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INTRODUCTION

The Northwest coastal (NWC) zone of Egypt
extends about 500 km from west of Alexandria to
the Egyptian - Libyan border. Like most semi- arid
regions, this area possesses a fragile natural resource
base. The average annual rainfall during the last ten
years is 140 mm. The total arable land is about 16%
of the forementioned total area. Approximately, 7%
is planted, whereas, 9% is left fallow. In the
meantime, about 48% of that area is rangelands,
while, 35% is barren lands, which facilitate water
catchments and generates run-offs. Barley is grown
on the northern plateau. In the area extends 300 Km
long with 40-70 km inland from Fouka to El-
Saloum, barley area is about §3000 ha in wet years.
In dry years, the area shrinks to only 40-50%.
Yields are, generally, low and variable, averaging
250-300 kg grains/fed, besides, 300-360 kg straw
(Document 870 of Matrouh Resources Management
Project "MRMP", 2002). The formerly nomadic
Bedouin agro-pastoralist inhabitants of the region
commenced sedenterlization, approximately fifty
years ago. Sheep and goat populations have
increased substantially over time (about 627,000
small ruminants mainly sheep, and goats) and
opportunistic barley planting has encroached on
formerly productive rangeland. The region faces
many of the challenges found in similar dryland
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areas of the Middle East, concerning, how to reverse
environmental degradation and manage the natural
resource base, whilst providing sustainable
livelihoods for inhabitants. Heavy grazing pressure
on natural forage resources has increased and led to
a deterioration in nature vegetation. Since largely,
livestock still the main source of Bedouin’s income,
establishment and conservation of rainfed forage
crops, especially barley, is an important way to
overcome feeding gap (Moselhy, 2001). Watts and
El-Mourid (1988) cited that the main feeding
resources in the semi-arid regions were cereal
residues, including straw and field stubbles. Among
cereal crops, barley (Hordium vulgare, L.) proved to
be withstanding the adverse conditions. However,
continuous conventional planting of barley led to
native plant resources deterioration and soil surface
exposed to wind erosion. Jones and Singh (1995)
reported that wide expansion of planted rainfed
areas without windbreaks might be strongly affected
by wind erosion. In addition, heavy grazing by small
ruminants on field stubble and fallen spikes, after
harvest of barley, has provided these animals with
unbalanced mutritive diet and increased erosion
problem during the dry summer season.

It was noticeable that new adapted plant
materials were introduced to that area through
MRMP project activities. The main reasons were to
fill the grazing animals feed gap, as a protein source
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supply, improve forage quality and protect soil

surface against the detrimental effects of wind

erosion and other environmental stress. One
example is old man saltbush (4friplex nummularia
L.). Atriplex species are growing under 100-400 mm
rainfall and produce one to three tons dry matter/ ha
/year { Sankary 1986). Such cropping systems,
provided by barley and fodder shiubs, would help to
sustain a balanced diet for grazing animals and
minimize the harmful effects of soil erosion (Cook,
1972; Welch, -1989; Papanastasis, 1996 and
Moselhy, 2001). Some studies, conducted on
introduced fodder shrubs, assessed production and
water use efficiency under rainfed conditions.
Moselhy (2001) showed that dry matter vield of
interplanted saltbush with barley increased with
increasing shrub  population under rainfed
conditions. The favorable effects of interplanting
diverse crops, in sustaining yield potential, were
reported by Le Houerou et al,, 1991, Correal et o,
1990; Otal er al, 1991 and Moselhy 1999 and 2001.
Moreover, Le Houerou (1992 and 1994) reported
- that saltbush shrubs had a relatively high water use
efficiency under rainfed conditions.

The objective of the present study was to
determine the optimum utilization method of
interplanting saltbush fodder shrubs in different
populations with barley under the environmental
conditions of the NWC of Egypt.

MATERIALS AND METHODS

The present, on-farm trials, were carried out
under rainfed conditions in agro-ecological zone 2
(5-15 km inland}, west of El-Negilla, 77 Km west of
Marsa Matrouh, NWC of Egypt, during five rainfall
years (2002/2003 — 2006/2007). This experiment
aimed to find out the optimum land use for rainfed
barley areas through interplanting of saltbush shrubs
in different populations as strip-aliey cropping.

The studied treatments were three saltbush
populations; i.e., 252, 336 and 504 shrubs/ha. These
populations resulted from transplanting seedlings in
rows, 10 m apart, with 4, 3 and 2 m within row.
Two utilization methods™ of these shrubs were
practiced during five years; i.e., cut and carry and
browsing.

The seedlings of saltbush {Atriplex nummularia
L.) were nursed by Matrouh Resources Management

to the land slope, were made by using a ditcher.
Saltbush seedlings, of 30 cm height, were
transplanted at the required distances as previously
described. In each of the experimental years, barley
seeds, at a rate of 72 Kg/ha, was sown within the
strips among saltbush shrubs rows. The sowing date
of barley differed from year to another, according to
the onset of effective rainfall.

