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Abstract: Drip fertigation experiments
were conducted for two seasons to
determine the effect of four irrigation
periods (0.25, 6.50, 0.75, and 1.0 h
every 2 days intervals) which delivered
four amount of irrigation water (980,
1960, 2940, and 3920 m' fed’) in
combination with injection of three
levels of nitrogen fertilizers (15, 30 and
60 Kg N/eddan) on peanut (Giza-6)
vield, and water use efficiency, as weli
as moisture and salt distribution in the
reot zong of soil were studied.

Results indicated that the changes in
soii moisture conient in the root zone

were  correlated  with  the applied
amounts of irrigation water. The soil
under the dripper were leached from salt
with increasing amount of irrigation
water. Peanut yield was significantly
increased with the increasing irrigation
water level and N fertilizer in the two
seasons. However, water use efficiency
(WUE) and irrigation water use
efficiency (IWUE) were decreased with
increasing e applied irrigation water,
In conclusion, applying N at the highest
rate (60 kg/fed)y with 2940 m’ fed”
irrigation water treatment, which is non-
stress water treatment, produced the
highest vield of peanut plaais.

Key words: drip irrigation regimes, fertigation, peanut, water use efficiency,
salt distribution, inoisture distribution

Introduction

Agriculture expansion to desert is
the major national agriculwre
strategy to increase food production
in Egypt. Most of the newly
reclaimed soils are sandy and
calcareous.  Crop  production  in
desert soils is particularly sensitive
to deficiencies of soil moisture and
plant nutrients. Therefore, irrigation
water opiimization is a very
ilmportant  practice in crop
management, which it could reduce
irrigation water losses and maintain
high yield {Hamdan, 2003. Tantawy
et al, 20607y ‘'Jnder deser

conditions, micro irrigation system
afford many advantages to agricu-
iture irrigation especially increasing
vield and reducing water use due to
improving  water and  nutrient
management  (Hamdan,  2003;
Ahmed, 1998; Gameh, 2000). Drip
irrigation is a very effective method
capable of overcoming many
hmiting factors in the development
of desert agricuiture {(Moynihan and
Haman, 19%92; Sivanappan, 1994
(Gameh, 2000). Phene et al. (1993)
revealed that the drip irrigation has
been demonstrated to improve crop
productivity, reduce energy costs,
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improve irrigation efficiency and
reduce water loss by deep percolation.

By wusing the drip irrigation
systems both  imigation and
fertilization may be managsd to
increase the nutrients and water use
efficiencies, reduce the nutrient
leaching and increase the crop
production (Rageb, 1997; Bhat et al.,
2007).

Peanut is growing in many arid
and semiarid regions during dry
seasons and therefore it needs good
irrigation management to  produce
economic yields {Plaut and Ben-Hur,
2005). Commen irrigation methods
practiced for peanut production in this
region are surface imigation. In
general, the farmers usually over
irrigate the crops, which cause high
water losses and low irrigation
efficiencies, and thus creating
drainage and salinity problem. With
the drip irrigation systems, water and
nutrients can be applied directly to the
crop at the root level, having positive
effects on yield and water saving and

increasing the irrigation performance
{Phene and Howell, 1984; Sezen et
al., 2006). Therefore, the objectives of
this study were to measure the effect
of different amounts of drip irrigation
water and N ferfigation on peanut
vield grown in sandy calcareous soil,
and to study the soil moisture and
salinity changes in the root zone.
Moreover, water-plant relationships

were also studied.

Maiterial and Methods

The study was conducted during
the 2004 and 2005 summer growing
seasons at El-Ghorieb Experimental
Station, Faculiy of Agriculture, Assiut
University, Assiut, Egypt. The farm is
located 18 km south of Assiut city.
The soil of this farm was classified as
sandy calcarecus soil (Typic
Torripsamments) and has recentiy
been put under cuitivation. Some
physical and chemical characteristics
of representative soil samples of the
experimental site are shown in Table
1.

