain yields were 1.61, 3.09, and 3.63 Mg
ha-l. In addition to increasing ET, nitrogen fertilization was found to

increase both, evapotranspiration, and water use eflicicncy.
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In a greenhouse experiment, Huang and Broadbent (10), applied

potassium nitrate and urea to rice at different placements. The results
indicated that substantial losses of potassium nitrate - N occured, and the
plant uptake of N was very low, except the split-broadcast application.
Banded and incorporated applications of urea were more efficient than

broadcasted ones. The highest uptake of N was 50%.

El-Khattari and Kharabsheh (11) studied the transformation of urea
and ammonium sulfate fertilizers in five soils of Jordan using two rates of 80
and 160 ppm N applied to the soil as solution. The results indicated that
nitrification of the high and low rates of ammonium sulfate and urea was
affected by type of the soil and climate. The order of soils were Ramtha >
Al-Jerm> Hisban> Karak, and it was very low in the Azraq soil. Although
the time required for urea hydrolysis to NH4-N forn varied from 8 to 16
days, hydrolysis started 2- days after incubation for both urea and
ammonium sulfate. El- Khattari and Kharabsheh (12) studied volatilization
of NH; from ammonium sulfate and urea in the laboratory. Both were
surface applied to soils at rates of 160 and 320 kg N ha-l from Hisban
region, Al-Jerm (Jordan valley), and Azraq region. The volatilized NHj; was
determined afler 6, 18, 42, 66, 114, 162, and 210 hours of application. After
210 hours the total loss of nitrogen as NH; from ammonium sulfate was
10.4, 24.1, and 12.5% of 160 kg N, while was 17.7, 51.2, and 20.5% of 320
kg N for Hisban, Al-Jerm, Azraq soils, respectively. Corresponding losses
from urea were 6.3, 35.7, and 0.0% at 160 kg N, and 4.9, 52.9, and 0.0% at
320 kg N for these soils. Reynolds and Wolf (13) found that ammonia
volatilization from soils was characterized by a period of linear ammonia
loss afler that the volatilization becomes negligible with time. The ammonia

volatilization rate ranged from 0.101 to 0.416% hr! and was negatively
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correlated with 1he percentage of clay, total nitrogen, CEC, organic carbon,

and urease activity.

Khafagi et al., (14) reported that nitrate difTusion cocfficient increased
as the soil moisture content had increased. It ranged between 0.6 x 10-6 ¢m?
sec! to 6.0 x 106 cm? sec-l. It was also found that there was a negative
relationship between the diffusion values of nitrate and the bulk density of
the studied soils. They found that the diffusion coefficient of ammonium had
ranged between 3.0 x 109 cmn? sec-! at the .lowest level of moisture content,
and 3.4 x 107 cm? sec! at the highest level of moisture content. It was
* found that the charged clay surface affects the diffusion coefficient of

ammonium, especially at the lowest level of moisture content.

Reynolds and Wolf (15) in a laboratory study at a constant soil water
potential of -0.033 MPa and relative humidity of 35%, found that the
volatilized ammonia was 46.4% of the total nitrogen applied after 257 hr. At
initial soil water potential of -0.033 PMa without replenishing soil water, the
ammonia loss was reduced to 10.8% and this reduction was due to the

inhibition of urea hydrolysis as the soil had dried out.

Mclmnes et al. (16) studied the broadcast application of urea-
ammonitm nitrate solution at a rate of 200 kg N ha-! to soii with wheat
straw residue cover. The results indicated that cumulative NH;-N loss was
16.6% of the N applied. Simulated rainfall with 2.5 mm sprinkler irigation
was found to increase the NH; loss. Peak volatilization rates occured in the
first day following the irrigation. The maximum measured rate of NIl loss
was 51 Mg m-2 Sec! (1.5 kg N ha-t h-1).

O'Deen (17) employed NIS enriched fertilizer to measure the NHj,
volatilization directly from the plants. He insulated the upper part of the

wheat crop in chambers to mcasure NH; volatilization. The volatilized
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nitrogen was 3% of the harvested wheat nitrogen fertilized with NO5’, while

it was 4% of the harvested wheat nitrogen fertilized with ammonium form.

Abu Awad et al. (18) indicated that increasing the concentration of
the applied nitrate-N and its movement in a soil of Jordan Valley, has taken
place upon increasing cumulative total amounts of irrigation water applied

and total amounts of urea fertilizer used.

Olson and Swallow (19) in a 5-years experiment on winter wheat,
found that the spring applications of ammonium sulfate fertilizer at a rate of
100 kg N ha-l gave better fertilizer use efficiency than fall applications at a
rate of 50 kg N ha-1. This was probably due to the greater immobilization of
fall-applied N. After 5 years, 27 to 33% of the applied fertilizer N had been
recovered by the grain. The results also showed, that 71 to 77% of the

surface-applied N remained in the profiles was in the 0 to 0.1 m soil layers.

Response of wheat to source of nitrogen was studied in a calcarcous
soil (20). Ayoub found that urea, calcium nitrate and nitrophoska were
equally good N sources for wheat grain yield. However urea, being richer mn
N, may be preferred to the other two sources. The N content of grain

increased significantly upon application of N-fertilizer.

Nitrogen application increased grain N by about 24%. Whereas, N
source did not affect grain N yield significantly. Nitrogen recovery was
highest from the nitrate fertilizer followed by urea, and was the lowest
smallest from the ammonium forms. Time and source of applied N had no

significant effects on grain and there was no correlation between grain

weight and grain yield.

Gharaibah (21) studied the effect of different types of tillage,

phosphate rates, and nitrogen fertilizers on wheat production in rainfed areas
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of Jordan. The results indicated that phosphorus and nitrogen application

had increased the yield and had improved the crop components of wheat

significantly.
2-3 Effect__of tillage practices as related to moisture

conservation on wheat production:

Turshan and Battikhi (22) studied the effect of different fallow-wheat
rotations of wheat-wheat rotation at Mushaqqar Agricultural Experiment
Station. They found that, the fallow-wheat rotation had stored 92.3% ol the
total received rainfall during the winter season following the fallow season.
While wheat-wheat rotation only 79% of rainfall were stored during the first
wheat growing season. Fallow-wheat rotation resulted in higher wheat yield
when compared to continuous wheat. This increase in yield for fallow-wheat

rotation was due to higher moisture storage, (72 and 45.3 mm, more

available water, respectively).

Power et al. (23) found that nitrogen uptake by wheat crop was not
affected by fallowing. Total nitrogen was decreased by 50% from October
to April of the fallow year for N-fertilized wheat, and by 35% for
unfertilized wheat, when compared to the plowed and subtilled. Non-tilled
fallow enhanced retention of N in the several crop residue, and increased N

uptake by the two wheat crops.

Tanka and Aase (24) reported that soil moisture storage was stmilar in
the period elongated after harvesting of crop to spring as compared to that of
~chemical fallow or stubble-mulch fallow. The soil moisture storage
efficiency from the rainfall in winter period time to spring time, was similar

under chemical and stubble-mulch fallow treatments. There was higher soil
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moisture storage during summer fallow for winter wheat-fallow rotation than

that during the second over winter for spring-wheat-fallow rotations.