The average recorded rainfall of the last ten
years, in the NWC, was 140 mm/vear {documents of
MRMP). However, the amount and distributions of
rainfall during the on-farm trials period were as
shown in Table {1). The amount of rainfall in each
vear was less than the general average over all the
years of study. Only, in the first season, rainfall
distribution was balanced.

The soil of the on-farm trials was sandy-loam in
texture, ( Nous in Bedouin terminology). It had
0.023-0.026 % available nitrogen, 21-26 ppm
phosphorus and high Ca Co; content (22-25 %). The
EC of soil ranged between 0.25 to (.27 m mhos/cm.

The experiments were laid out in a strip plot
design, with four replicates. Utilization methods
were distributed in the strip main plots. The sub-
plots were allocated to the fodder shrub pepulations.
The plot size of barley was 200 m” (10 m wide x 20
m long).

At harvest, 20 m* from each sub-plot was used
to determine grain and straw yields of barley, as
well as field stubble. In the same time, before
applying the two treatments of fodder shrub
utilization, five saltbush shrubs from each sub-plot
were used to determine forage yield and its
components. During the first week of June each
vear, each strip, in each replicate, was fenced. The
first strip was used through cut and carry system.
The resulted forage was fed to a group of ten Barqi
sheeps. Whereas, the second was directly browsed
by other ten Barqgi sheeps for one week. Every vear,
five saltbush shrubs, from each sub-plot, were
labeled to determine the edible precentage of leaves
and twigs.

The collected data were statistically analyzed,
according to Snedecor and Cochran (1967, a). For
comparisons among means, Duncan's multiple range
tests were used (Duncan, 1955). For combined
analysis among years, homogeneity of experimental
error (Barlett's test) was tested, according to

Project (MRMP) during 2001 season, then, Spedecor and Cochran (1967, b).Economic
transplanted with the onset of effective rain on Dec,
15ﬂ_‘of the same season. Long furrows, perpendicular
Table 1: Monthly rainfall precipitation (mm) during the five years of the study.
Mont
Season onth Total
Oct. Nov. Dec. Jan. Feb. Marchk
2002/ 03 12.0 2.6 18.5 24.0 22,0 269 106.0
2003/ 04 0.0 0.7 18.1 . 470 19,5 0.0 85.3
2004/ 05 7.6 358 0.0 1.8 0.0 0.0 45.2
2005/ 06 3.0 15.0 30.0 40.0 2.0 0.0 0.0
2006/ 07 0.0 0.0 ; 30.0 35.0 14.0 19.0 8.0
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analysis, using partial budget, was made, according
to Perrin ef al (1983). Where, five Bedouin farmers
were interviewed every year to estimate the variablé
cost of products and total sales (barley grains, straw,
stubbles and fodder shrubs) in the form of
Scandinavian feed units (SFUs), where, one Kg of
“barley grains equals one SFU, while, one Kg of dry
matter equals .45 SFU (Le Houerou, 1986).

RESULTS AND DISCUSSION

A, Yield and its attributes of saltbush:
A. 1. Seasonal variations of rainfall:

Results of the combined analysis for different
seasons, presented in Table (2), showed that there
were significant seasonal differences in all recorded
yield and yield attributes of saltbush shrubs. The
relatively high and even distribution of rainfall
precipitation in the first year had favourable effects
on saltbush shrubs, which recorded the highest
values of yield and its attributes, except for shrub
height, since, plants were still young, On the
contrary, with the exposure to severe drought in the
third year, in most cases, saltbush shrubs recorded
the lowest values of yield and its attributes.
Meanwhile, it seems that leaves and twigs became
more stiff with the advance in shrub age. Therefore,
the percentages of edible leaves and twigs were
significantly decreased with advancing to the fifth
year. The significant sharp decrease in such
percentages, especially that of leaves in the latter
year, could be explained through the uneven
distribution of rainfall. Where, there were no
precipitations in the early two months of that rainfall
season. However, the adverse effects on leaves /
twigs percentage and the rest yield attributes, as well
as forage yields due to advancing the shrubs in age
and / or the uneven distribution of rainfall
precipitation in the latter winter season, were less
severe than those of low precipitation in the third
winter season. Under conditions of 150-200 mm/
year, Le Houerou (1986) found that dry matter yield
of saltbush ranged between 0.8 and 1.2 Kg/ shrub/
year. However, Tork Nejad and Koocheki (1996)
indicated that a mean dry matter yield of 1.5 ton/ ha/
year could be obtained from saltbush plantation.

A. 2. Effect of utilization methods:

As obvious from results in Table (2), it is
evident that utilization methods had a significant
effect on all recorded vield and its attributes of
saltbush  shrubs. Where, browsing method
overestimated cutting ones. These results, generally,
concluded that browsing method had favorable
effects on growth and yields of saltbush shrubs. This
could be explained through the role of trampling
animals in water preservation in such areas, as well
as through the simulative effects of their dung and
urinary excret.

