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ABSTRACT

Moisture Content and Some Physical Properties
of Vertisols under Different Tillage and Crop

Residue Management Practices

By
Ayman Abdallah Ahmed Suleiman

Supervised by
Prof. Dr. Anwar Munir Battikhi

Co-Supervised by
Dr. Hazel Harris

Understanding the effects of tillage and plant residues
incorporation on soil physical properties during plant growth
period is strongly needed to improve tillage - residue management
practices, especially in Vertisols because of their shrink-swell
phenomenon which, in turn, affects their physical properties. From
1992 through 1994, the effects of two tillage practices and two
residue management treatments on bulk density (B), soil strength
(SS), infiltration rate (IR), soil moisture storage (SMS),
evapotranspiration (ETC), and soil moisture depletions (SMD) in a
Vertiso! (very fine, smectitic, tllermic; chromic Haploxeret) on less

than 1% slope within lentil - wheat rotation, at Mushaqar
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Agricultural Experiment Station, were determined. Evaluation of the
neutron probe readings and the corresponding moisture contents
was also done. The two tillage treatments were moldboard (T1) and
chisel (T2). While the two residue treatments were : grazing after
harvest for one month then incorporation in August by ploughing
(R1); and grazing after harvest for one month then incorporation in

the mid of October (R2).

Results indicated that moldbogrd plough gave significantly
higher ETC and SMD (217.4 and 232.4 mm) than chisel plough
(199.7 and 206.3 mm) in the first season (lentil season). While SMS
only was significantly higher in T1 (205.3 mm) than in T2 (171.8
mm) in the second season (wheat season). Meanwhile there were no
significant differences between the residue treatments with respect
to soil moisture parameters for the two seasons. Immediate
incorporation of residues treatments (R1) gave significantly higher
B values than for R2, while the different tillage operations had no

significant effect on B.

Soil strength values were significantly lower for T1 and R2
than other values obtained from other treatments. Basic infiltration
rate was higher under T1 than under T2, in lentil season. While, for
the wheat season, basic IR was lower under T1 than under T2. Soil
surface moisture content, B, SS, and basic IR were significantly

lower for the lentil season than for the wheat season.
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Soil moisture parameters values which were calculated using
the appropriate bulk density values were significantly lower than
those which were calculated using a single value for the bulk
density. Relationships between gravimetric soil moisture content
(Bg) with bulk density and cracks volume were determined.
Corrections of neutron probe readiggs in the presence of cracks

around the access tubes were also made.

In the laboratory study, it was found that R1 had significantly
higher bulk density and lower soil specific volume and void ratio
than R2. Whereas, T1 had signiflicantly lower value of 6g at 0.1 bar
soil moisture tension and significantly higher values at 5, 10 and 15
bars soil moisture tension than for T2. Treatment T2 had
significantly higher gravimetric and volumetric available moisture
and R1 had significantly higher volumetic available moisture than
the other treatments. In general, tillage operation tends to increase
cracks volume and coefficient of linear extensibility, while decrease

shrinkage characteristic, and available moisture.
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1. Introduction

Vertisols in Jordan occur on less than 6% steepness and
recieve an annual rainfall between 300 to 500 mm. They occupy
about 30% of the total area planted to cereal crops. Furthermore,
field crops occupy a large rainfed area in Jordan. About 0.49
million dunums are planted to wheat and other cereals. This
constitues about 83% of the total raipfed area cultivated annually,
which varies from region to region according to rainfall amount
and distribution. Annual rainfall in these areas ranges from 300 to

450 mm, with an average cereal yield of 650-700 kg/ha(l),

One of the most important property of Vertisols is their ability
to shrink and swell upon change of soil moisture content(2) which,
in turn, affects their physical properties. These changes in physical

properties might be sometimes advantageous(3).

Productivity and management of Vertisols are governed by
four soil physical factors: soil water; soil aeration; soil temperature
regimes; and the mechanical properties of the root zone(4). The use
of a suitable tillage-residue management practices could improve
some of these soil physical properties especially infiltration rate,
mechanical properties of soil surface, soil water evaporation and

soil moisture storage from precipitation(3).
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It is believed that surface tillage operation (chisel) conserves
more soil moisture than other conventional tillage (moldboard).
Surface tillage does not invert the soil and keeps the soil moisture
intact, also it gives a smooth suitable seed-bed. Meanwhile,
conventional tillage inverts the upper 20 cm of soil surface which
causes the drying out of soil moisture. In addition, surface tillage
maintains crop residues on the soil surface, thus reducing
evaporation losses and increasing. the amount of intercepted

rainfall, which may increase water infiltration and storage(6).

A study was conducted at Mushaqar Agricultural Experiment
Station in the middle of Jordan aiming to achieve the following

objectives :

1.  determine the relationship betwgen shrink-swell capacity and
the moisture content of soil,

2. study the effect of shrink-swell on some soil physical
properties (bulk density, soil strength, and infiltration rate),

3.  relate the bulk density with the moisture content of soil with
neutron probe readings, and

4. study the effect of different tillage practices and residue
management (through changing ploughing date) on some of
the soil physical properties (bulk density, soil strength,

infiltration rate, shrink-swell capacity, and sorption curve).
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2. Literature review
2.1 Definition : .

Vertisols are soils which have 1) a layer of 25 cm or more
thick, with an upper boundary within 100 cm of the mineral soil
surface, that have either slickensides close enough to intersect or
wedge-shaped aggregates, whose axes tilted 10 to 60 degrees from
the horizontal, 2) a weighted average of 30 percent or more clay in
the fine-earth fraction between a depth of 18 cm to a depth of 50
cm, or a lithic or paralithic contact, duripan, or petrocalcic horizon

if shallower, and 3) cracks that open and close periodically(?).
2.2 Water Content :

According to Abu-Hammad (1993), in a study on Vertisol at
Mushaqar Agricultural Experiments Station, soil treated with sweep
tillage showed significantly higher volumetric water content (PV%)
at 0.1, 0.3, 1, 10, and 15 bars soil moisture tensions (49.9, 45.4, 41.7,
32.3, and 29.9, respectively) and availpble water (15.6%), than those
of moldboard tillage (47.3, 41.7, 37.8, 29.2, 27.6, respectively) and
14.1% for available water. As for sojl covered with plant residue,
immediate residue incorporation treatments had lower PV% at 0.1
and 0.3 bar soil moisture_: tensions (46.5% and 41.7%, resp.) and
available water (13.5%) than those of late incorporation of residue

treatments (50.4%, 44.8%, and 15.9% for available water, resp)
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which was higher than those of residue incorporation in August

(48.8%, 44.1% and 15% for available water, resp)(®).

Hill et al. (1985), in a study on two Mollisols, found that the
amount of water retained at any matric potential (0-37.22 Kpa) was

the highest for reduced tillage (chisel) followed by no-tillage system

and the lowest was for conventional tillage®).

2.3 Bulk Density :

Soil scientists and engineers commonly require soil bulk
density as a parameter input for simulation models for predicting a

wide range of soil processes(10),

Abu-Hammad (1993), using the core method, found no
significant difference in the bulk density between sweep and
moldboard tillage plots. While bulk density of immediate
incorporation of residue treatments was the lowest (1.02 g/cm3). But,
there was no significant difference between late incorporation of
residue treatments (1.10g/cm3) and incorporation of residue in

August (1.08 g/cm3)(8).

It was found that soil bulk density of fallow Holiville silty clay
soil had increased from ‘1.13 to 1.5 Mg/m3, and shrinkage
characteristic (change of soil volume per change of water volume)
had decreased from 0.796 to 0.419, when soil Volumetriq water

content had decreased from 0.509 to 0.232 m3¥/m3(1 D, Wires (1987),
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in a study on silt loam Orthic Humic Gleysol soil, found that the
bulk density increased from 1.35 to 1.46 g/cm3 when soil water
content had decreased from field cépacity to permanent wilting

point(12),

Bronswijk (1991), in a study on peavy clay (Typic Fluvaquent)
soil cores of 60 cm depth, found that the decrease in soil water
storage was 45 mm and was accompanied by a shrinkage of a

crack volume of 22 mm and surface subsidence of 12 mm(13).

