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ABSTRACT

In this study under clay soil conditions during two seasons 2008 and 2009, built
in emitter type was used to irrigate pepper crop with 96 h irrigation interval. In order to
increase the benefits of water and energy units using water depletion strategy, three
amounts of applied water 80, 90, and 100% of gross irrigation requirements (IRq) were
studied with two different soil coverage cases, 1-rice straw muIching(RM) 2- normal
(NM) conditions. Rice straw mulching with abundance (500g9/m“) was used to
decrease the effect of water depletion on pepper crop productivity. In general,
increasing the amount of applied water led to increase crop productivity. The results
showed that rice straw mulching led to increase the pepper crop productivity with all
the amounts of applied water. The treatment (RM80) gave the maximum water use
efficiency while the maximum water use efficiency under normal conditions was at
(NM29O0) treatment. The two former treatments gave also the maximum productivity of
energy unit. The study recommended using rice straw mulching if compared to normal
conditions in order to increase crop productivity in addition to the increase of water
and energy units’ productivity. Using 80% of IRg with rice straw mulching and 90% of
IRy will give the maximum water use efficiency and energy use efficiency at the two
cases under experimental conditions.

INTRODUCTION

The modern production practices including increasing inputs of
agrochemicals, irrigation and the growth of more productive cultivars have led
to significant increase in crop yields. However, these practices have led to an
increase in the input of energy Hiulsbergen et al. (2001), which has raised
many concerns over sustainable use of energy resources. Energy input in
agriculture is directly related to the irrigation technology adopted, and the
level of production Hatirli et al. (2006). The agricultural modernization which
requires increasing amounts of energy inputs is, at the same time, essential
for providing enough food for growing populations Stout (1990). Crop
intensification through high inputs of water, energy and macro nutrients has
been articulated as the way forward, especially in land scarce regions, but
this has profound implications for global water and energy budget Khan and
Hanjra (2009). Water can be saved through better management of its delivery
and application Khan et al. (2004); Khan et al. (2005).The ‘balancing act’
between crop production and environmental sustainability involves boosting
water productivity Molden et al. (2007) and energy productivity de Fraiture et
al. (2007) through a range of measures. Efficient irrigation methods are
important means for boosting crop productivity .The energy required for
installation and operation of high technology water efficient irrigation systems
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like drip irrigation is significantly higher than traditional systems. Despite the
internal and external environmental and economic benefits increase resulted
from improvement in irrigation efficiency, a balanced use of water and energy
resources is vital in terms of productivity of agriculture as well as for
environmental sustainability Beare and Heaney (2001). Drip irrigation system
is suitable for different soil types and has high irrigation efficiency. Mulching is
one of the most important ways to preserve water in soil and reduce
evaporation losses Olson (1995). Organic mulching moderates the
temperature of the root zone. It also provides an insulation effect, keeping the
soil warmer during the winter and cooler during the summer Clatterbuck
(2003). Drip irrigation is compatible with mulching, because the grower can
maintain optimum moisture under the mulching Olson (1995). Deficit (or
regulated deficit) irrigation is one way of maximizing water use efficiency
(WUE) for higher yields per unit of irrigation water applied Kirda et al. (1999).
Using mulching may help to avoid the effect of deficit irrigation on crop
productivity. This study aimed to the following:

1- Using deficit irrigation strategy in order to increase water and energy unit

productivity.
2- Reducing the effect of deficit irrigation on crop productivity by using rice
straw mulching.

MATERIALS AND METHODS

Study area

An experiment had been taken place in the field crops research center,
Sakha village, Kafrelsheikh governorate, Egypt (longitude 30.95, latitude
31.11, altitude 20 m). The field work taken place in a 40x40m? area of clay
soil (Tablel) during 2008 and 2009 successive seasons. A drip irrigation
network was set in a part of the total area acting 36.6x30 m’. Laterals 30m
long, 1.2 m spacing with built- in emitters 30 cm spacing between emitters
were used. Fig.1 shows the used drip irrigation network layout.