Table(1): Some soil physical and chemical properties

Property Denth

0-25 25-50
Sand (%) 89.1 £8.20
Siit (%) 7.8 3.10
Ciay (%) 3.1 3.70
Texture Sandy Sandy
Max, WHC ( %) 19.0 19.1
CaCO; (Y6) 144 i5.3
pH 8.14 8.20
Organic matter,% 0.08 0.03
Total N (%) 0.03 0.01
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The drip irrigation system was
constructed  to  provide  three
different  sub-main  plots  that
scparately controlled with respect to
irrigation and fertilization. Each sub-
main covered an area of i0 x 22
meter. The emitter lines were
installed at 0.5 m a part . In-line
emitters were spaced at 0.3 m apart
and has a discharge of 0.002 m’ b,
The trial was laid out in a split plot
factor  factorial  design  with
fertilization treatment placed in the
main plot and replicated five times.
Irrigation treatments were designed
so that 4 different amounts of
irrigation water could be delivered
into the sub-plot. The total amount
of applied irrigation water per
season were 980.0, 1960.0, 2940.0
and 39200 m' fed. for irrigation
treatment W1, W2, W3 and W4,
respectivelv, To deliver the ainount
of irrigation water needed for each
irrigation, water was pumped for
0.25, 0.50, 0.75, and 1.0 h every 2
days. Soil moisture content was
monitored with gravimetric soil
samples faken frequently during the
growth season, Soil samples were
taken horizontally at 0.00, 0.10, and
025 m away from emitter and
vertically directly under emitter at
0.10 m intervals to a depth of 0.50
m.

The nitrogen fertigation treut-
ments were three rates: naimely, i5,
30 and 60 Kg N /fed. it was applied
as ammonium nitrate (33.0% N) by
dissolved it in water and was

injected directly into the irrigation
water using venture-type chemigator
(Mazzi injzctor corporation. Bakers
field, California, USA). Each rate
was splitted into 6 egua! doses,
which were applied at 2-week
intervals, and started 3 weeks after
planting. Recommended rates of
basic fertilizer for sandv soil were
added. Phosphorus as phospheric
acid and potassium as K,50,; were
injected into the water lines to give
31 Kg P,Os and 48 Kg KO per
feddan. The other agricultural
practice were completed according
to the usual methods being adopted
for peanut crop.

Plant sampling and analysis

At maturity, the plants of whole
lines were harvested and separated
into shoots and pods. The weight of
shoots and pods of each line were
recorded. Samples of shoot were
taken from each experimental unit
for nitrogen determination. Total
nitrogen in samples of shoots was
determined according to Bremener
and Mulvasey (1982). Contour line
patterns for mwoisture and  salt
distribution were drown with the
help of SURFER, a computer

software.

Water consumption determination
under drip irrigation regimes

a. Water depietion (actual
evapotranspiration)
Waler depletion (actual

evapotranspiration) from each iayer
was cbtained by equation described
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by Israclse. and Hansen (1962) as
follow:

Cu =D x BD x (62- 01) x 4200/100

Where: Cc.u = actual
evapotranspiration (m’/fed), D = the
irrigation soil depth {m), BD = bulk
density (g/cm’), 61 = the percentage
of soil moisture before irrigation,
and 62 the percentage of soil
moisture after irrigation.

b. Water consumption by Blaney-
Criddle equation

Water consumption (ETo) m’/fed
was calcuiated using the empirical
equation by Blaney-Criddle (1962)
for grown crop as follow:

ETo= 1.8 K P/100 (t+18)

Where: ETo = reference
evapotranspiration (m’ffed), t =
mean iemperature in (°C), P =
percentage of the summated day
length of the respected period
relative to total day fength through

the year, K = Crop coefficient.

C. Pan evaporation

Water consumption (ETp, mm) from
class-A pan of Assiut weather
station were utilized.

Statistical analysis:
The collected data were statistically
analyzed using the  statistica

computer program (Statsoft, 1995).
Results and Discussion

Changes in soil meoisture content
and salinity in the root zone of soil

The interpretation of soil water
dynamics under drip irrigation
system is relevant for crop
production as well as on water use
and management (Ragheb, 1997;
Ahmed, 1998, Hamdan, 2003).
Therefore, the moisture content of
so0il in experimental plots at different
depth and distance from laterals
were recorded and graphically
illustrated on a surface contour
bases. It was observed that the
changes in soil moisture contents in
tie root zone {0.00-0.50 m) under
dripper were related to the applied
amounts of irrigation water during
growth season (Tabie 2).

Table(2): Irrigation quantity and changes in soil moisture content at 0.00-
0.50 m depth underneath the dripper lateral during different

growth periods.