Chan (1981) indicated that Fox (1964) derived the following
theoretical relationships between bulk density and gravimetric
moisture content for a field soil for both three-dimensional and one-

dimensional shrinkage. For three- dimensional shrinkage,
B = Banin/ [(Brmin/ A) + WBysin + Ensol’
For one- dimensional shrinkage,
B = 1/[(1/A) + W + (Emin / Bmin)},

where B is bulk density of soil solid (g/cm3), A is the particle
density of soil (g/cm3); W is the gravimetric moisture content (gg-!);
Bmin is the minimum bulk density (g cm-3), and Enin is the

entrapped air present in the soil at Bmin (cm? cm3)(14).
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Yule and Ritchie (1980), in a study on eight soils
representative of the range of Vertisol soil series in central Texas,
found that the gravimetric water content (8g) and the bulk density
(B) were related by the following equation :

B +BOg+005=1
2.65

(assuming a particle density of 2.65 g/cm3 and an air content at the

swelling limit of 0.05 cm3/cm3)(15),

Ismail et al.(1994), in a study on a silt loam (Typic Paleudalf)
soil, found that bulk density was not significantly different between

no-tillage and moldboard tillage treatments(16),
2.4 Soil Strength :

Most field conditions that influence strength measurements,
such as cracks, living organisms, plant cover, and residues, are
difficult to duplicate in laboratory experiments. Therefore, it is
desirable to measure and characterize the physical and mechanical

features of the soil surface in the field{!7).

Vyn and Raimbault (1993), in a long- term study on silt loam
soil, found that no-tillage treatments had the highest penetrometer
resistance. The differences in penetrometer resistance were in-
significant at depths greater than 20 cm throughout the year. They,

also, found that the penetrometer resistance of the moldboard plow
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plots increased at a slower rate with depth than for the chisel plow

plots(18),

Radcliffe et al. (1988), in a study on a sandy clay loam (Typic
Hapludult) soil, found that soil strength was low in moldboard
plough treatments above 0.25 m. For no-tillage treatment there was
a high strength zone that exsisted at 0.1 to 0.2 m depths. Soil
strength exceeded 4 MPa at the center of the high strength zone in
no-tillage treatments. They found also that soil strength was affected
by tillage and depth of the measurement, and there was a significant

interaction between them(19).

Soil strength has been shown to be an important soil physical
property influencing root growth. Soil impedence within the upper
soil profile has usually been observed to be greater under
conservation tillage than under conventional tillage, in continuous

long term studies(20).

According to Hill and Cruse (1985), in a study on two
Mollisols, soil strength at depths of 7.5 and 12.5 cm under reduced
tillage (85.9 and 107.1 kPa) was not significantly different from soils
under no-tillage (68.7 and 87.2 kPa). The soils under these two
tillage systems had greater soil strength than conventionally tilled

soils (45.5 and 63.8 kPa)(Z1),
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Abu Hammad (1993) found that basic infiltration rate was
significantly higher in sweep tillage treatments (26.5 mm/hr) than
that in moldboard tillage (20.6 mm/hr). Immediate incorporation of
residue treatments caused significantly higher basic infiltration rate
(30.6 mm/hr) than incorporation of residues in August (21.0 mm/hr)
which was higher than that of late incorporation of residue

treatments (mid of Octobor) (19.1 mm/hr)(®).

According to Zuzel et al. (1990), in a study on silt loam Typic
Haploxerolls using a palouse rainfall simulator to measure
infiltration rate, the analysis of variance of the final infiltration rate
indicated that type of tillage (moldboard, disk and subsurface
sweep) does not have a significant effect on infiltration capacity if

the surface is 100% residue covered(26),

Dao (1993), in a study on two Palciustolls, found that water
infiltration into no-till soil was significantly higher than plowed soil

(by moldboard) at similar water contents(27),

442431

Unger (1992), in a study on a clay loam field using a rotating
disk rainfall simulator to measure infiltration rate, studied tillage
practices and residue management on infiltration rate for dry and
wet runs. He found that the lowest initial infiltration rate values for
the dry run were 73.2 and 79.2 mm h-!, in the case of no-till with
residues removed and moldboard plough treatments, respectively.

The intermediate values were 81.7 and 81.9 mm h-! in the cases of
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no-till with residues left in place and sweep tillage with residues
removed treatments, respectively, while the highest value was
113.6 mm h-! in the case of sweep tillage with residues left in place
treatment. While for the wet run, initial infiltration rate values varied
relatively little (27.7-48.2 mm h-!) for the different treatments, with
all values being less than those for the dry run. On the other hand,
final infiltration rate values for the dry run ranged from 2.7 mm h-!
for moldboard tillage treatments to 3.3 mm h-! for sweep tillage with
residues left in place treatments. It increased to 9.2 mm h-! for the
no-till with residues removed treatment. While it ranged from 3.3
mm h-! for no-till with residues left in place treatments to 5.2 mm h-!
for moldboard tillage treatment. It, also, increased to 26.3 mm h-! for
sweep tillage with residues left in place treatment, for the wet run.
The final infiltration rates for the wet run did not differ greatly
(5.9 mm h-! or less ) from those for the dry run, except that they
were much higher for the sweep with residues left in place

treatment for the wet run, and the reason for this was not

apparent(28).

Ghazy et al. (1988), in a study on Vertisols, found the following

relationships:

Y =34.76 - 0.96X + 0.59 X3 + 0.44 X4 - 0.92X5 r2=09

10
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a significant factor with respect to infiltration rate, meanwhile tillage

was not(19),

Chang and Lindwall (1989), in a study on a dark brown
chemozemic clay loam soil, found that the mean ring infiltration
rate of the soil in the summer fallow field (0.2 mm/hr), regardless of

the tillage treatments , was about ten times higher than that in the

stubble field (0.02 mm/hr)(29),

According to Starr (1990), in a study on a Delanco silt loam
(Aquic Hapludults) soil planted with corn, the mean values of
saturated hydraulic conductivity (Ks),:sorptivity (S), and cumulative
(1hr) infiltration (I) were significantly less when plants were inside
the infiltration ring (1.32, 2.24, and 2.86 cm/hr, respectively) than
those for without plants (1.68, 2.44, and 3.03 cm/hr). In addition, the
Ks, S and I, were significantly higher for conservation tillage (1.68,
2.52 and 3.06 cm/hr, respectively) than those of conventional tillage
(1.3, 2.14 and 2.75 cm/hr)(30),

Prieksat et al. (1994), in a study on Consteo silty clay loam
(Typic Haploquolls) which was planted to corn, found that in chisel
plough plots, infiltration rate for the center of a trafficked interrow
(TRK) and center of an untrafficked interrow (UNT) position
remained relatively constﬁnt, with temporary increase after tillage

or cultivation. Between corn plants in row (BPIR) and directly over

12

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



the base of plant in a row (OPIR) positions, infiltration ralc
increased steadily over the growing season. Infiltration rate, at the
OPIR position, increased from 43 to 211 pms-! in the first year and
from 63 to 257 ms-! in the second year. In no-till, infiltration rates
at all positions, remained relatively constant throughout the
growing season(31}. So, seasonal variability of field infiltration was

more evident in plowed soil than in no-till soil(27).
2.6 Neutron Probe :

Direct or indirect measurement of soil water is needed in most
situations of agricultural studies. Direct measurement of soil water is
done by gravimetric method, by burning the soil with alcohol, or by
using soil moisture determination flasks. Indirect methods include
the use of electrical or electronic appliances including the neutron
thermalisation or gamma-ray or neutron attenuation techniques.

Each one of these methods has its owq limitations(32),

It has been shown that the response of a neutron moisture
probe is strongly influenced by the nature of the soil as well as its

moisture content(33),

Wilson (1988) found that if the two soils (horizons) merge
over a distance 6f about 30-40 cm, it is very likely that the
measured water (by neutron probe) will not deviate very far from

the real value(34),

13
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3. Materials anqd Methods
3.1 Study Location:

To study the effect of tillage-residue management practices on
soil physical properties, the experimept was conducted at Mushaqar
Agricultural Experiments Station, 30 Km south west of Amman,

with mean annual rainfall of 350 mm, altitude of 800 m above sea

level, (31.4 North latitude, and 35.5 East longitude).

The soil at Mushagar Experiments Station was classified as :
Very fine, smectitic, thermic, chromic haploxerert(37). It is on less

than 1% slope.
3.2 Treatments and Experimental Design :

The experiment started in September, 1992. Before that, all the

experimental location had been treated the same way for three

previous years.

The experiment's treatments were selected subset from a large

trial described by Abu-Hammad(®).

The tillage treatments for the two crops (lentil and wheat)

were the following :

T1 : Moldboard, sweep and drill before rainfall.
T2 : Chisel, sweep and drill before rainfall.

15
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Sweep plow is mainly used before drill sowing to prepare a
good seed-bed. Moldboard and chisel plowing were to a depth of
25 and 20 cm, respectively, while sweep was to a depth of about 10

cm(8),
Residue treatments for wheat phase only, were as follows :

R1 : Residues was ploughed in August after harvesting, baling, and

grazing for about one month.

R2: Residues were ploughed in October after harvesting, baling, and

grazing for about one month.

