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ABSTRACT

The effect of treated wastewater on corn yield and some
physical properties of Zezia soil (fine, mixed, thermic Xerol-
lic Calciorthids) was investigated by conducting field experi-
ments for two successive seasons (1985 and 1986) at a site near
Queen Alia International Airport. The treated wastewater was
obtained from the Airport Treatment plant. The field experi-

ments included irrigation by sprinkler and drip systems.

Results indicated that the corn vield components incre-
ased slightly due to irrigation with treated wastewater in both
sprinkler and drip experiments for two years. Stover vield and
ear length were significantly higher in plants treated with
wastewater than that irrigated with fresh water. This increase
was due to liberation of several nutrients elements to soil
solution (N, P, K, Fe, Zn) and then uptake by plants. Treated
wastewater had no significant effect on water consumptive use
and no change on soil physical properties (apparent specific
gravity, available water, and infiltration rate). More reduc-
tion in flow rate for emitters under drip irrigation system

was obtained by using wastewaber rather than fresh water.
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INTRODUCTION

Long ago, locations [or living were selected to provide
adequate water supplies and an adequate quality of water for
most needs, most of the Lime. Today, population throughout the
world multiplies at an alarming rate and the technology advan-
ces so greably. This requires cver-incrceasing waloer supplies
which created a pressure on the use of water sources without
the certainty of supply or regardless Lhe desirable quality of
- water for many uses. I'or instance, Lhe world population incr-
cases 70 million each year. About one-third to one-half of pop-

ulation are cither hungry or malnourished.  ‘Threo out of four

donol have adequalbe water supply (Tayler, 1975).

In 1975, the population of Jordan was 2 million. In
1985, the population increased 740 thousand. By the year 2000

the expected population is 4 million and 445 thousand.

In 1975, the total demand of water in Jordan (for irri-
gation, municipal, and industrial purposes) was 451 million cu-
bic meter (mcm) while in 198% i[L became 920 mcm. By the year
2000 it is expected to be 1100 mcm. (Jordan's national water

symposium, 1978).

About 80% of the Lotal arca of Jordan(94300 km?) falls
under arid c¢limate conditions, wilh less than 200 mm precipit-
alion per vear. Becausce watoer roesources are very limited,

shortage of water has become o sorious problem.
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Real izing Lhe importance of wastewaler re-usce for irri-

gation, Lhis study was iniliated aiming at:

1)

3

Comparing Lhe yield and yuality of sweet corn irrigated

with treated wastewaler and fresh water under sprinkler

and drip
Studying
physical
Studying

cloygging

irrigation sysboms,
the elfect of Lreated wasbLewaler on some s0il

propartics, and

Lhe eftoel, ol Lrcaoted wasbowalar on o Lt.hoers

of drip irrigation system.

All'Rights Reserved - Library -of Untversity of Jordan - Center: of Thesis Deposit



LITERATURE REVIEW

Application of wastewalLer sludge to agricultural jand has
become increasingly popular as a method of wastes disposal. Ad-
vantages include lower disposal costs for the community and waste
contains considerable quantites of plant nutrients, including mi-
cronutrients. whose benefit to plant growth has been documented.
lowever, the dirccl application ol these substances on agricultu-
ral land is limited by the extent of contamination with heavy me-
tals, toxic organic chemicals, and pathogens. Also, continuous
use of wastewater in irrigation may cause an increase in soluble
salts and such increase may have a deleterious effect on certain

crops (Abdel-Ghaffar, 1Y83).

A serious problem associated with trickle irrigation is
emitter clogging, caused by chemical and biological build up in

the minute viater passageways. This then causes a discharge redu-

ction. (Oron et al., 1979).

Changes in physical condition and chemical composition of
the soil may also be induced by wastes addition and should be
considered when designing land application systems.

2.1 Consumptive Use and Crop CocliicienL (Ke) of Corn:

Baker and Harza (1955) reported that water requirment of

corn is B30-908m?/donum lor the northern and southern zones of Jordan
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5
Vally, respectively. The Jordan Vally Commission kl975) indi-
cated thabt Lhe nebt crop water requirement for maize in the nor-
thern and southern zones is equal te 501 and 5%1m?/du., respec-
Lively. At Deir Alla, Hanbali el al. (1977), rveported that the

consumptive use of sweet corn is aboul 580m?*/du. during the gr-

owing season, while the water requirement is equal to 892 m?/du.

Evapotranspiration rate varies, depending on the stage
of plant growth and development (Fritschen et al., 1961; Doss
et al. 1962; Eagleman et al., 1965; and Downey, 1971). Holt
and Van Doren (1961) reported that the peried of highest water
requirement for corn appears Lo be from tasseling to kernel
formation and decreases sharply thereafter. During corn pollin-
ation Van Bavel and Harris (1961) observed maximum evapotrans-
piration values of 9.15 and 7.33 millimeter per day in two succe-
essive years. Downey (1971) reported that evapotranspiration
rates in maize ranged from 2.6 to 9.2, 2.7 to &.3, and 2.7 to
6.3 millimeter per day in the no stress, early stress and late
stress trealtment, respectively. Evapotranspiration rates then

decreased to 0.7 millimeter per day for all treatments.

Holt and Van Doren (1961) measured water requirements
for corn and found that 40 to 50 percent of the water losses
during the growing scason could be accounted for by evaporation.
Harrold et al. (1959) reported that 56 percent of evapotrans-
piration in corn would be due Lo cvaporation and 44 percent was
due to transpiration. Under tield conditions transpiration of

corn wias estimated to be 0.72 and 0.£89 of the evapotranspiration
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without adjustment and when adjusted for the energy differences,

respeclively (Fritschen and Shaw, 1961).

Evapotranspiration rates vary with season and climate.
Doss c¢b al. (1962) reported that the average evapotranspiration
rate in corn was generally low in the spring, increased grad-
ually until a peak-use-réto period was reached duriné July, then

decreased gradually until'grain maturity.

crop coefficient in corn was also studied (Baker and
Harza, 195%: Denmead and shaw, 1959: and Doss et al.,'1962).
Prior to silking, the ratio of cvapotranspipation to open pan
cvaporation increased in a sigmoid manner from planting to sil-
king stage, the fatio declined after the ear growth period
(Denmead and Shaw, 19L9). Baker and Hacrza (1955%) in their
studies in Jordan reported that the Ke values for corn range
from 0.75 to 0.85. Doss ct al. (1955) found that the ratio
of evapoltranspiration to evaporation in corn had increased
from 0.38 at emergence to 1.12 during early dough stage, then

decreased to 0.95 at grain maturity.

2.2 Bffect of Wastewater on Crop Yield:

Several researchers (Bielorai et al., 1984; Bdle and
Bell, 1978: Day et al., 197%; Hinesly et al., 1972) reported
that municipal effluent can be used effectively as a source of
irrigation water and plant nutrients, they added that high pro-

duclkion can be obtained.

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



7
Duncomb el al. (1982) studicd the elffect of-wastowater
application on crop vield on silty clay loam. The total waste-
water applications for the 1976-1979 growing scasons to a lb-ha
terraced watershed was 36.7 nnd148.60m to fields of corn and
reed canarygrass, respectively. They reported that the corn
vields for the years 1976-1979 averaged 18.0 metric tons/ha
fodder and 9.8 metric tons/ha grain from the control plots and
18.1 metric tons/ha fodder and 10.4 mectric tons/ha grain from
Lhe wastewater plobs. Mean reoed canarygrass dry matter yields
for the same 4-years period were 9.4 metric tons/ha and 10.9
metric tons/ha for the control and wastewaler plots, respecti-
vely. No visual differences in the gquality 6f the corn were

detected due to different tLrealments.

Campbell et al. (1983) irrigated sweet corn and alfalfa
wibth municipal wastewater (4-Hem {rom the effluent reservior
weekly) and fresh water (an equivalent amount of normal irrig-
ation water from the local reservoir) by using furrow irrigation
system in the first year and sprinkler irrigation system in the
scecond year on silby clay soill. They reported thal the dry
weights of sweet corn plants grown on the effluent site were
significantly higher than those on the control site in the se-
cond year, but not significantly different in the first year.
bry weights of sweet, corn cars on of fluent site were signifi-
cantly greater Lhan Lhose on Lhe conlrol site in the (irst year.
There was no significant difference in the number of ears-per-
meter belbween the two sites within cach year. However, signi-

ficant differences in number of seeds-per-year were observed
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in the first year. No differences were noted in seed weight.
While. dry weight of alfaifa was significantly greater and the
leaf/stem ratios were lower for Lhose plants growing on Lthe

effluent site than for those on the contreol site.

Day and Tucker (1959) reported that the winter pasture
forage yvields equivalent to 11.14 tons per acre were obtained
from barley irrigated with sewaqge effluent with no additional
fertilizer. Similarly wheat and ocatls produced 263% and 249%
l%l()r‘(: pasture forage, respectively. Lhan check plots that rece-
ived only pump water. Barley was more sensitive to the deter-

mental effects of sewage e¢ffluent than wheat or oats.

Day et al. (1962) produced more barley, oats and wheat
on plots irrigated wilth scwage of fiuent Lthan was obtained on
plots that received well water. Sewagce effluent produced very

tall, fast growing plants that tended to lodge at maturity.

Day et al. (1981) found on loam soil that irrigating the
cotton with 122cm municipal wastewater and pump water iﬁ a 50:50
mixture or pump water alone under furrow irrigation system, the
vield of seed and lent cotbLon irrigated with municipal waste-
water-pump water mixture was significantly higher and signifi-
cantly taller with more vegetative Lhan the vyield irrigated with
pump water alone, and both types of water produced the same qua-

lity uf lint.

Alfalfa irrigated with lé64cm wastewater and pump water
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in a 50:50 mixture cach year preduced significantly taller plants
and significantly higher yields of hay than did alfalfa grown
with 152cm pump water alone each year by using flood irrigation

system on loam soil (Day et al., 1982).