Amount of Soil moisture content (%)
irrigation water
Irigation mm  m fed’ Early season Mid season End season
freatments
Afterjrr,  Before i,  Afierimr.  Before After Before
1T, 1. i,
Wi 2333 980 10.04.4 7538 9.1-4.0 5.7-37 12048 9344
w2 466.7 1960 13347 9339 11.74.2 6239 14548 11046
W3 700.0 2040 [5.0-49 10.2-4.1 13044 6641 16949 12047
| w4 933.3 3920 17.3-5.2 12,044 14.949 7543 190-56 13.6-5.0
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coitent  varied
mu" !‘w'::»trnents

Soii  muoisture

li"i» between i
.md periads of plant growh
related o the asmount H
irigation water. The highest  soil
moisture content was found atl soil
surface under dripper. The variation of
moiste content between irrigation
treatments was the highest at surface
jayer (0.01 m depth). The variation
between the reatments decreased in
the lowsr layer. During growth
segson, the range of soil moisture

conient immediately after irrigation in
the surface layer (0.040-9.10 m depth)
were 9.3-12.0%, 117 !4 5%, 13.0-

16.9% and 14.9-19.0% {or treatinents
Wi, W2, W3 and W4, respeetively,
Before frrigation, the variation in the
sol mossture content was 7.5-9.1, 6.2-

LG, 7.3-123%,  7.5-13.5%  for
irrigation treatments Wi, Wz, W3 and
W4, respectively, Overall, the lowest
values of soil molsture confent were
pronounced for mid-seascn, mainly
due to the hogh temperature in this
period.

The distribution patterns of soil
moisture content in the rool zone of
pzanut plants  after and  before
irrigation were measured during all
periods of plaus growth, For saving
proposes, only at the mid-season
patterns presented in Figure 1. The
water disiribution varied with the
amount of applied water. With the
lowest amount of imrigation  water
(W1}, the contour lines were more
circular under the dripper. White, with
increasing amount of irrigation water,

they tended to be homogenecus
between laterals and dripper.

Processes of welting and doving
ceeur alternatively 1w the fop sof
layers. Selt conceniration was found
changes in such lavers with drying
and wetting. These dynamic changes
are very imporiant in the surface soil
layer where the largest mass of the
root exist. The importance of this
process is ever more evident under
the ftested drip irrigation where
wetting fakes place only in the
confined volume. Results indicated
that  salt  concentrations  and
distribution iIn root zone were related
t¢ the amounts of irigation water
(Figure 2). Soluble salt concentration
(EC, ;) increased with distance from
dripper in all weatiments, The highest
EC values were nronounced for the
lowest amount of irrigation water
(W1) in the surface layer, especially
when combined with the highest
treatment  of injected soluble N
fertitizer (F3). While, with increasing
the amount of irrigation water, the EC
value decreased and no salt buildup
was observed for all N f{ertilization
treatmenis. Generatly, the soil salinity
ingreases with distance from tnickle
nozzle under drip irrigarion for ail
treatments. Our resufts suggest that
salts accumulated at the soil surface
and increased from under the dripper
toward the wetting front in drip
irrigation,, as pointed out by many
authors (Shrouedi and Goldberg, 1971;
Ahmed, 1998; Hamdan, 2003).
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Figure(1): Soil moisture disiribution pattern at the mid-season for irrigation
treatments: W1 and W4 immediately after irvigation and 48 h

after irrigation.
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Figure(2): Salinity distribution pattern (EC,,, nSm’") at the end-season for
irrigation treatments: W1 and W4 combined with fertilization
treatments F1 and F3.
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Peanut yield and shoot N content

Peanut yield and content of N in
shoot was significantly (p 0.01)
affected by the irrigation and
fertilization management and their
interactions (Table 3). Increasing the
amount of irrigation water and N
fertiiization  caused  significant
increases in pods yield, shoot weight
and subsequent total biomass, as
well as an increase in shoot N
content.  Overall  fertilization
treatments, the average econcmic
yield (pods yield) of the first and
second seasons increased by 17.7%,
29.2% and 28.8% with increasing
the amount of irrigation water from
980 to 1960, 2940 and 3920 m’ Fed"
', respectively. This result indicates
that the highest amount of irrigation
water {W<} give the same effects as
the W3. This resuit suggests that
irrigation level W3 is good enough
to produce insignificant lower yield
and save water. The increasing of
soil moisture content with increasing
the amount of irrigaticn water seems
to create more suitable conditions
for ptant growth, Decreasing waier
stress duz to increasing the quantity
of irrigation water may enhance the
photosynthetic activities and other
physiological processes in planis
leading to an increase in yield of
plants. Morcover, the effect of s0il
moisture content on the availability
of nutrient and activities of
microorganisms in the root zone.
being probably favorable for
nutrient uptake by plant, in turn

refiecting on the yield. In several
studies, peanut production was
reducedd  under  water  stress
{Metochis, 1993; Vorasot et al,
20033, The results also showed that
increasing the amount of N fertilizer
significantly increased the yield of
peanut. Overall irrigation treatments,
the average pods yield of the first
and second seasons increased by
9.9% and 16.3% with increasing the
amount of N fertilizer from 15 kg
Nifed to 30 and 60 kg N/fed,
respectively. These increases in
peanut yield with increasing the
amount of N fertilizer demonstrates
that peanut plants need N fertilizer to
produce maximum yield. Lanier et
al. {2005} reported that peanut pod
yield appeared to increase with
increasing rates of N fertilizer even
though peanut was inoculated. In

this sandy calcareous soil, the
highest rate of N application at 6
doses permitted  supplying  the

growing plant with enough N to
produce maximum yield.