A. 3. Effect of shrub population:
The obtained data clearly indicated that the tried
saltbush population had a significant effect on shrub
height and perimeter, as well as fresh, dry forage and

- 8FUs yields/ha allover different years of study.

While, shrub populations did not affect the
remaining yield attributes of saltbush shrubs,
presented in Table (2). These results concluded
that, though height and perimeter of shrubs were
consistently increased due 1o increasing the studied
shrub populations from 252 to 336 and, then, to 504
shrubs/ ha, the opposite was always the case in fresh,
dry and SFUs yields/ ha; i.e., the higher population
studied was the highest forage production.

A. 4. Interactions:

A. 4. 1. Seasonal variation x utilization method:
Data, presented in Table (3), showed the
significant interaction effects between the rainfall
years and utilization methods on each of shrub
height, shrub perimeter, leaves fresh weight, total
fresh weight, total dry weight, leaves/ twigs
percentage, edible leaves (%), edible twigs (%) and
forage yield of saltbush. The low amount of rainfail
precipitation shortened saltbush shrub height in the
second and third years, compared to the later three
vears. Also, cutting method shortened shrub height,
compared to browsing in the two years of high and
low rainfall precipitation (i.e., the first and the third,
respectively). Yet, there were no significant
differences between the two utilization methods in
shrub height in the remaining three years. With the
relatively high and even distribution of rainfall
precipitation, the widest saltbush shrub perimeter
was recorded in the first vear, followed by the
second one, while, the narrowest shrub perimeter
was recorded in the third year due to the limited
rainfall precipitation. [n the first year of a relatively
high and even distribution of rainfall precipitation,
cut shrubs attained a wider perimeter than browsed
ones. The reverse was the case in the drier

conditions prevailing in the remaining four years.
As io shrub perimeter, the highest leaves and
total fresh weights/ shrub were obtained in the first

-year, While, the lowest values of these traits were

recorded in the third year. In addition, differences
between the two utilization methods in leaves and
total fresh weights/ shrub were significant overall
vears. Where, browsing method overestimated
cutting in these traits. It seems that the highest value
of total dry weight/ shrub, also, was recorded in the
first year, followed by the fifth year, but without
significance in fourth and fifth ones. While, the
lowest value of this weight was recorded in the third
year. Meanwhile, differences between the two
utilization methods were, only, significant in the
first, third and fifth years, where browsing method
overestimated cutting one in this weight.

In similarity with shrub perimeter, leaves and
total fresh weights/ shrub, saltbush shrubs had the
highest leaves/ twigs percentage in the first year,
followed by the second vear. While, the lowest value
of this percentage was recorded in the driest
conditions of the third year. Differences between the
two utilization methods, in this percentage, did not
reach to the level of significance, except in the
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Table 2: Effect of utilization methods and shrub population on yield and its attributes mean values of

saltbush shrubs.

Leaves

. Shrub Shrub Twigs Total Total

?::e l: azg:ﬁ? and height perimeter fresh wt. fresl% wt. fresh wt. dry wt.
(cm) (cm) (kgfsh) (kg/sh) (kg/sh) (kg/sh)

Years (Y): '
2002/2003 64.19b 6922 a 1.529a 1.699a 3228a 0.794 a
2003/2004 63.27b 62.92 b 1.229b 1.457b 2687b 0.664 ¢
2004/2005 3394 ¢ 46.14 @ 0.628d 1.020¢ 1.648 ¢ 0.496d
2005/2006 6848 a 59.84 ¢ 1.220 be 14520 2672b 0.695b
2006/2007 690t a 6098 ¢ 1.201 ¢ 1.478 b 2.679b 0.697b
F. test &k % % ¥ [ 2] *% *%
Utilization methods (U):
Cutting 61.08 b 5850 b 1.122b 1.383b 2505b 0.6491b
Browsing 6648a  6l.14a 1.201 a 1.45%9a 2.600 a 0.68% a
F. test L3 % R *X Rk %k
Shrub population {F): -
252 shrubs/ha 7145a 66.09 a 1.166 1.424 2.59 0.672
336 shrubs/ha 63.20b 5978 b 1.161 1.42 2.582 0.668
504 shrubs/ha 56.69 ¢ 53.59¢ 1.157 1.419 2.576 0.667
F. test ** ** N.S NS N.S N.S
Interactions:
Y X U ¥ *& dk NS * L]
YxP *E *¥ N.S N.S NS N.S
UxP NS N.S NS N.S N.S N.S
YxUxP NS N.S N.§ N.§ N.5 N.S

. . Leaves/ Edible Edible Fresh Dr
::‘1[2: fa:gsflt: and twigs feaves twigs forage fm)-(age SKUs of