Cordonnier and Johnston (1983) studied the effects of
wastewater irrigation on soybean yield. Soybean planted on a
Miami silt loam soil, received a total of 9.8cm of wastewater
or well water as over hand spray irrigation. They found that
the yield of nebsoy increased significantly (12%) due to the
use of wastewabter irrigation compared to no water, while with
well water, its vield increased (7%) compared to the no water
treatment. With Harcor, well water resultéd in a slight in-
crease in yields (5%) compared to no water Lreatment, while with
wasltewater the yield increased significantly (17%) compared to
no water treatment.

350162

Bielori et al. (1984) studied in a long-term field ex-
periment. Lhe effects of treated municipal effluents on.cotton
vield by using drip irrigation syst;m. Three amounts of irri-
gation water averaging 350,440, and 515mm were applied during
the 1978, 1979, and 1980 irrigation seasons, respectively. They
noticed thatlthe cotton plants irrigated with treated municipal
effluents grew significantly taller with more vegetative growth
and the cotton seed yield was significantly higher than plants

irrigated with fresh water.

. Day and Gluff (198%) irrigated sorghum with 1l14cm of punmp
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water and 115cm of wastewater plus pump water in a 50:50 mixture
by using furrow irrigation system on loam soil. They found that
the sorghum plants irrigated with the wastewater-pump water mix-
ture grew significantly taller, produced significantly more head
per unit arvea, and produced significantly higher grain yield

plants than those irrigated with pump water alone.

2.3 Effect of Wastewater on Some Soil Physical Properties:

Hinrichs et al. (1974) applied the effluent from beef
foodlot as irrigation to silty clay loam soil over a 2-year pe-
riod. They reported that the elfluent app;ications {weekly irr-
igation treatments applied during the growing season were : no
effluent or water, 2.%cm water from creek, 5.0cm water from cr-
eek, 2.5cm effluent, and 5.0cm effluent) produced no statisti-
cally significant differences in soil apparent specific.gravity
and water-retention characteristies. While, significant decr-
cases were measured in the hydraulic conductivities of disturbed

soil samples.

An investigation was carried out by kelling et al. (1977)
during the 1971, 1972, and 1973 seasons to evinluate the waste-
water sludge on two types of soils (silt loam and sandy loam).
Wastewater sludge rates used were 1.25, 2.5, 5, 10, and 20cm.
They noticed that the wastewater sludge treatment can apparently
increase the water retention and slightly increases infiltration

rate, depending upon growing season and soil type.
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Abd El-Naim eL al. (1982) evaluated the effect of using
sewage water on sandy so0il during three vears. The use of that
water for irrigation caused remarkable changes in the water ho-
1ding capacity and apparent specific gravity of the surface
(0-30cm) and subsurface (30-60cm) soil layers. The values of
the water holding capacity increased from 20.3 to 30.4 percent
for the surface soil layer and from 18.5 to 22.6 percent for
the subsurface soil layer. The apparent specific gravity dec-
recased from 1.68 to 1.45% for the surface and from 1.72 to 1.62

for the subsurface.

zartman and Cichuru (1984) studied the effect of the sa-
line wastewater on soil physical propertieé on a fine sandy
loam. Field plots were furrow irrigated for 4-years with two
saline waters of differenl quality at three quantity levels.
Irrigation was with either beclow-down water from an electrical
generalting plant (ECw=12 ds/m, 5AR=11) or city water (Ec=1.5
ds/m, SAR=4.5). They concluded that the apparent specific gr-
avity and water retention were not significantly affected by
irrigation treatments. While, Lhe hydraulic conductivities (K)
were significantly reduced in the AP horizon (0-23cm depth) of

plots irrigated with high and medium levels of below-down water.
K values ranged from 2mm/30min in the AP horizon of high-irri-

gation, below-down water plots to 37mm/30min in controel plots.
K values for the B horizons (23-94cm depth) were less signifi-

cantly affected by irrigation treatments.

~
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2.4 Rifect of Treated Wastewalter on Clogging of Emitters by

Drip Irrigation System:

Clogging ol emitlers or orifices in trickle irrigation
systems is a widespread problem that has caused many early users
to abandon their installations. Recently, water treatment me-
Lhods have been applicd to irrigation water for improving the
performance and reliability of emitters. In all instances,
water quality plays the dominant role in the operation of the
system. Defining precisely the involvement of the various co-
nstituents in ;he water Lo clogging is difficult. In general,
water with low amounts of the following constituents appears to
create the least problems: (1) suspended inorganic and organic
particulate materials; (2) dissolved chemical constituents that
cause scaling such as calcium carbonate, iron. and manganese
oxide: and (3) microbes that cause slime development and sgglo-
meration of suspension, or involved in biochemical accumulation
of heavy metals and sulfides. Any one of the physical, chemical,
or biological factors at sufficient level can be the prime co-
ntributor to clogging, but when several of these factors are
present simultaneously, the problem can be aggravated almost

synergistically (Nakayama et al. 1978).

The use of treated wastewater in trickle irrigation sys-
tems is complicated by the problem of emitter clogging and filt-
ration requirements. Physical screcnjnq and chemical treatment
are sometimes used in conjuction with these systems to minimize

emitter clogging (Gilbert el al., 1981; Nekayama et al., 1978;

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



13

Oron e¢L al., 1980; and Solomon et al., 1978).

Oron et al., (1979) studicd the effect of treated waste-
waler on emitter clogdging of trickle irrigation systems. Eight
separate irrigation treatments (tap water (pH=7.9) with 65 or
39 hours/season of total operaling Ltime; trickling filter (pH=
8.9) with so or 30 hr/season; "fresh” clariftfied effluent (pH=
5.5) with 65 or 39 hr/season: and "ripe" clarified effluent
(pli=6.5) with 65 or 39 hr/season). The emitters used were of
the labyrinth in line type wilh an average path length of 25cm
and an average path diameter of 1.0mn with a discharge of 8 1/hr.
They reported Lhat there was a significant reduction in flow
rate in the emitters along the lateral using all irrigants. The
reduction in the [Nlow rale wias greabtest in Ehe omibtors ol the
beyinning of the lateral. than decreased linearly in almost
every case, ‘'The maximum reduction jn flow rate was found with
the "ripe" clarified ¢ffluent where Lhe organic-to-solids con-
Lenl ratio was Lhe highest where only the Lrickling (ilter effl-
uent. was filkered before applicalion. ‘The minimum values, in
Lerms of emitter discharge reduclion, were found in the tap
waber as was anticipated. The "fresh" clarified effluent and
the Lrickling filter effluent passing through a 50-mesh (0-50mm)
filter gave the minimum results in the reduced flow-rate study.
There was a marked reduction in flow rate as the operating time
was increasced in almoslt every case.  As Lhe eflfluent gained a
higher concentration of suspended and organic matter the flow
rate decreased significantly. The changes in the flow reduction

ol the emilters were less signilicant. in Lhe tap waler and
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"fresh" effluent compared Lo Lhose in the two other types of

el fluents.

Oron et al. (1980) studied the effects of stormwater run-
off which can be collected in reservoirs and reclaimed effluent
obtained from sewage treatment plants on emitters clogging of
trickle irrigation system. Two Lypes of emitters were examined.
One type was the in-line 4-}/hr labyrinth emitter and the other
was insert 4-1/hr emitter. The orchard was irrigated once a
week with 25mm of mixture. The effluent treatment before enter-
ing the trickling laterals consisted one of the following: a
75-mesh nelL filter (<0.2mm); a 150-mesh net filter (-0.1lmm): a
sand Filter followed by a 75-mesh net filter; chemical treatment
(aclivated chloride) with a concentration of 40mg/l; chemical
treatmenl (as a foroemenbioned): followed by a 7b-mesh filter;
and no filtration control. They reported that for the high or-
ganic matter effluent (40% stormwater plus 60% treated waste-
water), no sigﬁificant reduction in emitter flow rate was detec-
ted. The relative change in the flow rate remained fairly cons-
tLant a long the lateral as well as over time., It ranged from
80% to 90% of the nominal discharge. Similar results were found
for the nonregulating emitters for the low organic matter effl-
uent. (60% stormwaler plus 40% treateod wastewater). lowever,
the range ol relative changes in the discharge of the emitters
was in the range of 70%-80% of the nominal discharge. This ten-
dency Lowards a reduction in flow rate was found with all combi-

nations of emitter types and for all filtration methods.
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Oron et al. (1982) studied the effect of tréated waste-
water on emitter clogging. Labyrinth-type emilters were uged
in the trickling system (2,4, and 8, liters per hour emitters
discharge). Irrivation intervals used were 2, 3, and 12 day.
The total annual water amount was approximately 590G0m3 /ha. They
reported that the fFlow rate in the emitters along the lateral
proved that no clogging of any kind had occurred. At the end
of the irrigation season, a few cmitters were randomly chosen
and the deposits within them were examined in the hydraulic la-
boratory. The cylinder of Lhe labyrinth emitter and the inlet
to the emitter were clean. Only negligable amounts of deposits

were detected on the teeth of the labyrinth.
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MATERIALS AND METHODS

3.1 Experimental Site:

The experiment silte was located ab a land part of the
sewage Lreatment plant arca at Queen Alia' International Air-
port in Jordan. The Air-portl i A0kin soulh of Amman abt Jiza,

31°43°N latitude, 35°59°.longitude, and 715m altitude. Figure 1.

3.2 Treatments:

Two sources of water were used Lo irrigate sweet corn
using drip and sprinkler systems: [resh water and treated waste-
water. [I'resh walter was delivercd to the site from Queen Alia“
International Air-port. Waler was stored in a Lank and pumped
Lo the systems.  Treabted waslewoler was pumped (rom the irri-
galLion Lank of the scwage LtrecalLuwent plant at Queen Alia’lnter-
national Air-port Lo a tank which was used to supply treated

wastewater Lo the systoems.