The amount of residues incorporated with soil after grazing
depends on the season. However, 50% of the available residues

only allowed to graze.

The combinations of these dilferent tillage-residue treatments
(TIR1,T1IR2, T2R1, T2R2) were arranged in a factorial randomized
complete block design (RCBD) with three replications (blocks)

within a lentil-wheat rotation. Size of the plot was 10 x 45 m as in -

Fig.1.

16
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T2R1  {]1iom| T2R2 TIR1
TIR1 TIR2 T2R2
T2R2 TiRI1 TIR2
TIR2  |ioms| T2RI T2R1
Rep.1 Rep Il Rep. 111

Fig. 1. Eperimental Inyout at Mushaqar Agricultural Experiments Station .

All treatments were fertilized by a constant rate of triple
superphosphate (10 kg/du), for the two crops at sowing time, using
band application. While treatments for wheat phase, were fertilized
by a constant rate of urea at a rate of 7.5 kg/du, using hand
broadcasting just before sowing. Seeding rate was 10 kg/du for
wheat "Deir-Alla 6" and lentil "Jordap 3". Planting date was first of
November. Planting was carried using sowing drill, with row

spacing of 17.5 cm, and sowing depth of 8 cm, for the two crops.

Weed control for narrow leaf weed was done by spraying the
whole experimental sites of lentil with Fusilade (Flauzitop - butyl
as active material ) at a rate of 1 L/ha. While weed control, for
broad leaf weed was done by spraying the whole experimental site

of wheat with Nitagron (2,4 -D ester butyl glycol as active material)

at a rate of 0.7-1 L/ha. In addition to chemical weed control, manual
weed control was done fbr broad leaf weed in lentil and for narrow

leaf weed in wheat.

17
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3.3 Soil Physical Properties:
3.3.1 Soil strength measurement :

Soil penetrability was measured using a penetrometer as
described by Bradford(38). Soil strength was measured at soil depths
of 5, 10, 15 and 20 cm with three measurements for each plot.
Measurements were taken from 17 March, 1993 to 20 June, 1994.
These dates were 17 March; 7, 13, and 19 April; 10 May; 1 August; 4
December in 1993; 15 February, 21 March, 17 April, 11 May, and 20
June in 1994.

An undisturbed soil core was taken from each plot at depth of
10 cm at the same time of measuring soil infiltration and soil
strength. Bulk density was determined, using the core method as
described by Blake and Hartage(39), and gravimetric soil moisture

content for these samples was determined.

3.3.2 Infiltration measurement:

Infiltration rate was determined using the double ring

infiltrometer method as described py Bouwer(40). The internal
diameter of the outer ring and the inner ring were 30 and 20 cm,
respectively. All the rings were pushed 7 to 8 cm into the soil inter
cracks, providing a tight fit between ring and soil. During

infiltration, the depth of ponding (h) was allowed to vary from 10 to

I8
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4 cm in order to measure the infiltration rate using a graduated

cylinder.

Places in which infiltration measurements were made, were

free from cracks at the surface.

Infiltration measurements were taken on ten dates from 1
August, 1992 to 20 June, 1994. These dates were 1 August, 10
November, and 21 December in 1992; 23 January, 20 August, and 5
December in 1993; 14 February, 12 April, 15 May, and 20 June in
1994. Each set of 12 infiltration readings took 3 to 5 days to

complete.
3.3.3 Neutron Probe Evaluation :

Soil moisture measurements were carried using the neutron
probe device (Hydroprobe, Model 503). Debths of measurments
were 7.5, 22.5, 45, 75, 1.05 and 135 cm. The readings for these soil
depths represented the whole 150 cm soil profile. In addition,
gravimetric method was used to check on neutron probe readings,
especially for surface layers. A 150 cm long, steel galvanized access
tube was installed into holes dug by a two inch diameter (ID) auger

in each treatment.

Calibration curves for different soil layers were drawn by
correlating soil moisture counts of neutron probe with gravimetric

soil moisture samples at different times of the season, this will
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guarantee wide range of soil moisture with different counts. Two
gravimetric soil moisture samples were taken for each count ratio in
each layer, and the average soil moisture content was correlated
with the corresponding count ratjo. The regression analysis

technique was used to calculate the calibration curves for each soil

layer(8).

Neutron probe readings were taken after each rainfall incident
as well as a weekly reading during winter season. While at summer

time, a reading every two weeks pertod was taken.

To evaluate the neutron probe results, the following

calculations were made :

1. Compare the values of crop evapotranspiration, ETc, (mm), soil
moisture depletion, SMD, (mm), and soil moisture storage, SMS,
(mm) which were calculated using only a single value of the
bulk density for each layer, with those values which were

calculated using the appropriate bulk density values that were

derived from the curve of bulk density- soil moisture content .

relationship.

Relations between gravimetric soil moisture content and bulk
density were determined for each layer to use them in soil

moisture parameters calculations by the second method.
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2. Different crack volumes and shapes which occurred near the
access tubes were studied by taking neutron probe readings
before and after filling the cracks with soil from the surface.
These readings were compared with gravimetric soil moisture

content.
3.3.4 Shrinkage inflection points:

Three representative undisturbed soil cores (4.3 cm internal
diameter and 4.7 cm long) were taken from the soil surface for each
plot at 10 cm depth(14) in July, 1993 after harvesting, and three in
November, 1993 after planting. These samples were used to
determine; the soil moisture characteristic curves; subsidence, Az;
bulk density, B; shrinkage characteristic, m; cracks volumt;, Ver;
and coefficient of linear extensibility, COLE. Characteristic curves
were made by using the ceramic plate extraction method as

described by Klute(41), at tensions of 0.1, 0.3, 1, 5, 11, 15 bars.

Subsidence (the change in the length of the soil, Z, in a

vertical direction relative to a fixed reference) of the soil surface in

the ring at the above tensions was measured at ten random
poistions using a caliber (+0.005 mm). The ten values were then
averaged by assuming isotropic shrinkage, Az can be related

directly to changes in bulk volume(11, 13, 15,42, and 43),

21
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3.4 Calculations

ETc = Z[Decrease in soil moisture (-AS)] + Zsoil moisture
stored and then depleted during rainfall periods (from

planting to harvest) (INM) .......ccevurermcenescerensnss s (1)

SMD = XfDecrease in soil moisture (-AS)] + Zsoil moisture
stored and then depleted during rainfall period (from

beginning to end of s€ason) (IMM).....c.c.oveieereerierrieneierisranissersessne. (2)

SMS = Z{Increase in soil moisfure (+AS)] + Zsoil moisture
stored and then depleted during rainfall periods (from first

rainfall event to last rainfall event during the winter season)

Where ETc: crop evapotranspiration (mm).
SMD : soil moisture depletion (mm).
SMS:  soil moisture storage (mm), and
AS: the difference between the two neutron probe
readings for the soil moisture storage taken after

each rainfall and before the next rainfall.

Soil moisture stored and then depleted during rainfall periods
was estimated from class A pan evaporation readings, using the

following equation :
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ETc = Ep* Kp* KC e (4)

Where ETc : crop evapotranspiration during rainfall (mm).
Ep : class A pan evaporation {(mm).
Kp : pan coeffecient, dependjng on wind velocity, relative
humidity, and location g¢f the pan FAO(4),
Kc : crop coeffecient,depending on wind velocity, relative
humidity,and length of growing season for each crop

FAQ®4),

Periods through which ETc estimations were taken from the
last neutron probe reading before each rainfall event to the next
neutron probe reading. Then the summation of ETc during different

rainfall events was taken over the whole winter season (from

planting to last rainfall event).

3
AV = 1-(1-%) 7 A (50)
2 3
=3AZ -3(AZZ) +(AZZZ) ......................................................................... (5b)

where AV is the decrease in volume of the soil per unit area (m) and

AZ is the decrease in layer thickness (m)(42, 43)
dVs

Where Vs is the volume of the soil and Vw is the volume of

soil water(1D),
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A7 3(Az)2+(Az)’

Z Z2
100 T R —————vewsmmm DOV RUROUYRTUUUPURSURUURVSR SO 6b
AW (6b)

Where AW is the water loss per unit area (AW has a

dimension of length)(1D).

Where Vcr is cracks the volume(13),

1
COLE =(§l)3 S, ®)
B2

Where B1 and B2 are the bulk densities at 1500 and 33 kPa,

respectively.

24
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4. Results and Discussions

4.1 Soil Surface Moisture Content :

Samples for gravimetric soil surface moisture content were

collected periodically with soil strength and infiltration readings.

Table 1 represents the analysis of variance for gravimetric soil
surface moisture. According to statistical analysis tillage, and block

had a significant effect with respect to the gravimetric soil surface

moisture content for the two crops.