The emitters’ average flow rate was 4.41 I/h at 10m of water operating
pressure head. This operating pressure head was used as it was
recommended by EI-Nemr (2010) for such type of emitters to obtain the best
uniformity parameters. Pepper crop (California wonder TMR300) was used as
an example for vegetable crops which is highly sensitive for the amount of
applied water changes. Seeds transplanted in a plantation area in 10 March
2008 and 17 March 2009 for the two successive growing seasons
respectively. Ca (H,P0,4),.CaCo; was added to the plantation area with a rate
of 357 kg/ha. The seedlings were put after 40 days to the permanent study
area. The study area was ploughed two times. The first plough was to get
the soil rid of weeds and previous crop (Cucumber) residues. 357 kg/ha of
Ca (H,PO,),, 238 kg/ha K,So,4, and 119 kg/ha (NH,),SO, were added to the
soil before second plough operation in addition to 71.4 kg/ha Organic
nutrient. 476 kg/ha (NH4),SO, was added after 30 days of transplanting in
permanent soil. 357 kg/ha Ca Po, plus 476 kg/ha (NH4),SO, were added
after 60 days of transplanting in permanent soil. During flowering period 476
kg/ha (NH4),SO, in addition to 119 kg/ha K,SO,were added. During
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harvesting period 476 kg/ha (NH4),SO, were added every two picks in order
to keep the production commercial specification. 96 hours irrigation interval
was used for all treatments.

Table 1: Mechanical analysis for the soil of the experiment area.

Depth Particle size distribution Soil FC Bulk density,
(cm) Sand, % | Silt, % Clay, % | texture 70 glcm®
0-15 22.56 27.67 49.69 Clay 41.50 1.26
15-30 22.20 24.73 52.27 Clay 39.83 1.31
30-45 20.50 25.90 52.80 Clay 38.40 1.29
45-60 21.30 25.00 53.20 Clay 36.39 1.38
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Fig.1: Schematic diagram of the used drip irrigation network

Variables and statistical design

Split plot statistical design was used in the study. Soil surface covering
case as main plot, including rice straw mulching (RM) and normal or no-
mulching (NM) conditions. Amount of applied water as sub-main plot,
including three percentages of gross irrigation requirements (IRy) 80, 90, and
100%. Rice straw mulching was with abundance of 500 g/m2 as it was
recommended for soil moisture preservation in addition to avoid over-
mulching risk EI-Nemr (2006).
Amount of applied water

Reference evapotranspiration (ET,) for pepper crop was calculated
using CROPWAT computer program FAO (1992). Gross irrigation
requirements (mm/day) were calculated referring to FAO (1980). The amount
of applied water of the three percentages 80, 90, and 100% of gross irrigation
requirements (IRy) are listed in table 2. The drip irrigation system efficiency
was assumed 85%. A 100 ml sample for both irrigation and drainage water
was collected to calculate the leaching requirements (percentage of irrigation
water electric conductivity to the drainage water electric conductivity).
Leaching requirements was 40% of crop evapotranspiration (ET,).
Crop productivity

Each treatment was replicated three times as shown in the irrigation
network layout (Fig.1). The average of the three replicates for each treatment
was used to express the total crop productivity calculations. Pepper was
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collected after maturity and reaching the acceptable commercial size. Pepper
weighed on 2 digits accuracy balance. The total productivity of each lateral
act the productivity of 36 m*, this productivity was factored to calculate the
crop productivity per ha.
Water use efficiency

Water use efficiency (WUE), has been used to describe the pepper
crop productivity per water unit. It was determined by applying the following
equation Jensen (1983):

WUE = Y

A\VAY/

a

@)

Where:-
WUE = water use efficiency, kg/ma, Y = total yield kg/ha, and, W, = total
applied water, m*ha.
Power and energy calculations
The pump brake power was calculated as follows:-
BP =WP/n 2
Where:
BP= brake power, WP= water power, and n = decimal pump efficiency,
assumed 0.6.

WP=Q X H X w 3
Where:
Q= required discharge at the network, H= total head, w = water specific
weight.
H; = H; + Hs + He 4)

H¢ =friction loss, H, =static head, H, =emitter operating pressure head.

