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IRTOoUCTION

Jater 1s an important factor in agriculture esnecially in
areas of limited water rescurces such zs Jordan. Hater scsreity
in the Jordan Valley, and profitshle irrigation enteils an effici-
ent use of the avallable water rescurces .,

Irrigetion scheduling to apnply the correct smount of watér
at the appropriste time is an essential nractice for optimizing
uatfr use efficiency, Moty slternatives exist for scheduling irrie
gation. Scil moisiure depletion measurements plve a direct indica-
tion of irrigeiion needs. Soil moisture depletion can be measured
directly or indirectly. Direct mesasuremont invnlves.grévimetric
methﬁd. Indirect measurements , by using instruments that measure
parameiers related to spil moisture content invalve tensicmeters.,
soil meisture blocks, and neutren-probe. Some of the.dndirect methods
for scheduling irrigstion are based on climate-crop-soil dété. These
nethods are also cslled meteorclogical approaches, One of these
methods is based non evapptranspiration and pen evsporation dats .

Research has indicated a close relatinnship between the rate
of evapotransp%ration of a erop end the rate of pan evaporation ;
Using this reléﬁionship nermite one to schedule irrigation easily,

The main objectives of this study are :

M To determine an appropriate constant to relate pan evaporation

- from Class-A pan to evapotranspiration regquirements of tomatos
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in order to develop @ simple procedure to schedule rrzip
irrigation for tomato crep in the Jordsn Valleyy

To study the effectiof different so0ll wolsivre tensions

undar drip ir-igstion on yields and water requlrements of

tomato .
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LITERATURE REVIEY

Scheduling irrigation is the rout isportant factor in improve-
ing irrigation efficiencies ir general, and water use efficiency in
specific .

Many methads have becn suggested by ressarchers for scheduling
irrigation. Richards end Marsh (1951) z.plained that soll suction
from zero to 0.8 bar is explicity indicated by tensiometers. Higher
values can be measured by sultably callbrated soil molstures resiste-
ance units, An irrigation program, that gives bofh time and duration
of applications, can be carried out based on day-to-day records of
soil suction at two or more depths in the root zone for the crop in-
volved .

Cannel and Bingham (1961) used tensiometers and cylindrical
electrode type gypsum blocks for timing irrigation of tomatoes.They
showed that the ratios of unit dry matter produced to unlit water
used were increased with increasing soil water potentisl .

Jensen and Middleton, in their investigation in Washington
State since 1952 have indicated a near constent relationship between
rate of consumptive use of water by crops and evaporation rates. The
relationship became constant as saon as the crop foliage had approa-
ched complete or constant ground cover. This relationship permits
one to estimate molisture depletion from the soil wster reservoir
from evapuration.data, and consequently to schedule irrigation by

ugsing the following formula :
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CU = HC - Ep aro.oU.ucoocot.o.----oo..otoo. [1]
where CU = Consumptive use hHy the crop (mm)
HC = crop Coefficient .
Ep = nan evaporation amounts (mm)

Pruitt (1956) applied consumptive use end pen evaporation datas
for scheduling irrigation. He and his associates prepared a simple
irrigation guide for the ferm operators to use.

Denmead and Shaw (1959) shawed that the ratig of evapatrans-
piration of corn to pan evaporation had changed throughout the growe
ing season. The highest ratio was reached at meturity after which it
declined .

Bouwer (1959) used an integration recorder of ralnfall, irriga-
tion and evapotranspiretion with g field capacity ceiling and a lower
mark indicating time to irrigate. The field capacity ceiling was ob-
talned by means of syphon. A hook gage was used to indicate the lower
limit of the soil moisture balance and time to irrigste .

Fuchs and Stanhill (1963) found that a high degree of correle-

tion exists between the amount of evapotranspiration from large come-

mercial fields of cotton, recieving their optimum irriga@iun/treatmént
and the evaporation from Class-~A-eveporation pan. They obtalned the
following empirical equatinp that relates cumulative evapotresnspira-

tion (ET) of cotton to cum&lative Class~A evaporation (ED)
Ty

ET = G.E:g ED - 232 o.ooo..ooocooooooooooooo..Ez ‘l

L
where ET and Eb are Iinmm .
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Thompson et al.(1963) r2commendad the use of Class-A pan eva-
poration method for estimating evapotranspiration rates, and thus
for scheduling irrigation, beceuse it is a simple and inexpensive
method ,

Christiansen (1968) in his studies done &t Utah State Univer=-
sity Stated that pan evsporation dats is useful in estimating eva=-
potranspiration of agricultursl crops using procedures such as
Hargreaves', Grassi's, or others relsting evapoiranspiration to pan

'evaparation .

Jensen (1970) stated that scheduling irrigation using:
aj Climate-crop-soil data such as solar radiation, mean air tem-

perature, humidity index, wind speed, mean daily dew point

temperature and crop coefficient,

b) computers to facilitate the tedious computations, and

c) Field observations by experienced personnel, is a service that
sppears to be very attractive to the modern irrigation farm

manager .

Gornat et al.(1971) found that the ratio between evapotrans-
piration rates of suger heets and evaporation rates from Class-A pan,
which might be useful as an indicator of when to irrigate and how - _
much water to apply,had changed during the orowing seéson.In November
the ratio was about 1.25 and in May it was sbout 0.3 .

Shearer et al.(1974) used Class~A eveporation pan for scheduiQ

ing irrigation under drip system using equation [1] .
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dartels (1576) indicater 4$hat the cccumulsted excess of eva-

noration over rainfall, which for conveclence he called SUN(E = R),
commencing the summation from the Tirs® day after i-rication on
which evaporation exceedec rainfsll, was a relatively simple meens

of deciding when to irrigate. He nbtained the following relation-
ship For soil maistare content and SU (Z-3):

M = 7475 = 3.568 Log SUM(E=R)eseesssssccssnsssasesasaal 3]
mhere M is the zmount of water ctored in the Sor 2 feet of coil
.(inches), and “he 5UM (£-3) is the depth of water that shcould be
used for irrigation (inches). SUM(E-R) is detsrmined experimentally
for a plven locatinn and crop .

Frihar et al.(1975) found that schecduling irrigation based cn
ren evaporation data offers a2 ~racticel means %o maximize water use
rfficiency . |

‘adricuez (1975) develnped a computer propram that weuld pre-

ry

¢iet the crop mater requirements for the coming week based on soil

mpisture conditions

i)}

nd climatolngical data. He also found that drip

(=

rrication hased on & pood irrination schadulinn program would result
in more effective water mangement .

Gear (1977) developed = simple and accurate ftechnigue for
scheduling irrigétion using the neutron probe. The technige in-
vnlves the use of &:graph to display so0il moisture on the dates
measured « A best fit line is dreswn throunh +the points

and projected o intersect a8 horizontal refill line Lo
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show the date of the nzxt irrigatic.. Only the corrzet refill point
and the neutron probe mescurcments are required for cerrect irrig-
ation scheduling for a field. It one consistent irrigation procedure
is practiced in a field, only one neutron access tube ic required .
Neutron probe readings need to be made twice a week when hol weether
and once a week when cool weather. wWater used by plants, root
distribution end extension, and soil drainage arz useful by=-pro=-
ducts of this irrigaticnm scheduling technique .

Molenaar and Vincent (1951) found that the intervals between
irrigations had little effect on yields of tomatoes in Spokene Valley
as long as adeguate water was applied during thz growing seasan .

Moore et al.(1958) found that the higher level of irrigation
(st 50 percent available soil moisture) had increased total yields ,
and that the difference in marketeble yields between the bhigher level
of irrigation and lower level of irrigation (at wilting point) was not
significant .