(%) (%) (%) Yield (/ha)  Yield (/ha)  shrubs/ha

Years (Y): .
2002/2003 4736 a &8.57a 22.14a 0.759a 0.194a 8723a
2003/2004 46.06 b 83890 1898 b 0.6170b 0.160 b 72.13b
2004/2005 38.11e 7203 c 1547 ¢ 0414 ¢ 0.107 e 4835d
2005/2006 4567 70.14d 14.714d 0.607 ¢ 0.158 ¢ 71.00 be
2006/2007 4483 d 4469 e 10.66 ¢ 0.595d 0.155d 69.69¢
F. test i * *k *¥ *4 we
Utilization methods (U):
Cutting 44.02 b 70.58b 1536b 0.370 b 0.148 b 6641 Db
Browsing 479 a 73.16a 1723 a 0.627a 0.162 a 7295a
F. test *% L33 ok ok o *#
Shrub population (P): _
252 shrubs/ha 44.47 72.08 16.46 0.414 ¢ 0.108¢ - 48.46 ¢
336 shrubs/ha 44.4 7179 16.38 0.553 b 0.143b 6447 b
504 shrubs/ha 4434 71.73 16.34 0.829a 0214a 96.11a
F. test N.S N.§ N.S b ** **
Interactions:
YxU b ** *x * NS NS
YxP NS ik ¥ *k sk k
UxP N.S N.§ N.§S * 4 **
YxUxP N.S NS N.S N.S NS N.S

* and ** : Significant at 0.05 and 0,01 levels of probability, respectively.
Mean values followed by the similar letter are not significarutly different at P < 0.05 by Duncan's multiple range test.
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Table 3: Some characters mean values of yield and its attributes of saltbush shrubs, as affected by the
interaction between utilization methods and rainfall years,

Rainfall years

Characters lf:::ﬁ';ﬂ;’“ 2002/03 _ 2003/04 _ 2004/05  2005/06 _ 2006/07
B C A A

Shrub height (em) Cutting 61 A?é b 63.; la 44.1(;0 b 67;};1 a 68.29 a

Browsing 66.66 a 6333a 63.88a 67.74a 6933a
. B D BC C

Shrub perimeter (cm) Cutting 69692  61.33b 4226b  5921b  60.02b
B D C BC

Browsing 68.74 b 64.50 a 50.02a 60.48 a 6194 a
B D C C

Leaves fresh wt (kg./sh) Cutting 1470b  1207b  0618b  1.170b  L146b
RC D B CB

Browsing 1.588a 1.252a 0.639 a 1270 a 1256 a
B D c C

Total fresh wt. (ke/sh) Cutting 3.140b  2623b  1.621b  2571b  2.571b
C D B B

Browsing 3317a 2.750a 1675a 27738 2.78_7 a
o B D C BC

Leaves/ twigs (%) Cutting 4682a  4506b  38.10a  4451b  4447a
A D B C

Browsing 47.0%a 4705a 38.11a 4582a 4508 a
C D B B

Total dry wt. (ke/sh) Cutting 0771b 0656a  0484b  0.668a  0.669b
C D B B

Browsing 0.817a 0.673a 0.508 a 0.721a  0.724a
- 0 B C D E

Fdible leaves (%) Cutting 85.90b  81.86b 7082b  69.74b  44.56a
B C D £

Browsing 91.24a 8592a 7323 a 70.54 a 4483 a
Edible twigs (%) B C D E

fose twigs L7 Cutting 20.42b 18.09b 14.88 b 1431b  10.08b
B C D E

Browsing 2386a 1988 a 1607 a 15112 1123 a

. B D BC ol

Fresh forage yield (t/ha) Cutting 07316  0.590b  0393b  0576b  0.558b
B D BC C

Browsing 0.788a 0.644 a 0.434 a 0.638 a 0.632 a

Small and capital letters compare among rows and columns, respectively.
Mean values followed by the similar letter are not significantly different at P < 0.05 by Duncan's multiple range test

second and fourth years, where browsing overcame
cutting in this concern. The obtained results showed
a consistent decrease in percentage of edible leaves
and twigs with the advance in saltbush shrubs age. It
means that these organs became stiffer in aged
shrubs. In the early four years, browsing increased
the percentage of edible leaves, compared to the
edible twigs. percentage allover different rainfall
years of study.

In concurrence with the shrub perimeter, leaves
and total fresh weights/ shrub, results, also, indicated
that the highest fresh forage vield/ ha could be
secured in the first year, followed by the second.
While, the lowest fresh forage yield/ ha was
recorded with the exposure to the driest conditions
in the third year. In different years, browsing had a
favorable effect on fresh forage yield/ ha, compared
to cutting method.