The suction static head was 10m. The following formula was used to
calculate the friction loss for main line, sub-main line, manifold, and laterals.
The c value was 150. Hazen and Williams (1920):-

10.67xQ %

S = C 185 g 487

(%)

Where:
S = head loss (in m of water) per m of pipeline length, Q = volumetric flow
rate in m*/s and d = inside pipe diameter in m.

The friction loss in connectors and valves was assumed 10% of the
total friction loss El-Gendy et al. (2001). The inner diameters of main line,
sub-main, and manifolds were 12.7, 7.62, and 5.08 cm respectively. The
calculated power was multiplied to the operation time to calculate the total
energy consumption. . The operating times during season were 74.33, 53.24,
and 59.16 h for the 80, 90, and 100% percentages respectively.

Energy use efficiency (EUE)

The energy use efficiency was calculated to express the crop produced
from energy unit. The following equation was used:

EUE= Total yu_eld,kg (6)
Total energy input, kW.h
Where: EUE= Energy use efficiency, kg/kW.h.
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RESULTS AND DISCUSSION

Crop productivity

Table.2 shows pepper productivity for all treatments. The results
observed during the seasons 2008, and 2009 show that increasing amount of
applied water led to increase crop productivity for both rice straw mulching
and normal conditions. The largest crop productivity reached 16.1, and 16,0
Mg/ha at RM100 treatment for both years. The minimum productivity was 12
Mg/ha and 11.48 for 2008, and 2009 years respectively at NM80 treatment.
At year 2008, reducing the amount of applied water from 100 to 80% gave a
decrease of 5.5% of maximum productivity crop productivity under rice straw
mulching while the decrease was 20.0% of maximum productivity under no
mulching conditions. Year 2009 results showed that, reducing the amount of
applied water from 100 to 80% gave a decrease of 12.7% of maximum crop
productivity under rice straw mulching while it was 22.0% of maximum
productivity under no mulching conditions. This may be due to the ability of
rice straw mulching to keep soil moisture content which will lead to reduce the
effect of water shortage on crop productivity EI-Nemr (2006). The means
comparison test was achieved for each year separately. The mean
comparison test showed that there was no significant difference in crop
productivity with all amounts of applied water under rice straw mulching for
both growing seasons. The normal conditions showed no significant
difference between 100 and 90% IRy amounts, while the crop productivity at
80% was significantly different. That may be due to the clay soil water
holding capacity, which may helped to keep soil moisture content in a range
that may led to keep the crop productivity reduction in non-significantly
different range.

Table 2: Crop productivity (Mg/ha) during growing seasons. Values
followed by the same single letter for each season are not
significantly different at 0.05 level.

Amount of applied water (%IR,)
Season Treatment 80 % 100 L.S.D
Rice straw mulching 15.20 a 15.62 a 16.1a
2008 Normal 12.00 b 14.73 a 15a 1.912
Rice straw mulching 13.96 ab 15.02 a 16.00 a
2009 Normal 11.48 b 14.39 a 14.72 a 2.514

Water use efficiency

Water use efficiency was used to describe the amount of crop
produced from one volumetric unit of water. WUE values listed in table 3
showed that the largest WUE values were at RM80 treatment. They were
3.09, and 2.83 kg/m® for the years 2008, and 2009 respectively. The
treatment NM80 gave the minimum water use efficiency during the two
seasons. Because of the non-significant decrease in crop productivity under
rice straw mulching for the different amounts of applied water, the reduction
in the amount of applied water led to increase the produced crop of unit of
water as the productivity was not significantly affected. Under normal
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conditions, the non-significant reduction in crop productivity between NM100,
and NM90 treatments led to increase the water use efficiency at NM90
treatment (2.66, and 2.59 kg/m®) compared to (2.44, and 2.39 kg/m®) at
NM100 treatment. For all amounts of applied water, rice straw mulching led
to increase the benefit of unit of water if compared to the normal conditions.
The averages of WUE values for the years 2008, and 2009 under all
treatments were calculated and listed in table 3. The average values of WUE
showed that the most beneficial use of unit of water will be at RM80
treatment. The lowest WUE values were at NM80 treatment because of the
significant reduction in crop productivity. Comparing the average values of
water use efficiency of the two years showed that, decreasing amount of
applied water from 100 to 80% IRq under rice straw mulching, increased the
water use efficiency by 11.8% while it gave a decrease of 1.2% under normal
conditions.