Flocker and Lingle (1961) used tensiometers and soll moisture
blocks to decide on time and amounts of irrigating tomatoes for cann-
ing purposes. Irrigation treatments were aspplied when mean soil mois-
ture suctions reached 7.0, 2.0 and 0.7 377 . The respective
amounts of water used were 13,67, 25.20 and 38.24 acre-inches.The
high irrigation rate (0.7 bar) delayed fruit maturiiy enough to low-
er the yields of these plots. Highest yield were obtained from the

~ 352334

moderste irrigation treatments (2.0 bérs).
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Cannell and Asbell (4974) obtained = highly significant
yield incresse of tomatoes with decreasing soil moisture tension.
Yield differences were largely stiributed to small ripe and green
fruits aceeptahle for processing, obtained at soll moisture Btréss

under dry treatments (3.0 = 6.0 bars)
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MATE 1AL AND METHCDS

T~

4, Location of the experizeni:

ag conducted at Kawlr

tg Farm whlch is

The experiment w
loeated abput 3700 meters north of the University Farm,The slte
is 80 meters east of the Jorgzn Valley highway and 150 meters
north of the farmis naln roade The experiment plots were located

between plestic housess

ggperimental Design:

2.
There were 16 plots,

design (4 by L) was usete

A latin square
border between plota ranging

from

each plot b4 X 3,6 Mmey with 8

The plot consisted of L ¢ apart

pws that were 1.2 Ma

30 %o 50 cme
1ack plastic

and 3.6 me 1N 1ength. The rows were covared by b

mulch (Flgure e

3, Irrigation System:
jon system uas'usedo

The Eest Ghor Canal feeds

Drip irrigat
= farme yater was delivered from the

a private reservoir in th
gravity through send and 8C

reen

reservnir to the experiment by

ri1ters, (Figure 2% nstalled on the main pipe

A weter meter wes i

e smount of water applieds The gystem was

1ine to determine th
pressure in the subemain pipe lines

celibrated by adjusting the
§ to provide L liters pe
Each lateral
7 epart, (Flgure e

¢ hour PeT dripper. Each plot

at 4=5 p8
had eight drippers

hed its own jrrigation valvee

of B 34 typey that uwer® jnstalled 50 che
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Figure 1.~ Leyout of the experiment and irrigation aystem .
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flanting of Tomatoss

The land was pleoughec, levelcd, and then divided into plots.
Superphosphate fertilizer was added before plenting at a rate

of 180 kg./dun. . On December 20,1578 tomato seedlings (RAF var=

iety) were planted at 2 rate of 0 seedlings per rou(50 cm apart).Thev

were then sprayed weekly with Zenib against any possible in-
fection of early and late blights .

Irrination Treatments:

The experiment involved four treatments of irrigation under
different soil moisture tensions, The tensions selected for the
treatments were 20, 30, 40 end 50 centibars and were gsigned to
as T1, T2, T3 and T& respectively., Four tensiometerswere install-
ed in the soil at e depth of 30cm. in four plots se asto have one
tensiometer for each treatment.. The depth of water applied in
rach irrdgation For all treatments was aﬁcut thirty nine milli-
meters

Irrigatinn EFFiciencies:

te Application efficency was calculated for each irrigation

using the following equation{Israplsen et 8l,.,1962)

Us :
EB = —t——— 100 SRS E RSP IR PO ERORETE RPN S Ch’]
wa
where Ea'= application efficiency .

W

f

g = water stored(mm) in the root zone during irrige-
tion .

water: applied (mm )

£
n
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13

The water stored in the 1not zone was celculated using the followe

ing equation :

y - AT :
S 1'2 (Ba-t‘b)i Si 00-0001000000000-00000[5]
=1 _
where nr = number of the layers
BB = volumetric mdisture content after irrigatinn(cm3
Cm-3) .
Bb = volumetric moisture content before this irrigation
(l:m3 Cm-S) .
5y = the thickness of the layer (mm)

Then the average of the application efficlencles of all 1r;1ga-
tions were calculatedto reflect the ampplication efficiency for
the whole season .

be ‘ater use efficlency(as a peréentage) was alsu_calculated for
the whole season by using the following equatidh(Israelsen et

al » 1962):
W

E = "u '
u m— 100 oooooooooooo-o-oo.o..--oc-oooo..-[s
Ua ]
where € = water use efficlency (%)
mu = total evapstranspirstion (mm)

b, ='total water applied (mm)

Ce Uater usge efficiency (kg/m3) was determined by using the follow-
ing equatlion (Viets, 1962):

WUE = "'Y_ .o-c.o-ooooc.ooouoo.oo-oo--o-o..-.o.oo[?J
ET
WWhere WUE = water use efficiency (kg/m3)
Y = crop yield (kg.)
ET = euapotran%piratinn of crop ares (m3)
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Evapotranspiration Measurcments:

The so0il moisture depletioh method was used to measure the

evapotranspiration (Yanner, 1967), and (Robins, 1965). This

method is based on the following equation :

nr

i=1

(8, - 8

2)1 51 + Re - Uud

Where ET
nr

81 and B

5i
Re
Wa

t

S -
t

evapotranspiration rate (mm/day)

number of soil layers of the root zone
volumetric moisture contents on the first and
the second dates of measurement respectively
(em® en™>)

thickness of each soil layer (mm)

rainfall that does notrun off the area (mm)

deep percolation losses from the root zone{mm)

interval between irrigations(days)

Rainfall effect was eliminated by using plastic mulch, but

the effect of deep percolation losses was eliminated by walting

at least 2 days after esch irrigation before taking the first

measurement

Soil molisture measurements were taken with Campbell Pacific

Nuclear Hydro-Probe Model 503 and serial NO H38062365 -

Holes for access tubes were made by two-inch diemeter auger .

Aluminum access tubes of two-inch diameter and 1 meter length

were then inserted into the holes leaving 15 cm of the tube
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above the spil. The measurements were taken at three different
depths, namely: 15, 45, uni 7% om. In asth plot one sccess tube was
installed, At *he end of the ~wperiment celibration curve for hydrn-
probe was done. The celibraticn method was nearly as thet used by

Gornat and Goldbergy (1972) with the followin- modification: O Basln

-

(1m X 1m..) was made in the center of each ploet. Different é mounts of
watér were applied to each of the basins. Soil samples Tar gravi-
metric moisture measuremsnts were crllected using the two-inch dig-
meter auqig at 30 cm increments .+ An aluminum access tube was then
inserte;»the sampling hole. Measurements were then taken wiih the
hydro-probe at half of the depths from which nravimetric samplegs were
collected. The resultswere used to contsiruct a separate calibration
cuzve for each depth between ke count ratics of the hydro-probe
readinns (field count dividid by standard count), and the soil mois-
ture content by volume, using the reoression analysis technique
(Little et al, 1575),

From these calibration curves, 81 and 82 at different depths
were determineds Thus evepoiranspiration for each interval of Irrig-
ation was calculated using equation{8].The evapotranspiration amount
during the tuc days before irrigation was estiimated by using the
following equationm :

ET = Koy o £ seecreonsenccinnanioientiiciisenienaneas[97)

where ET= evapotranspiration for the first two days (mm)
€ = pan eveporation during the two days (mm)

p
Hc1= crop coefficient for the period after the two days
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Evaporation ileasurements:

AR Class-A Ueather Buleau pan evaporation was used to mes-
sure eveporation. This pan is ©7% inches in diameter and 10
inches in depib. A st111 well with hook gauge was pleced in
the pan to measure to amount-of evaporation(mm).The pan was
put over s wood-stand base. The measurements were taken every
other day and uere ac umulated according to intervals of
irrigation .