Fredrickson et al. (25) in a field study, wheat was grown in microplots
under conventional tillage and no-till seeding to compare availability of
nitrogen fertilizer for crops uptake. The spring wheat crop utilized 25 to
40% of N fertilizer, with the highest uptake occuring on no-till when
ammonium sulfate was surface applied. There was no differences in dry
matter production between tillage methods. In a study of effect of tillage
practices on root development of winter wheat, Wilheln et al. (26) reported
that the root weight was greatest for the chemical treatment (45 mg/dm?) and
least for the sub tillage treatment (26 mg/dm3). The root density was the
highest in the upper 30 cm of the soil surface for all treatments. Nitrogen
fertilization did not significantly change the rooting pattern. On other hand,
Fester et al. (27) found that the yields of winter wheat were highest in the
mold-board plow treatment followed by one way and sweep plow tilled in
July and again in April. During the fallow year, weed control in June was
best on mold-board plowed treatment followed by May tillage with the

sweep plow.

Izaurrade et al. (28) indicated that no-tillage wheat yield was higher
than the conventional tillage treatment (2.37 and 2.01 Mg ha-l, respectively)
under relatively dry environmental conditions. It was found that the total soil
water content in the upper 84 cm was higher on no-tillage than on

conventionally tilled plots.

Lutfi (29) in a field study at the University of Baghdad used two types
of plows (moldboard and chisel) for preparation the seedbed for wheat. The
results indicated that there was no effect of the type of plow on the yield of

wheat, and density of weed population.
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Blevins et al. (30) indicated the no-tillage treatment had higher
moisture contents to a depth of 60 cm during most of the growing scason.
The decrease in evaporation and the greater ability to store moisture under

no-tillage produces a greater water reserve and prevents the detrimental

moisture stresses in the plant. 4 562 1 5

Aase and Tanka (31) tested the soil water evaporation under four
tillage practices namely; bare fallow, stubble-mulch fallow, chemical fallow-
mixed standing and flat residue, and chemical fallow-flat residue. The results
showed that soil water evaporation during the summer months is about the

same from all tillage treatments tested.

Tollner et al. (32) reported that the temperature near the soil surface
for the conventional and no-till plow were > 40 and 33-35°C, respectively.
Soil moisture under no-till always exceeded that under conventional tillage.
Roots in no-till tended to be concentrated near the soil surface and they were
larger and less numerous than roots under the conventional tillage. The
cumulative infiltration in the no-till treatments was substantially greater than

under conventional tillage.

Wilfried (33) found that in both tillage treatments (zero-tilled and
conventional) water was absorbed mainly in the soil top layers. Also in tilled
soil, roots absorbed less water from the 20-30 cm layer with a smalil porosity

as compared to adjacent layers with higher porosity.

Saad et al. (34) indicated that in calcareous soils, wheat straw and
grain yield had increased four times with increasing phosphorus applications
form 0 to 240 P,05 kg ha-l. Wheat yield response was highest when soil

phosphorus content reached an average value of about 13 ppm.
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Cox et al. (35) studied the effect of conventional tillage, no-till, and

ridge tillage on some soil physical propertics. They found that the soil
temperature at 0.1 m depth under no-tillage averaged lower values, than
those for conventional and ridge tillage. When the water stress was not a
factor, the lower soil temperature under no-till resulted in decrease leaf,

stem, and total phytomass throughout the vegetative period.

Unger and Wiese (36) reported that no-tillage, sweep, and disk
methods stored soil moisture during the fallow period at an average of 35,
23, and 15% of total rainfall. Available soil water contents down to a depth
of 1.8 m had averaged 21.7, 17.0, and 15.2 cm. Water-use efficiencies
(W.U.E) for sorghum grain had averaged 89, 77, and 66 kg ha-!-cm for the

respective treatments.

Lindstrom et al. (37) conducted a study to evaluate the effect of tillage
systems (moldboard, chisel, an no-till) in clay loam soil on interrow runoff
and infiltration. They reported that the conservation and conventional non
wheat tracked interrows had a greater infiltration rate after runoff started
than the wheel tracked interrows and the no till system. This study indicated,
that the no-till system may resulted in a consolidated soil surface with a low
infiltration capacity, that is persistent with time, and susceptible to high

volumes of runoff during severe rainstorm events.

Power et al. (38) found that the plant growth, grain yields, and
nutrient uptake were proportional to available moisture and were increased
with phosphorus fertilization. Phosphorus fertilization had no effect upon
total moisture use at any stage of growth. At soft dough and harvest stages,
P fertilization had increased the plant material produced per unit of moisture

used.
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Knapp and Knapp (39) found in silty loam soil that the wheat planted

in mid to late September had greater winter survival and produced

significantly more grain with a higher test weight than did later planted
wheat. Nitrogen alone had little effect on yields when compared to
unfertilized wheat, and when N was applied with P the results were similar

to those from P alone.

Shatanawi et al. (40) measured the water use of wheat and barley in
the Jordan Valley by using drainage type lysimeters. The results indicated
that wheat production was 4.2 tons ha! for 326 mm seasonal

evapotranspiration calculated from the water budget equation.

Goos et al. (41) reported that data of stored available water at
seeding, precipitation, and grain yield from 53 spring wheat experiments
were analyzed to make a decision to use fallow or recrop the field. The
results indicated that to get a minimun acceptable recrop wheat yield of
1350 kg ha-!, they defined the following critical level: if stored available soil
water at seeding is less than 6.4 ¢m, crop failure is likely and summer fallow
is advised; whereas, stored available soil moisture > 9.4 cm, crop success is

likely and recropping is advised.

Aase and Siddoway (42), studied the evaporative flux from wheat and
fallow practices using a lysimeter method. They found that cropped and
fallowed lysimeters lost almost identical amounts of water up to the time that
tillering was completed. Thereafter, evapotranspiration from cropped
surfaces was much higher than evaporation from non cropped surfaces. The
fallowed lysimeter gained 12 cm of water in 1978 and lost 7 and 2.5 cm in
1979 and 1980, respectively, whereas the cropped lysimeter lost 20 cm in

1978, 42 cm in 1979, and 14 cm in 1980. Also the results indicated that
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rates of water use by the wheat were highest during the heading growth

stage and flowering stage.

Radke et al. (43) studied the effect of different tillages on soil
temperature, soil water, and wheat growth in south Australia. They found
that wheat grown on rotary cultivator (rotovator) was significantly tatler and
gave more yield than using scarified (tine digger) (3300, and 1500 kg La-l,
respectively). While soil moisture in the first 10 cm depth was greater for

scarifier than rotovator.

Saimeh and Battikhi (44) indicated that on gentle slopes 0-3% fallow
land stored 97 mm more water as compared to wheat planted land of the
same slope. For slopes 3-8%, 53 mm more water were stored in fallow land
as compared to wheat planted land of the same slope. They indicated also
that the moisture depletion had decreased as the rainfall quantity decreased,
and for wheat the depletion from the second layer was higher than that in
fallow due to extraction by wheat roots which rcached the second layer. The

moisture storage efficiency of ranged from 18% to 34% of the total ranfall.