Table 3: Water use efficiency (kg/m°) for all treatments.

Amount ofm%/ph[:‘)alied water, WUE, kg/m3
2008 2009 2008 2009 Average
RM80 4917.593 1929.71 3.09 2.83 2.96
RM90 5532.292 5545.93 2.82 2.71 2.77
RM100 6146.992 6162.14 2.62 2.60 2.61
NM80 4917.593 4929.71 2.44 2.33 2.39
NM90 5532.292 5545.93 2.66 2.59 2.63
NM100 6146.992 6162.14 2.44 2.39 2.42

Energy use efficiency

Data listed in table.4 show that the largest value of power productivity
for both years was at RM80. The minimum value was NM80 treatment. The
average energy use efficiency values of the two years showed that,
decreasing the amount of applied water from 100 to 80% IRy made an
increase of 11.65% of the maximum energy unit productivity under rice straw
mulching. The normal conditions’ decrease in the amount of applied water
from 100 to 80% IRy, showed a decrease of 1.61% of maximum energy use
efficiency obtained under this case. Comparing the average maximum energy
use efficiency values under rice straw mulching and no- mulching showed
that using rice straw mulching will lead to increase the energy use efficiency
by 18.19%. The ability of rice straw mulching to reduce the effect of water
depletion on crop productivity in addition to keeping the crop productivity
reduction in a non-significantly different range, helped to increase the benefits
of energy unit.

Table 4: Energy use efficiency (kg/kW.h) for all treatments.

Treatment

Year RM80 RM90 RM100 NM80 NM90 NM100
2008 88.59 80.93 75.07 69.94 76.32 69.94
2009 78.06 75.00 72.16 64.19 71.86 66.39

Average 83.33 77.97 73.62 67.07 74.09 68.17
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CONCLUSION

Over 2008 and 2009 successive seasons, increasing amount of applied
water led to increase pepper productivity whether under rice straw mulching
or normal conditions. Using rice straw mulching showed productivity increase
at all amounts of applied water when compared to normal conditions. The
decrease in crop productivity under rice straw mulching was not significant at
all amounts of applied water. Reducing the amount of applied water under
rice straw mulching from 100 to 80% gave a decrease of 5.5, and 12.7% for
the years 2008, and 2009 respectively, while it was 20, and 22% for the same
two years under no-mulch conditions respectively. This non-significant
decrease led to increase the WUE which got its maximum values for the two
years at the RM80 treatment. The NMB80 treatment gave the minimum
values. . Comparing the average values of water use efficiency of the two
years showed that, decreasing amount of applied water from 100 to 80% IR
under rice straw mulching, increased the water use efficiency by 11.8% while
it gave a decrease of 1.2% under normal conditions. RM80 treatment gave
also the largest energy unit productivity for the two years 88.59, and 78.06
kg/kw.h. NM80 treatment gave the minimum energy use efficiency 69.94,
and 64.19 kg/kW.h for the both two years 2008, and 2009 respectively. The
obtained results showed that, under clay soil conditions for pepper crop, it
can be recommended to use rice straw mulching (5009/m2) with 80% IRy in
order to increase the benefits of both water and energy units production. The
irrigation interval effect on crop productivity should be studied beside the
effect of amount of applied water for clay soil because the short interval may
not show a significant effect for water regime because of the high water
holding capacity of clay soil.

REFERENCES

Beare, S., and A. Heaney (2001). Irrigation, water quality and water rights in the
Murray Darling Basin,Australia. Australian Bureau of Agriculture and
Resource Economics Paper No. 2001.pp15.

Clatterbuck, W. K. (2003). Mulching your trees and landscapes. The University of
Tennessee Agricultural Extension Service Publication, SP617.pp2.