Crop Coefficient (Kc):

Hc ratio for each period of irrigation was determined using
equation{1} and data for evapotranmspiration and pan evepore-
tion were obtained from eqﬁatiun[&]and step 8 above respectively.
Yield :

Yields of tomatoes were ohtained by weighing the harvested
crap from 12 plants in the middle twc rows from each plot.Harves-
ting of red Trults hac started on April 2 and completed on
tiay 1€ .

Analysis cf variance of Letin sgquare design for the yields
and consumptive use amounts of different treatments was done in
order to find if there were sny significant differences in yield

and consumptive use. SSD test was also done to compare between

trestments.

Soil Analysis :

One profile was dug in the experiment area. Undisturbed soil

[
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samples were taken at depths of 15, 45, and 75 cm.. Disturbed soll

samples were tazken from the foliowing layers: 0O - 30, 30 - 60, and

0 - 90 cme . Some physicsl and chemical properties were determined,

as shawn in tables 1 and 2 and in Figure AThese properties were:

He

Be

Ce

de

Ee

fe

Bulk Density: It was determined by core method as described by

Taylor and Aschrnftl(1§32), using rings with suitable sleeve

(undisturbed sample ) .

Snil moisture sorption curve: Undisturbed samples were used and

their moisture contents have been determined under the faI;Eging
pressures: 0.1, 0.3, 0.5, 0.75, 1.0, 3.0, 5.0, 10,0 and 15.0
bars by using the ceramic pléte extractor as described by USDA.
Handbook No. 60 (1954), Field capacity and wilting points were
considered at 0.1 and 15.0 bars respectively,

Texture: Pipette method,as described by Day (1965),was used to
determine the textural classes of the solils.

Organic matter: Schollen-Berger method as described by Allison

(1965), using potassium dichromate-1N and ferrous sulfate 0.5N,

wes used to determine the organic matter content ,

CaCO4 %: It was determined by the calcimeter metﬁqd as described

by ‘Allison and Moodie (1965) .

Electrical conductivity(EC): It was determined by the use of

conductivity bridge in soil saturated extract as described by

U5DA, Handhook HNa. 60 (1954),
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PH : It was measured using glass electrode in soll saturated

extract ss descrihed by USDA., Handhbookelio. 60 (1954)

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



19

1soce@ syl Jo BIusD - Ueplor Jo AlSiBAIUN JO AkeiqiT - paARSSY SIYDIY |1V

(uu zg°p - g°g) ° PuEs autd =54 {4
(wu 2°pg - 2y pues asaeao] = 5] (¢
i ,

«( sunton Ag %) jutod Butgran =dm 2
*(awnion Ag %) Ajtaedes pratd =34 U
wze Aegg Apusg ou-iz  03°SlL G042 6G°LE B9°LL vl il 951 06 = 09
weoTy Apusg  pLrdlk €6°CL 9482 Lg"6L ££°HL LO*he g6t 09 - 0¢,

weo AuTg Apues  Zgtle  CLTgL LLTHEZ wBTOYM  LL*SL BLTLa 9 L o - 0

(¢ wo,ub) (ua)

o

sselo Teanixap  AeTd 91TS :w..r._ Ammm nmma Qu.._ Ag1suap HyIng ujdap ashe]
+ 1108 ayj 40 sajjdadoxd TeatsAuyd awog *L afge)

.o



Table 2.5cme nhemical nroperties of suil .

Y,
Ay

..’r R

Layer depth Organic caCh,  PH, £C, X10 =3
(cm) matter % % {(mmho/cm)
D - 30 0.96 19.15 7.9 2959
30 - 60 0.34 21.27 8.0 1.66
&0 - 90 0.18 23.56 8.0 1084
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RESWALTS AND DISCUSSION

Effect of Irrigaticn Tiecatments cn Yield :

The vyield averages uere: 3.72, 8.11, 7.16, end 6,78 tons
per dunum for treatments T,, T., T, and T, respectively(Taeble
3), Analysis of varisnce waz done to study the differences
hetween the trestments. The chserved F test for rows, columns,
and treatments (0.856, 0.23, and 1.28 respectively) were less
than the values of the required F'{h.76 gnd 9.78 at both 5%
end 1% levels respectively)(Table &). This indicates that the
differences among rows, columns, and treatments were not
atafistically gignificant,

water Applied and Consumptive Use:

Irrigation treaiments and soll melsture depletion measure-
ments needed for determining evepotrenspirasticn had sterted in
late February(2/20), when tomato plents were growing rapldly .
The number of irrigations end the total emounts of water sppllied
for the four irrigation treatments, from that time to the end of
the season (5/11), ere presented in teble 5. It can be seen that
the totsl amount of water applied per season for T1 was 741 mm,
while for T# wes 429 mm, This shows that the totasl smount of
water applied decreased as the soil moisture tension before
irrigation mas-left to increase. Tﬁg total smounts of consump-
tive use for the fsur trestments durihg the growing season(Feh,
20 - May 11), amounted to 451, 401,348, end 298 mm for T To
Typ and T, reapecyivelvf(Tables 6, 7, 8, and 9). The eccumula-

tive.USe data for the four treatments is shown in figure & .
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Table 3, AvermAce yiels nf Ltomzioes under the four dlfferent

irrication tresimenis

Treatments 501l moisture Yield
tensicn ( eb) (kn/dunum )
T1 20 8720 .
T2 30 8110
T3 Lo 7160
T& 50 6780 -
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Tahle 4. Analysis of variznce tztle for yizld data .

2} 3) ohserved Reguired F

Sgurce of varlation 5% (ot M5 F 5 % 7o
Total 31,97 15
*
:\‘Ul.'ls . 6.31 3 2. 10 D-BG li.?s 9078
*
Columns 1.78 3 .57 C.23
*
Treatments 9,37 3 3.12 1,28
Error 19,59 6 b
1 35 = sum of squares .
2) .
df = degrees of freedom ,
>} 13 = mean of squares ,
*
= nok =irn f'__r_'.“dﬂ’f ‘-
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Table S.tumher of irrigstisne und total amounts of weter gpplied

durlng the sesson.,

Treatments Sgéﬁafgﬁagﬂﬁg T:??;:tggna' EE;;; f;;ti:!f;§>
T, 20 e I /'S
T, 10 5. 585
T3 . 40 | 13 ; 507
T, J 50 17 $ k29
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Table 6. Consumptive use of water by towators and pan evanoration data

during corresponding percicds for treatment T1 .