3.3 ©Expecrimental Design and Tochnical Daltas

Two different experiments were conducted, one by using
sprinkler irrigabtion system, and the other by using drip irri-

gation system during the 1985 and 1986 growing scasons.

3.3.1 Sprinkler Irrigation Expoeriment:

+ All Rights Reserved -~ Library of Universtty of Jordan - Center of Thesis Deposit
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The experiment was in o rondomjzed complete bléck design
with three replications. The system consisted of 76.2mm alu-
minum pipes as a main lLine.  llydrants were conncected Lo the
76.2mm aluminum pipes Lo transport wabter to 50.8mm aluminum
pipes as lalterals. Waler was then distributed among full circle
sprinklers (3.57mm diameter brass nozzles). Waler meter was
used to measure the gquantily of water supplied to the system.
This system irrigated six plols of land. Three of them were
irrigated with fresh water while the other three were irrigatéd
with treated wastewater. Each plot had 4 sprinklers which were
supported by galvanized steel risers 90cm long and 19.0mm dia-
meter. In 1985, 12x12m plots were used. They were seperated
by 12x12m border. While in 1986, 6x6m plolts were used. They
were seperated by 18x6m border. The layouls 0@ the experiments

are shown in PFigures 2 and 3.

On may 1, 1985 and on march 27, 1986 sceds of (Zea Mays L.)

‘Jubilec' sweet corn were planted Scm deep in rows 75cm apart.
Seeds were 30cm apart within a row. They were harvested during
the beginning of september 1985 and 1986.

»

3.3.2 Drip Irrigation Experiment::

The experiment was in a randomized complete block design
with four replicaﬁions. This uxperiment consisted of eight
plots. Four plots were irrigaled with treated wastewater
while the other plots were frrigated with fresh water. Each

plot consisted of 5, 15m long Lrickling laterals, with 4 1/hr

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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emitters (Tricklon) 0.5m apart. Fach lateral served two corn
rows and were spaced 1.5%5m apart. Manual volumetric valves were
used to control quantity of water to each plot. - The layout of

the experiment is shown in Figure 4.

On May 1, 1985 and on March 27, 1986, seeds of (Zea

Mays L.) "Jubilee' sweel corn were planted Scm deep.

In Lhe two experiments, corn plants were spraved with
Dorospan, one month after planting, to protect the corn from

aphids.

In 1985, compound fertilizer (Micafose of 18:18:6-1.5)
only were added to soil irrigated by sprinkler irrigation system
at the middle of the growing season. The rate of fertilizer
addition was 100Kg/du.

’

3.1 Measurcement of Water Applied and Consumptive Use:

In these experiments, lLensiometers were installed at the

center of each plot at a depth of Ilbcm. Plants were always irvi-

gated when tensiometer reading is (G.4-0.5 bars. In 1985 growing
season, same amounbts of water were applied Lo caoch plob. While,

in 1986 qgrowing season. a neubron probe was used to cestimate
the amount of water needed to restore the soil water content to

its field capacily.

" 80il water losses were determined by installing 5.08mm

All Rights Reserved - Library of University of Jordan = Center of Thesis Deposit
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aluminum acces tubes Lo o depth of 90 centimetoers at the center
of each plot. Tube opennings above the soil surface were cove-
red with a removablce cover. Neulron probe readings were taken
up Lo a 90cm depth at 30cm intervals before each irrigation.

A calibration curve was prepared for each 30cm layer up to a
depth of 90cm, following the procedure described by Victor (1984).
Soil muisture content at 30cm deplh lacrements was determined
qravimetricélly by the use of an auger. Neutron probe counts
were taken up Lo a 90cm depth at 30cm intervals, and the count
ralbios were recorded. Then Lthe calibration curves were const-

ructed using the linear regression technique as shown in Figure 5.

To determine the average discharge rate for drippers under
the drip irrigation system small cans and a stop watch were used.
However, under sprinkler irrigation. 16 cateh cans were evenly
distributed between the 4 sprinklers used for ecach plot, as
shown in Figure 6. The capch cans were raised according to

plant height changes.

3.5 Reference Crop Evapotranspiration (ETo):

The ETo was estimated by Lhe following cquations (IPAQ, 1984).

3.5.1 Pan Evaporation Method:

ETo = Kp x Epan
where:

Fpan : pan evaporalion in mm/day and represenlts the mean

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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(ci1) 1R = 0.5342 +~ 0.01385 PV
r? « [.738
0.4
(Cl2) R - D.6740 + 0.01083 PV
r? = 0.708
0.3 |
(d3) R = 0.5225 + 0.01581 PV
r? = 0.814
0.2
0.1
1 1 L L 1 ! 1 1 |
5 10 15 20 25 20 35 .0
Soil moisture content (% by volume)
Finure 5: Neutron probe calibration curves For soil depths of (d1) 15¢m, (d2) 4Scm, and

{d3) 75cm al queen Alia' international air-port,
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daily value ol Lhe period considered.

Kp : pan coefficient.

3.5.2 Blaney-Criddle Method:

ETo = c[p(0.46T + 8)1 mm/day.

where:
ETo - reference crop evapotranspiration in mm/day for the

month considererd.

T = means daily temperature in °c over the month con-
sidered.

P = means daily percentage of total annual daytime
hours.

¢ = adjustment factor which depends on minimum relative

humidity, sunshine hours and daytime wind estimates.

3.5.3 Penman Method:

.c[w-Rn + (1-w).f{u). (ca-ed)].

ETo =
where:
ElTo = reference crop evapotranspiration in mm/day.
W = temperature-related weighting factor.
Rn = net radiation in ecquivalent evaporation in mm/day.
f(u)= wind - related function.

(ca-ed)= difference between the saturation vapour pressurce
at mean Lemperature and the mean actual wvapour
pressure of the air, both in mbar.

¢ = adjustment factor to compensate for the effect of

day and night weather conditions.

All Rights Reserved - Library of University of Jordan = Ceéntér of Thesis Deposit
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3.6 Crop Coefficient:

Crop coefficient (Ke) for each period of irrigation was
determined for the wastewaler treatment using the following eqg-
uabion (FAO, 1984).

ETc
Ko =

ETo
where:
Kc = crop coefficient for the desired period.
ETc= crop evapotranspiration (mm).
ETo= reference crop evapotranspiration (mm), estimated
pan evaporalbion melhod, Blaney-Criddle method, and

Penman melhod.

3.7 lrrigation Efficicncies:

Distribution efficiency and uniformity coefficient were
determined by using the following equations (Merriam and Keller,
1978):

Average low quarter depth infiltrated

Ed = - : - x 100
Average deplh of water infiltrated

Average catch - average deviation from average catch
uc = x 100
Average catch

where:

- Td

distribution ¢lfficicncy.

UC = uniformily coefflficient.

Center of Thesis Deposit
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The depth of water intiltrated in sprinkler and drip
plots was presumed equal to the depth caught on the soil sur-

face.

Water use efficiency (Kg/m')} was determined using the

following equation:

N4

WUE =
ET
where:
WUE = water use elfficiency (Kg/m?).
Y = crop vield (Kg).
BTl = evapolblranspiration of crop arca (mt).

3.8 Yield Componenls:

At the optimum harvest Lime, plant height, weight of
total dry matter yield (cobs + grain + stover), and dry matter
vield of cobs + grain were recorded. About 40 corn plants were
randomly chosen and number of seeds/eoar, weight of seeds, dia-

meter of ear, and length of ear were recorded.

3.9 Soil Analysis:

Some physical and chemical properties of o soil profile
in the vicinity of the experiments were determined at three
diflerent depths (0-30cm, 30-60cm, and 60-90cm). These proper-

cies aro: -
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3.9.1 8Soil Reaction (pH):

Was measured in 1:1 soil Lo water susprnsion using the

glass electrode, as described by USDA, Hand-book No.60 (1954).

3.9.2 Flectrical Conductivity (F.C.):

Was measured in soil extracts of 1:2.5 soil to water

ratio at 25°c as described by USDA, Hand-book No.60 (1954).

3.9.3 Calcium Carbonate (CaCQ03):

Was measured by the calcimeter method as described by

Allison and Moodie (196%).

3.9.4 OQOrganic Matter:

Walkley-Black method as described by Allison (1965) was

used in determining the organic matter content of tested soils.

3.9.5 Texture:

The particle size distribution of the soil was measured

by the pipette method desceribed by Day (1965).

3.9.6 Apparent Specific Oraviby and Water Retention Character-

istic Curves:

All Rights Reserved - Library of University of Jordan = Center of Thesis Deposit
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To study the effect of wastewater on appareﬁt specific
gravity and water retention, a representative profile was made
at the center of the site hefore planting. A soil profile, of
depth 75cm, 50cm long and 50cm wide was made at the center of
each_plot at the end of the secason. PFive undisturbed soil
samples were collected from each plot at three different depths

before planting and afler harvesling.

Apparent specific gravity was determined by the core

method (Black, 1965%)
Water-retention characteristic curves were determined at
suctions of 0.1, 0.3, 1.0, 3.0, 7.0, 10, and 15 bars for each

plot by using a pressure plate apparalus {(Richards, 1965).

3.9.7 Infiltration Rate:

The infiltration rate was measured for each plot of the
two experiments before planting and after harvesting of yvield

by using a double ring infiltrometer (Anson R-Bertrand, 1965).

3.10 Emitter Clogging:

In order to estimate the degree of clogeing of the emit-
ters, Lthe fFlow rate was measured along the lateral before'plan-
ting, at the middle of the irrigation season, and at the end of
the irrigation season. Emittoer numbers 2 and 3 were selecled

as representative of the beginning of each lateral. The dis-
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charge of emitters 9, 10, 19, and 20 was taken as being repre-
sentative of the middle of the lateral while the end was repre-

sented by emitbters 28 and 29 inclusively.