Kharouf and Battikhi (45), in a study of the effect of fall tillage plows
on soil moisture storage, depletion, and wheat yields at Mushaqqar
Agricultural Experiment Station, found that there were no significant
differences in soil moisture storage and depletion between moldboard and
chisel plow (387 and 376 mn for storage; 377 and 378 mm for depletion,

respectively).
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3- Materiais and Methods:
3-1 Study Location:

The study was conducted at Mushaqqar Agricultural Experiment

Station, located approximately 28 km south west of Amman. The location
has a mean annual rainfall of about 350 mm. The station lies at 31.5 North

latitude and 850 m above sea level altitude.

3-2 The Soil:

The soil in Mushagqar Agricultural Station was classified by Spenser

and Rihani, as fine, montmorillonitic, thermic, entic chromoxerert, with the

following profile description.:

Ap 0-12 cm: Brown to dark brown (7.5YR4/4) clay; strong fing to
medium subangular blocky structure; firm, very sticky and very plastic;
common very fine root; many fine interstitial pores; strongly eflervescent;

abrupt smooth boundary. About 3% fine pebbles throughout the pedon.

Al 12-37 cm: Brown to dark brown (7.5YR4/4) clay: strong fine to
medium subangular blocky structure; firm, very sticky and very plastic;
common very fine and a few roots; few fine tubular and many fine interstitial
pores; strongly effervescent; clear wavy boundary. About 3% fine pebbles

throughout the pedon.

Ap 37-60: Brown to dark brown (7.5YR4/4) clay; strong medium

angular blocky structure; firm, very sticky and very plastic; a few very fine

roots; few fine tubular and many fine interstitial pores; strongly effervescent;
clear wavy boundary. Common weakly expressed slickensides. About 3%

{ine pebbles throughout the pedon.
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Bw 60-90 cm: Brown to dark brown (7.5YR4/4) clay; strong medium
angular blocky structure; firm, very sticky and very plastic; a few very fine

roots; few fine tubular pores; gradual wavy boundary. Many moderately

expressed slickensides. About 3% fine pebbles throughout the pedon.

Bkl 93-125 cm: Brown to dark brown (7.5YR4/4) clay; strongly
medium angular blocky structure; firm, very sticky and very plastic; a few
very fine roots' a few fine tubular pores; strongly effervescent; gradual wavy
boundary. Many strongly expressed slickenside. Common fine and medium

lime masses. About 3% fine pebbles throughout the pedon.

BK2 125-150 cm: Brown to dark brown (7.5YR4/4) clay; strong
medium angular blocky structure; very sticky and very plastic; a few very
fine roots; a few fine tubular pores; strongly effervescent. Many strongly
expressed slickensides. Common fine and medium lime masses. About 3%

fine pebbles throughout the pedon.

3-3 First Ilxperiment:

The objectives of this experiment were to study the effects of three
nitrogen fertilizers sources, two methods of fertilizers applications, and soil

moisture storage, depletion on wheat production.

A split plot in randomized complete block design of three replications
was used. The application metirods assigned as main treatments whereas the
three nitrogen fertilizers were the sub main treatments. The nitrogen rate (60

kg N ha-!) was used for all N-fertilizers forms.

The two main treatments were as follows:
Broadcasting (B) the nitrogen fertilizer on the soil surface by hand.
Applying the nitrogen fertilizer on the soil surface, then incorporated (1) with

the soil surface down to 10 cm depth.
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The three sub-treatments (N-sources) were: Fl, urea [CO(NI;));

F2, ammonium sulfate [(NH4),SO,]; and F3, potassium nitrate (KNO3).

The dimension of each plot was 20 x 10 m and each sub plot was 10
%10 m. The recommended nitrogen rate (60 kg N ha-!) was applied at one
dosage at sowing date. All plots of the experiment were fertilized with 50 kg

P,0Os ha-!, applied at time of sowing,

For the subtreatments, potassium (singral, 0-0-50) was added
amounts equal to the amounts present in the third sub treatment (KNO;)
(Fig. 1). Wheat (Horani) was planted on December 15, 1990 by seed driller

at a rate of 100 kg ha'l to 8 cm depth and 20 cm spacing between rows.

Weed control during growing season was done by spraying the whole

field area with Round-up (60 ml/120 L water).

3-3-1 Soil Moisture Measurements:

Access tubes, two inch diameter galvanized steel pipes 150 cm long,
were installed in each plot of each experiment to measure moisture for soil
depths at: 7.5;22.5; 45; 75; and 105 cm using neutron probe (CPN 503 DR
Hydro Probe).

3-3-2 Soil moisture calculation:

Soil moisture depths (inm) were calculated from the volumetric

moisture content by using calibration curves prepared for each layer.

Calculations of crop evapotranspiration (ETc), and soil moisture
storage during the season were dependent upon the change in soil moisture
content for the whole soil profile at different times of the season.

Metcorological data was used to calculate the amount of moisture stored
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Fig. 1. Experimental layout of the first experiment at Mushaqqar
Agricultural Station, during 1990/91 and 1991/92 growing

S€asons.
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during the rainy days. Crop evapotranspiration and soil moisutre storage
were calculated using the following equations:

ETc=ET +ETc*. ..o )
where:
ETec: total actual evapotranspiration.
ET: Soil moisture depletion for the periods between neutron probe readings
during the growing season which is due to crop consumtive use during those
periods.
ETc*: total sum of actual crop water requirments during rainy days (when it
was difficult to determine by depletion using neutron probe readings because
of inconveneince to work in the field during those days.

ETc* = EpxKp xKC....vovieoeiiiiiiiiiiies (2)
Where: ETc* = crop evapotranspiration (inin)
Ep = class A pan evaporation (mm)
Kp = pan coefficient (FAO, 1974 (40))
Kc = crop coefficient (Fig. 2 and 3)

Different soil moisture and crop yield components were calculated as
the following:
Crop evapotranspiration (ETc) = £ [decrease in soil moisture (-AS)] + ZSoil
moisture stored + depleted during rainy

days (from planting to harvest)............ (3)

Soil moisture depletion (inm) = Z [decrease in soil moisture (-AS) + ESoil
moisture stored + depleted during rainy

days (from beginning. to end of

SEASOMN )..cvveeeeeeenreeeeresieinreenresseesesssens )]
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Soil moisture storage (mm) = Z[increase in soil moisture (+AS) + Z soil
moisture stored + depleted during rainy days (From first rainfall event to last
rainfall event during the Winter SEASOM)........cooovervveeieserenirinnimnes %)
Total seasonal soil moisture storage, SMS = 2AS + ETc* ..o 6)
AS: soil moisture storage from rainfall for the periods between neutron probe
readings.

Water storage efliciency (W.S.E) =

Soil moisture storage
Total rail]fa]] x100......cceeeen (7)

Water use efficiency (W.U.E) (kg/du/mm) =

Grain or biological yield (kg/ du) @)
ETe(mm) 7

Fertilizer use efTiciency (F.U.E) (Kg/Kg) =

Grain or biological yield (kg/ du) 9)
Fertilizer added (kgN/duy 77

Runoff(mm) = Total rainfall- Soil moisture storage ...........cccoenvieinn (10)

Same treatments were used for both seasons.