Periods Consumptive ueey (mT) _Pan gvaporation '(mm.) Hc
periodic; daily ) Tatal periodic |dally |Total
2/21 - 2/24 7,38 4,38 | 7.38 | 10,91 3.64 | 10,91 0,68
2/28 = 3/3 | 13.17 | .39 | 29.06 | 13.67 | 4.56 | 30,27 | 0,96
3/12 = 3/171 13.77 | 2.75|39.53 | 13,04 2.61 | 37.29 | 1.06
3/19 - 3/21% 12,51 Fe261{ 22,13 | 10.16 5.08 | 17.99 | 1.23 ]
3/23 - 3/28° 16,47 § 3,29 25.81 | 10.17 2,03 | 22.72 | 1,62
3/30 - 3/31: 12,35 | 12,39 36.93 be51 L,51 | 13,43 2,75
L/2 - L/4 1 23,91 | 11,96 39.36 | 14.03 7.02 | 23,15 ; 1.07
4/6 - 4/7  5.73 | 5.791 20,62 | - 5.84 5.84 ”20.535 0.99
/11 - 4/13 8.06 | L.02] 34,47 | 8.60 | 4.30 | 37.06 | 0.93
L/ = /16 11,40 | 5,70| 16.55 | 12.59 T 6430 | 18.19 | 091
4/18 - 4/20 | 16,05 ' B8.03{'27.76 | 16.64 .5 8,32 | 28.92| 0.96
4/22 - 4/23 8.4 | 8,04] 21.27 | 6,85 | 6.85 | 18.18| 1,17 "
4/25 = 4727 . 15,57 | 7.79|.31.07 | 16,24 | 8.12 | 32.36| 0.96
L/29 - 4/30 | 12,51 | 12.51(-2B.87 | 17.89 | 17.99.| 41.24 | 0.70
5/2 - 5/5 | 1..88 4,96/ 27.82 | 26.10. | 8,70'| 48480 | 0.57
5/7 = 5/9 8446 4423 16,20 | 18.43 9423 [...35421 [ 0446
5/11 = 5/12 | 5.5F | - 5.55] 14.69 | 12,40 | 12,40 | 32,64 | 0.45
..450,52

" Total = periodic depth + depth for the perlod betweenlirrigatiqh day

and first day of the period .
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Table 7. Consumniive use of woter bytomoloes and pan evaporstion dsta

during corresponding periods for treatment T2 .

Periods ; Consumptive use in(mT )] Pan evaporation in(mm*) HC
: perindicldaily Total periodic|daily | Total |
2/20 - 2/24 ' 7,38 r 1.85 7,38 15,57 | 3.89 | 15,57 0,47
2/26 = 3/3 13096 | 633 47.17 | 2143 | 6.28 130,27 | .49
3/12 - 3/17  20.88 4e18 | 59,66 13,06 2.61 | 37.28 | 1.60
3/19 - 3/21 16,32 B.16 28,96 10.16 | 5.08 @ 17.99 | 1.61
3/23 = 3/31 22,77 2.685 | 34,70 23.60 | 2.95 | 35,15  0.96
L/2 - 4/6 27.81 £.95 = 36.51 29.02 | 7.26 ' 38.7% 0,9
4/7 - 4/11  20.28 5.07 | 204,35 28.46 | 7.12 34,30 0.71
4/13 - 4/18 22,11 Lob2 28,52 30,47 | 6.09 35,07 ' 0,73
L/20 = /23 113,35  L.45 . 25,42 | 18,18 | 6,06  34.82 © 0.73
4/25 - 4/28 130,27 10,03 48.07 27.58 9,19 43.70 | 1.10
4/30 - 5/2 12,03 - 6.02  15.84 22,70 511.35 ! 29.88  0.53
5/5 = 5/9 1191 | 373 25.75 35.21 | B.80 | 61,31 1 0,42
5/11 ~'5/12 6.90 | 6.90 % 18.60 12,40 ;12.ao 4 32,64 | 0.57
i- | i 401.03 | i l

*
Total = periodic cepth + depth for te perind between irriaation day

=nd

Tiosh

dzy

4

af the rerind .
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Table 8, Consumptive use of water by bto.otoes and psn evaporation data

during cerresponding periods for treatment T3 .

o Y

Consumptive use (mm )} [Peon evaporation(mm 3 | K

Perinds . * o ©
periodic;daily Total |periodid daily| Totel

2/20 - 2/24 8.01 | 2.00 i B.01 | 15.57 | 3.89| 15.57 | 0.51

2/26 - 3/3 15.57 | 3.11 | 23,11 21.43 4e29| 31.66 | 0473

3/12 = 3/19 | 25.29 | 3,61 | 54,60 | 20.87 | 2.98| 45,12 | 1,21
3/23 - 3/31 | 30,57 | 3.82 | 60,20 | 23.6 2.95 46,31 | 1.30
L/2 - 4/ 25.44 16,36 | 33,56 | 29.02 | 7,26 38,14 | 0.88
L/7 - 4/11 | 22.53 [ 5.63 ' 27,10 | 28.46 | 7.12| 34,30 | 0.79
L/13 -~ /20 | 26,15 | 3.45 ! 28,41 | 47.11 | 6.73| 55,71 | 0.51
L/22 - 4/25 | 18.48 | 6.16 | 27,44 | 22,97 | 7.66| 34.30 | G.80
4/27 =~ L/29 | 10,92 | S5.46 | 18455 | 23.23 | 11.62] 38.47 | 0.47
L/30 - 5/2 9.78 | b.89 | 17.50 | 22.70 | 11.35| 40.69 | 0,43
5/5 = 5/9 13.23 | 3,31 | 23.30 | 35.21 | 8.80( 61,31 | 0.38
5/4% = 5/1b | 15,36 | 7.68 | 25,85 | 29,48 | 1,74 | 49,72 | 0.52

347,63

Total = periodic depth + depth - for the period between lirrigation day

-n¢t firet day of the period .
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Table 9, Consumptive use of water by tomatoes and pen evaporation data

during corresponding perlods tor treatment Th .

Perinds Consumptive uge(mm. ) - Fzn eveporation(mm. ) % Kc
periodic| delly] Total]perlodic | dally | Total -
2/20 - 2/26 11,40 150 11.460| 27,80 L.63 | 27.80 D.41
2/28 = 3/5 25,98 5.20 34,52 23,62 4,72 | 31,38 1. 10
3/12 - 3/19 2L, B4 3.55 51,085 20,87 2.98 | 35,17 119

3723 - L/b 44,73 1 3,73 | 66.68] 46,75 3,90 | 69,46 | 0.96
4/5 = 4/9 20.64 | 5,16 | 25.59| 26,55 6.64 | 31453 | 0.78

4/10 = 4/13 15.81 D27 | 21,82} 19,22 Ba.li1 | 26036 | 0.82

4/15 - 4/20 16,53 {3431 | 22.14] 35.17 703 | 6741 | Del?

L/22 - 4/27 16.47 3429 | 21,23 38,21 TaBh | 0G5 | Dah2

4/28 - 5/2 11.40 3.80 | 17.20| LO.6S 13066 7 63,94 | 0.28

5/3 - 5/9 12,99 2.17 | 15,33} 51.27 2217 | 61431 | 0.25

5/11 - 5/18 15.87 2.27 | 21,13 61.04 B.72 | 81.28 | 0.26
298,36

* Total = periodic depth + depth for the period between irrigation day

and first day of the perind .
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Figure 4 - Accumylative consumptive use for the 4 treatments
during the season. '
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Rnalysis of variance for the consumptive use data waes done end

the results are given in table 10. From table 10 it cen be seen
thet there are significant differences among treatments. 55D test
was duﬁé to compare between the treatments (Table 11). The results
show that significent differences exist between all treatmenta .
The rates of the consumptive use snd the rate aversges of the four
treatmente during the same period are shown in figures 5, 6, 7, 8,
and 9. The results show that the rate of consumptive use for each
treatment fluctuates during the growing sesson aslong the seme
pattern as the fluctuation in evaporation. The average rate of
consumptive use for the growing season (not including the dormant

stage) decreassed from 6.6 mm/day to 3.6 mm/day as the soil moist-

ure tension before irrigation had increased from 20 cb to 50 cb.