The reduction in flow rate as a result of emitter clog-
ging was calculated using the nominal discharge gi (in liters
per hour) as a function ol the operating pressure head, Hi, al
the ith emitter. The nominal discharge is given byla calibra-
tion curve published by the manufacturer. Accordingly, the re-
duction in the emitter flow rate along the lateral will be given
by aAq (as a perccecntage)

oy

aq = 100 (1 -

— )
a;

Whore qi Lhe measured discharae al. pressure head iti alonag Lhe
lateral and gi - nominal discharge is given by calibration curve
puplished by Lhe manuiacturer. The pressure was measured at
cach point aiong the lateral, which wos in a horizontal position,

with a handly pressure gauge meter.

3.11 Climatic Data:

Climatic data including maximum and minimum air temper-
ature, rainfall, wind speed, and relative humidity were taken
from Queen Alia’international Air-port weather station records.
A standardized evaporation pan (120.65cm In diameter, and 25.4cm
deep) was used Lo obtain daily cvaporation at the center of the

experiments site. Climatic data are shown in Appendix 1.
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RESULTS AND DISCUSSION

4.1 Scil properties:

Some physical and chemical properties of Lhe soil were
determined before planting. ‘They are presented in Table 1 and

figure 7. The values are Lhe mean value of (our samples.

Table 1 shows thal Lhe apparent specific gravity wvalue
is greater than the average moderate value for this soil (clay

loam), especially for 30-60cm soil layer which is mostly between

1.30 and 1.40 (Hansen et al., 1984). This is probably duc to the

compaction of the site, on which the expefiment was conducted,
by means of hcavy machinery which was on the site. Tn addition
to that the site was planted for the first time. The value of
CaC03 at 60-90cm deplh is three times greater than at 0-30cm
depth. Organic content in the soil was low. pH value was about

the same at three depths.

Figure 7 shows Lhe soil-water characteristic curves at

three soil depths namely; 0-30, 30-60, and 60-90cm, respectively.

4.2 MWater Analysis:

A list of the chemical composition of Lhe water applied
during the irrigation is presented in Table 2. It shows that
the wastewater contained more Na, K, and Cl than the fresh water

in 198% and 1986:; but other cations were about the same for

©
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wastewater and fresh water. Trace metals in the Qastewater were
higher than fresh water. One of the major concerns with the use
of wastewater for irrigation is the added salts it contains. The
wastewater used in these experiments had an average electrical
conductivity of 1.13 ds/m in 198% and 1.21 ds/m in 1986.which pl-
aces it in the moderate class of salinity ¢lasification. SAR
was low as class 1 for both fresh water and treated wastewater

in 1985 and 1986.

4.3 F[valuation of frrigation SystemsUfficiency:

The irrigation systems were tested three times during
both seasons to determine both distribution efficiency and uni-

formity coefficient (Tables 3 and 4).

The difference between test 1, test 2, and test 3 in each
case may be due to the variation in the wind speed which effec-

ted the sprinkler experiment only.

The value of distribution efficiency in 1986 in sprinkler
experiment was higher than 1985 because of different distance
between sprinklers which was 12x12m in 1985 and 6x6m in 1986 in

addition to the diltercnce in wind speed.

+
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Table 3 : The distribqtion efficiency (BEd} and uniformity
coefficient (Uc) for the drip experiment in 1985
and 1986.
Year Parameter Test (1) Test (2) Test (3) Average
(%)
Ed 33,00 91.00 89.44 91.15
1985 " T | S
uc 95.47 94.80 950.01 93.43
: Ed 89.33 85.70 88.05 87.69
1986 = - - I
Uc 89.70 91.12 94,20 91,67
__1 . . T . P S
*] - distribution efficiency as percentage.
*¥2 = uniformity coefficient as percentage.
Table 4 The distribution efficiency (Ed) and uniformity
coefficient (Uc) for the sprinkler experiment in
1985 and 1986
-
Year Parameter Test (1) Teslk (2) Test (3) Average
S I— (%)
Ed 63.17 69.01 65.04 65.74
1985 Uc 68.26 £1.80 82.26 77. 44
kd 85.67 89.80 82.90 86.12
1986 —— —
Uc 88.47 94.10 88.01 90.19
*1 distribution effirciency as percentage.
¥2 - uniformity coefficient as percentage.

-

*

Libraty of University of Jordan = Céntér of Thesis Deposit

All Rights Reserved



38

4.4 Lifect of Wastewoloer on Sweelb Corn YieldCompohenbts:

1.4.1 Biclougical Vield:

In both seasons for boLh drip and sprinkler experiments,
the Lotal dry matter yield (cobs + grain + stover) under waste-
walter Lrealmenks was greater than Lhat under fresh water treat-
ment and the plant under wastewater Lreatment - was taller than
that under fresh water treatment . Those differences are con-

sidered to be insignificant (Tables 5 and 6).

In the sprinkler experiment, no significant differences
appeared in the vegetative growth (dry lcaves and'stems) of the
year 1985, while in 1986 significant differences appeared.
Table 5 shows that the weight of vegetative'growth was 715 and
849, 7Kg/du. for the fresh water and wastewater treatments, res-

pectively. While in 1986 the weight was 661.6 and 824Kg/du..

in the drip experiment,, significant differences between
treatments appeared in the vegetative growth of the year 1985,
while in Lthe vear 1986 no significanl differences appeared.
Table 6 shows that the weighl of vcgctntive growth was 410 and
586kg/du. under fresh waker ange wastewater Lreatments, respec-
tively, while in 1986 Lhe weighl was 566.1 and $20.45kg/du.,

respoectively.

+
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4.4.2 FEBEconomical VYield:

Tables 5 and 6 include weight of ears yield (dry grain +
cobs) for both sprinkler and drip experiments. The data did
nolt show any significant difference between fresh water and
wastewater for both 1985 and 1986 growing seasons. The weight
of ears under wastewater treatment was Slightly greater than

that under fresh water treatment.

In 198%, the average weighl of ears was 312 and 382Kg/du.
For fresh water and wastewater, respectively fof the sprinkler
experiment, while in 1986 Lhey were 548 and 690.8Kg/du. respec-
tively. On the other hand the average weight of ears for the
1985 was 388 and 396.7Kg/du. for fresh water and wastewater,
respectively for the drip experiment, while in 1986 they were

437.1 and 559.5Kg/du., respectively.

4.4.3 Other Economical Quality:

No =ignificant differcnces have been observed on other
ceconomical quality of corn vield (number of columns/ear, number
of rows/ear, length and diameter of ear, number of seeds/ear,
and weight of 100 seeds) except for the length of ear in drip
cxperiment in 1986 only, belween wastewater and fresh water in

drip and sprinkler experimenlts in both years. But there were

slight differences as shown in Tahles 7 and 8. For instance, in

the sprinkler experiment, average number of sceds/ear increased

from 331.3 to 393.3 seeds/ear in the first year (1985), and from

- All RightsReserVed = Library of University of Jordan = Center of Thesis Deposit



477.3 Lo 500.3 seeds/ear in the sccond year (1986) %or fresh
wibLer and wiaslbewater, repecl.ively (Table 7). While in drip ex-
perimenl. the average number of sceds/car increased from 470 to
5292 7 gseeds/ear in the first year and from 544.5 to 592.2 seeds/

ear in second vear for fresh water and wastewater treatments,

respectively (Table 8).

All Lhe differences obscrved are most probably due to
the higher addition of plant nutrient eclements (N.P,K, Ve, 4n
and Mn) from wastewater as compared o fresh water. For example
treated wastewater applied by drip irrigation system (1986) added
amounts of 14K, 4.5P, 6.92N, 0.l4fFe, 0.05Zn, and 0.01Kg/du. Mn
as compared to the amounts of 1.BK, 0.0pP, 2.3N, 0.03Fe, 0.0Zn,
and 0.0Kg/du. Mn added wilh (rvesh waler. While lfor sprinkler
irrigation system amounts of 17.3K, 5.52P, 8.58N, 0.17Fc, 0.06Zn
and 0.01Mn added from wastewaber while amounts of 2.2K, 0.05P,
2.85N. 0.03Fe, 0.0%n and 0.0Kg/du. M0 added from fresh water

{ Jamjoum, 198%).

The increase in the production in 1986 compared to 1985
might be due to the fact that Ehe growing time of plants was
longer in the vear 1986 than that in 1285; the change in plan-
Ling time; the different schedules of irrigation, due to the
use of neutron probe in 1986 which provided the accuate amount
of water to both sites; and sprinkler experiment the distribution
cificiency in 1986 was higher tLhan Lhat in 1985 because of

dil{erent distances between sprinklers (Figures 2 and 3).

Center of Thesis Deposit
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4.5 Walter Applied and Consumptive Use of Corn:

In both vears, in all plots, f{resh water was applied at
very beginning of planting until the plants average height rea-
ched about 10-15cm. After that, the actual treatments took

place and continued until the plants matured.

4.5.1 Total Water Applied:

In 1985, in both drip and sprinkler experiments, equal
amounts of water were applied to both fresh water and wastewater
plots. In 1986, since a neulron probe was used, different

amounts of water were applied to both plots.