Table 1 : Analysis of variance for soil moisture in
different tillage-residue treatments at depth

of 10 cm.

Source of daf Lentil Wheat

variation
Rep 2 * %
T 1 * ¥ %
R 1 ns ns
TxR I ns ns
T : Tillage, R : Residue, x : interaction, Rep : Replicate (block).
df : degrees of frcedom.
* : significant; at probability Icvel of 5%.
** : highly significant; at probability level of 1%.
ns : not significant; at probability level of 5%.

Using t-test as in appendix 3, it was found that block 2 had
significantly higher gravimetric soil moisture content (23.4%) than
that in both block 1 (22.6%) and block 3 (22.5%) at probability level
of 5%. Moldboard plough treatments had significantly higher

gravimetric soil moisture content (23.4%) than that in chisel plough

25
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treatments (22.4%) at probability level of 1%. It was, on the other

hand, significantly higher in year 1994 (26.0%) than in year 1993
(19.6%) at probability level of 1%.

Table 2 shows the mean separation for gravimetric soil

moisture content (%), in different tillage - residue treatments.

Moldboard plough plots (T1) in March, April and December, 1993
March and April, 1994 were significantly higher than chisel plough
plots (T2) with respect to gravimetric soil moisture content. One can
notice that the significance disappeared when the soil was too wet
or too dry. Residue incorporation plots didn't show significant

differences except in April, 1993.

Table 2 : Mean separation for soil moisture content, in

different tillage-residue treatments.
Year Month (year) Og (%)

T1 T2 Rj R2

1993 Lentil 3 +34.02 | 32.6b 32.6 33.1

4 25628 | 23.4b 25.32 23.8b

5 15.1 14.9 15.1 15.0

8 5.4 5.7 5.2 59

Wheat 12 16.02 13.7b 15.9 13.9

1994 2 20.52 28.9b 29.3 29.1

3 374 36.2 36.9 36.7

4 21.4a 20.4b 20.7 21.1

5 12.3 12.5 12.2 12.6

6 8.5 8.7 8.6 8.6

+: Along rows, means without letters arc not significantly different at the 5%

probability level of the T - test.
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In year, 1993, the experiment plots were planted to lentil,
while in 1994 they were planted to wheat. Although wheat has
deeper roots than lentil, the surface roots of lentil are higher. So, it is
expected that lentil consumes more moisture from the soil surface
than wheat. In general, tillage tends to increase soil moisture
storage due to increase the soil moisture retention. But, the presence
of residues after wheat season reduced that effect. Consequently,
soil moisture content in summer after lentil season is lower than in
summer after wheat season. Besides, the residue cover after wheat

season decreases the evaporation(®. 27),

It is believed that surface tillage operation (chisel) conserves
more soil moisture than other conventional tillage (moldboard)(®).
May be it is true for the whole soil profile. But, for soil surface only
it is the opposite. In other words, moldboard plough treatments
were higher than chisel plough treatments with respect to soil
moisture. This is maybe because that moldboard destroys soil
surface structure more than chisej which results in greater
micropores than chisel. Therefore, moldboard tillage conserves
more water than chisel tillage when the soil is neither too wet nor
too dry. Because the increased capabjlity to store moisture would
be probably due to a rearrangement of the pore size distribution

resulting from the tillage method(®).
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Earlier operation of soil surfgce as in immediate residue
incorporation (R1) destroys soil aggregates through wind effect
which results in decreasing macropores and increasing micropores.
However, it is not enough to conserve more water than late

incorporation of residues (R2).
4.2 Bulk Density of the Soil Surface :

Samples for bulk density determination of the soil surface at a
10 cm depth were also collected periodically together with the

gravimetric soil surface moisture content plus soil strength, and

infiltration readings.

Table 3 represents the analysis of variance for the bulk
density. This table shows that residue and block had significant
effect on the bulk density for the two crops.

Table 3 : Analysis of variance for bulk density of soil

surface in different tillage-residue treatments,
at depth of 10 cm

Source of df Lentil Wheat
variation
Rep 2 * *
T 1 ns ns
R 1 * * ok
TxR 1 . ms ns
* : significant; at probability level of 5%.
** : highly significant; at probability level of 1%.
ns : not significant; at probability level of 5%.
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By applying t-test as in appendix 3, it was found that block 1
had lower bulk density (0.97 gm/cm3) than both block 2
(1.00gm/cm3) and block 3 (1.01 gm/cm3). Immediate incorporation
of residue treatments seems td have higher bulk density (1.01
gm/cm3) than late incorporation of residue treatments (0.98
gm/cm3). Furthermore, bulk density was significantly higher in year,

1994 (1.04 gm/cm3) than in year, 1993 (0.94 gm/cm3).

Mean separation for bulk density (gm/cm3), in different tillage
- residue treatments (Table 4). Moldboard plough plots, only in
February, 1994, were significantly higher than chisel plough plots
with respect to bulk density. While, in all other dates there was no
significant difference between moldboard plough treatments and
chisel plough treatments. Immediate incorporation of residue
treatments, on the other hand, were significantly higher than late
incorporation of residue treatments with respect to bulk density in
the months; March, April, May and August, 1993, May and June,
1994. But in the months February and March, 1994 immediate
incorporation of residue plots were significantly lower than late
incorporation of residue plots with respect to bulk density. Also,
there was no significant difference between the two residue

treatments in December, 1993 and Apfil, 1994,
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Table 4 : Mean separation for bulk density of soil
surface at depth of 10cm, in different tillage-
residue treatments

Year Month (year) Bulk Density (gm/cm3)
T T2 Rj Rz
1993 Lentil 3 +0.94 | 0.95 0.982 0.91b
4 1.07 1.05 1.082 1.04b
5 1.13 1.14 1.182 1.11b
8 1.21 1.22 1.23a 1.19b
Wheat 12 1.18 { 1.15 1.17 1.14
1994 2 1.00 0.93b | 0.91b 1.022
3 094 | 0.88 0.87b 0.95
4 0.94 0.92 0.93 0.93
5 1.24 1.21 1.262 1.19b

6 1.27 1.25 1.3]a 1.22b

+:  Along rows, means without letters are ot significantly different at the 5%
probability level of the T - test.

Bulk density of immediate incorporation of residue plots, in
year 1994 was sometimes higher and sometimes lower than late
incorporation of residue plots (Table 4). This is probably due to the

swelling process in February and March, 1994 and the shrinkage

process in April, May, and June, 1994.

Immediate and late incorporation of residue treatments had
the same amount of residue incorporated with the soil surface. But,
in the former, plots were ploughed in August and, in the latter, plots
were ploughed in the middle of October. Earlier plowing of soil
surface destroys soil aggregates through wind effect, which results

in decreasing macropores, and as a result, bulk density increases.
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Nearly, moldboard plough destroys soil aggregates which results in

decreasing macropores, but it is still not enough to increase the

bulk density.

Bulk density in wheat treatmengs after lentil was greater than
that for lentil after wheat. It is probably due to the absence of
residue when the soil is ploughed in the first case. In general,
ploughing destroys some of the soil aggregates, but residue
decrease this effect. So, it results in lower bulk density in the second

casc.

4.3 Linear Relations Between Bulk Density and Soil Moisture

Content for Field Study :

Linear regression analysis was made to correlate bulk density

with gravimetric soil muoisture content for field study at depth of

10 cm.

Figure 2 shows highly significant relationships between bulk
density (gm/cm3) and gravimetric soil moisture content (%) in
different lentil-wheat treatments. The following equations were

found:

For lentil season :

B = 1.32 - 0.0090¢ 12 = 0.85
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For wheat season :

B = 1.40 - 0.0146¢ r2 =0.70

These relations show the temporal variation of the bulk
density during each season through the change of soil moisture

content which clarify the shrink-swell phenomenon.

From these equations one can find that bulk density values at
different soil moisture contents were higher in wheat season than in
lentil seasnon. Also, the change of bulk density with moisture was

higher in wheat season than in lentil season,

The correlation between bulk density and soil moisture
content was lower in wheat season than in lentil season. There were
two different curves in wheat season, which are the swelling curve
during wetting period: and the shrinkage one during drying period.

Whereas there was the shrinkage curve in the lentil season.
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Lentil season (S"Z - 93)
y=1.3155-9.4564e-3x A2 =0.850

Bulk density
{(gm/cm3)

0.8 g T v T T T T
0 10 20 30 40

0 g (%)

Wheat season (93‘ - 949)
y = 1.4036 - 1.4203e-2x RN2 =0.702

1.6
o]
= 1.4 -
£a o
QE 1.2 ~
o
B2 o- L R N i
om S’J ot
a]
0.8 T T r T T T
0 10 20 30 40
0z (%)

Total (92 - 94)
y=1.3570-1.1335¢-2x RA2=0.711

Bulk Density
{gm/cm3)

Fig. 2 : Relationships beween bulk density and soil moisture content for
the lentil-wheat rotation treatments
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strength was significantly higher (1.6 MPa) than that in lentil season
(0.5 MPa). Besides, block 2 had a higher soil strength (1.13 MPa)
than both block 1 (1.03 MPa) and block 3 (1.0 MPa).