Irrigation Efficliencies:

The amount aeverages of water stored in the root zone during
the growing season between irrigations,the amount of water applied
in each irrigation,and the application efficiencies(Ea)fnr_tpe four
irrigation treatments are shomn in table 12(Eauaa 34.64% for T1,and
49.82% for T,).The total smounts of consumptive use, tatal'amaunt
of water applied and the water use efficiences (Eu)far the four
treatments are shoun in table 13(Euwas 60.86% for Ti,and 69.46%

for Th)' The total smounts of consumptive use, yields, and water
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Table 11. Comparison between the consumptive use data for the four

~treatments. by the use of 85D test .

a) L5D = 42.60L

b) Relative position in array 2 3 | b
Values of (5 % level ) 1.00 1.04 1.07
350 = R{LSD) 42,64  4L,35 45,62
c) Treatment ’ Th _ T3 T2 T1
Mean 238 348 L01 L51
d) Comparison
comparison Mean difference SsD
T, vs T, s0° 42,66
T, vs T, 103" 44,35
T, v T, 153" 45,62
Tz vs  Ts 53‘ L2.64
* ,
T, vs T, 03 44,35
.
T3 ve Tq 50 4L2.64

It

significant ,
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Figure 7~ Rates of consumptive use for treatment T3 during
‘ the season .
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Talhle 17, Avercozs of  gater stored , water applied, and gpplice-

tion afficiency

Treat- Soil moisture Average depth of Averege depth of weter Applicetion

ments tension water stored bet- @&oplied in eech irrig- efficiency
ween irrigations ation '
(rh) (mm) {me) (%)
T1 20 13.51 | 39 34,64
T, 30 18,71 - 39 47,97
T3 L0 18,51 39 LB.4LS
Th 50 18.4L3 o 29 49,82

Table 13. Averages of total water epplied, total evepotranspiration,

and water use efficiency (%) .

Treate= Soil moisture Totsl depth of Totasl evaportense later - use

ments tension(ch) applird'(mm)’ piration (mm) efficieﬁcv(%)
T, 20 741 451 © 60.86

T, 30 " 585 ' 604 68454

T, L0 507 | 34,8 . BBuEL -
T, 50 . sz - 298 69,46
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(mu) for the four treatments are shown in table 14(W, was 17.34

kg/m3 for T, end 22,75 kg/m3 for Th)' The results show that the

1
irrigation efficienciee were low for the four treetments. This
could be explained by: the emount of water applied in each

irrigation was 39 mm. This emount 1s more than the asversge de=

pletion smount which wss 15,70 mm for Tu .

Crop Coefficient (Hc) :

Hc is the retio of consumptive use amount to eveparetion
amount as obtained from Class~A pan. Hc values were calculated
for the growing season (2/20 - 5/11). Consumptive use smounts
of wseter, ban eveporation amounts, and Hc valuaes during corres-
ponding periods for the four trestments are presented in tables
6, 7, 8, and 9, The results show that the Hc value for each
treatment hed chenged during the growing season as shown 1in
figures 10 through 13. For exemple in treatment Th' Hc increased

repidly from 0.41 to a maximum equels to 1.19 attained during

flowering stage, then it declined to 0.26 st the end of the grow-

ing season .

Second degree (Quadratic) equation betwesen computed Hcvalues

end number of deys after dormant stage (Dec. 20 - Febe 5) for T,
was determined. The equation s as follows 3

K, = 0.311035 + 0.028837 X = 3,2128 X 107 '%%ueeeess [10]
where X ls the number of days after the dormant stage. Analysis
of varience for this equatinn uas?dnne (Table 15).The results
show that there ﬂerg no significa&t differences between the come

puted H;values,and the estimated values obtained by using

equation [10)

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



L0

Table 14, Averapes of totel evapntrzrgairation vleld, and water

use efficiency (kg/mB) .

Treat- GSoil moisture Total evaportranse ARverage yield water use
ments tension piretion '

effeciency
(cb) (mj/duﬁ) (kn/dun) (kgfmsj)
T1 20 451 - 8720 17.34
T2 30 Lo1 8110 20.22
T3 40 348 7160 20457
L 50 298 6780 22,75
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Table 45. The analysis of variante table of the guedratic equation for

tregtment Th

Source of variation _ 1) 2) 3) Observed F Required F
33 df M5 , o
5% 1%
Total 0.99 7
Linear O«33 1
Deviation from 0.66 6
linear .
[ ]
Quadratic component 0.27 1 0.27 3.38 6.61 L.06
Deviation from
quadratic 0.3% 5 0.08
1)
S5 = sum of squares .
2)
df = degrees of freedom ,
3 MS = mean of sqgueres .

= not significant to both level ‘s
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During the dormant stege the KC value can be considered cone
stant as niven by Aobins and Heise (1961). Thus, the estimated
H; value for dormant'stage is D.31(equation 10). The importance
of the K, values is fo calculate the equivalent of pan evsporate

ion between irrigations using the following equation :
- _

Ep = u ....-.‘.......‘....'......"............ E11]
K .
c
where Ep =the equivalent of pen esvaporation (mm),
£T,, =the usable evapotranspiration (mmYa "
: A
K, =crop coefficlent(dimenssionless ).

. The number of K, values for treatment Ih (Tablerg) were ree
duced by using the averasge of the respectivé'values that are
close t9 each pther (Table 16), in order to simplify the use of
Hc values in scheduling irrigation .

Soil Moisture Extraction Fetterns :

The soll molsture extraction percentages (Ex) for the four
treatments during the growing sesson are shoun in tables 17, 18,

19, and 20. The results show that each treatment had four soil

mnisture extractlon patierns ss shown in figures 14, 15, 16, and

17, Also thé results show that the upper 30 cm was the soil depth
froh which most the feeder roots of the plants extract molsture,
So the upper 30 em layer was considered to be the design moisture
extraction depth . |

The average smounts of water extracted between irrigations

from the upper 30 cm layer, "end the percentages of these amounts
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Table 16 «+ The average Ky ratio for trestment T& guring the

3L 880N .
Period Averane Hc

12/20 - 2/5 0. 30

2/5 = 2/20 0.36
2/20 -« 2/26 0.76
2/26 « 3/19 1.15
3/19 - 4/13 0.BL
L/13 = 4L/27 a.c7
L/27 - 5/18 0,30
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Table 17, Average soill moisture extractlon percentagea(Ex) for treat-

ment Ty during the season .

soil moisture degletion(mmz Z
Period deptq per layer ote %

cm/ e}

0= 30 6.09 82.52

2/21 = 2/24 30 - 60 1.29 7.38 17.48
60 « S0 0.00 ‘ 00.00

0-30 11.22 8519

2/28 - 3/3 30 -60 1,29 13,17 9.79
60 - 90 0.66 5.01

0 - 30 11.22 81.L8

3/12 - 3/17 . 30 - 60 1.89 13.77 13.73
60 = 90 0.66 | 4,79

0~ 30 10.56 8lL.b1

3/1% - 3/21 30 - 60 1.29 12.51 10431
60 - S0 0.66 5.28

0«30 13.92 84,51

3/23 - 3/28 30 - 60 1.89 16.47 11.48
60 - 90 0.66 4,01

0 - 30 7.83 63,20

3/30 - 3/31 30 - 60_ 3.9 12.35 31.L8
60 - S0 0.66 5,32

L/2 - L/4 30 - 60 6.48 23.91 27.10

80 - 90 - 2.37 , 9,91
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T=ble 17 (continued) .