3-3-3 Fertility Status:

Soil samples were taken from the surface layer (0-30 cm) and
subsurface layer (30-60 cm) from the 18 locations in the experiment to
determine the fertility status of the soil during the growing season. Plant

samples from 0.5m? were taken from the 18 plots at the following growth

stages tillering, boating and harvesting to measure the concentration of total
nitrogen and phosphorus in wheat. At the harvesting stage planting height
was measured and three random plant samples of one meter square were
collected from each plot, then weighed and threshed to detennine grain and

straw yields and number of spikes.
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Fig. 2: Crop coefficient curve for wheat crop planted at Mushaqgqar Station

for (1990-91) season.
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Fig. 3: Crop coefficient curve for wheat crop planted at Mushaqqar Station

for (1991-92) season.
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Soil mineral nitrogen (ammonia, nitrate, and total mineral nitrogen)
was determined using micro Kjcldhal method (47). Total nitrogen of plant
was determined using Kjeldhal method (48). Soil available phosphorus was
determined using NaHCO, extraction method (Olsen, et al., 49). The whole
experiment was repeated in the next year (1991/92) with the same main and

sub main treatments.

3-4 Second Experiment:

This experiment was carried out in the two seasons 1990-91 and
1991-92 in order to follow up a previous crop rotation experiment. Figure 4

shows the layout of the three different rotations used.

3-4-1 Continuous wheat:

The objective of this part during the first season was to study the
effect of tillage practices treatment and nitrogen fertilizer dosages on wheat

production and soil moisture conscrvation.

The main treatments were as follows:

(1} Moldboard plowing in October, 1990. (12).

(2) Chisel plowing in October, 1990, then followed by sweep before
planting for seed bed preparation(T1).
Each main treatment plot has a dimension of 36 x Sm.
Recommended total amount of nitrogen (60 kg ha-') using ammonium
sulfate fertilizer was used as sub main treatment, as follows:
i, Nitrogen fertilizer (60 kg ha'') was applied once at planting (N1).
2. Total amount of nitrogen fertilizer was splited into two doses (N2),
one dosage was applied at planting and the second dosage was

applied at tillering stage. Total nitrogen applied at each dosage was
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Fig. 4. Experimental layout of the second experiment at Mushaqqar
Agricultural Station during 1990/91 and 1991/92 growing

seasons.
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cubmain treatments, while it was lcft fallow during the first scason
(1990/91).

Access tubes were installed in each submain treatment, and soil
moisture content readings were taken using neutron probe device after each

rainfall event, and every two weeks when no rainfall had occurred.

Three samples of wheat from each sub plot were taken randomly.

They were weighed and threshed to determine wheat yield and other yield

components.

3-5 Climatic _data:

Rainfall (mm), minimum and maximum temperature (°C), for the two
seasons 1990-91, and 1991-92, were obtained for Mushaqqar from the

Agrometeorological Departments. The data is presented in Figures 5 and 6.
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4- Results and Discussion

4-1 First Experiment:
4-1-1 Effect of application methods-nitrogen forms treatment on soil
moisture parameters;

Tables 1 and 2 show the grand average for crop actual
evapotranspiration, soil moisture depletion and storage, rainfall, rainfall
storage efficiency, grain yield, water use efficiency based on grain yield and
biological yield, fertilizer use efficiency and runoff amounts in Mushaqqar
Station during the growing season 1990/91 and 1991/92, for the two

methods of application and the three nitrogen fertilizer forms.

The results indicated that the two methods of nitrogen fertilizer
application were not significantly different with respect to all the crop and
soil moisture parameters measured except for grain yield, storage, water
storape and fertilizer use efficiency in the 1991/92 growing season, in which,
broadcasting of nitrogen fertilizer on the soil surface had resulted in higher
vegetative growth which resulted in higher grain yield and so higher water
use and fertlizer use efficiency. The higher vegetative growth resulted in
higher storage through the decrease of the runoff amounts than the
incorporation of the N fertilizer with the soil. This can be explained when
we consider the rainfall amount in Mushaqqar in the 1991/92 season which
was 600 mm. Under incorporation, the extinsive rainfall may resulted of

higher downward movement of nitrogen, thus resulting in a trend where

higher values for the hand broadcasting treatment for this year were
obtained, for all parameters tested. The opposite can be noticed i the
1990/91 season data, in which the rainfall amount was 350 mm, although
there no significant differences between treatments, incorporation the

fertilizer into the soil had resulted in higher values than those obtained under
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broadcasting for wheat yield components and soil moisture parameters. In
1990/91 growing season, under potassium nitrate treatment, the higher
vegetative growth may resulted in higher crop evapotranspiration (ETc¢) and
soil moisture depletion as compared to urea and ammonium sulfate
treatments. This may resulted of the hot conditions in 1991/92 growing
season, which affected the use of different nitrogen forms because both urea
and ammonium sulfate are hydrolysed first to NH4-N, which can be casily
lost through volatilization at the high temperature and low rainfail
conditions, so reducing the effect of using urea and ammonium sulfate
fertlizers. As urea fertilizer needs more time to be hydrolyzed so the effect
of volatilization on urea is less than on ammonium sulfate, and that can be
noticed in the higher grain yield which resulted from the application of urea,
followed by potassium nitrate as a nitrogen source. No significant
differences found for wheat yield components and soil moisture
measurments under the interaction between the method of nitrogen
application and using different nitrogen forms in 1990/91 and 1991/92

growing seasons.

Figures 7 and 8 shows the monthly moisture stored in the soil profile
for the interactions of methods of application (incorporation (I) and
broadcasting (B)), with the forims of fertilizer (urea (F1), ammonia sullate

(F2), and potassium nitrate (F3)).

In 1990/91 growing season, the lower wheat canopy and higher
evapotranspiration due to dry conditions did not affect the monthly stored
soil moisture for the interactions of incorporation and broadcasting with
urea, ammonium sulfate, and potassium nitrate. Whereas, in 1991/92
growing season, the lower temperatures and higher wheat canopy under
incorporation with ammonium sulfate fertilizer and broadcasting with urea

fertilizer resulted in higher monthly stored soil moisture over the season as
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Fig. 7: Total depth of soil moisture content /120 cm soil depth for the

different nitrogen forms during the (1990-91) season.
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compared to other interactions. Under these two interactions the higher
vegetative growth decreased runoff and so increased the amount of stored

soil moisture. (Figures 7 and 8).
4-1-2 Yield and_yield component ;

Tables 3 and 4 show the means of the crop parameters in different
methods of application and forms of nitrogen fertilizer in 1990/91 and
1991/92 growing seasons. Table 3 showed that straw and spike numbers
were significantly higher under the incorporation treatment during 1990/91
growing season. Whereas in 1991/92, only plant height was significant and
higher under the incorporation treatment. This may have resulted due to the
higher availability of nitrogen for wheat uptake in earliear stages which
cause higher plant height under the incorporation treatment. Also under urea
fertilizer higher plant height was resulted in 1991/92 growing season. While
the interaction of method of application with the nitrogen forms did not

affect wheat yield and yicld components.

4-1-3 Soil residual phosphorus and mineral nitrogen:

Table 5 shows the mean of soil residual phosphorus and mmeral
nitrogen after wheat in relation to different nitrogen application methods and
different forms of nitrogen fertilizer, in 1991/92 growing season.