Table 9 shows that in 1985 the total amount of fresh
water that was applied by sprinkler irrigation to the fresh
water plots was 832.5mm. On the other hand, 130mm of fresh
water and 702.5mm of wastewater were applied to the wastewater
plots. In both cases the number of irrigations was 40. While
in 1986, B62.5mm of fresh water and 872.0mm of fresh water
and wastewater (210mm fresh water plus 662mm wastewater) were
applied to fresh water and wastewater plots, respectively. The
number of irrigation was 32. 1In 1985, the total amount of fresh
water that was applied by drip irrigation to the fresh water
plots was 798mm. On the other hand, 144mm of fresh water and
654mm of wastewater were applied to the wastewater plots. The
number of irrigations was 37. In 1986, 705.8mm of fresh

water.and 698mm of bolLh fresh water and wastewater (150mm fresh

Center of Thesis Deposit
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Table 9 Number of irrigations and actual water applied by
sprinkler and drvip irrigation systems, for fresh
water and wastewater treatments on sweebt corn in
1985 and 1986 yrowing seasons.

Irrigation Number of Total water applied (mm)
Year
method irrigations fresh waler wastewater plots
plots fresh water|wastewaler
1985 A0 832.5 130 702.5
Sprinkler
. - 662.0
1986 32 862.5 25
. 654.0
1985 37 Fita0 taa ’
Drip
548.0
1986 29 705.8 150

All Righits Reserved - Library of University of Jordan = Center of Thesis Deposit



a7
water + 548mm wastewater) were applied to the fresh water and

wastewater plots, respectively. The number of irrigations was

29. . (For of irrigation scheduling see appendices 2, 3, 4, and 5).

4.5.2 Consumptive Uso:

The consumptive use was calculated for the year 1986

because neutron probe was used only in this vyear.

In both experiments (sprinkler and drip), the consumpltive

use of sweet corn which was irrigated with fresh water and waste-

water was measured. Table 10 shows the consumptive use of each
period for sprinkler experiment. It also shows that the average
total consumptive use valuecs of all periods for all blocks were
648.8 and 662mm for fresh walter and wastewater, respectively.
In table 11 the average tolal consumptive use values for drip
experiment were 555,85 and S48mm for fresh water and wastewater,
respectively. In both cases there were no significant differ-

ences in consumptive use between fresh water and wastewater

values.

Tables 12 shows the estimated evapotranspiration amounts
using pan evaporation, Blaney-Criddle, and Penman methods during
the growing season of 1986 during the period of sprinkler irri-
gation. While Table 13 shows those during the period of drip

irrigation.

The curves in Figure 8 (sprinkler experiment) and Figure

All Riglits Reserved - Libraty of University of Jordan = Centér of Thesis Deposit



Table 10

48

Measured evapotranspiration amounts from sweet corn

during growing scason of the 1986 under sprinkler

irrigation systen.

Treatment Fresh waler VWastewater
*
Block Bi B2 03 1} B2 83
Depth Deptty Depth Depth DepLh Deplh
Period
(mm) (imm) (nm) (snm) {mm) {mm)
3/7 - 11/5 17.5 15.5 19.5 15.0 15.5 18.5
12/5 - 16/5 15.0 16.5 12.5 12.0 12.7 15.7
12/5 - 20/5 23.0 26.0 22.6 23.0 23.0 24.0
21/5 = 25/5 23.5 26.8 21.7 22.6 23.5 23.0
26/5 - 30/5 26.5 20.9 22.7 245 26.3 2L5
31/5 - 3/6 27.2 27.7 21.0 26.0 30.0 216
4/6 - B/6 300 33.0 32.0 37.5 22.0 29.5
9/6 - 13/6 26.1 321 21.2 2.2 202 27.2
/6 - 17/6 32.6 33.0 20.0 28.7 32.7 322
/6 - 20/6 36.1 22 30.6 31.2 36.7 32.2
21/6 - 24/6 39.1 37.2 36.2 37.5 h1.7 37.2
25/6 - 22/6 36.0 L1 37.2 38.5 36.5 1 wp.2
20/6 - 1/7 25.7 LW £2.1 37.8 35.0 W14
2/7 - S/7 15.5 - h1.6 2.1 494 1.2 h6.3
6/7 - 977 9.0 2.5 38.2 44,0 L4 G 43,2
W/7 - /7 L5.4 40.6 5.6 4.0 LG4 49.1
15/7 - 18/7 52.2 5.3 57.5 54.3 55.1 57.3
19/7 - 22/7 623 50.0 44,9 51.0 4L7.4 50.0
23/ - 2117 R 52.0 49.2 53.0 52.0 5.4
Total 628.1 6B1.% 636.7 666.2 699.3 | 6605
Average 648.0 662.0

*= Block

Center of Thesis Deposit
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Table 11 : Measured evpolranspi;ation amounts from sweebk corn

during growing scason of 1986 under drip irrigation

.

Library of University of Jordan - Center of Thesis Deposit

system.
"[‘r‘t-.:ul;mcnt IFresh water s bows e
*
Block B 02 i3 B 81 n? U3 B4
Period Deplh | Depth | Depth | Depth Depth | Depth  {Depth | Depth
() (inm) {tnin) (min) {imn) (nun) (i) {imm)
2/5 ) 1275 10.0 180 16.0 10.0 8.0 10.0 16.0 16.0
13/5 - 1W/5 0.0 18.0 0.0 0.0 1.0 18.0 10.0 16.0
19/5 - 23/5 19,0 19.9 | 217 1.2 16.2 1690 | 207 17.4
20/5 - 27/5 26.8 271 26.0 73.6 22.3 2690 | 265 18.6
] - ) )
28/ - 1/b6 262 20.0 204 23.0 25.2 25.10 23.8 21.7
2/6 - 6/6 3.6 28.8 31.5 29.5 32.5 20.5 8.0 26.5
7/6 - 1176 39.0 36.0 32.5 36.5 32.3 35.2 33.9 41.3
1276 - 17/6 40.0° W29 ju.z .7 40.5 369 33.0 391
W6 - 21/6 2540 Zh.t) 0.7 .7 239 29.5 1.8 Sh.3
22/6 - 2%/6 315 221 3ty 3.0 27.3 32.0 iig 2Y.7
26/6 - /6 3n.g o 25.3 3.0 32.3 22.0 33.7 20.9
/7 - 6/ 37.5 Lh9 - hi.z hi 0 39.5 ho.7 36.8 36.5
-2/ W6 47.5 hi.ll 42.0 410 53.4 50.8 45.0
¥3/7 - 18/7 6l).2 D97 Wt Sl 4 Hhh 6.2 506.6 50.9
19/7 - 23/7 55.7 56.9 51.0) 53.5 55.7 57.3 51.1 60.4
2h/7 - 29/7 50.7 56.9 4.7 9.5 50.4 4h7.1 5.7 56.6
Tolbal 559.h | 567.6 | 9394 | 957.2 536.9 [ 550.3  ]s5u.0 0.9
Averaye EENIE) 548.1

*= Block
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Table 172 Fstimated evapolranspiration amounts using pan eva-
poration, Blaney-Criddle, and penman methods during
the growing season of 1986 (during the period of
sprinkler irrigation).

Duration Pan-evaporation Blaney-Criddle Penman
bPeriod days method method method
KpxEp (mm) (mm)
7/5-11/5 5 29.2 32.7 35.3
12/5-16/5 5 23.3 31.8 33.1
17/5-20/5% 4 37.0 37.7 37.9
21/5-25/5 5 34.5 33.0 36.2
26/5-30/5 5 25.2 34.5 36.4
31/5- 3/6 4 ag.2 33.0 32.7
4/6- B/6 5 33. 0 34.1 35.8
9/6-31/6 5 11.6 41.0. 41.5
14/6-17/6 4 31.8 32.0 31.5
18/6-20/6 3 28.7 24.6 24.1
21/6-24/6 4 34.4 32.0 33.7
265/6-27/6 3 28.7 29.7 31.9
28/6- 1/7 4 35.6 31.6: 34.1
2/7-15/17. 4 35,7 34.6° 36.9
6/7--9/7 4 37.6 31.6 32.9
10/7-14/7 5 45.2 40,0 42.5
15/7-18/7 4 42.5 40'2. 39.1
19/7-22/7 4 40.0 37.2' 39.5
23/1-27/7 5 47.0 45'3. 48,2
Total 82 679.2 656.6 683.90

All Rights Reserved = Library of University of Jordan - Center of Thesis Deposit
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Table 17 : Fstimated evapolranspiration amounts using pan eva-
poration, Blaney-Criddle, and penman methods during
the growing season of 1986 (during the period of
sprinkler irrigation).

Duration Pan-evaporation Blaney-Criddle Penman
Period days method method method
KpxEp (mm) (mm)
7/5-11/5 5 29.2 9.9 35.3
12/5-16/5 5 23.3 31.8 33.1
17/5-20/5 4 37.0 37.7 37.9
21/5-25/5 5 34.5 33.0 36.2
26/5-30/5 5 25.2 34.5 36.4
31/5- 3/6 4 35.2 33.0 32.7
4/6- 8/6 5 33.0 34.1 35.8
9/6-31/6 5 411.6 41.0 41.5
14/6-17/6 4 31.8 32.0 31.5
18/6-20/6 3 28.7 24.6 24.17
21/6-24/6 4 34.4 32.0 33.7
25/6-27/6 3 28.17 29.7 31.9
28/6- 1/7 4 35.6 31.6 34.1
2/7-V5/1. 4 35.7 34.6 36.9
6/7-—9/7. 4 37.6 31.6 32.9
10/7-14/7 5 45.2 40.0 42.5
15/7-18/7 4 42.5 40.2 39.1
19/7-22/17 4 10.0 37.2 39.5
23/7-27/17 5 47.0 45.3 48. 2
Total 82 679.2 656.6 683.90

All Riglits Reserved - Library of University of Jordan = Center of Thesis Deposit



51

Table 13 : Estimated evapotranspiration amounts using pan eva-
poration, Blaney-Criddle, and Penman methods during
the growing season of 1986 (during the period of
drip irrigation).