L9

?epth Soil moisture depletion(mm) z,

Period em) per layer Total é
D - 3D 3.810 56.32
/6 = 4L/7 30 - 60 1.29 5.79 22.28
60 - 90 0.66 11.40
0 - 30 E.Gg 72.96
4/11 - L/43 30 - 60 1.29 8,04 23,58
60 « S0 0.66 3.46
0 - 30 9.45 82,89
L/14 - 4/16 30=- 60 1.29 11.40 11.32
60 - 90 0.66 5.79
C - 30 12.81 79.81
4/18 - 4/20 30 - 60 2.58 16.05 16.07
60 - 90 0.66 4e11
0+~ 30 6.08 75.75
L/22 - L/23 30 - 60 1.25 8.04 16.04
60 -« 50 0.66 8.21
.0 - 30 12.33 79.19
L/25 - 4/27 30 - 60 2.58 19.57 16,57
60 - S0 0.66 L.24
D - 30 10.56 84.41
L/29 - 4/30 30 - 60 1.29 12.51 10. 31
' 60 ~ 90 0.66 5.28
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Table 17 {(continued) .

50

Feriod (dgﬁgh Soil moisture depletion(mn) E;: .
per layer Total 7

B-30  12.33 82,86

5/2 = 5/5 30 - 60 1,89 14,88 12.70
60 -« 90 “0.66 Gobh

0 - 30 7.20 85.11

5/7 = 5/9 30 - 60 0.60 B8.46 7.09
60 - 90 0.66 7.80

0 - 30 4,95 89,19

5/11 = 5/12 30 - B0 0.60 5.53 10.81
60 - 90 0.00 0,00
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Volumerric\ moislu_rci:onlent ) Yolumetric moisture content(%)

10 20 30 - 10 20 30
T \ ) 'i
154 } 15 l
€ 30- £ 30
o [¥]
= a) = b)
£ 45 2/21-3/28 2 45 3/28-4/13
® o
b
260 % 60-
75 75- .
9ol  sol
Vplufﬁetric moisture content(%) Volumetric moisture contert(’4)
A0 .20 30 - 10 20 30
KLY . :
SELE
i5] 1.5.
|98 "
~30{ = 30-
E Iz L E
< el ~ )
£ 45, 4/13-4/27 = asd 4/27=:5/12
5 =
560 & 60,
172 .
751 7 54
30/ 904

Figure 14 -50i1 moisture extraction patterns for treatment T during
the season. : '

W

e
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Table 1" . Averane snil maisture axtraction percentanges(Z ) for trest-

nant T durinc the segson ,

depth 501l moisture depletion(mm) £

Period %
(cm) per layer Totsl or

0 - 30 6.09 824,52

2/20 - 2/24 30 - 60 1.29 738 17.48
60 - 90 0.08 .00

0 - 30 26,25 82.19

2/26 = 3/3 30 - 60 L.50 31.94 14,09
60 - 380 1.19 3.73

0 - 30 12.81 61.20

3/12 - 3/17 30 - 60 4,50 20,88 21,63
D - 30 9-‘45 57.90

3/19 - 3/21 30 - 60 4,50 16432 27,57
60 -~ 90 2,37 14,52

0 - 30 13,92 62.23

3/23 - 3/31 30 - 60 6.48 22.77 28, L6
60 - 90 2,37 S 10,61

L/2 « L/6 30 - &0 5.19 27.81 18.66
' €0 = 90 3.57 12.84

0 - 30 14,58 71.89

4/7 « L/11 30 - 60 4,50 20.28 22.19
60 = S0 1.20 5.92

60 - 90 . 3.03 - ‘ 13.70
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Tatile 18 (continued),

33

Perind depth Soil moisture degletiorlgmm) y
(em) per layer Total nt

0~ 30 8,97 67.19

4/20 - 4/23 30 - B0 3.18 13.35 23.82
60 - 90 1.20 8.99

0 - 30 19.05 62.93

4/25 - 4/28 30 - 60 6.48 30,27 21.41
60 - 90 Lo74 15.66

0~ 30 10.08 83,79

L/30 - 5/2 30 -« 60 1.29 12.03 10,72
60 - S0 0,66 5,49

0-230 12.33 82.70

5/5 = 5/9 30 « 60 2.58 14.91 17.30
60 - 90 0.00 Cc.00

0~ 30 5.61 81.30

5/11 = 5/12 30 - 60 1.29 6,50 18.70
60 = S0 0,00 0.00
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Figure 15~ Soil moisture extraction patterns for treatment 1’2
during the semson .
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Table 18, Averzge snil maiciture oxiracsion mervcantaney (Ev) Fortreat-

nent T3 during the seasen

Period depth So0il moisture depletion{ma) Ex~
(cm) ~
per layer Total ’

0~ 30 6.72 83.90

2/20 - 2/24 30 -~ 60 1.29 8401 16.10
80 - 50 0.00 0.00

0~ 30 12,33 79,19

2/26 ~ 3/3 30 - & 2.58 15.57 16.57
60 - S0 .66 4,23

12/3 « 3/18 30 - B0 4,50 25.29 17.79
66 - 90 2.37 S.37

0- 30 19,53 63.89

3/23 - 3/31 30 - 60 7.08 30,57 23416
60 « 90 3496 12.95

0 -230 17.28 67,52

L/2 - 4/6 3t - 60 5.79 25,bL4 22,76
60 -~ 50 2.37 12.95

. D - 30 16,17 71.77

477 = 4/11 30 - 60 4,50 22,53 18.97
60 - S0 1.86 8.26

0D~ 30 17.28 71455

L/13 - 4/20 30 - 60 4,50 24,15 18.63

60 - 90 2437 9.81
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Takle 1% (continued) .

56

depth Soil moisture depletior{mm? z

Feriod om >
( ) per layer Total o
0 - 30 13.44 72.73
4/22 = 4/25 30 - 60 3.18 18.4L8 17.21
E0 - S0 1.86 10,06
L/27 - L/29 30 - 60 1.25 10.92 11.81
&0 - 90 0.66 6.04
0~ 30 7.83 80.06
4,30 - 5/2 30 - 60 1.29 9.78 13.19
60 - 90 0.66 6.75
5/5 « 5/9 30 - &0 1.29 13.23 9.75
60 - 90 1.86 14,06
D - 30 12.81 83,40
5/11 = 5/14 30 - 60 1.85 15. 36 12.30
60 - 50 g.66 L4,30
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Figure 16 -~ Soil woisture sxtraction pattm- for trestmant 1’

durinq thn sesson .
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Table 70, Avorune s2il eelztupe bxsesstion percentages (Ex)Fnr treol-

ment T trias Rho aomann

ikt i TUIVI 1§ PR

depth Soi} moigtura depletion(mm? ¢

Period !
( em) per layar Total o

0« 30 9,45 82.89

2/20 - 2/26 30 - 60 1429 11,40 11432
60 « 90 0.66 5e79

0 - 30 18442 70,50

60 - 90 2437 9.12

3/12 = 3/19 30 -« 60 519 2L, 84 20,89
60 - gﬂ 2.37 9.5‘#

0 - 30 26491 60416

3/23 = L/4 30 - 60 13,59 Lh,73 30.38
EU - 90 ‘G|23 9.‘05

0 - 30 12,33 59,74

60 = 90 1.86 5.0

0 - 30 9.105 59.77

L/10 = 4/13 30 - 60 L.50 15.81 28,46
60 « 90 1.86 1176

| 0 - 30 13,44 81,31
L/15 - 4/20 30 - 60 1.89 16,53 11443

60 - 90 1,20 ' 7.26
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Takle 20 (continu=d),