No significant eflect for incorporation method on residual P.
However, under the broadcasting treatment higher soil residual phosphorus

was found in subsurface samples, whereas, NO3-N and TMN were higher in

surface samples. Under the incorporation treatment higher soil residual
phosphorus and NH4-N were found in surface samples, whereas, NO3-N,
and TMN were higher in subsurface samples. This may have been duc to the
fact of the slow release of fertilizer form in the broadcasting method,

whereas in subsurface samples the lowest values of NH4-N, NO3-N, and
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TMN existed under the broadcasting methods. This explains the slow
movement of nitrogen down and which is resulted of the slow release of
nitrogen fertilizer under the broadcasting method. On the other hand, under
potassium nitrate treatment the highest soil residual phosphorus in surface

and subsurface samples and NO3-N and TMN in subsurface samples were

found. Whereas, under urea treatment NH4-N, NO3-N, and TMN in surface
samples and NH4-N in subsurface samples the highest soil residuals were
found.

Generally, Table 5 shows that there was a deficiency in the available
phosphorus in soil but on the other hand, there is high amount of soil
residual nitrogen, NO3-N and TMN. The reason of the deficiency of

phosphorus is not known.

4-1-4_Nitrogen and phosphorus_concentration in wheat at different
grwoth stages:

Table 6 shows the nitrogen and phosphorus content at differcnt stages
of wheat growth in relation to different nitrogen application methods and
different forms of nitrogen fertilizers in 1990/91 and 1991/92 growing
seasons.

Under incorporation treatment, higher nitrogen content of seed and
straw were existed due to the higher availability of nitrogen for wheat. This
higher available nitrogen uptake by wheat under the incorporation, was used
by wheat for seed formation, so the amount of N found in seed was higher

under the incorporation method.

4-2_Second Experiment:

4-2-1 Fallow cfficiency:

Three crop rotations were used to examine the fallow efficiency and

to control weeds during the growing season.
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There was no difference between duck-foot fallow and chemical
fallow with respect to the total depth of moisture stored in soil profile during
the two fallow processes. Total depth of water stored by the end of October-
1990 was 361 to 364 mm for duck foot fallow, whereas in chemical fallow it
was 348 to 361 mm. These results may have been due to the drought season
(Total depth of water stored 267.2 mm) and the little increment in amount of
water in duck-foot fallow treatment was due to weeds density which was

more under chemical fallow than duck-foot fallow.

4-2-2 Continuous wheat rotation: |

4-2-2-1 Soil moisture and crop yield:

Tables 7 and 8 represent a comparison between different tillage-
nitrogen treatments for wheat during 1990/91 and 1991/92 growing seasons
on the effect of the ETc, soil moisture depletion, soil moisture storage,

W.S.E, W.U.E, runoff, and grain yield .

During  1990/91 season, no significant differences between chisel and
moldboard plows, spliting of nitrogen fertilizer into doses, and the
interactions were found according to Duncan's Multiple Range Test
(DMRT), with regard to the different parameters tested (Table 7). This may
have resulted of the dry climate in 1990/91 season, which reduced the effect
of tillage treatments. The lack of soil moisture cause decreased the

effectivness of nitrogen fertilizer spliting.

In table 8, splitting of nitrogen fertilizer doses have similarly no
effect on all the parameters being determined. While significancy is shown
for the soil moisture storage, water storage efficiency, and runoff with
respect to tillage treatments during 1991/92. From the above results, one can

find that moldboard plowing showed more water storage, W.S.E, and less
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runofl than chisel plow. These results may have been attributed to deeper

plow under moldboard compared to chisel plow which increased soil
macropores, soil infiltration rate, and decreased the runoff. Interactions
between tillage and nitrogen fertilizer were also not significant for wheat in

1991/92 growing seaso.

Through the 1991/92 growing season grain yield, water storage,
W.U.E and F.U.E were more than those during 1990/91 growing season.
These results may have occurred due to the more rainfall amount and
distribution during 1991/92 growing season. For that, the highest yield
obtained in 1991/92 growing season was due to effective use of nitrogen
fertilizer dosages applied resulted specially the enough soil moisture at the

time of the third dose application.

Figures 9 and 10 present the total depths of seasonal soil moisture
content (mm)/120 cm soil depth for the continuous wheat treatments during
the 1990/91 and 1991/92 growing seasons, for the three nitrogen dosages
subtreatments. With respect to monthly depth of water there were no
differences between moldboard plow and chisel plow treatments. Also by
splitting the nitrogen fertilizers there were no effects on total depths of water
stored per 120 cm soil depth from January to November for the 1990/91
growing season (Figure 9). Whereas, for the 1991/92 growing season,
monthly depth of moisture in the soil profile was the highest under
moldboard-(N1) interaction compared to other interactions. While for chisel
interactions treatiments, there were no significant differences with respect to

moisture depths (Fig. 10).

In general, monthly soil moisture depth stored during 1991/92
growing season for all interactions were higher than those during the

1990/91 growing season.
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Fig. 9: Total depth of soil moisture content /120 cm soil depth for the
continuous wheat experiment during the (1990-91) season.
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4-2-2-2 Yicld and Yield Components:

Tables 9 and 10 represent means of crop parameters for the different
tillage-nitrogen treatments, for the continuous wheat rotation during 1990/91
and 1991/92. The results show that tillage and nitrogen doses treatments
had a significant effect on spike numbers only, in 1990/91 and 1991/92
growing seasons. However, during 1990/91, grain yield and spike number,
under moldboard plow, were higher than those under chisel plow. Whereas
straw yield and plant height were higher under chisel plow than under
moldboard plow. N2 treatment showed the highest grain yield and plant
height when compared to N1 and N3 treatments. Highest grain yield was
highest under moldboard (T2) plow interacted with N2 sub-treatment, while

chisel plow interacted with N3 gave highest straw yield and plant height.

Whereas, during 1991/92 growing season, grain yield, straw yield,
and plant height were found to be higher under the chisel plow (T1) when
compared to the moldboard plow, (T2). This result may have occurred due
to the more residues under chisel plow followed by sweep, than under
moldboard, which resulted in high permeability and low evapotranspiration,
under chisel plow. The interaction of the different tillage and nitrogen
dosages were not significant with respect to all crop parameters in 1990/91

and 1991/92 growing season.

4-2-3 Duck-foot fallow-wheat rotation:

4-2-3-1 Soil moisture and_crop yield:

Tables 11 and 12 represent a comparison between ETc, depletion,

W.S.E, W.U.E, runoff, and grain yield under different tillage-nitrogen
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Fig. 11: Total depth of soil moisture content /120 cm soil depth for the
duck-foot fallow experiment during the (1990-91) season.
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Fig. 12: Total depth of soil moisture content /120 cm soil depth for the

duck-foot fallow experiment during the (1991-92) season.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



53

4-2-3-2 Yicld and_vield components:

Table 13 presents means for crop parameters under different tillage-

nitrogen treatments for duck-foot fallow-wheat rotation.

During 1991/92 season, grain yield, straw yield, and spike number
were higher under T1 than for T2. Similar trend was obtained for the N3
treatment compared to NI and N2. Also similar trend was obtained under

the TIN3 interaction compared to other interactions.

Similar trend was found under wheat in continuous wheat rotation,
where TIN3 interaction represent the highest grain yield, straw yield, plant
height, and spike numbers when compared with other interactions. The
availability of soil moisture reduced the effect of the tillage treatments and

increased the efliciency of the third dose uptake by wheat crop.