Duration Pan-evaporation Blaney-Criddle Penman
Period Days method method method
KpxEp (mm) (mm) (mm)
7/5-12/5 6 35.3 39.0 42.4
13/5-18/5 6 36.5 40.5 41.1
19/5-23/5 5 38.5 38.5 39.2
24/5-27/5 4 33.2 32.6 32.8
28/5- 1/6 5 39.0 34.5 37.5
2/6- 6/6 5 49.0 41.3 44.3
7/6-11/6 5 50.9 42.0 48.0
12/6-17/6 6 50.9 48.0 47.2
18/6-21/6 4 36.9 32.0 32.9
22/6-25/6 4 33.7 32.0 34.0
26/6-30/6 5 47.0 37.0 43.6
1/7- 6/7 6 51.5 47.4 47.9
T/T7-12/77 6 54.7 a7.7 49.9
13/7-18/7 6 54.9 46.8 49.6
19/7-23/7 5 45,2 41.5 48.1
28/7-29/7 6 51.5 52.5 60.9
Total B4 708.7 653.25 699.4

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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9 (drip experiment) represcent the measured and estimated cumu-
lative consumptive use values lor sweelt corn which was irrigated
with fresh walter and wasltewaler. ‘The estimates were based on
class~-A pan evaporation, modilfied Blaney-Criddle equalion, and

modified Penman equation.

Both figures show that the measured values of cumulative
consumptive use of fresh water and wastewater were almost the
gsame. The estimated values by the three above mentioned methods

were also almost the same.

1t is clear from Figure 8 that at the beginning and at
the end of the scason of the sprinkler site both measured and
estimated values of cumulalive consumplive use were almost the
same, while in belween Lhe scason, the values were different.
In drip irrigation site, the measured and estimated cumulative
consumptive use values were almost the same at the beginning of
the season only (Figure 9). The measured and estimated consum-
ptive use values arec relativly high because of the weather con-
ditions (Appendix 1). The slighlt differences between the esti-
mated values by the three methods were due to the climatic chan-

ges which affected each method differently.

AL the beginning of the season, the rates of consumptive
use were 3.2bmm/day and 3.0mm/day for wastewater treatment under
sprinkler and drip irrigation systems, respectively. Then they
increased to maximum values of 11.85mm/day and 9.55mm/day at

the end of the season. Thosc rates dropped down to 10.9mm/day

Fa
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evapotranspiration (ETc) Lo Lhe estimated refernce crop

evapoltranspiration (ET»).

Figures 12 and 13 show the variation of K¢ values with
the growing season on 10-day basis for sprinkler and drip ex-
periments, respectively. Those values were calculated by using
class-A pan cvaporation, modified Blaney-Criddle equation, and

modified Penman equabtion.

In Figure 12, Kc values for modified Blaney-criddle
and modified Penman equation were closer to each other
than those for pan evaporalion method. At the beginning, Kc
values for pan evaporation were higher than those for mod-
ified Blaney-Criddle and Penman. Then they beygan to decrease
in there iﬁclination till thay became lower than the later val-
ues. Tigure 13 is almost the same as Figure 12 except that the
middle portion of Kc values for pan evaporation were lower than
the others. 1n both figures, the peak Kc wvalue for Blaney-
Criddle was the highest while Kec¢ for pan evaporation was the

lowest.

All Ke values were somehow small at the beginning of the
growing season, then they increased till 10 days before maturity.

After that, Lthey decreased

Table 14 shows monthly K¢ values for wastewater under
sprinkler experiment., while Table 15 shows them for drip experi-
ment. [For both sprinkler and drip experiments, Kc valde for

the first month given by class-A pan evaporation method was the

tv of Jordan -'Center of Thesis Deposit
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highest. While for the last month Kc value given by Blaney-

Criddle was Lhe highest.

4.5.4 Water Use Efficiency:

No significant differences between treatments were ob-

served fore either expoeriment.

The water use efficiency values for total dry matter
vield under sprinkler experiment were 1.86kg/m?® and 2.29kg/m?
for fresh water and wastewaler sites, respectively. Those for
ears yield were 0.84kg/m? and 1.04kg/m®, while those under drip
experiment were 1.87kg/m?* and 1.97kg/m?® due to the total dry
matter yield, and 0.85kg/m? and 1.02kg/m?® due to the ears yield

(Table 16).
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4.6 Effect of Treated Wastewater on Some Soil Physical

Properties:

In both sprinkler and drip experiments, the effects of

treated wastewater on soil apparent specific gravity, water re-

tention characteristic cuvves, and infiltration rate after two-
years period were studied.

4.6.1 Effect of Treated Wastcwater on Apparent Specific

Gravity:

In both years, for both fresh water and wastewater plots,

the apparent specific gravity values for the second layer

smaller than those before planting (Tables 1, 16},

(30-60cm) ]

(30-60cm}) were
while those for the first and third lavers [ (0-30cm),

did not change.

The changes in the apparent gpecific gravity before and

after planting are probably due to the tillage of soil and the

growth of roots.

The effect of wastewaler on apparent specific gravity

for the year 1986 was greater than that for the year 1985.

in Tables 17 and 18 the apparent specific gravity values
for wastewakber plots were little less than those for fresh water
plots. This is probably due Lo the increased of soil organic

maltter content by the irrigation of treated wastewater.
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Table 17: Apparent specific gravity under sprinkler irrigation
system on {resh waler and wastewaber sites alfbter har-

vesting in 1985 and 1986 seasons.

Irrrigation trealment Year Layer deplth {(em)
0-30 30-60 60-90
1985 1.50 a*|1.5%2 « a[l1.50 a

Fresh water

19486 1.43 ajl.az2 all.51 a

1985 1.51 all.b1l - all.49 a
Hasbtewater

L9486 1.42 nll.42 al1.50 -+ a

¥- PMeans in the same column, {or the same year, lollowed by the

gsame letter, are not different at the 5% level of significance.

-
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Table 18: Apparent specific gravity under drip irrigation system
on fresh water and wastewater sites after harvesting

in 198% and 1986 scasons.

.

Irrigation Lreatment Year Layer depth {(cm)
0-30 30-60 60-90
198% 52 a¥ 1.53 all.b2
Fresh water
1986 45 a 1.44 ali.5bl
1985 .51 a 1.52 all.b3
Wastewaler
1986 43 a 1.42 ajl.s4
*- Means in the same column, [or the same year, followed by the

same letLer, are not diffecrent at the 5% level of signifi-

cance.
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4.6.2 FEffect of Treated Wastewater on Soil Waker Retention

Characteristic Curves:

In Figures 14 through 17 the curves represent soil water
retention data for the three layvers (0-30cm, 30-60cm, and 60-
90cm) for both the fresh water and wastewater plots under both

sprinkler and drip experiments for two years.

Table 20 shows the available walter in the soil at the
three layers in both fresh water and wastewater plots under sp-
rinkler experiment. While Table 19 shows those under drip ex-

periment.

In both experiment the available water increased after
planting. In the first two lavers the available water was
a little higher in wastewater plots than that in fresh water
plots. This is probably due to the fact that since the appar-
ent specific gravity decreased, then the total porosity increased

as a result the available water increcased

4.6.3 Effect of Treated Wastewater on Infiltration Rate:

In Figures 19 and 20 the curves represent the average
infiltration rate values during a 9-hr period for the year 1985
and a 24-hr period for the year 1986 under sprinkler experiment,
while in Figures 2! and 22 the curves represent those for drip
experiment. In Figure 18 the curve represents the infiltration

rate values before planting.
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Table 19 Available water (% by volume) under drip irrigation
syslem on fresh wioler and wisbtewater siles after ha- 5
rvesting in 198% and 1986 sceosons,
— lrrigation layer depth Walker content hvailable
trealtment (cm) 0.3 bar 15 bar water
0-30 41.42 26.94 14.70
Fresh wabkor 30-60 13.34 27.91 15.40
60-90 44, B4 29.94 14.90
1985
0-30 17,39 25,90 16.41
Wastewater 30-60 Ad.16 28.62 15.54
60-90 14,00 29.08 14.92
0-30 47.12 26, 7% 15,87
I'resh walor 30-60 42,27 26,08 16.19
60-90 13.96 28.26 15.70
1986
0-34 A1.71 249.47 16.24
ViasLewabor 30-60 41.89 25.32 16.57
60-90 15. 50 20. 84 16.66
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a
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Table 20 : Available water (% by volume) under sprinkler
dtion system on {resh water and wastewaler sites after
harvesting in 1985 and 1906 scosons.
Vi [rrigation Layoer depth valer content Available
Lreatiment {em) 0.3 bar 15 bar walker
0-30 41,94 26.98 14.96
Fresh water 30-60 47,64 25.92 16.°12
60-90 38.89 25.29 13.60
1985
0-30 41.°76 26,89 -14.87
Wastewaler 30-60 4520 271.50 17.70
60-90 32,28 25.43 13.85
0-30 41.36 24.31 17.05
Fresh water 30-60 11.76 23.54 18.22
60-90 39.97 24.97 15.00
1986
0-30 0,11 21.02 16.75
Wastewater 30-60 13.M 24,94 18.47
(0-90 41.07 _ 25,71 16.12

.

osit

ity of Jordan -'Center of Thesis Depc

niversi

‘All' Rights Réserved - Library of U



NSQAd(T SISOYL, JO U, - ULPIO[ JO ANSIOAIU[ JO AIRIQLT - PIAJIISOY SIYSILITY.

‘Burjueld 8Jogaq anand 81ed UOIIBIT[I4U] gL aanbily

2 ¢ & 5 8% 8 X § ®BS 8%
gy o 5 = o = o

o & & & 0 :
T - Z
£
-
S
9
L
3
6
01
1!
Zl
€

v

(. /3)



.

NsQAa(J SISAY], JO JOIUS)), - ULPIO[ JO AJSISATI[ JO AIRIQIT - PIAJOSRY SISV, . .