A. 4. 2. Seasonal variation x shrub populations:

As presented in Table (4), the interaction
between rainfall years and shrub populations had a
significant effect on saltbush shrub height, shrub
perimeter, edible leaves and twigs percentages, as
well as fresh forage, dry forage and SFUs yields/ ha.
Height of saltbush shrub was the tallest in the fifth
year, followed by the fourth and first years under all
tried shrub populations.. While, the shortest shrubs
were recorded in the most dry conditions of the
third year. Saltbush shrub height was decreased with
each increase in shrub population tried here during
the five rainfall years. It was observed that saltbush
shrubs had the widest perimeter in the first year,
followed by the second and fifth years, without
significance. While, the narrowest shrub perimeter
was recorded in the most dry years; ie., the third
one. In all years of study, shrub perimeter was
decreased with each increase in shrub population
from 252 to 336, then, to 504 shrubs/ ha.
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Table 4: Mean values of shrub height and perimeter, edible leaves and twigs percentages, forage fresh
and dry yields/ha, as well as SFUs yield/ ha of saitbush shrubs, as affected by the interaction

between shrub population and rainfall years,

Rainfall years

Characters Shrub . 2002/03 2003/04 2004/05 2005/06 2006/07
population -
B C D BC A
252 shrubs/ha 75.17a 7220a 60.50 a 7437 a 7523 a
Shrub height (cm) AB C D B A
336 shrubs’ha 67.50b 63.08 b 5332b 67.47b 67.92b
A C D B A
: 504 shrubs/ha 64.02 ¢ 5453 ¢ 48.00 ¢ 62.62¢ 64.08 ¢
Shrub perimeter (cm) A B D C BC
252 shrubs/ha 7825a 7158 a 50.02 a 64.68 a 6592a
A B E D C
336 shrubs/ha 6990 b 6383 b 4577b 59.22b 60.17 b
A D E o B
: 504 shrubs/ha 5950¢ 5333¢ 4263 ¢ 35.63¢ 56.87b
Edible ieaves (%) A B C D E
252 shrubs/ha 87.70¢ 84.20a 1267 a 70.83 a 4500 a
A B C D E
336 shrubs/ha 88.58 b 8358a 7187 b 70.07 a 4458 a
A B C D E
. SN 504 shrubs/ha 89434 8362a 71.55b 69.53 a 44,50 a
Edible twigs (%) A B C D L
252 shrubs/ha 2167 ¢ 19.03 a 1582 a 1503 a 10.75a
A B C D E
336 shrubs/ha 22130 1892 a 1542 a 14.67b 10.77 a
A B C D E
. . 504 shrubs/ha 2262 a 19.00 a 15.18b 1443 b 1045a
Fresh forage vield (V/ha) A B D BC o
252 shrubs/ha 0.523¢ 0.436¢ 0278 ¢ 0424 ¢ 0.409 ¢
A B C B B
336 shrubs/ha 0.701 b 0.558 b 0407 b 0.549b 0.548b
A B C B B
. 504 shrubs/ha 1.055a (0.857a 0.557 a 0847 a 0.829a
Dry forage yield (t/h} A B D BC c
252 shrubs/ha 0.136¢ 0.113¢ 0.072¢ 0.110¢ 0.107 ¢
A B C B B
336 shrubs/ha 0.180b 0.145b 0.106 b 0.143 b 0.143 b
A B C B B
504 shrubs/ha 0.265a 0.223a 0.145a 0220a 0.215a
SFUs yield/ ha A B D BC C
252 shrubs/ha 613c¢ 51.0¢ 325¢ 49.6¢c 48.0¢
A B C B B
336 shrubs/ha 81.1b 6521 475b 64.3 b 64.2b
A B c B B
504 shrubs/ha 1192 a 1002 a 65.2a 99.]1 a 96.9 a

Small and capital letters compare among rows and columns, respectively,
Mean values followed by the similar letter are not significantly different at P < 0,05 by Duncan's muitiple range test.

The obtained data showed a consistent
significant decrease in percentage of edible leaves
and twigs with the advance in shrub age. Tn the first
year, percentages of these traits were decreased
significantly with each increase in shrub population.
Increasing saltbush shrub population, more than 252
shrubs/ ba, also, decreased the percentage of edible
leaves in the third year, as well as that of edible
twigs in the fourth year. This, also, was the same for
edible twigs percent in the third year with increasing
shrub population more than 363 shrubs/ ha. It is
clear the highest values of each fresh and dry forage
yield, as well as SFUs vield / ha, could be secured in
the first year, followed by those of the second and
fourth years. While, the lowest values of these yields
were obtained in the third year. These results assured

26

the great dependence of yield on the amount and
distribution of rainfall. Even so, the delay in rainfall
onset, in the later year, had a detrimental effect on
yield. However, in controversy with the effect of
shrub population on the abovementioned yicld
attributes, increasing saltbush population, followed
with a consistent significant increase in fresh, dry
and SFUs yields/ ha of saltbush shrubs. Moselhy
(2001) found that increasing plant density of
interplanted saltbush with barley up to 170 shrubs/
fed increased fresh, dry matter and SFUs yields/ fed.