Table 6 represents the mean separation for soil strength of soil
surface at depths of 5, 10, 15 and 20 cm, in different tillage - residue
treatments. In this table, only two months in 1993 and three months
in 1994 were selected to represent the whole data. It shows that
moldboard plough plots had lower soil strength than chisel plough
plots in the months: August, 1993 at depth of 15 cm; April, 1994 at
depths of 10, 15, and 20 cm; and June, 1994 at depths of 5, 10, and
15 cm. Whereas, the chisel had significantly lower soil strength at
depth of 5 cm in February and April, 1994. On the other side, soil

strength was not significantly different for the other depths in the

other months.
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Table 6 :  Mean separation for soil strength of soil at depths
of 5, 10, 15, and 20 cm, in different tillage-

residue treatments.
Year Month { Depth Soil Strength (MPa)
(cm) Ty T2 Ri | Rz
1993 Lentil 4 5 c0.27* | +0.28* | +0.29* | +0.26"
10 b0.49 0.51 0.53 0.47
15 [2b0.55 0.59 0.59 0.55
20 20,62 0.68 0.66 0.64

8 5 |490.97 1.02 1.01 0.98
10 | <1.73 1.76 1.72 1.77
15 b2.20b | 247a | 245 2.31
20 | 2.95 2.99 3.122 2.81b

1994 Wheat 2 5 c0.2% | 0.11b | 0.24 0.16
10 b0.44 0.45 0.40 0.47
15 a0.72 0.63 0.67 0.68
20 a0.75 0.71 0.74 0.72

4 5 do.6% | 0.41b | 0.67a 0.43b
10 c].03b 1.612 | 1.57a 1.07b
15 b1.85b | 2.2% | 227 1.87b
20 a67b | 2912 | 2922 2.66b

6 5 dj.41b 1.8% 1.802 1.50b
10 2680 | 3.272 | 3.1 2.80b
15 b4.61b 5.022 | 4.81 4.62
20 a5.04 5.17 5.17 5.04

*.  Along rows, means without letters on the right side of the number, are not

significantly different at the 5% probability level of the T - test.

+: Along columns T1, T2, R1, and R2, means with the same letter on the left side of
the number, are not significantly different at the 5% probability level of the T -
test.

Immediate incorporation of residue treatments had higher soil
strength values than late incorporation of residue treatments in

August, 1993 at depth of 20 c¢m, and April and June, 1994 at all
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depths, except at 15 and 20 cm depths in June, in which there was
no significant difference. Besides, there were no significant

differences among the other dates and the other depths.

This table shows that 5 cm increment made a significant
difference between soil strength values at the four depths. But, there
was no significant difference between depth of 15 cm and 20 cm

depth, when the soil had a high soil moisture content as in months

April, 1993 and February, 1994,

Moldboard tillage destroys the soil structure more than chisel
tillage and gives more loosening soil surface, while reduced soil
disturbance under conservation tillage system may increase soil
impedance within surface soil layer(20). So, moldboard has lower

soil strength values, especially in lower soil moisture content cases.

Immediate incorporation of residue allowed the soil
aggregates to face the wind impact two months more than late
incorporation of residue which resulted in more macropores and
less compacted layer which means lower soil strength values, aiso,

especially in lower soil moisture content cases.

Besides, moldboard tillage operation results in decreasing the
macropores, and decreasing the soil compaction. In other words, it
results in increasing soil loosening. The first effect tends to increase

the soil strength, but the second ope tends to decrease the soil
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strength. As a result, it appeared that moldboard tillage decreases
the soil strength values which means that the second effect has a
higher influence than the first one. In addition to that, the first effect
makes the moldboard plough to consgrve more water at the surface
layer, as was discussed in section 4.'1, and the second makes it to

have higher infiltration rate in lentil season, as will be discussed in

section 4.6.

Also, moldboard plough significantly lowered soil strength
values than chisel plough, which may be partially due to higher soil

water content at the time of measurement(18).

Soil strength values in wheat season were higher than lentil
season. This is maybe due to the residue effect, since residue

decreases the tillage effect

4.5 Exponential Relations Between Soil Strength with Soil

Moisture Content and Bulk Density.

Non-linear regression analysis was made to correlate soil

strength and both gravimetric soil moisture content and bulk

density for field study at the four depths.

Figure 3 shows highly significant relationships between soil
strength (MPa) and gravimetric soil moisture content (%), and

Figure 4 shows relationships between soil strength (MPa) and bulk

density (gm/cm3).
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These relations show the temporal variation of soil strength
during the season through the change of soil moisture and bulk

density.

From these curves it is appeared that soil strength values at
different soil moisture and bulk density values were lower in lentil

season than in wheat season.

The correlation between soil sirength and both soil moisture
content and bulk density was lower in lentil season than in wheat
season. It increased with depth in the two seasons, so, poor
correlation were at depth of 5 cm and 10 cm, while good one was at
15 and 20 in depths. The correlation also was higher between sotl
strength and soil moisture content than between soil strength and
bulk density in lentil season, while it was the opposite in wheat

season.

The following relations were found :

For lentil season:

For the 5 em depth :
SS = 0.89680 * 10(-1.1624e-20g) r2 =0.28
SS = 5.3615e-2 * 10(0.85013B) r2=0.18

For the 10 cm depth :
SS = 2.2889 * 10(-1.4959¢-288) r2 = (.54
SS =4.0018e-2 * 10(1.2708B) 12 = 0.46
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For the 15 cm depth :
SS = 3.8461 * 10(-1.7837e-20%)
SS =2.9185e-2 * 10(1.5388B)

For the 20 cm depth :
SS = 5.7646 * 10(-2.1056e-2%)
SS = 1.8542¢-2 * 10(1.8070B).

40
r2 =0.73

2 =0.62

2 =0.81
r2 = (.69
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For wheat season :

For the 5 cm depth :
SS = 4.6336e-3 * 10(1.77310g)
SS =2.3308 * 10(-3.19843—23)

For the 10 cm depth :
SS = 3.3527e-2 * 10(1.36896g)

SS = 3.4607 * 10(-2:3708¢25)

For the 15 cm depth :
SS = 3.4575e-2 * 10(1.51448g)
SS = 6.4446 * 10 (-2.8198¢-2B)

For the 20 cm depth :
SS = 3.6280e-2 * 10(1.57850g)
SS = 8.8704 * 10(-3.0395¢-2B)

r2 =057
r2 = 0.64

r2 = 0.64
r2 = 0.67

r2 =0.73
r2 = 0.87

r2 = 0.69
r2 = 0.89
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4.6 Infiltration Rate :

The effects of tillage and residue on the infiltration rate and its
relation to gravimetric soil moisture content and bulk density were

studied.

The analysis of variance indicates that tillage-residue
interaction had a significant effect oy infiltration at 30 and 60 min
elapsed time (Table 7). Besides that, fillage had a significant effect

on basic infiltration rate.

Table 7 : Analysis of variance for infiltration rate at
different times in different tillage-residue
treatments for the two crops.

Source of Time (minutes)

variation 5 115|130 45| 60| 90 |120j150[180
Rep ns | ns | ns | ns | ns| ns | nsyins | ns
T ns | ns | ns| ns | ns| ns| mns | ¥ *k
R ns | ns | ns | ns {f ns | ns | ns | ns § ns
TxR ns | ns * ns | ** | ns | ns | ns | ns

* : significant at 5% probability level.
** . highly significant at 1% probability level.
ns : notsignificant at 5% probability level.

The analysis also indicates that basic infiltration rate when the
plots were planted to wheat was twice or higher than that in the
previous year when the crop was lentil. In general, moldboard
plough plots (10.8 cm/hr) had a lower basic infiltration rate than
chisel plough plots (14.4 cm/hr). Moldboard gave lower infiltration
rate at 30 min elapsed time with late incorporation of residue (11.1

cm/hr) than with immediate incorporation of residue (21.5 cm/hr).
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Also, late incorporation of residue gave lower infiltration rate at 60

min elapsed time with moldboard plough (9.7 cm/hr) than with

chisel plough (15.4 cm/hr).

The mean separation of basic infiltration rate values for
selected dates to represent the whole data (Table 8). Only for wheat
the basic infiltration rate was significantly higher in immediate
residue incorporation (26.8 cm/hr) than that in late incorporation of

residue (16.3 cm/hr) for February, 1994,

Table 8 : Mean separation for the basic infiltration
rates, in different tillage-residue treatments.