-
t~
‘wa7sAs uoiIebildy Japullds Buisn
AQ 9861 Ul Burisandey Jajye s301d J81eMBISEM PUB 1818M US3Jy Ul SaAnd 83ed uo1eaijiyu] gz 8ansiy
(ul) gyyl  OBEL ozel , 078 08y 027 09€ 00¢ 097 08l 0Sl 0Z) 06 09 of
< T T 17 T T T T T 11 ] i 1 H T 0

<

- S A o e e —-
e e e e o e o
e -

-

—_T T
—-—

*8101d Sejemalsem

'§70]d J33em USadd e -~ ==

.1y Nu)



78

3

NSQAd(] SISAY [, JO JAUI)) - UBPIO[ JO AJISIDATU JO AIRIQIT - PIAJIISIY SIS [IV.

"walsAs uonebiad; dlip Buisn

A3 5861 Ut Bulasanaey 1a14e sj01d Jajematsem pue Jatem usaly Ul a3ed UoHea LY 11z aunbyy

o w m.m U r%, w h_/..... oo ~ ..nw o "
= <
(rutw) 2 = o o o 2 o o o o
ok
G- a. .

'5301d J2lemalsef

'570|d Jajem ysald —-—-—

(/i)



.. ISQAd(T SISAY, JO JAUR)), - URPIO[ JO ANSIDATI( JO AIRIQIT - PIAIISIY SIS ][V

& ‘WajsAs UBIIeSILIl diap Buisn
Ag 9861 Ut Bulisandey Ja34e S10[d Jajemalsem puB Jelem ysaly Ut SAAINd ajed UD1IeJ3I4U] 122 3anbi4
() oy 71 08El 0Ze 1L ;o 078 0ty 027 09¢ 00t 07¢ 081 0sL 021 08 09 @t
. _ ] ¥ ) I T T v T i 1] Lf T T T T T

'510(d Jajemalsen
*5101d Jd871eM Y584 —ee o

71

3l
8l

0z

(I wn)



ting.
growth
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80
In general, the infiltration rate increased after plan-
This is prcbably due Lo the Lillage of Lhe soil and the
of the roots. In 1985, the final infiltration rate
were 1.31 and 1.33cm/hr for fresh water and wastewater

respectively under sprinkler experiment, while those

under drip experiment were 1.44 and 1.5cm/hr. In 1986, on other

hand the final infiltration rate values were 1.65 and 1.8cm/hr

for fresh water and wastewater plots, respectively under sprink-

ler, while those under drip experiment were 1.7 and 1.73cm/hr.
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4.7 Lffect. of Treated Wastoewaler on Bmitter Clogging:

The lines in figures 24 and 2L represent the reduction
in flow rate through emitters along the laterals of drip system

for the middle and the end of the season, respectively.

In both figures the rveduction values for the wastewater
site was slightly higher than those for the fresh water site
but were not significantly different. Those differences might
be due to the deposition of some elements which are present in

the water.

The linear regression equabtions resulted from each line

of each figure were as follows:

1- For the mid-season case:
a- Fresh water tLrcatment:-
AQ = - 0.021%4 N + 4,3681 , r? -~ 0.77
b- Wasltewater CLreatmenb:-

59 = - 0.0464 N + 5.8622 , r? = 0.73

2- For the end season case: -
a- Fresh water Lreatment: -

- 0.0535%5 N + 6.29952 , r? = 0.86

A4
b- Wastewaler trecatmenb: -

Al - 0.01YB8 N + 6.99701 , r* . 0.7

4

s
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Where: -

reduction in flow rate through emitters.

number of emibters.

regression coefficient.

82
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Figure 25: Effect of pressure head and localion of emitter on reduction of flow rate

applying fresh water and wastowater jn end season of 1986
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SUMMARY AND CONCLUSIONS

Experiments wore conduclted for a Ltwo-year period (1985
and 1986) at a land part of scwide Lrecatment plant area abt Quecen
Atia' International Alir-port in Jordan to invesligate the elfect

of Lreated wastewater on

1- Corn plant vield components.
2- Changes in some soil physiocnl properties.
A= Emitters clogyging ol drip irrigalion sysloem.

Two different experimenlts were conducted by using

1- Sprinkler irrigation system. 'This experiment consisted of
three replications for each treatment in a randomized comp-
lete block design.

2- Drip irrigation system. This expoeriment consisted of four
replications for each trealment in a randomized complele

block design.

Undisturbed soil sample cores (aluminum cylender 4.2cm long
and 4.8cm in diameter) were taken {rom each plot of bobth experiments
at depths of 0-30cm., 30-60cm, and 60-90cm in order to determine bulk

density and water-retention characteristic curves.

Disturbed soil samples were Laken by augar from each plobl of
both experiments abt the same deplhs as above in order Lo determine

the chemical and obther physicinl properlies.
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Two wastewalter and lresh waber samples were taken weekly

during irrigation in order Lo have Lhem analysed.

Resulls indicaled Lhat Lthe corn yield componenls inera-
ased slightly due Lo irrigation with treated wastewater in both
sprinkler and drip experimenls for Lwo yveadrs. Stover yvield and
ear length were significant.ly hiaghoer in plants trealed with
wastewater than thal irrigyated with l'resh water., This increase
was due to liberation of soceveral nulrients olements to soill
solution (N, P. K, e, 7Zn)y and thon uplake by plants. ‘l'reatod
wastewater had no signilicant el fecl on wiatoer consumplive use
and no change on soil physical propartics (appareni specilic
gravity, available water, and iniilLrnLiBn raLle). More reduc-
tion in flow rate for cmilbers under dreip irrigal.ion systom

was obtained by using vasLewaler rather Lhan Fresh wator.
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Climatic data, for the period from April to July,

Appendix 1
1986 including maximum and minimum air temperatures,
relative humidity. rainfull, wind speed, and evapo-
ration at queen Alia' international air-porkt.
Alr Temperature®c | Relative | Rainfall |Wind speced | Class A pan
Daltc humiditLy evaporation
maximum minimum (%) (inm) (m/s) {mm>
1/4 19.3 7.5 80 2.3 2.32 1.0
2/4 14.9 8.0 86 5.41 1.0
3/1 18.3 8.0 B85 3.09 2.0
4/4 23.5 7.1 73 1.65 4.0
5/74 26.8 11.4 41 4.64 10.0
6/4 28.8 13.5 37 1.89 14.0
7/4 26.8 9.8 47 Tr. 7.21 9.0
8/4 22.0 12.5 70 1.2 3.09 5.0
9/4 22.3 11.0 76 3.771 1.0
10/4 23.0 7.4 62 2.83 6.0
11/4 26.72 6.0 48 3.61 9.0
12/4 28.8 9.2 37 3.35 9.0
13/4 30.6 11.2 29 6.18 14.0
14/4 26.8 13.6 33 0.52 8.0
15/4 22.5 B.5 64 6.70 3.0
16/4 21.0 b, 2 61 4,38 4.0
17/4 29.2 8.8 43 3.61 8.0
18/4 28.8 10.0 30 4.12 7.0
19/4 28.0 12.4 37 5.15 14.0
20/4 29.4 12.6 30 5.15 16.0
21/4 30.8 15.5 34 4.12 11.0
22/4 21.8 8.3 62 3.86 7.0
23/4 25.6 2.8 58 2.03 7.0
24/4 28.1 6.0 41 4. 64 18.0
25/4 29.0 15.4 37 6.05 13.0
26/4 20.0 13.5 63 Tt 4.64 8.0
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Air Temperature’c Relative | Rainfall | Wind speed | Class A pan

Date humidity evaporation
max imum nminimum (%) (mm) (m/s)} (mm)
27/4 26.0 13.% 46 4.64 10.0
28/4 28,0 9.0 13 3.35 10.0
29/4 29.4 g.7 39 2.06 10.0
30/4 25.5 10.0 o ¥4 Hhodl b.0
1/5 24.5 7.5 62 . 2.83 8.0
2/5 25.5 4.1 54 0.8 4.64 10.0
3/5 17.0 10.0 87 3.2 6.95 .0
4/5 19.2 9.0 83 6.18 3.0
5/5 22.8 5.1 70 2.32 5.0
6/5 27.5 B.4 47 1.55 10.0
7/5 30.4 1.0 33 1.03 18.0
8/5 24.6 12.5 51 7.21 B.0
9/5 22.0 9.5 66 3.86 7.0
10/5 21.6 8.3 b6 5.67 5.0
11/5 21.0 3.6 58 2.58 7.0
12/5 22.4 7.0 62 T 3.86 1.0
13/5 21.8 7.2 65 6.18 8.0
14/5 21.8 6.6 62 6.18 7.0
15/5 | 21.0 5.6 67 3.35 6.0
16/5 21.8 1.0 66 2.58 6.0
17/5 25ws 5.5 50 2.06 7.0
18/5 30.0 7.4 48 2.32 12.0
19/5 31.4 11.86 Hhe 3.86 8.0
20/5 27.2 10.0 56 3.35 9.0
21/5 24.6 10.0 48 5:15 10.0
22/5 | 25.4 8.5 49 1.80 10.0
23/5 26.1 8.6 18 1.12 9.0
24/5 24.5 8.4 55 3.85 8.0
25/5 28.4 8.1 43 1.29 9.0
26/5 30.2 10.2 A7 3.09 10.0
27/5 28.1 9.5 59 2.32 8.0
28/5 27.0 10.5 61 5.41 [0.0
2975 26.0 .2 60 4.64 6.0
30/5 26.0 s 18 3.09 10.0

* Al Rights Resetrved - Libiary of University of Jordan - Center of Thesis Deposit’