4-2-4 Chemical fallow-wheat rotation :
4-2-4-1 Soil_ moisture and crop yield:

Tables 14 and 15 show ETc, soil moisture depletion, W.S.E,
W.U.E, runoff and grain yield values under different tillage-nitrogen
treatments for wheat during 1990/91 and 1991/92 growing seasons. No
signiﬁcant differences were found due to either main and submain treatments
in 1990/91 season. Tllis‘is because there was no practices applied except

controling weeds chemically and left as fallow.

During 1991/92 growing season although there were no significant

differences between treatments, the highest ETc, soil moisture depletion and
storage, W.S.E., and grain yield were found under moldboard plow. Also
ETe, soil moisture depletion and storage, W.S.E, grain yield and F.U.E

found to be the highest for T2N3 interaction when compared with other
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interactions. This may be due to more available moisture, and so the nitrogen

utilization was better due to deeper plow by moldboard plow.

Figures 13 and 14 present the total depth of soil moisture /120 cm soil
depth for chemical fallow-wheat rotation during 1990/91 and 1991/92
growing seasons. Figure 13 shows no differences in total depth of moisture
stored, during the 1990/91 between treatments and their interactions. This
was because there were no practices applied except the application of
herbicide and left as fallow, which caused water losses through evaporation,
because there was no planting in first season. Similar results were found
during 1991/92 growing season. Whereas, during the 1991/92 season, the
total depth of moisture stored was higher than that for 1990/91 growing
seasons. The higher availability of moisture in 1991/92 due to the higher

rainfall minimized the effect of the plowing treatments.

4-2-4-2 Yield_and yicld components:

Table 16 presents means for crop parameters in _difﬁarent tillage-

nitfrogen
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Fig. 13: Total depth of soil moisture content /120 ¢m soil depth for the
chemical fallow experiment during the (1990-91) season.
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Fig. 14: Total depth of soil moisture content /120 cm soil depth for the

chemical fallow experiment during the (1991-92) season.
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4-3 Effect of crop rotations on soil moisture_content ;

Figures 15, 16, and 17 present comparisons between chisel plow and
moldboard plow under different rotations, namely: continuous wheat; duck-
foot fallow-wheat; and chemical fallow-wheat, with respect to total depths
of moisture stored during the 1990/91 and 1991/92 growing seasons. Both
chisel and moldboard plows under chemical fallow, gave highest total depth
of moisture stored as compared to duck-foot fallow which was higher than

continuous wheat rotation by the end of 1990/91 growing season.

These results may have occured due to the complete removal of
wheats by chemical fallow. While in duck-foot fall there were still weeds
which caused water depletion and higher evaporation out of soil profile.
Besides, more water was depleted by continous wheat crop which resulted

in lowest water stored in the soil profile.

In 1991/92 growing season the monthly stored water was the highest
for chisel plow and moldboard at duck-foot fallow rotation followed By
chisel and moldboard at continuous wheat rotation, and then the lowest
stored water was obtained under chemical fallow rotation for both chisel and

moldboard plows (Fig. 18).

These results may have been due to the fact that under duck-foot
fallow-wheat rotation during 1991/92 season, more storage of water was
recorded due probably to the high permeability in the soil profile, when
compared to chemical fallow-wheat rotation where there was higher runoff

due to compaction of soil through the previous season producing the lowest

storage of water.
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Fig. 15: Total depth of soil moisture content /120 cm soil depth for the

interactions of chisel plow with the three rotations during the
(1990-91) season.
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Fig. 16: Total depth of soil moisture content /120 cm soil depth for the
interactions of moldboard plow with the three rotations during the

(1990-91) season.
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Fig. 18: Total depth of soil moisture content /120 cm soil depth for the
mteractions of chisel and moldboard plow with the three rotations
during the (1991-92) season.
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5 - Summary , Findings, and Conclusions

Two studies were carried out in Mushaqqar Agricultural Experimental
Station, located approximately 28 km South West Amman, on fine,
montmorillonitic, thermic, entic chromoxerert soil. The rainfall amounts
were 267.1 and 584.4 mm for 1990/91 and 1991/92 seasons, respectively.

The objectives of this study were 1. To study the effect of using
different nitrogen fertilizers forms, namely: nitrate; and ammonium, on
wheat yield components. 2. To evaluate two methods of N-fertilizers
applications, namely: broadcasting followed by seeding or broadcasting the
fertilizers followed by incorporating them in the soil then seeding the field.
3. To study the effects of different methods of nitrogen fertilizers application
on water consumptive use of wheat crop, soil moisture content, and their
relation with wheat yield. 4. To study the effects of the rate of N-fertilizer
and timing of addition on wheat growth, and its relations with the yield and
yield components, under two tillage practices, namely: chisel and

moldboard, and wheat-fallow crop rotations, in the Mushaqqar area.

In both experiments a split plot in randomized complete block design
was used with three replications. In the first experiment the application
methods assigned as main treatments, whereas the nitrogen fertilizer forms
were used as submain treatments. While in experiment two a moldboard
plow and chisel plow were assigned as main treatments and nitrogen
fertilizer splitted once, twice, and three times, as submain treatments. This

design was used in 1990/91 and 1991/92 growing seasons.
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The results obtained from both experiments can be summarized as

follows :-

The two methods of nitrogen fertilizers application were not
significantly different with respect to all the crop and soil moisture
parameters measured during 1990/91 growing season. Whereas, during
1991/92 growing season, soil moisure storage from rainfall, water
storage efliciency and fertilizer use efficiency showed significance,
where, broadcasting of nitrogen fertilizers on the soil surface had

resulted in higher values than its incorporation within the soil.

Urea fertilizer (F1) resulted in lowest values with respect to crop
evapotranspiration, and soil moisture depletion. Whereas, polassium
nitrate resulted in higher crop ETc and soil moisture depletion.
Ammonium sulfate resulted in higher soil moisture storage from rainfall

and lower grain yield.

Under broadcasting treatments higher soil residual phosphorus was
found in surface than subsurface samples, and a higher NH4-N, NO3-N
and TMN residual in subsurface samples. Under urea fertilizer highest
NH4-N, NO3-N and TMN residuals were found as compared to the

other nitrogen fertilizers formns in surface samples.

Results of soil residual phosphorus indicates that there was a
phosphorus deficiency under all treatments due to the higher nitrogen

uptake.

Incorporation of urea nitrogen fertilizer resulted in higher nitrogen

content of wheat, compared to KNOs, or (NH,),SO, fertilizers.

There is no big difference between duck-foot fallow and chemical

fallow practices with respect to total depth of water stored from rainfall.
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In continuous wheat rotation :

a. During 1990/91 there was no significancy between chisel and
moldboard plows with regard to all soil moisture parameters, while
in 1991/92 under moldboard plows more water from rainfail was

stored. And more water storage from rainfall and less runoff were

found as compared to chisel plow.

b. During 1990/91 highest grain yield, water use efficieny, W.U.E and
fertilizer use efficiency, F.U.E. were found when splitting the
nitrogen fertilizer into two dosages at planting and tiflering stages.
Whereas during 1991/92, splitting the nitrogen into three dosages
gave highest grain yield, W.S.E and F.U.E.