A.4.3. Utilization methods x shrub population:
The interaction between utilization methods and

shrub populations had a significant effect on fresh,

dry and SFUs yields/ ha of saltbush, as presented in
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Table (5). The obtained results indicated the
superiority of browsing over cutting method under
different shrub populations. This was the same for’
fresh, dry and SFUs yields/ha. Moreover, under both
utilization methods all of these three vyields

responded to increasing saltbush populations up to

the higher level tried; i.e., 504 shrubs/ ha. Van
Heerden et al (1996) reported that increasing shrub
population of saltbush caused a decrease in the yield
per individual shrub, but, increased forage yield// ha.

B. Barley yield:

B.1. Seasonal variations of rainfall:

As evident from results presented in Table (6),
there were great differences among years in grain,
straw, field stubble and SFUs yields, as well as
harvest index of barley associated with saltbush. It
is seems that the highest grain and straw yieids/ ha
of barly were secured in the first, followed by the
second, then, the fourth years, While, the lowest
values of both, vields were recorded in the third
vear. In addition to the unfavorable effect of
continuous association of barley with saltbush
population, as was obvious from the comparison
between the second and the fourth seasons, these
results, also, reflectel the adverse effects of drought
in the third season, as well as the uneven distribution
of rainfall precipitation. Where, it was seen that the
delay in the onset of rainfall, as occurred in the fifth
winter season, had a severe adverse effect on grain
and straw yields of barley than its shortage under
casing laie, as occurred in the second, third and
fourth winter seasons.

In turn, fieid stubble was the highest in the first
year, followed by the fifth, then, the fourth ones.
While, the lowest value of field stubble was obtamed
in the driest year; i.e. the third one. The superiority
of fifth year over the second, third and forth years in
field stubble might be due to extending the
precipitation, in the winter season, until March.
Ultimately, the highest SFUs yield of barley could
be securel in the first year, followed by the second

and fourth ones. While, the lowest value of this yield
was obtained in the third year of the driest
conditions.

B.2. Utilization methods of saltbush: .
Data in Table (6) indicated the superiority of
browsing over- cutting utilization methods of
saltbush shrubs in grain, straw, field stubble and
SFUs yields of associated barley. Meanwhile,
harvest index of barley was not significantly affected
by utilization. methods of saltbush. The superiority
of browsing, over cutting method in yields of
associated barley, might be due to the role of
trampling animals in minimizing water evaporation
from soil surface which relatively become compact
and/ or due to providing plants with certain nutrient
elements through animal dung and urinary excretes.

B.3. Saltbush shrub population:

The oblained results confirmed the significant
effect of saltbush shrub populations on grain and
straw vields, as well as field stubbles and total SFUs
of barley, except for harvest index, which was not
affected (Table 6). As obvious from these results, it
was clear that grain, straw, field stubble and SFUs
vields of barley significantly decreased with each
increase in saltbush shrub population. Here, it was
noticed that the higher shrub population was the
highest in forage production of saltbush, but, the
lowest yield of barley. These results reflected the
adverse effect of competition between the two
associated crops on certain limited environmental
factors, especially water. In this respect, according
to fluctuation of amount and distribution of rainfall
precipitation, the fodder shrubs did not reach the
effective height to be made, as windbreaks, to
protect the planted barley strips among rows of
saltbush shrubs from harmful effects of warm winds
during the maturity stage of barley. However, Jones
and Singh (1995) and Chriyaa and Boulanouar
{1996) reported that wide expanse of planted rainfed
areas, without windbreaks, were strongly affected by
wind erosion. .

Table 5: Mean values of fresh and dry forage yields and SFUs yield /ha of saltbush shrubs as affected
by the interaction between utilization methods and shrub populations.

Character Utilization Shrub pepulations
methods 252 shrubs/ha 336 shrubs/ha 504 shrubs/ha

C B A
Fresh forage yield (¢/ ha) Cutting 0.%94 b 0.15:317 b 0.;1;98 b
Browsing 0434 a 0.588a 0.860 a

C B A
Dry forage yield (t/ ha) Cuiting 0. (1: 03b 0. j13 35b o.i% b
Browsing 0.113a 0.152a 0222a

: C B A
SFUs yield/ ha Cutting 46C.20 b GOE.;GO b 92A50 b
Browsing 50.80 a 68.30 a G080 a

Small and capital letters compare among rows and columns, respectively.
Mean values followed by the similar letter are not significantly different at P < 0.05 by Duncan's multiple range test.
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Table 6: Effect of ufilization methods and shrub populations of saltbush shrubs on yield of the

associated barley.