Interaction  between irrigation
and nitrogen fertilization
signiificantly increased the yield of
peanut plants. Applying N at the
highest rate combined with W3
(2940 m'/fed. irrigation water)
maximized the yield of peanut
plants.

Agronoemy N use efficiency and
water use efficiency

Agronomy nitrogen use
efficiency {(ANUE) was defined as
the ratio between peanut pods yield
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Table( 3,: Effect of treatments on peanut yield and shoot content of N (%).

Treatments Pods yield Shoot yield Total biomass N% o
N [rrigation ¥ 2 Mean i 79 Mean i 2™ Mean ™ ™ Mean
fertigation season  Season 5€350T  Season SEASON SeasOIL season  season
Fl 12848 12702 12775 28292 28830 28%6.1 41140 41532 41336 165 1.50 1.58
F2 14155 13919 14037 30976 30997 30986 45131 44916 45023 200 154 1.97
F3 1529.0 14420 14855 32994 32183 32588 48285 46603 47444 285 246 266
LSB0.01 2613 29.i4 42.11 3444 34.86 36.02 0.044 0.03
Wi 11690 11662 11676 28129 27724 27926 39820 39386 39603 190 1.85 1.88
w2 14110 13386 13748 30656 29834 30245 44766 4320 43993 204 193 199
w3 15236 14941  {50B8 31742 32412 32077 4697.8 47353 47165 215 2.02 2,09
w4 15353 14733 15043 32489 32711 32600 47842 47444 47643 224 2.06 215
LSD 0.0 3018 3365 4863  39.76 4026 4159 0035 0037
Interaction (FxW)
F1 Wi 10823 11377 11100 26159 25710 25935 36982 37088 37035 1.52 1.45 149
w2 12631 12386 12508 27820 27494 27657 40452 39880 40166 18] 1.58 1.70
w3 1402.1 13466 13743 29143 30902 30022 43164 44368 43756 205 199 202
w4 13918 {3577 13747 30044 31215 30629 43962 44792 44377 253 244 249
F2 W1 11395 11465 11430 28494 27782  28(3.8 39889 39247 39568  1.59 1.43 1.52
w2 14327 13417 13872 30562 230271 30416 44889 43688 44288 190 1.84 1.87
w3 15274 15440 15357 1999 32920 32459 47273 48360 47816 207 2.03 205
w4 15623 15356 15489 32848 33015 32931 4B4T. 48371 48421 269 2.56 2.63
£3 Wi 12857 12143 12500 26735 20680  1670.8 42592 41824 42208 LJ0 1.53 1.62
w2 15372 14355 14863 33583 31737 32661 48957 46092 47524 199 1.89 1.94
w3 16413 15917 16165 34083 33415 33749 50496 49332 49914 228 225 227
w4 16519 15265 15892 34574  3390.0 34237 51093 49166 50129 283 2.59 271
LSD 0.01 5227 5829 8423  68.87 69.73 72.04 0062  0.064

(96z-161) (¢) 8¢ “1o§ oSy Jo ’r sy
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and quantity of applied N (Bhat et
al., 2007). The statistical analysis
showed significant variation in
agronomy N use efficiency (ANUE)
due to irrigation and nitrogen
fertilization (Table 4). The
significant variation was due to
differences in yields. With all
irrtgation treatments, the agronomic
nitrogen use efficiency decreased
with increasing the quantity of
nittogen application. When the
quantity of aitrogen application

increased from 15 to 60 kg N/fed,
the average ANUE of the first and
second season decreased from 85.16
to 24.75. In contrast, increasing the
amount of irrigation water resulted
in increasing the ANUE. The values
of the average ANIE of the first and
second season were 44.30, 51.47,
56.58 and 56.59 for W1, W2, W3
and W4, respectively. Our results

indicated  that  nitrogen  use
efficiency related to  water

availability (Battilani et al., 2004).