In duck-foot fallow-wheat rotation :

There was no significancy for grain yield and for all soil moisture
parameters tested between tillage and nitrogen treatments. Under
moldboard plow and under splitting the nitrogen fertilizer into two
dosage, higher ETc¢, depletion, soil moisture storage from rainfall, water

storage efficiency, and grain yield were found.

In chemical fallow-wheat rotation :
Under moldboard plow and splitting of nitrogen fertilizer into three
dosages during 1991/92 growing season, the highest ETc, depletion soil

moisture storage from rainfall, W.S.E, and grain yield were found.

In 1990/91 growing season, under both chisel and moldboard plows,
using chemical fallow technique resulted in highest total depth of water
stored compared to duck-foot fallow technique which was higher than

continuous wheat rotation.
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11, In 1991/92 growing season, the water stored was the highest for chiscl
and moldboard at duck-foot fallow rotation followed by chisel and
moldboard at continuous wheat rotation, whereas the lowest water
stored was obtained for both chisel and moldboard plows under

chemical fallow rotation. This may have resulted from intensive rainfall

during the second growing season which minimized the effect of fallow

technique.

Recommendation:

1- As there is no differences between the usage of chisel and moldboard

plowing, chise! plowing is recommended because it is cheaper.

2- The application of nitrogen fertilizer in three doses is recommended,
specially when there is expected rainfall at the time of application of the

third dosage.

3- Fallowing the land is recommended to conserve soil moisture for the next

season, and the continuity of wheat planting should be avoided.

4- The application of urea fertilizer is recommended to produce high yield

and due (o its availability in market.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



70

6- References

El-Sarangawy, N. M., M. Kreim, and AM. Selim. "Effect of soil

moisture regime and fertilization on uptake of nitrogen and phosphorus

by wheat". Al-Azhar J, Agric. Res. Vol. V, 1980, pp. 1-8.

Bond, J.J., J.E. Power, and W.O. Willis. "Soil water extraction by N-
fertilized spring wheat". Agron .J. Vol. 63, 1971, pp 280-283.

Comfort, S.D.,G L. Alzer and R. H. Busch. "Nitrogen fertilization of
spring wheat genotype : Influence on root growth and soil water

depletion”. Agron. J. Vol. 80, 1988, pp 114-120.

Sanmanechai, M., F.E. Koehler, and S Roberts. "Nitrogen fertilization

practices for sequential cropping of wheat, turnips, and sweet corn”.

Soil. Sci. Soc. Am. J., Vol. 48, 1984, pp 81-85.

Korentajer, L., and P.P. Berliner. "Effect of moisture stress on nitrogen
fertilizer response in dry land wheat". Agron. J., Vol. 80, 1988, pp 977-
981.

Harris, W. "Effects of residue management, rotations, and nitrogen
fertilizer on small grain production in northwest Kansas". Agron. J.

1963, pp 281-284.

Stonford, G., and E. Epstein. "Nitrogen mineralization-water relation in

soils". Soil. Sci. Soc. Amer Proc. Vol. 38, 1974, pp 103-107.

El-Khattari, S. "Response of two durum wheat varieties to diflerent
rates and sources of nitrogen in Jordan". Dirasat, Vol, XII (6), pp 79-
89.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



9.

10.

I1.

12,

13.

14.

15.

16.

17.

71

Brown, P.L. "Water use and soil water depletion by dry land winter
wheat as affected by nitrogen fertilization". Agron, J., Vol. 63, 1971, pp
43-47 .

Hung, Z. W., and F.E. Broadbent. "The efliciency of potassium nitrate
and urea fertilizers on rice in flooded soil”. Soil. Sci. Vol. 6, 1988, pp

461-405.

El-Khattari, S., and N. Kbarabsheh. "Transformation of urea and
ammonium sulfate in some Jordan soils". Dirasat. Vol. No. (2), 1982,

pp 145-153.

El-Khattari, S., and Kharabsheh. "Ammonia loss from surface applied
ammonium sulfate and urea in some Jordan soils”. Dirasat, Vol. 10, No.

(1), 1983, pp 143-151.

Reynolds, C.M., and D. C. Wolf. "Influence of urease activity and soil

properties on ammonia volatilization from urea". Soil. Sci. Vol. 143,

No. (6), 1987, pp 418-425.

Khafagi, M., M. Omar., and T. El-Defan. "Movement of mineral
nitrogen in soils". Al-Azhar. J. Agric. Res. Vol. 7, 1987, pp 33-01.

Reynolds, C. M., and D. C. Wolf. "Effect of soil moisture and air
relative humidity on ammonia volatilization from surface-applied urea”.

Soi. Sci. Vol. 143, No. (2), 1987, pp 144-152.

Mc Innes, K.J., R.B. Ferguson, D.E. Kissel, and E.T. Kanemasu.
"Ammonia loss from application of urea-ammonium nitrate solution to

straw residue”. Soil Sci. Soc. Am. J,, Vol. 50, 1986, pp 969-974.

O'Deen, W.A., "Wheat volatilized ammonia and resulting nitrogen

isotopic fractionation". Agron J., Vol. 81, 1989, pp 980-985.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



18.

19.

20.

21.

22.

23.

24,

25.

72

Abu Awad, A., A. Battikhi and 1. Ghawi. "Nitrate movement as
influenced by irrigation amounts and urea fertilization rates in the

Jordan Valley". Dirasat, Vol. 13, No. (8), 1986, pp 53-55.

Olson, R. V., and C.W. Swallow. "Fate of labeled nitrogen fertilizer
applied to winter wheat for five years". Soil. Sci. Soc. Am. J., Vol. 448,
1984, pp 583-586.

Ayoub, A.T. "Effect of nitrogen source and time of application on
wheat nitrogen uptake and grain yield". J. Agric. Sci. Vol. 82, 1973, pp
567-569. '

Gharaibeh, A. "Effect of cultural practices on the production of wheat
and barely in the rainfed areas of northren Jordan". M.Sc. Thesis,

University of Jordan, Amman, Jordan, 1987.

Al-Turshan, M. A., and A.M. Battikhi. "Soil moisture conservation for

wheat production in the central highlands of Jordan". 1. Agron. and

Crop Sci. 1993, pp 1-6.

Power, JF., W.W. Wilhelm, and J.W. Doran. "Recovery of fertilizer
nitrogen by wheat as affected by fallow method”. Soil Sci. Soc. Am. J.,

Vol. 50, 1986, pp 1499-1503.

Tanka, D.L., and J.K. Aase. "Fallow Method influences on soil water
and precipitation storage efficiency”. Soil and Tillage Research., Vol. 9,

1987, pp 307-306.

Fredrickson, J.K., F.E. Koehler, and H.H. Cheng. "Availability of N"
labeled nitrogen in fertilizer and in wheat straw to wheat in tilled and no

till soil". Soil Sci._Soc. Am. J., Vol. 46, 1982, pp 1218-1222.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



20.

27.

28.

29.

30,

31

32,

33.

73

Wilhem, W.W., L.N.Mietce, and C.R. Fenster. "Root development of
winter wheat as related to tillage practice in western Nebraska". Agron.

J., Vol. 74, 1982, pp 85-88.

Fenster, C.R., C.E. Domingo, and O.C. Burnside. "Weed control and
plant residue maintenance with various tillage treatments, in winter

wheat-fallow rotation". Agron. 1., Vol. 61, 1982, pp 2506-259.