Year | Month Basic infiltration rate (cm/hr)
Ty T2 Ri R2

1992 Lentil 8] * 1.8 2.1+ 2.1 1.9
11 3.1 2.4 3.1 2.4
1993 1 17.8 13.2 16.5 14.5
8 7.8 7.2 7.1 - 8.0
Wheat12| ab]2.0b abj9 ga ab]7.9 b13.9
1994 2 al9.1 ca24.1 a26.82 ab]16.3b
4 2.8 a25.8 a25.7 a22.9
6 b5.8 b5.9 b5.4 6.3

+: Along rows, mean without letters on the right side of the number, are not

significantly different at the 5% probability level of the T - test.
*.  Along columns T1, T2, R1, and R2, mcans with the same letter on the left side
of the number, are not significantly different at the 5% probability level of the T-

test.

Temporal variation is clearly observed in these dates, so that,
basic infiltration rate varied significantly from month to month.
Basic infiltration rate in winter is three to four times higher than that

in sumimer.
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In order to validate these results, two undisturbed core
samples from each plot of the first replicate were taken to measure
saturated hydraulic conductivities fof one and half hours. On the
average, saturated hydraulic conductivity values at 15 min of
elapsed time ranged from 12 to 24.1 cm/hr, and at 90 min of elapsed
time ranged from 7.2 to 14.9 cm/hr. These values were in agreement

with basic infiltration rate values.

Initial soil moisture content has an effect on initial infiltration
rate, not on the basic infiltration rate. Initial infiltration rate was
expected to decrease as soil moisture content increased. But, the
results obtained showed that infiltration rate for any elapsed time

had increased with increasing soil moisture content in Vertisols.

Why?!.

To answer this question and to understand this phenomenon,
we have to discuss shrink - swell effect on the factors which affect
the infiltration rate. These factors are related to soil porosity. So,
increased infiltration has been associated with increased soil

porosity(27).

Volume changes of the soil fabric result in changes of the
nature and quantity of pore space(12). Total porosity of the soil after
drying was always lower than initial total porosity excluding cracks
volume(45). The volume percent pores greater than 30p showed a

highly significant negative correlation with bulk density. While the
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volume percent pores smaller than 10 showed, also, a highly
significant but positive correlation with bulk density(46). On the
average, saturated hydraulic conductivity of macropores reaches 40

cm/hr or more@7),

Increasing total porosity does not necessarily mean an
increase macropores but, maybe, an increase micropores. It
depends, maybe, on two factors: the first one is soil structure and its
aggregate stability; and the second one is the swelling pressure and
soil pressure against swelling pressure. From these two points, four

possibilities maybe concluded :

First one : if a Vertisol has a good structure and stable
aggregates, and swelling pressure was greater than soil resis;ance,
so the mean diameter for the soil pores will increase because of the
macropores among soil aggregates and larger pores among swollen

particles. So infiltration increases i. e. as in our soil in Winter.

Second one : if a Vertisol has a good structure and stable
aggregates and swelling pressure was less than soil resistance, so
the mean diameter for the soil pores will decrease because of the

compaction. So infiltration decreases i. e. as in our soil in Summer.

Third and fourth possibilities: if a Vertisol has a weak
structure and unstable aggregates and swelling pressure was greater

or less than soil resistance, so the mean diameter for the soil pores
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will decrease. But, the latter does lower infiltration because of more

compaction.

Furthermore, the swelling phenomenon has the major role in

the infiltration in Vertisols.

There are two additional reasons for increasing infiltration in
winter. The first one is due to the process of filling in the cracks
which were under the rings at the time of measuring infiltration rate;

and the second, is due to roots effect during growing season.

Cracks which were closed due tp tillage operations and wind
and/or water erosion, may still have lposer soil which would result

in a high infiltration rate.

Increasing infiltration rates in the planted soil during the
growing season may have been caused by plant root growth and
water uptake. Plant roots die and new roots emerge through the life
of the crop. Therefore, increased porosity in the planted soil may
have resulted from macropores forming when some roots decay(31).
Additionally, soil containing root systems may have increased pore
conductivity compared with soil with no roots. Roots may provide
linear pathways through a random soil matrix, decreasing tortuosity

of water flow in soil, and increasing infiltration(31),

Tillage methods resulted in soil surface conditions that

differed with respect to aggregate stability, aggregate size
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distribution, organic matter concentration, residues on the surface,

and surface roughness(28).

Tillage may increase infiltration when it loosens soil surface,
disrupts dense soil layers, or provides surface depressions for
temporary storage of water. It may also decrease infiltration when it

smoothes the surface, disrupts aggregates, eleminates surface

residues, or cause compaction(28),

Moldboard tillage resulted in greater soil loosening than did
chisel. But chisel had a significantly greater degree of surface
roughness and higher stable aggregates being deposited on the
surface. So, moldboard ploughing (soil - inverting tillage) results in

lower final infiltration rates than chisej (non - inverting tillage)(28).

Also, moldboard plough may give higher micropores to
macropores ratio, which results in lower infiltration rate. Also, the
lower infiltration results from less stable aggregates being deposited

on the surface by moldboard ploughing(28).

The higher infiltration rate in wheat season than in lentil
season in winter may happen because loosening of the soil with
tillage is effective for increasing water infiltration where surface
residues are limited. While infiltration rate in summer after wheat is

lower than after lentil. This is may be due to the compaction effect.

51

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



4.7 Linear Relations Between Basic Infiltration Rate and Both

Soil Surface Moisture Content and Bulk Density

Linear regression analysis was made to correlate both initial
soil surface moisture content and its bulk density with basic

infiltration rate.

Figure 5 shows highly significant relationships between
basic infiltration rate (BIR) and initial gravimetric soil surface
moisture content and bulk density. Highly significant relationships

were found between them.

These relations show the temporal variation of basic
infiltration rate through the change of both soil moisture content

and bulk density.

In these relations small r2 is obtained. It is partialy due the
block effect which had significant effect on soil moisture content
and bulk density. While block had no significant effect on basic
infiltration rate. And it is, on the other hand, because the treatments
effect i.e. residues incorporation treatments made differences in bulk

density values and at the same time had no significant effect on

basic infiltration rate.

So that, when we took the mean values of basic infiltration
rate, bulk density, and soil moisture content at each date and made

relations using these means, r2 values for these relations became
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0.89, 0.92, 0.97, and 0.87 for BIR-6g and BIR-B in lentil season and

BIR-8g and BIR-B in wheat season, respectively.

The following relations were found :
For the first season :

BIR = 3.70 + 0.2990g
BIR = 66.20 - 47.172B

For the second season :

BIR = 2.28 + 1.210g
BIR = 100.32 - 68.815B

r2 =0.40
r2 =0.53
r2 = (.80
r2 =0.29
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4.8 Neutron Probe Evaluation :
1. Soil moisture parameters :

Soil moisture parameters namely: soil moisture storage, SMS;
crop evapotranspiration, ETc; and soil moisture depletion, SMD
were calculated by two methods to make a comparison between

them.

In the first method, only one value for bulk density to
calculate volumetric soil moisture content was used. While in the
second method, multivalues of bulk density derived from the

relation between gravimetric soil moisture and bulk density were

used.

Table 9 represents the analysis of variance for the soil
moisture parameters which were calculated by the two methods for
the different lentil/wheat treatments (1992 - 1993 and 1993 - 1994).
This table shows that, in the Ist season, only the tillage operation
had a significant effect on all soil moisture parameters when they
were calculated by the first method. The same results were found
when they were calculated by the second method except for SMS
in which there was no significant difference. While residue
treatments and residue - tillage interaction had no significant effect
on any of soil moisture parameters. Also, the same results were

found in the second season, except that tillage had a significant
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effect only on soil moisture storage in the two methods of

calculation.

It is noticed, in general, that probability level values varied
between the two methods of calculation. Sometimes, the probability
level increases in the second method as in tillage effect on SMS in
1993 - 1994 season. And, other times, it decreases as in tillage

effect on SMS in 1992 - 1993 season.

Table 9 : Analysis of variance for soil moisture
parameters which were calculated by two
methods in different tillage-residue treatments.