. . . SFUs
Main effects and interactions Grain yield Straw yield Harvest index Field stubble of barley

(t/hz) {t/ha) (t/fad)

(Kg/ha)

Years (Y):
2002/2003 0.737a 1.409a 0.34d 0.148 2 14383 a
2003/2004 0.528 b 0.8550 0.38 ¢ 0.119d 9675
2004/2005 0.309 ¢ 0460 ¢ 0.40a 0.103 ¢ 562.1d
2005/2006 0.525¢ 0.843 ¢ 0.38¢ 0.125 ¢ 960.5b
2006/2007 0.494 d 0.745d 0.39b 0.127b 886.6¢
F. test ek dok L 2] k% *%
Utilization methods (U):
Cutting 0.514b 0.853 b 0.38 0.122b 9529b
Browsing 0.523 a 0872 a 0.38 0.128a 973.1a
F_ test * % ®% NS %%k &k
Shrub population‘(P):
252 shrubs/ha 0.534 a 0.895a 0.38 0.133a 996.9 a
336 shrubs/ha 0.517b 0.865b (.38 0.124 b 962.9b
504 shrubs/ha 0.504 ¢ 0.827¢ 0.38 0.117¢ 9292 ¢
F‘ test Aok * ¥ NS %% * ¥
Interactions:
Y X U *x * % NS NS k¥
Y X P *% * %k % xk ok
UxP N.S N.§ N.S N.S N.S
YxUxP N.S N.S NS N.S N.§

#* - Significani at 0,01 level of probability.

Mean values followed by the similar [etter are not significantly different at P < 0.05 by Duncan's multiple range test.

B.4. Interaction effects:

B.4.1. Seasonal variation x utilization methods:
Utilization methods indicated significant
differences with rainfall vears for grain, straw and
SFUs yields of barley, as shown in Table (7). The
obtained results indicated that barley could secure
the highest values of grain, straw and SFUs yields in
the first year, followed by the second and forth ones
at par. While, the lowest values of these yields were
recorded in the third year. These results reflected the
positive effect of rainfall precipitation on yields of
barley, except in the fifth year, where, the rainfall
onset delayed up to Dec. (Tabie 1). Browsing
method of saltbush shrubs out-yielded the cutting
one for grain, straw and SFUs of associated barley
in most cases.
B.4.2. Seasonal
population:

The interaction between $easonal variation and
saltbush shrub population had a significant effect on
grain, straw and SFUs yields of barley, as shown in
Table (8). Data recoded, herein, ascertained what is
previously mentioned as a response of grain, straw
and SFUs yields of barley to the winter seasonal
variation in the amount and distribution of rainfall.
Moreover, the highest field stubble yield of barley
was produced in the first year of high rainfall, only,
with the increase in shrub population up to 336
shrubs/ ha. Nevertheless, the lowest value of this

variation x shrub
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yield was recorded in the third year of low rainfall
under all tried shrub populations. However, a
comparable field stubble yields of barley were
produced in the second, fourth and fifth years when
shrub population, only, increased from 252 to 336
shrubs/ha. Meanwhile, the increases in forage yields
of saltbush shrubs, due to increasing their
population, were on the expense of the
forementioned yields of barley. This could be
ascribed to the mnterspecific competition between the
two associated crops on the limited environmental
factors, especiatly water.

C. Partial budget analysis:

As shown in Table (9), the highest values of
gross return (GR), net return (NR) and average rate
of return {ARR) for total forage products { SFUs/
ha} of associated saltbush and barley were obtained
when applying browsing method of saltbush shrub
utilization, compared to cutting one. These values
varied overall the five rainfall years, according to
the amount and distribution of rainfall precipitation
and their effect on saltbush regrowth and barley
production. The highest values of GR, NR and ARR
were recorded in the fifih year, followed by the
fourth and, then, the first ones. While, the lowest
values, were recorded in the third year, followed by
the second one. The superiority of browsing method
to the cutting one might be due to low total variable
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Table 7: Barley gi‘ain and straw yields and SKUs/ha as affected by the interaction between utilization
methods of salébush shrub and rainfall vears.

Rainfall years

Characters -Utilization _ :
methods 2002/2003  2003/2004  2004/2005  2005/2006  2006/2007
A B D B C -
Grain yield (t/ha) Cutting 0.736 b 0.3527 a 0.300 b .524a 0.483b
A B D B C
Browsing 0.739a 0.529a 0.317a 0.526a 0.504a
A B D B C
Straw yield (t/ha) Cutting 1403 b 0.852 & 0.449 b 0.840b 0.722b
A B D B C
Browsing 1.416a 0.858a 0471 a 0.846 2 0.768 a
A B b B C
SFUs of barley Cutting 1433.0b 962.4 b 546.9b 957.7 86430
A B D B C
Browsing 1443.7 a 972.6a 5772a 963.3 908.9 a

Small and capital letters compare among rows and columns, respectively. )
Mean values followed by the similar letter are not significantly different at P < 0.05 by Duncan’s multiple range test.

Table 8: Grain and straw yields of barley, harvest index, field stubble and SFUs/ ha as affected by the
interaction between shrub population and rainfall years.