58

Period ?iﬁ?h Soil molsturg depletion{mm} E,..
per layer Totel o

0«30 13.92 84,52

L,/22 - 4/27 30 - 60 1.89 1647 11.47
&0 - 90 0.66 4.01

0« 30 9,45 82.69

4/28 - 5/2 30 - 60 1.29 11.40 11.32
60 - 20 0.65 5.79

0 - 30 11.70 90.07

5/3 = 5/9 30 - 60 1429 12.99 9.33
60 - 90 U.UO D.UU

0 - 30 14,58 91,87

5/11 = 5/18 30 - 60 1.29 15.87 8.13
&0 - S0 0.00 0.00
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Volumetric moisture content (%) Volumetric moisture coment(%)
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Figure17? — Soil moisture extraction patterns for treatment Ts
during the season. -
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to toial amount of evalleble water in the root zone (Exa) for
the four traatﬁents are shoun in %able 21. The values of Eoth
Exa and the soil moisture extraction percenteges from the upper
30 cm layer (Ex30) are very important in calculastion the usable
evapotranspiration {ETU) uging the Tollowing eguation @ ’

- Exax Totel avellable . water in the root zone;....._[12 ]

Ty

EEBU

Scheduling Irrigation:

,. Qe gz schadale

By using the values of both K Exa‘ end £

ct %30

irrigation .

For example, to schedule irrigation for treatment T, zt 53 cb,.

-

one can_procesd: eg follows @
The weeble evapotranspliration can be calculated using equa-
tion {12 ] end data from tsbles 20 and 21,

ET = 1527 X 92°&3 = 17,14 mm for the period(2/§0-2£25).
. 82.89 .

The equivalent of pan evaporation can be calculated using equat-
ton [11] end data from teble 16,

E, = 33333#= 22,55 m for the same perlod,

P o078
Thus the irrigat}un schedule for treatment T, will be as shoun
in teble 22,

rHvdrénprube Calibration:

The calibratiun curves and the equations for the fnllowing

different depths: D - 30 cm, 30 - 60 cm, and 60 - 90 cm, are

*
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Table 21 . The percentage of soil moisture exiracted from the upper

30cme. layer to available water in the root zone(Exa) .

Treast- Soil moisture Averaoe soil moisture Amount of availahle _~

ments te??i?n extract?gmgrom(D-BDcm) waﬁs;&P—GOcm) L;a
T, 20 9.50 92.4L3 10.28
T2 30 13.2S 92.43 14,38
T3 L0 13.35 92,43 A
T& 50 14,21 82,43 15.37
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presented in table 23 and in figure 12, The regresslon lines wers
obtained by plotting the volumetric moisture content of each 30 cm
increments against the ratio of the hydrg-prube counts (field count
divided hy standard count). The resnults shaw that thers uere devia-
tions in the calibretiorn curves due to variation in soil taxture
and bulk density. These deviations are consistent with the findings

of ather researchers(Gornat and Goldbers, 1972 .; and Laly 1974),
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Table 23, The calibration curve eduations for three soil depths.,

Layver depth Bulk density Textural Classes equation

(cm ) (gm/cm3 ) T

0 - 30 1446 Sandy Clay Loam R =0.2507982+0.02618 Py 0.99
30 - 60 1,56 Sandy Loam 1 =0,5200602+0.023084 Py 0.57
60 - 90 1.56 Sandy Clay Loam % =0,430789840.0253952 Pv 0,99

A = Ratio of hydro-probe counts .

** py= Soil moisture content (% by volume) .
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SUMMARY ALD UONCLUSTON

Optimizing water use efficiency in the Jordan Valley in crder
to increase the irrigated zrez eatails e preger irrigstion schedule,
This study, was carried out in orcer :
Be to develop a simple procedure to schedule drip irrigation fer
tomato crop in the Jorden Valley using class-A evsporstion
pen, by determining en eppropriate constant that relates pan
evaporation to eveptranspiration requirements, and
be to study the effect of different soil moisture tensions (20, 30,
40, =nd S0 centribars) under drip irrigation on tomatoc yield.
The results obtained may be summarized as follows =
1. Tomato cen be irrigated by drip when the soll moisture tenslion
reaches 50 centibars with no significent differences in yields
compered to the lower tension treatments (20, 30, and 4O cb).
2. The water epplied and consumptive use (CU) were found to de-
crease with increasing soll moisture tension (CU 451 mm for

treatment 7, and 298 mm for treatment Th)' The daily average

1
rate of consumptive use was found to decrease with Increasing
spil moisture tension (6.6 mm/day for treatment T1 and 3,.6mm/day
for trestment TQ).

Je Craop coefficient (HE) had increased rapidly to a maximum during
the flowering stage (from 0.41 to 1.19 for treatment Th)' and

then declined at the end of the season to reach a value of 0.26

for the same treatment .
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The soil moisture extractlcn percunteges were found to be in .
four different patterns during the season. The s0il moisture
extraction percentage from the upper 30 cm. layer (ExSD) wes
found to be the highest. The ratio (Exa) of the average amount
of soll moisture extracted from this layer to total available
water in the root zonme was found to increase with decreasing

anil molsture tension (10.28 for treatment T, and 15.37 for

1
treatment Th Ye

It was found that one can schedule irrigation by using the

cbtained values af Hc ' Exa' and Ex3D .

66

The hydro-probe calibration curvec were found to be effected by

variation in the bulk densiiy and sogil texture through the

soll profile .
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SUGGESTIONS FOR FURTHER RESEARCH

It is belived that if further research =fforts are carried out in

the Jordan Valley, to deal with schedullng irrigation, the follcwing

should be considered.

1.

2e

3e

e

Far exactly similer studies the effective area of the plot should
not be less then 100 mz so as to gut more dependable yleld data .
and that each plot should have @ tensiometer so es to account for
goil varistion. Each tensiometer should have been calibrsted in
order to determine the actusl ampunts of water to be applied for
each plot. Besides, the deep percolation losses should be exactly

measured.

The effect of dates of planting cn evapoiranspiration rates should
be considered .

The effects of both microclimatic and soil differences on evepo-
transpiration, in the Jordan Valley, should he studied in order to
be able to aepply effective irrigation scheduling .

Similar studies using different irrigation methods should be carri-

ed out for the major crops grown in the Jordan Valley .

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



Ay}

70

REFERENCES

Allicon, L. 2. (19653, Grpanic carbon. Methods of soll analysis.
Part 2. Chemical and microbiological nroperties. Agron. Am. Sac.

tiadison, Uisconsin, p. 1372 - 378 .

Ailison, L. C., ang C. 0. Moode.(10R5%). Cerbonate. Methods of
soil analysis. Fart 7. Chemical and microhiologleal properties.

Agron. An. Joc. Madison, Wisconsin, P. 138% - 1392 .

Bartels, L. F.(13957,. Estimation of irrigation neecd. J. Dept.

Ant ,  Vigct. B80(411): 507 - 510 .

Bouwer, +1.(7955). Iniegration rainfell-evaporation recorder .

Cannel, G. A., and F. T. Bingham.(1961). Soil moisture technique
af ceniral and relaticn to tomato qrowth for different soil. Soil

S5ci. Soc. Am. Proc. 25: 146 - 149,

Cannell, 3. H., and ©. W, Asbell.(4374). Irrigation uf field
tomatoez ond measurements of soil water changes by neutron modera-

tion method. J. Am. Soc. Hort. Sci. 9S(4): 305 - 308 .

Christiansen , J. E.(1968). Pan evaporation end evapotranspira=-
tion Trom climatic data. 3. Irrig. and Orain. Div., Am. Soc. Civ.

Eng. S&: 243 - 265 .

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



11.

12.

13.

14.