Season |Method| Source of Pr > F
variation SMS ETc SMD
92 - 93 1 T 0.04 * 0.05* 0.02 *
(Lentil) R 0.09ns 0.06ns 0.27ns
TxR 0.91ns 0.81ns 0.51ns
2 T 0.17ns 0.02 * 0.02 *
R 0.65ns 0.99ns8 0.99ns
TxR 0.71ns 0.72ns 0.72ns
93 - 94 1 T 0.05* 0.61ns 0.61ns
(Wheat) R 0.81ns 0.91ns 0.91ns
TxR 0.27ns 0.3ns 0.31ns
2 T 0.01** 0.61ns 0.61ns
R 0.80ns 0.87ns 0.87ns
TxR 0.07ns 0.09ns 0.09ns
* : significant at 5% probability level
** : highly significant at 1% pobability level
ns : not significant at 5% probability level
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Table 10 represents the mean separation for soil moisture
parameters which were calculated by the two methods for the
different lentil/wheat treatments (1992 - l993_and 1993 - 1994).
Data, in table 10 show that moldboard tillage treatments, in lentil
(1992 - 1993), had significantly higher values of SMS, ETc and
SMD (268.8, 276.3 and 293.4 mm, respectively), when they were
calculated by the first method, than chisel tillage treatments (240.1,
248.7 and 258.7 mm, respectively). But ETc and SMD only were
significantly higher in moldboard tillage treatments (232.4 and
217.4 mm, respectively), when they were calculated by the second
method, than those in chisel tillage treatments (214.7 and 199.7 mm,
respectively) While, in wheat (1993 - 1994), only SMS was
significantly higher in moldboard gillage treatments in the two
methods (226 and 205.3 mm, respectively) than that in chisel ‘tillage

treatments (184.7 and 171.8 mm, respectively).

A very important point is that, soil moisture parameter values
which were calculated by the second method were significantly
lower than those which were calculated by the first way in lentil
(1992 - 1993). But in the wheat, there was no significant difference
in soil moisture parameter values between the two methods.
However, there was a trend which indicated that the second method
of calculation gave lower values than the first method of calculation

eventhough there was no significant difference as in wheat (1993 -

1994).
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Accordingly, it is noticed that using the appropriate bulk
density values in calculated soil moisture parameters is mandatory.

Otherwise, higher values will result and incorrect interpretations

will be made.
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2. Cracks around access tubes :

Cracks near the access tubes resulted in lower count ratio
values than the real values since some of neutrons escape far away.
To solve this problem, one should try to avoid any cracks near the
access tubes by adding soil from the surface into the crack when it
begins to initiate. But if a crack is formed around an access tube, on
one hand, it is better to fill it by surface sotl before neutron probe
reading. But, also, on the other hand, if one took a reading while a
crack(s) was around an access tube, he would have a value to be

corrected.

We tried to develop a mathematical approach to solve such a

problem.

In general, it was found that : 1) the percent increase of count

ratio,
CR2 - CRI1
CRI1

after crack filling decreased when the depth of reading was
increased; 2) the percent of increased count ratio increased when
the width of crack increased; 3) the extra depth of the crack under
the desired depth had no significant effect on this percent; 4) when
the number of cracks had increased, this percent increased; and 5)
when the crack lies further away than 25 cm, it has no significant

effect on neutron probe reading (count ratio).
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As a result of these observations and this study we developed

the following approach :
CR2 =an f[0.951*CR1 + 0.43971*W*CR1] r2=0.85

Where: CR1, CR2 are the count ratio readings before and after
filling the cracks, respectively; W is the width of the crack or the
summation of widths of cracks at the soil surface around the access
tube (cm) ; f is a coefficient depends on the crack depth, d (cm), and
depth of reading, D (cm). It equals one when D = 7.5 cm, while it

equals

D -7.5 (t1/t)
D

when D equals or greater than 15 cm, where t, ti: are the
thickness of the layer and depth of crack in the layer, respectively.
And it is equal one at maximum value of a, which is a coefficient
dependent on the distance x, between an access tube and the crack

surrounding, and

a=100+2X ifx<25cm
or 500

a=1.05 if x 225 cm
If no cracks x = 25 cm.
n is a coefficient that is dependént on the length of the crack,
L. (cm), and

n=1+.L
25

butif L > 25 then n = 2.
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By using this approach, one can get a valid count ratio to use
it in the calculations. In addition to correct count ratios and use the
second way of calculation which takes into consideration the soil
moisture - bulk density relation, it is important to take into

consideration the following :

1. Assuming a rootzone of 1 m, a 10 du land with 5% cracks
volume has an actual volume of 9500 m3. Consequently actual
water depth would be the calculated one x (1-Vcr) for the area of 10
du. It is one of the minor errors, however, we can take it into
consideration if we have a relationship between cracks volume and

gravimetric soil moisture content.

2. Another source of error that should be corrected for, is the
decrease in soil layer thickness due to subsidence which fluctuates
with its soil moisture content. For part of the second layer would
have been considered within the first layer, and part of the third
Jlayer would have been considered within the second layer, and so

on......

To overcome such problems, it might be better to consider

layer thickness of 30 cm or more each horizon.
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soil moisture content, bulk density, sqil specific volume, void ratio,
coeficient of linear extensibility, and volumetric available moisture.
While tillage-residue interaction had no significant effect on these

shrinkage inflection points.

Block and soil moisture tension had the same effect on these
points in November as in July. Tillage-soil moisture tension had no
significant effect on these points except on gravimetric soil moisture
content. While residue-soil moisture tension had no significant

effect on all of them.
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By t-test, it is found that immediate incorporation of residue
treatments gave lower Ov, Vs and E values than late incorporation of
residues which gave lower B. When soil moisture tensions
increased, 0g, Ov, Vs and E decreased while Az, Vcr and B
increased. Gravimetric and volumetric soil moisture contents, Vcr,
and B were significantly higher in November samples than in July
samples. While m, Vs, E and ABg and ABv were significantly lower
in November than July samples. These results are mainly due to the
destroying of the soil aggregates and pores size distribution as

discussed before in the field work.

Table 13 and 14 represent the mean values of shrinkage
inflection points for different tillage residue treatments in July and
November samples, respectively. In these tables we summarized the
data by mentioning the comparisons only when there was a
significant difference. Gravimetric soil moisture content (%) was
significantly higher in November than in July samples at all soil

moisture tensions except at 0.1 bar soil moisture tension as

67

appeared also in Fig. 6. There was no significant difference between

the two months in terms of Az. Shrinkage characteristic, void ratio
and soil specific volume were significantly higher in July samples
than in November samples at all soil moisture tensions. While bulk

density and cracks volume were significantly lower in July samples.
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Increased soil moisture content in November samples
compared to July samples may be due to increased micropores
which results in increasing soil water yetention. And the decreasing
of macropores results in higher bulk density and lower void ratio

and soil specific volume.

Table 13: Mean separation for shrinkage inflection points in

July, 1993,
SMT Og Az m Yer B Vs E
(bar) | (%) | om) [ (%) | mm) [@wem3) |endigm)| (%)
0.1 | 49.61 -- - -- 1.01 0.99 1.62
0.3 | 40.41 -- - -- 1.01 0.99 1.62

1 34.31 0.11 0.97 0.46 1.08 0.93 1.46
5 30.71 0.15 1.00 0.55 1.12 0.89 1.35
11 25.21 0.22 0.94 0.70 1.17 0.85 1.26
15 24.51 0.23 0.91 0.71 1.19 0.84 1.23

In November one can notice that immediate incorporation of
residue gave a higher B and lower Vs and E than late incorporation
of residues at all soil moisture tensions. As appeared in Fig. 6 and
table 14 moldboard plough gave lower gravimetric soil moisture
content at 0.1 bar, while higher gravimetric soil moisture content at

5, 11, and 15 bars than chisel plough.

Moldboard plough decreases macropores and increases
micropores more than chisel plough. So, at 0.1 bar, chisel plough
treatments had higher soil moisture coﬁtent than moldboard plough
treatments as appeared in Fig. 6 and table 14. This is due to higher
soil moisture retention in éhisel plough treatments at 0.1 bar. While,

moldboard plough treatments had higher soil moisture content at 5,
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8 g (%)

11, and 15 bars than chisel plough treatments, because of soil water

retention, also, which results from micropores.

2 July

¢ November T1

o November T2

20

Fig. 6 :

th

10 15

Y m {bar)

Soil moisture characteristic ¢

samples.

urves for July and November
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Immediate residue incorporgtion results in higher bulk

density and lower soil specific volume and void ratio, because

earlier operation results in less macrqpores.

Table 14: Mean separation for shrinkage inflection points in
November, 1993.