Izaurralde, R.C., J. A. Hobbs, and C.W Swallow. "Effect of reduced

tillage practices on moldboard and chisel plows on wheat yield and

weed density in Iraq". Agricultural mechanization in Asia, Africa and

Latin America. Vol. 16, No (1), 1985, pp 29-30.

Lutfi, H. M., "Comparitive use of moldboard and chisel plows on wheat
yield and weed density in Iraq Agricultural mechanization in Asia”.

Aftica, and Latin America. Vol. 16, No.(1), 1985, pp 29-30.

Blevins, R. L., D. Cook, S.H. Phillips, and R.E. Phillips. "Influence of
no-tillage on soil moisture”. Agron. J., Vol. 63, 1971, pp 593-596.

Aase, JK., and D.L. Tanka. "Soil water evaporation comparisons
among tillage practices in the northern great plains”. Soil. Sci. Soc. Am.

1., Vol. 51, 1987, pp 436-440.

Tollner, E.W., W.L. Hargrove, and G.W. Langdale. "Influence of
conventional and no-tillage practices on soil physical properties in the
southern piedmont”. Scil _and_Water Conseryation Journal., 1984,\/01.
38 pp 73-76.

Wilfried, E., "Water uptake by wheat in tilled and untilled loess soil".
Sweden, 1976 (the 7th Conference of the International Soil Tillage

Research Organization).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



34.

35.

30.

37.

38.

39.

40.

41.

74

Hadi, S.S., A. Bamatraf, and A. Haidra. "Wheat responce to soil-P
content in the central highlands of Yemen". (Regional workshop on soil

test calibration in Amman. Jordan from 3-9, sept. 1988).

Cox, W.J., RW. Zobel, HM. Van, and D.J. Otis. "Tillage effects on
some soil physical and corn physiological characteristics”. Agron. I,

Vol. 82, 1990, pp 806-812.

Unger, P.W., and A.F. Wiese. "Managing irrigated winter wheat

residues for water storage and subsequent dryland gramn sorghum

production”. Soil. Sci. Soc. Am. J., Vol. 43, 1979, pp 582-588.

Lindstrom, M.J., W.B. Voorhees, and G.W. Randall. "Long-termn tillage
effects on interrow runoff and infiltration". Soil Sci, Soc. Am. J., Vol.

45, 1981, pp 945-948.

Power, J.F., D.L. Grunes, and G. A, Reichman. "The influence of
phosphorus fertilization and moisture on growth and nutrient absorption

by spring wheat”, Soil. Sci. Soc. Proc. 1961, pp 207-210.

Knapp, W. R., and Knapp. "Response of winter wheat to date of
planting and fall fertilization". Agron, J. Vol. 70, 1978, pp 1048-1053.

Shatanawi, M., I. Ghawi, R. Sharaiha, and M. Al-Duwiary. "Water
consumptive use of wheat and barley in the Jordan Valley". Dirasat,

Vol. 14, No. (2), 1987, pp 49-67 (in arabic).

Goos, R.J., B.E. Jolmson, F.J. Sobolik, and R.P. Schneider. "Stored
available soil water and fallow/recrop decision-critical level approach”.

Soil, Sci. Soc. Am. J., Vol. 48, 1988, pp 1134-1137.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



12.

43,

44.

45,

46.

47.

48.

49.

75

Aase, JK, and T.H. Siddoway. "Evaporative flux from wheat and
fallow in a semiarid climate”. Soil. Sci. Soc. Am. J., Vol. 46,1984, pp

619-626.

Radke, J. K., A. R. Dexter, and O.J. Devine. "Tillage eflects on soil

temperature, soil water, and wheat growth in south Australia”. Soil Sci.

Soc, Am. J., Vol. 49. 1985, pp 1542-1547.

Saimeh, M.H. and A. M. Battikhi, 'Replenishment, and depletion of soil
moisture in the northern rainfed areas of east Jordan". Dirasat, Vol. 12,

No. (6), 1985, pp 67-87.

Kharouf, M.A., and A.M. Battikhi. "Effects of fallow cultivation
methods on soil moisture conservation and wheat production in the
central highland of east Jordan". Dirasat, Vol. 18 B, No, (2), 1991, pp
18-27.

Doorenbos, J., and W.O. Pruitt. Crop_water requirments. FAO lrrig. and

Drainage paper. 1974. No. 24. Rome.
Keeney, D.R. and D.W. Nelson, "Nitrogen inorganic forms .Methods of

soil analysis. Part2. Chemical and microbiological properties". 2nd ed.
Amer. Soc. of Agron. and Soil Sci. of Am. Madison. Wisconsin. USA.
1982. pp 649-658.

ICARDA Team. Training Course. 5-6th Feb., 1989. FRMP. ICARDA.

Aleppo, Syria.

Olsen, S.R. and L.E. Sommer. Phosphorus. Methods of soil analysis.

Part2. Chemical and microbiological properties. 2nd ed. Amer. Soc. of
Agron. and Soil Sci. of Am. Madison. Wisconsin. USA. 1982. pp 421-
422. '

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



706

g15e gadlo .V
aliil gle dygh Il ALkl gisn g yiaill slowll d;lal 53l

ol o Ay e Kabia @0 qaall
456215

Sl il

2ia guglay yoisasll

acLusll 4ol
adaladdl 53l 595501 Alandl

Gt Cipin pS Ve aay (o Loty SlaSl il Aaaa (A o a3 Sy
1 S LA Ty 5 Caiaay cale oo (gsiu bl Jana yidall Zikia o iy -olec
(Fine, montmorillonatic, thermic, entic chromoxerert) aiiis ik
e iy il el y Guylaall oy diliia gy sl 520 Al jad 2 jadl oda Cings
gl iy i 2y p0a 5 Slitiad y Jaia

oS O AR chdl pe JAlSH S gall QU aladiuly G 2l Cy yal
ey oWy dalally Sl gy il dladt LLLY G yh (V) Ayl Criaal
< iyl pe¥l Clil gy Lyl ¢ an g il lasadl &4 53l & 359 g y ClalaaS
Al @ jae (23 jal cSlalae L 4 e cradiiul y SR bl e o gl gl
sl e yasie o gua g sl slawd) Adlal Clalrs Cie gy ouyd ) SlalaaS ia W)
Opamiza b O yadl) Gy jal iy LG Wl e cile ya S8y e jay Basly de e
' AY/Yaay 4 91/v44.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



77

@ﬁjﬁﬁ,)@\;@1uulqyﬁhamL-,sgrxu-e;m‘g)*gi
el LS Lutiall Ayl i Jalge e S 3Y/129) anga (& Ly DWW CICR - T
5 id LA Ll Jay &y plasiud pame iy i il ey il Zll el
La gliad 5 <H 3 58 JOLA g glaSh phasiad w3 jHa peaill U o (ool il S
el Jgmana G ety ) diod Dlla (B il £ L3 J3 e deass Ll Y
i3 et o paill Ll lod aed il gal aopen (8 Sl O jae Alslas phasiud
AY/139Y) auge G e V1 S paall D555 & il 45k )

All Rights Reserved - Library of Universitonf Jordan - Center of Thesis Deposit