De Fraiture, C.; D. Wichelns; J. Rockstrom; E. Kemp-Benedict Eriyagama; N.
Gordon; L.J., Hanjra; M. A. Hoogeveen; A. J. Huber-Lee; and L. Karlberg
(2007). Looking ahead to 2050: scenarios of alternative investment
approaches. In: Molden, D. (Ed.), Comprehensive Assessment of Water
Management in Agriculture, Water for Food, Water for Life: A
Comprehensive Assessment of Water Management in Agriculture. Earth
scan/International Water Management Institute, London/ Colombo, 91-145.

El-Gendy, A. M; A. A. Abdelaziz; and A. A. Soliman (2001). Irrigation and drainage
networks design (Arabic textbook). Ain Shams University. Egypt.

1055



El-Nemr, M. K. M.

El- Nemr, M. K. (2006). Utilization of rice straw mulch to maximize the performance
of drip irrigation system in sandy soils. Ph.D. thesis, Dept of Agricultural
Engineering, Faculty of agriculture, Kafrelsheikh University.

El-Nemr, M. K. (2010). Effect of operating pressure variation on uniformity
parameters and its impact on crop productivity and power requirements of
trickle irrigation. Misr Journal of Agricultural Engineering. 27(4):1757-1770.

FAO. 1980. Irrigation and drainage paper 36.Localized irrigation. Rome.

FAO. 1992. CROPWAT. "a computer program for irrigation planning and
management”. Irrigation and Drainage No.46.Rome.

Hatirli, S. A; B. Ozkan; and C. Fert (2006). Energy inputs and crop yield
relationship in greenhouse tomato production. renewable Energy.31.pp:427-
438.

Hazen, A. and G. S. Williams (1920).Hydraulic Tables (3rd ed.), New York: John
Wiley and Sons.

Hulsbergen, K. J.; B. Feil; S. Biermann; G. W. Rathke; W. D. Kalk and W.
Diepenbrock (2001). A method of energy balancing in crop production and
its application in a long-term fertilizer trial, Agriculture,Ecosystems and
Environment, 86. 303—-321.

Jensen, M.E. (1983).Design and operation of farm irrigation systems. ASAE,
Michigan, USA. . p827.

Kirda,C; P. Moutonnet; C. Hera and D.R. Nielsen (1999). Crop yield response to
deficit irrigation scheduling based on plant growth stages showing water
stress tolerance.Dordrech, The Netherlands, kluwer academic publishers.

Khan, S.; S. Akbar; Y. Rana; A. Abbas; D. Robinson; D. Dassanayake; I. Hirsi, I.; J.
Blackwell; E. Xevi and A. Carmichael (2004). Hydrologic economic ranking
of water saving options Murrumbidgee Valley.Report to Pratt Water - Water
Efficiency Feasibility Project.

Khan, S.; S. Akbar; Y. Rana; A. Abbas; D. Robinson; Z. Paydar; D. Dassanayake;
I. Hirsi, I.; J. Blackwell; E. Xevi and A. Carmichael (2005). Off-and-on farm
savings of irrigation water. Murrumbidgee Valley water efficiency feasibility
project.Water for a Healthy Country Flagship report. Canberra: CSIRO.

Khan, S. and M. A . Hanjra (2009). Footprints of water and energy inputs in food
production — Global perspectives. Food Policy, 34(2009). 130 — 140.

Molden, D.; T. Y. Oweis; P. Steduto; J. W. Kijne; M. A. Hanjra; P.S. Bindraban; B.
A. M. Bouman; S. Cook; O. Erenstein; H. Farahani; A. Hachum; J.
Hoogeveen; H. Mahoo; V. Nangia; D. Peden; A. Sikka; P. Silva; H. Turral; A.
Upadhyaya and S. Zwart (2007). Pathways for increasing agricultural water
productivity. In: Molden, D. (Ed.), 2007. Comprehensive Assessment of
Water Management in Agriculture, Water for Food, Water for Life: A
Comprehensive Assessment of Water Management in Agriculture.
Earthscan/International Water Management Institute, London/Colombo.

Olson, S .M (1995). Mulching. University of Florida, institute of food and agricultural
science.(online document) available
<http:edis.ifas.ufl.edu/body_cv105#copy ( September 25,2004).

Stout, B.A (1990).Handbook of energy for world agriculture”, Elsevier Applied
Science, London.