Table(4): Main effect of treatments on agronomy N use efficiency (AUNE).

irrigation  use efficiency (IWUE) and water use efficiency
(WUE).
Treatmenis ANUE (kg/kg) TWUE (kg/m”) WUE
(kg/m’)
E 2% Mean I 2% Mean 1" season
season scason S€ason 5¢asoin
FI 8565 8467 8516  0.64 0.65 065 0.76
F2 4718 4640 4649 070 069  0.70 0.83
F3 2548 2403 2475 077 072 075 0.90
LSD0.01 124 1.25 0.02 0.02 0.02
Wi 4385 4476 4430 1.19 119 119 122
w2 5253 5041  s147 072 068  0.80 0.78
w3 5725 5592 5658 052 051 0.52 0.71
w4 5746 5572 5659 039 037 038 0.60
LSD 0.01 1.43 1.45 0.02 0.02 0.02

In arid and semi-arid regions
where water is a limiting factor in
the expansion of cultivated area, the
primary  objective of  water
management is the improvement of
water use ecfficiency. It was
hypothesized that drp irrigation
method would improve the water
use-efficiency of crops by

minimizing the evaporative loss and
delivering water directly to the root
zone (Ahmed, 1998; Gameh et al.,
2000).  Irrigation  water  use
efficiency (IWUE) was defined as
the ratip between crop yield and total
seasonal irrigation water applied.
While, water use efficiency {(WUE)
defined as the ratio between crop yield
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and seasonal ET. Both irrigation and
N levels caused a significant influence
on irigation water use efficiency
(IWUE) and watci use efficiency
(WUE). Decreasing the amount of
frrigation water and increasing the
level of N resuited in increasing the
IWUE and WUE. Similar results were
obtained by many authors (Tayel et
al, 1990, 1993; Ragheb, 1997) who
found that water use efficiency of
plants decrezsed with increasing the
amount of imigation under drip
irrigation. This implies that decreasing
the amount of water supply increased
water economy under drip irrigation
and resulted in more water saving
achieved the maximum production of
yicld from the economical point.

Water-plant relationships

Data i Table 5 show the
different values of water consumptive
use for peanut as calculated using
Blaney-Criddle empirical equation,
class A pan, actual applied and

depleted water. The seasonal actual
applied amounts of irrigation water
were 980, 1960, 2940, and 3920 m’
fed”. However, the seasonal measured
depleted water were 960.83, 171892,
2113.10 and 2414.88 ny’ fed” for W1,
W2, W3 and W4, respectively. The
maximum water depletion values
were found at the develop and mid-
stages of plant growth (Figure 3).
Generally, the highest water depletion
was found at the surface soil (0.00 -
0.10 m depth) and then it tended to
decline with depth for all wrigation
treatments.

In order to clarify the effects of the
applied wrrigation water or the
measured  depleted  (evapotrans-
piration) on yield, regression analysis
was carried out. There was a
significant second degree polynomial
refationship between the applied
irigation water or measured depleted
{evapotranspiration) on peanut pods
yieid (Figure 4).

Table(5): Water consumption calculated by different methods for peanut

during the first season

Water Blany-
Treatments | Water applied . Cridle | Ke | Class-Apan(Etp} | Kc
Depletion
(Ke.py)
mm | mfed’ | M fed” | m’ fed” Mm | m’fed’
Wi 2333 | 980.0 | 9603 | 2287.32 | 0.43 | 965.80 | 405636 | 0.24
W2 4667 | 1960.0 | 171892 0.86 0.48
!
W3 | 700.0 | 2940.0 | 2113.10 1.28 0.72J
WA 9333 | 39200 | 2414.88 171 097 |
i
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Figure(3): Water depletion (mm/fed) at the different depths of the root zone

under dripper during growing season of peanut.
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Figure(4): Relationship between seasonal actual applied water or measured
depleted water and peanut pods yield (1% season).
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Pan ecvaporation and some
empirical equations such as Blany-
Criddie have been used to schedule
irrigation  for  several  crops
(Hamdan, 2003; Sezen, 2006). Our
results indicated that the ETo of
Blany-Criddle and class A-pan
calcuiation was 228732 and
4056.36 m’ fed™, respectively (Table
3). The ratio of applied araounts of
irrigation water (W1, W2, W3, and
W4} to the calculated values using
Biany-Criddle ETo were 0.43, 0.86,
1.28 and 1.71, respectively.
However, the ratic of applied
amounts of irrigation water (W1,
W2, W3, and W4) to the class A-pan
ET was 0.24, 048, 0.72 and 0.97,
respectively. Since the W3 and W4
produced the highest yieid without
significant  difference, therefore,
using irrigation amount of 2940 m’
fed' (W3) may he recommended to
produce KC of 1.28 using Blany-
Criddle equation and 0.72 with
class-A pan values.
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