SMT Og Az | m |Ver B Vs E
(bar) (%) (mm) { (%) [(mm)| (guem3) | (cm3/gm) (%)
Tl T2 Ri |R2 | Rl | R2 | Rl | R2
0.1 Ko.0b+ | 5258 - | - | - |1.102{0.98>|0.91 | 1.022]|1.41b | 1.72
0.3 H3.9 4371 - ¢t - | -~ [1.102]|0.98>[0.91b | 1.022]1.39b | 1.722

1 K09 40.1 |0.13 |0.66 [0.55 | 1.192]1.057 [0.85Y | 0.952[1.24" | 1.522
5 HM0.5 [37.0]0.19]0.50 |0.64 | 1.252[1.08" |0.74b { 0.932 | 1.13]b | 1.452
11 Pp4.7a | 32.3b |{0.24 |0.67 {0.81 | 1.362|1.13]0.74> | 0.852|0.96b | 1.262
15 2.8 31.2 ]0.26 |0.69 |0.86 | 1.412}1.20Y|0.72b | 0.842 {0.90P | 1.222

+:  Along rows, means without letters on the right side of the number, are not
significantly different at the 5% probability level of the T - test.

Table 15 represents means separation for COLE, ABg and ABv
in July and November samples in different tillage - residue
treatments. It shows that moldboard tillage treatments were
significantly higher than chisel tillage treatments in terms of both
volumetric and gravimetric available moisture in November
samples. While immediate residue incorporation treatments were
significantly higher than late residue incorporation in terms of both
gravimetric and volumetric available moisture. Gravimeteric and
volumetric available moisture in general , were higher in July
samples than in November samples. while COLE tends to be lower

in July samples than in November 5amples. So, soil tillage with

chisel or moldboard tends to incregse gravimetric soil moisture
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content, bulk density, and decrease shrinkage characteristics and

volumetric available water. This means that tillage tends to increase

soil moisture storage, compaction, and aeration.

Table 15 : Mean separation for coefficient of linear
extensibility and available water in
different tillage-residue treatments.

Parameter>| COLE (x10-3) AOg AOv

Month > 7 11 7 11 7 11

T1 5.6+ 7.0 14.1 11.1b al0.4 | 3.8b
T2 5.5 8.2 15.2 15.52 11.0 7.8a
R1 5.4 8.2 15.0 13.1 11.4 8.2a
R2 5.8 7.0 14.3 13.5 a10.0 p3.4b

+:  Along rows, means without letters on the left side of the number, are not
signilicantly defferent at the 5% probability level.

Along columns, means without letters on the right side of the number, are not
significantly defferent at the 5% probability level.

4.10 Linear Relations Between Bulk Density and Cracks
Volume with Soil Moisture Content :

Linear regression analysis was made to correlate gravimetric

soil moisture content and both bulk density and cracks volume.
Highly significant relations were found:

For July samples:

B =1.4-0.0090g r2 = 0.87
Ver = 1.35 - 0.0260¢ 2 =091
For November samples:

B =1.67-0.0110g 2 =0.84

Ver = 1.88 - 0.0326g

2 =0.91
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Generally speaking, after wheat harvest, the soil surface is still

covered by residues, while there is no residues after lentil season.
This results in differences in surface physical properties between
wheat season and lentil season, since the effects of tillage and
incorporation date on surface physical properties are strongly
related to residues cover. So, the effect of tillage on surface physical
properties may obtain contradictory results because it is time

dependent(48).

Tillage, on one hand, could have a major influence on soil
water content through its effect on infiltration rate, surface run-off,
and water availability to plant. While the influence of tillage on soil
water characteristics, on the other hand, will probably depend on

tillage method, climate, and soil propergies(48).

In general, the tillage increases soil moisture storage by
increasing the infiltration rate and dgcreasing the water holding

capacity. Also, it increases the ratio pf evapotranspiration to soil

moisture storage by increasing water ayailability.
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5. Summary and Conclusions.

A study was carried out in Mushaqar Agricultural Experiment
Station, 30 km south west of Amman. soil was classified as very

fine, smectitic, thermic, chromic haploxerert.

Two different tillage treatments (moldboard and chisel) with
two residue management practices (grazing with early or late
incorporation of residue) were combined with each other. Each
treatment has an area of 10 x 45 m?2 and replicated 3 times with a
factorial arrangement in randomized complete block design
(RCBD). The different tillage-residue qombinations were introduced
within wheat - lentil rotation. All treﬁtments were fertilized by a
constant rate of triple superphosphate at a rate of 10 kg/du, while all
treatments in the wheat phase only were fertilized by a constant rate

of urea at a rate of 7.5 kg/du.
Results and conclusions obtained can he summarized as follows :

1. Moldboard tillage treatments (T1) had significantly higher
gravimetric soil surface moisture content than chisel tillage
treatments (T2). While there was no significant difference

between residues treatments.

2. Immediate incorpordtion of residues treatments (R1) had

significantly higher bulk density than late incorporation of
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residues treatments (R2). While tillage operation has no

significant effect on bulk density.

Soil strength increased with depth and bulk density, while it

decreased with soil moisture content.

Soil strength was significantly lower in moldboard tillage
treatments (T1) and late incorporzition of residues (R2) than the

other treatments.

Basic infiltration rate was higher for moldboard tillage
treatments (T1) than chisel (T2}, in lentil season. While, in

wheat season, basic infiltration rate was lower for (T1) than

(T2).

Basic infiltration rate in winter is approximately three to four

times higher than in summer.

Soil surface moisture content, bulk density, soil strength, and

infiltration rate were significantly lower in lentil season than in

wheat season.

In general, soil moisture storage, evapotranspiration and soil
moisture depletion were significantly higher for moldboard
tillage treatments (T1) than for chisel tillage treatments (T2).

While there was no significant differentce between immediate
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10.

11.

12.

13.

incorporation of residues (R1) and late incorporation of

residues (R2) with respect to soil moisture parameters.

Soil moisture parameters values which were calculated using
the appropriate bulk density valpes were significantly lower
than those which were calculated by using a single value for

the bulk density.

To calculate soil moisture parameters, relationships between
gravimetric soil moisture content with bulk density and cracks
volume are needed. Besides we should correct neutron probe

readings when crack(s) is around access tube.

In the laboratory study, it was found that immediate
incorporation of residues(R1) has significantly higher bulk
density and significantly lower soil specific volume and void
ratio than late incorporation of residues (R2), while chisel
plough (T2) has higher gravimetric soil moisture content at 0.1

bar and lower at 5, 10, and 15 bars than moldboard plough (T1)

Chisel plough treatments (T2) and immediate incorporation of
residues (R1) have significantly higher gravimetric and

volumetric available moisture than the other treatments.

In general, tillage operation tends to increase cracks volume

and coefficient of linear extensibility, while decrease shrinkage

characteristics and volumetric available moisture.
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Appendix la :

Analysis of variance for the experiment design [factorial in

randomized complete block design (RCBD)] for the infiltration rate.

7. Appendices

Source of df (symbols) df
variation
Total rTR - 1 11
Block r-1 2
Tillage T-1 1
Residue R-1 1
TxR (T-D(R-T1) 1
Error (r-D(TR-1) 6
r : replicate.
T : Tillage.
R : Residue.

Appendix 1b:

Analysis of variance for the soil strength and shrinkage

inflection points.

Source of dar dr

variation (symbols)
Total srTR-1 35
Block r-1 2
Tillage T-1 1
Residue R-1 1
TxR (T-1)}R-1) 1
S(TxR) (S-1)(TxR) 8
Error (r-1)(sTR-1) 22

S(TxR): Sample within tllage-residue interaction
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Appendix 2b :

Some soil chemical properties and fertility status for

Mushaqar Agricultural Experiments Station at the beginning of the

experiment.
Depthof | EC | PH [CaCO¥ Available Available Available | Organic
layer (cm) |(dS/m) %) nitrogen phosphorous | potassium matter
(ppm)* (ppm)* (ppm)* (%)*
0-15 0.19 | 8.1 7.1 8.8 4.1 400.0 0.71
15-30 0.19 |80 7.8
30-60 0.20 | 8.2 ]| 8.8
60-90 0.20 | 8.1 8.8
20-120 0.20 | 8.1 7.1
120-150 | 0.20 | 7.9 | 9.9

* Values are average of sixteen replicates.
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Appendix 3:

Mean separation for soil surface moisture, bulk density, soil

strength, and basic infiltration rate for the lentil-wheat rotation.

Og B SS Basic IR
(%) (gm/cm?) (MPa) {cm/hr)
Lentil 19.6b 0.94b 0.51b 7.6b
Wheat 26.02 1.042 1.60a 17.6a
Block 1 22.6b 0.97b 1.03b 12.6
Block 2 23 .4a 1.00a 1.132 124
Block 3 22.5b 1.012 1.00b 12.7
T1 23.4a 1.00 1.02b 10.8b
T2 22.4b 0.98 1.082 14.4a
R1 23.0 1.01a 1.102 12.8
R2 22.7 0.98b 1.01b 124

+: Along rows, means without letters on the right side of the number, are not
significantly different at the 5% probability level of the T - test.
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