1056



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (10), October, 2011

SN Oy Adaitl) afadiialy Jadiilly (g 1) alait A8UAY) 5 olual) Baa g Aalid) Baly )
2l dgie JlaS Jina
Fadll IS daala Ao 3 S e ) 3l duaigl) aud

A ¢ Alial) Jealaall &a 58 a0 Agiall 4 il g pda cnt Alia Al iy el
o) Al aladiud as Yoo d 5 Y e A Guel 5 G sl OO il i€ 3 Ll i
Aelas A1 ey Jasliy Jalil) Jgaane 550 o)+ i Ja Ly (Ladl Jals illalis) Ll
3aly 3 el i) o sl JBlacin) A slae (A jall cbaa 5 Adall 4 i Ca g da caas
DJM d)a_\_w‘ UA‘)-!-'I J‘)\)f\wﬂg‘*_}ka_\n ?\M\ LJJAU_AMLHU al_}d\ bJA}U—AbJuJ_mY‘
2Ll e s olse i) ) AY) Cagas Ul s A il Ay gk ) e Baliall e Ayl
e S aladid) el ek, (o lzov ) A 5LV a8 sl caad J seanall
oY) ity Adaall Cag yla chad o5 gl Apilall CUlaliaW) (e YV v v A A (gl slie (e
alkas JMA (e ALl lpall 33aS B2y ) () el <o pglal 8y (Aparall pac ) dyalall oy HLall
Of LS Aalall g pdall g dpdasil) gyl s J gaanall 2Ll 300 5 () (5055 Cagn 5 )
q)ﬂbb)&%w\gﬂ\omuwdﬁdw\ctﬂ\aah_')lu_ﬁai.\ﬁ_)‘)“y\‘_}h&M\
ﬁjuuu)mdj)aquem Yoof c\'~~/\GALchA d}m;d\‘\_\;\_u\n_\u_,\ MJL:J\
L sina UDEA) @llin () l Laiy ddliaall olpal) cilaS IS 551 (i ddaaill aladin) s dualisY)
2y Ols s sl Glalia¥) e %)+ v 68 oliall asl dpalall g ) Cans ApaliV) a8
ity o ginal) (RlERIY) pde (5 ha y %A s Al g bl (el o  giae (8302
e Sl ail) S (e oty Laa D 3l skl (6 ginal) e Balaal) e a5 yual Y1
S5 sl a8 ac by Lae 3 5l W gy Al sl 2y ) jad) Cag plall Z8LaalL £ Lyl
oq.;)u,qml.u_mw 3L (A Al 8 (o siaall e alddiV) 1aa o) a8, ALY Al )
S i (o Yo e oY e A Gualall slpall aladind 50 U6S cililiea o gie yelal G ool
pladinl 3eLaS 30y ) () (5250 g (5 sl ALl GlaliaY) e YA (A Y v e sl
e % Vo Ay s 5OV B alaaiu) ae slaall aladiind 3eliS dad (e %) ) A Loy sl
olaal) el il dalall Cag ylall Cuati %) Y adi das ol Laiys (5 suadll dilall cilaliial)
lalia¥l e %A ) v e e obaall A (s o Gpas gall gl b sie yelal LaS
%) . 1) ol aa g Lain %) ). T0 Ay A8l sas 5 Al 30l ) () (5350 s (5 gl
Ay el Co gl Can Al ol Ca gl 8y olaall AaaSl anidill Ll e dpalall g Hlall n
iad Jlaval (5 saail) A ilall LaliaY) e YA+ Aasis (5015 5OV il Adasl aladiuly
V) e N e se o e 3 Jaaldll 31 A o GAS U 5 elall Bas gl Al e
g_:l..;Lu;\J\u.cdﬂ\oumumgcu‘i\sﬁm‘ymd})ﬁd}a‘,emJLA.:;Y\‘)}:.1
Al A il Adled) Ay 5Al Aa] 15005 5 i) Ayt 3 Jual i) ae ducalis ¢ 3 sl

Gl axaty ol

3 galall daaly — ds) 3l A4S Jadl e aa) ) daaa ala [ 4]
)8 dsala — 4o 50 48 St (s Ga3ad) 4 dgana [ 2

1057