Characters Shrub Rainfall years
population 2002/2003  2003/2604 20042005  2005/2006  2006/2007
A B D B ) C
252 shrubs/ha 0.770a 0.544 a 0.314a 0.539a 0.503% a
A . B D B C
Grain yield {t/ha) 336 shrubs/ha 0.737h 0.527b 0.308 b 0.524 b 0.492 b
A B D B C
504 shrubs/ha 0.705 ¢ 0.514¢c 0.305b 0.512¢ 0485b-
A B D B C
252 shrubs/ha 1.524 a 0.876a 0.467 a 0.847a 0.764 a
A B D B C
Straw yield (t/ha) 336 shrubs/ha 1.424 b 0.853 b 0.457 ab (0.846 a 0.743 ab
A B D B C
504 shrubs/ha 1.281 ¢ 0.835b 0.455 b 0.837b 0.729 b
A B C B B
252 shrubs/ha 0.179a 0.122a 0.105a 01262 0.1314a
A B C B B
Field stubble (t/ha) 336 shrubs/ha 0.148 b 0.120a 0.103 a 0.124 3 0.127 ab
: B B C A A
504 shrubs/ha 0.118 ¢ 0.117b 0.101b 0.124 a 0.125 b
A B D B C
252 shrubs/ha 15358a 993.0a 571.3a 976.8 a 907.7a
' A B D B C
SFUs/ha of barley 336 shrubs/ha 1443 8D 967.7 b 559.5 ab 960.3 b 88321
A B D B C
504 shrubs/ha 13353 ¢ 941 8¢ 55530 9443 ¢ 869.0 ¢

Small and capital letters compare among rows and columns, respectively
Mean values followed by the similar letter are not significantly different at P < 0.05 by Duncan's multiple range test.

costs for browsing method, where, it did not need
labor, compared to cutting method. In addition, the
highest values of ARR, resulted from each shrub
population, were recorded in the fifth year,
particularly when saltbush shrubs were browsed
(Table 9). In general, the obtained data indicted that
low shrub population/ ha reduced the total variable
costs, which led to increase the NR and ARR. These
results agreed with those obtained by Nesheiwat
(1996).

SUMMARY

Data of the present work indicated that, in drier
regions, yields of associated saltbush and barley
were a function of the amount and distribution of
rainfall precipitation. The higher amount and/ or the
well distribution gave the highest yields of both
associated crops. Accordingly, these results
ascertained the importance of entering some of
contingent forage crops, such as saltbush.

29



Vol. 55, No. 2 ,pp 21-32, 2010

Alex, J. Agric. Res.

Table 9: Partial budget analysis of total forage products (SFUs/ ha) as affected by shrub populations
and utilization methods of saltbush during the five years of study.

Utilization methods

Shrub Cutting Browsing
populations GR TVC  NR GR TC NR
(LE/ha) _ (LE/) (LE/ha) ARR (LE/ha)  (LEMa)  (LE/ha) ARR

2002/003

252 shrub/ha 11915 3528 8387 2.38 1204.2 332.8 871.4 2.62

336 shrub/ha 11387 3851 7536 1.96 1148.7 360.8 787.9 2,18

504shrub/ha 10838 4475 6363 1.42 1097.9 4175  680.4 1.63
2003/2004

252 shrub/ha  882.1 3606 5215 1.45 892.7 336.8 555.9 1.65

336 shrub/ha  869.1 3954 4737 1,20 886.8 365.4 521.4 1.43

504 shrub/ha 8788 4595 4193 0.91 892.6 4235 469.1 Lit
2004/2005

252 shrub/ha  672.] 330.2 3419 1.04 716.6 307.8 408.8 1.33

336 shrub/ha 6795 365.6 3139 0.86 716.5 3364 380.1 1.13

504 shrub/ha  693.6 430.4  263.2 0.61 733.6 395.2 338.4 0.86

' 20052006 _

252 shrub/ha 1276.4 4022 8742 2.17 1289.6 3722 917.4 2.46

336 shrub/ha 12748 4382 8366 1.9 1286.9 399.8 887.1 2.22

504 shrub/ha 12930 5027 7903 1.57 13256 465.6 847.0 1.81
2006/2007

252 shrub/ha 14345 4496  984.9 2.19 1528.0 421.4 1106.6 2.63

336 shrub/ha 14248 4856 9392 1.93 1512.0 4499 1062.1 2.36

504 shrub/ha 14640 5519 9121 1.65 1530.3 507.8 10225 2.01

GR: Gross return; TVC; Total variable costs; NR: Net return; ARR: Average rate of return.

In comparison between browsing and cutting,
as utilization methods for forage of saltbush shrubs,
browsing encouraged regrowth of saltbush shrubs
and had a favorable effect on yields of the two
associated component crops. While, increasing
saltbush population suppressed growth of its
individual shrubs, and forage yields/ ha of saltbush
were increased. This was in coincidence with a
decrease in yields of associated barley, where, the
intraspecific competition within saltbush shrubs, as
well as the interspecific competition between
associated saltbush and barley on the limited
environmental factors, especially water, became
severe with increasing population of saltbush
shrubs. This type of alley-cropping system could be
adopted to improve the crop/ range/ livestock
farming system and to sustainable development of
rainfed areas, which characterized by harsh
environmental conditions.
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