<8

Class A panh

Air Temperature®c| Relalive | Rainfall{ Wind speed

Date humidity evaporation
maximum minimum (%) (mm) (m/s) (mm)
31/5 28.5 6.9 51 2.58 9.0
1/6 32.8 9.3 1 2.70 18.0
2/6 36.6 19.0 38 A4.64 15.0
3/6 32.2 13.8 49 2.32 7.0
4/6 30.0 11.2 39 Ho 04 1.0
5/6 28.2 13.2 51 5.15 10.0
6/6 31.1 12.0 A2 2.58 12.0
T/6 33.0 14.0 34 3.61 1.0
8/6 33.6 15.0 37 2.97 15.0
9/6 32.5 15.4 . 39 4.51 15.0
10/6 33.5 15.4 40 1.29 16.0
11/6 32.0 15.3 50 6.95 12.0
12/6 25.9 14.2 70 4.51 9.0
13/6 26.6 12.2 64 1.38 6.0
14/6 28.5 12.5 60 5.67 6.0
15/6 29.6 11.9 56 4.25 9.0
16/6 29.6 13.5 A7 3.86 11.0
17/6 31.9 12.8 48 2.83 13.0
18/6 29.8 12.2 53 3.35 10.0
19/6 30.0 14.9 19 5.15 11.0
20/6 30.3 12.7 55 2.93 12.0
21/6 31.0 11.6 53 3.09 11.0
22/6 31.4 10.4 A% 2.83 11.0
23/6 30.6 10.5 16 3.35 11.0
24/6 23.1 14.0 65 8.24 6.0
25/6 31.4 10.6 54 3.09 8.0
26/6 31.0 14.6 52 4.51 10.0
2776 29.5 16.0 56 5. 67 12.0
28/6 28.2 14.0 A7 5.41 10.0
29/6 26.7 10.0 61 4,12 9.0
30/6 28.0 11.4 55 5.41 8.0
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Air Temperature®c |Relative [Rainfall |Wind speed | Class A pan

phate humidilty evoporalion
maximum minimum (%) (mm) {m/35) (mm)
177 28.6 9.5 59 2.83 7.0
217 30.6 9.3 58 2.06 11.0
3/7 31.4 11.8 38 4.89 13.0
a/h 30.5 11.2 a3 5.15 11.0
5/°7 30.3 10.0 .56 4.64 9.0
6/ 30.4 10.0 61 3.09 10.0
/7 29.6 9. 59 5.15 10.0
8/7 30.0 12.8 66 5.67 11.0
9/ 31.5 12.0 52 2.58 11.0
10/7 32.7 1.2 18 3.09 13.0
11/7 3.3 12.6 51 3.86 10.0
12/7 32.2 12.5 49 4.89 12.0
13/7 30.6 13.7 62 3.86 9.0
14/7 32.8 11.4 55 2.58 12.0
15/7 37.6 14.4 43 2.32 11.0
16/7 36. 1 15.7 a2 4.64 15.0
17/7 35.0 17.5 38 4,89 15.0
18/7 37.5 16.5 39 3.35 16.0
19/7 34.0 19.0 37 6.18 15.0
20/7 30.8 16.5 66 5.15 8.0
21/ 34.5 12.4 56 3.09 10,0
22/7 34.4 14.9 53 3.86 10.0
23/7 33.5 15.5 44 6.18 13.0
24/7 30.7 16.0 63 5.6%7 6.0
24/ 2.1 1.6 4} Ll tr. o
26/7 33.9 17.2 11 5,92 13.0
2777 35.2 14.0 14 3.09 12.0
28/7 34.2 14.4 45 5.15 14.0
29/7 31.6 11.0 47 5.15 11.0
30/7 31.5 14.66 62 4.64 10.0
31/7 32.6 14.4 53 3.09 11.0
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Appendix 2: Depth (mm) and dates of actual water applied by sprin-
kler irrigation, and number of irrigations, N, for

fresh water and wastewater sites on sweebt corn in 1985.

Fresh water sile Waslewaler sike
Date Depth bepbh
(mm) (mm)
148 10 10
2/5 15 14
8/5 20 20
10/5 10 10
14/5 15 15
18/5 1% 15
21/5 15 15
25/5 15 15
28/5 15 15
1/6 15 15
Y6 20 20
8/6 20 20
12/6 20 20
15/6 20- 20
19/6 20 20
22/6 20 20
26/6 20 20
29/6 20 20
371 22.5 22.5
6/7 22.5 225
10777 22.5 22.5
13/ 29 o 275
17/ 2.5 22.5
20/7 22.5 22.9
2477 22,5 22.5
2171 22.5 72,5
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Fresh water site

Wasbtewalber silte

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

Date bDepth Depth

(mm) (mm)
31/7 .

22.5 92 5
3/8

a2 25
7/8 5 e
10/8 5 i
e 4 25
17/8
21/8 * -l
24/8 e £
- 25 25
28/8 25 e
31/8 25 p
4/9 25 -

' 25 25
14/9 25 55
Total 832.5 832.5

N 40 10
577 24 7
8/t 24 24

12/7 24 24
15/7 24 24
19/7 24 24
2277 24 24
26/ 24 24
2977 24 24
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Fresh water sile

Wastewater site

Date Depth Depth
(mm) (mm)

2/8 24 21

5/8 24 21
9/8 24 24
12/8 24 24
16/8 21 21"
19/8 21 21
23/8 24 24
26/8 24 249.
30/8 24 24
2/9 18 18

6/9 18 18

Total 798 798
N 37 37
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Appendix 4: Depth (mm) and dates of aclual waler applied by sprinkler
irrigation, and number of irrigations, N, for fresh water
and wastewater sites, on sweeb corn in 1986 scason.
Fresh water site Wastewater sile
Block | Bl | B2 " n3 Bl B2 B3
Depth Depth Depth Depth Deplh Deplh
bate (mm) (mm) (mm} (mm) {mm} {mm)
26/3 25 25 25 25 25 25,
27/3 25 25 25 25 25 25
28/3 30 30 30 30 30 30
=
5/49 10 10 10 i0 10 10 ‘8
9/4 10 10 10 10 10 10 =
12/4 10 10 10 10 10 10 -
-un
16/4 10 10 10 10 10 10 =
19/4 10 10 10 10 10 10 =
23/4 15 15 15 15 15 15 E:
26/4 15 15 15 15 15 15 o
30/4 15 15 15 15 15 15 o
=
Q
3/5 15 15 15 15 15 1= “
775 17.5 15.5 19.5 15 15.5 18.5 5
12/5 15.0 16.5 12.5 12 12.70 15.7 =
17/5 23.0 26.0 22.6 23.0 23.30 24.0 L
21/5 2315 26.8 21.7 22.6 23.5 23.0 H
26/5 26.5 20.9 22,7 24.5 26.3 21.5 2
o
31/5 27.2 27.7 21.0 26.0 30.0 21.6 %
S
.-
a/66 30.0 33.0 32.0 37.5 | 27 29.5 =
9/6 26.1 32.1 27.2 32.2 27.2 271.2 o
14/6 32.6 33.0 28.0 28.7 32.7 32.2 &
1876 36.1 A5 3 30.6 31.2 36.7 5737 o
21/6 39.1 37.2 36.2 37.5 41.7 31.2 f%
25/6 36.0 40.1 37.2 38.5 36.5 40.2 1
28/6 35.7 42.5 42.1 37.8 39.0 11.4 =2
:
wn
Q
£
4 5]
=
=
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irrigation,

and number of

irrigations, N,

and wasltewater site during 1986 season.
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vepth (mm} and dates of actual waler applied by drip

for f{resh-

Fresh waler site

Wastewabor sile

B3

Block B1 B2 B3 B4 B1 B2 B4
Depth Depth Depth Deptlh Depth Depth | Depth | Depth
Date (mm) {(mm) {mm) (mm) (mm) {mm) (min) (mm)
26/3 24 24 24 24 24 24 24 24
27/3 24 24 24 24 24 24 24 - | 24
28/3 24 24 24 24 24 24 24 24
5/4 6 6 6 6 6 6 6
9/4 6 6 6 6 % 6 6 6
1274 6 6 6 6 6 6 6
16/4 9 9 9 9 9 9 9
23/4 9 9 9 9 9 9 9
26/4 9 9 9 9 9 9 9 9
28/4 6 6 6 6 6 6 6 6
29/4 6 6 6 6 6 6 6 6
3074 6 6 6 6 6 6 6
3/5 15 15 15 15 15 15 15 15
7/5 18 18 18 18 18 18 18 18
13/5 18 18 18 18 18 18 18 18
19/5 19.0 19.9 21.7 17.72 18. 2 16.9] 20.7( 17.4
2875 26.8 7. 24.0 23.6 29 3 24.9) 26.5] 18.6
28/5 24.2 28.8 24.4 23.6 252 26 1| 23.8] 21.7
2/6 31.6 28.8 31.5 29.5 32.5 28.51 28.0{ 26.5
7/6 39.0 36.0 32.5 36.5 473 35.2] 33.9) 41.3
12/6 40.4 42.9 39.2 39.7 40.5 36.9] 33.8] 39.1
1876 23.4 24.0 26.2 30.7 23.9 29.51 31.8] 34.3
22/6 31.5 27.0 31.9 37.0 27 3 92.0] 33.8] 29.7
26/6 34.8 31.0 25.3 31.0 32,3 a7 0| 33.7 28.9
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1/7 37.5 44.9 43.2 A44.0 39.5 40.7 36.2 36.5
4% 48.6 a7.5 43.0 42.0 41.0 53.0 | 50.8 45.0
13/9 60.2 59.7 §4.2 58. 4 54.4 60.2 56.6 58.9
19/7 55.7 56.9 51.0 53.5 55.7 57.3 51.1 60. 4
23/7 50.7 56.9 55.2 54.5 50.8 47.1 56.7 56.6
Total |709.4 | 717.4 | 689.3 | 707.2 686.9 | 700.3 | 704.0 | 700.9

N 29 29 29 29 29 29 29 29

L] 4

ddn - Center of Thesis Deposit

d - Library of Univérsity of Jor

n

erve
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