M

—

Day, F. 0.(1923). Farticle fractlonation and particle slze
anzlycis. Methods of soil anclysis Part . Physical and miner-
alogical oroperties. Agreor. Am. Soe. Medison, Wisconsin, p .

5L5 - 5860 .

Denmead, C. T., and R. H. Show.(1953). Cvapotrenspiration in
relation to the devoloprnent of tiwe corn crop. Agron. Jd. 518

725 - 726 .

Flocker, W. J., and J. C. Lingle.(1961). Field application of
tensiometers and soil moisture blocks es criteria for irrigat-

ion of canning tomatoes. Am. Soc. Hori. Sci. Proc. 78:450-458 .

Fuchs, ti., and G. Stanhill.(1963). The use of Cless-AR evapora-
tion pan to estimate the irrigation water reguirements of the

cotton crop. Isreal J. Agr. Res. 13(2): 63 - 78.

Gear, n. D., Dransfield , A, 5., and M. D. Cempbell.(15977).
Irrigation scheduling withneutron probe. J. Irrig. end Drain.

Div., Am. Sec. Civ. Eng. 103: 291 - 298 .

Gornat, 0., and D. Goldberg.(1972). The relation between mois-

ture measurements witha .meutron probe and soll texture. Soil

Sci. 114 : 254 - 258 .

Gornat, B., Goldberg, D., end D. 3adan.{1971). Changes in the
ratioc between sugarbeet evapotranspiration and pan evaporation

during the growing season., Agron. J. 63: 256 - 258 .

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



15.

16.

17-

18.

19.

20.

21.

22.

72

Isrgelsen, C. W., and V. E. Hansen.(1962) . Irrigation principles

and practices. 3rd Ed. John Wiley end 5ons. Inc. New York.

Jensen, . C., and J. E. Middleton.(1970) Scheduling irrigation

from pan evaporation. Wash. Agr. Expt. Sta. Circ. No 527, 12 p.

Jensen, M. E., Robb, D. C. N., and C. E. Franzoy.(1970). Schedul=-
ing irrigation using climate-crap-soil data. J. Irrig. and Drain.

Div., Am. Soc. Cilv. Eng. 96: 25 - 38 .

Lal, R.(4574). The effect of soil texture and density on the

neutron and density probe celibration for some tropical soils.

Little, T. M., and F. Jackson Hills.(1975). Statistical methods

in agricultural research . UcD Bookstores, Davis, Callfornia .

Molenaar, A., and C. L. Vincent.(1951). Studies in sprinkler irrig-

ation with stokesdal tomstoes. Am. Soc. Hort. Sci. Proc. 57:259 -

265 .

Moore, J. N., %atten, A. A., and J. U, Fleming.(1958). Effect of

supplemental irrigation, spacing, and fertility on yield and

quality of processing tomatoes. Am. Soc. Hort. Sci. Proc. 71 @

356 - 367 .

pPrihar, 5. 5., Khera, K. L., Sandhu, B. S., and K. S. Sandhu .
(1976) Comparison of irrigation schedules based on pan evaporat-

ion and growih stages in winter wheat. Agran. J. 68: €50 - 653 .

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



-~

L

2h.

25.

26.

27.

28.

20.

B

3,0, (48%6). Irrigetion scheduling guide. Agr. Eng.

Richards, 3. 3., and A. W. Hersh.{1361). Irrigation based on

soil suchion measurements. Soil Sel. Am. Proc. 25: 65 - B9 .

Rosins, J. 5. (1965). Evapotransplration. Methods of soil
analysis. Part 1. Physical and minerological properties. Agron.

Am. Soc. Madison, Wisconsin, p. 286 - 256 .

Raobins, J. S., and H. R. Haise.(1961). Determination of con-
sumptive use of water by irrigeted crops in the Western United

States. Soil Sci. Soc. Am. Proc. 25: 180 - 153 .

Redriquez, R. R.(41976). Drip/Trickle irrigation scheduling .
Froc. Lth Apnual Inter. Drip Irrig., Assoc. Meeting, Fresno,

California,p.. 43 - 55 .

Shearer, t4. M., Martin, L. W., Lombard, f, B., and W. M, Mellen-
thin. (4974). Drip irrigation research in Oregon-& progress re-
port. Proc., 2nd Inter. Drip Irrig. Cong., San Dlego, Celifornis,

p. 3C - 43 .

Tanner, C. 3. (19€7). Measurement of evapotranspiration. Irrige-
tion of agricultural lands, Mono. No. 11, Am. Soc. Rgran.,

Madison, p,. 534 - 574 .

Taylor, S. ., and G. L. Ascroft.(1972). Physical edaphology .

Freeman. San Francisco, U3A.

I

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



31.

32.

33.

o

Thampson, G. D., Pearscn, C. H. 0., and T. G. Cleasby.{41963).
The estimation of the water requirements of sugar cene in
Natal. Froc. South African Sugar Technol.Assoc. Fart 1., p.
134 - 142,

United States Regional Sallnity Laboratory.(1954). Disgnosis
and ilmprovement of sallne and alkall solls, by USDA Leboratory

steff, L. A. Richards Editor, Agr. Handbook 60, U.5.D.A.

Viets, F. G. Jr.(1962). Advances in agronomy. Agron. Am. Soc.
Madlison, Wisconsin, 14: 223 -~ 224 .

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



76

Table 24, = four "y Four lauin souare, trestments, anrl tomato vields

{~on/run),

_ Solumn
Ryaln) -
f 1 Il 111 IV
.
I T, T, T, Ty
5455 5425 7.33 5.33
17 T, T, T, T,
FQED r‘.is 7.1& 10.&8
III T, T, T, T,
4,00 s 2,30 7.72
1Y T, T T
. 3 P Ty,
N 0,32 7.71 7,76
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Tatle 25, 4 four hy Tour Yahbin square, ‘eoatnaents, and total

evanohrangnitahinn {nm),

5 Column
Raid
I IT TII TV
I Th T& T1 T3
420 20 473 331
II T, T, TL T,
334 L1 306 L73
III T, Tﬁ T3 T2
29C 431 261 388
I T1 T3 T Th
L25 367 283 M1
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Tahle 26. Hydro-probe ratios (%) and computed values of volumetric
s0il moisture percentage (Fv) at different depths during

corresponding periods for treatment T1 replication 1,

50il1 denth q ey R By

{(cm) 1 4 2 2

0 - 30 1.04 28,00 0,97 25.308

2/21 = 2724 30 - GO 1.07 23,52 1.06 23435
60 - S0 Te 1l 2763 1a 1k 27.93

g0 - 30 1,03 27,62 C.93 23.88

?/28 = 3/3 30 - /D 1.07 23,82 1.06 23.59
60 « 20 1.1 27.93 1.13 27.54L

3/12 - 3/17 30 - 60 1.08 24426 1.06 23,39
60 -~ 390 Te 1l 27.92 113 27454

0-30. 1,06  23.00 0.93 23.88

3/19 - 3/21 30 - 60 1.07 23,82 1.06 23.39
i a0 - 90 1.14 27,53 1¢13 2754

0D - 30 1.04 28,00 0,91 23.14

50 - 80 1. 14 27.93 113 27.54

0= 30 1,03 27.52 D.96 25.01

3/30 - 3/31 30 - &0 1.07 23.02 1.03 22,09
0 =30 1.00L 28,00 0.580 22,76

L/2 < 4/4 30 - 60 1,07 23,82 1.02 21.66
60 - S0 1610 27,53 111 26.75

D - 30 1,04 28.00 0.99 26,13

L/ = 4&/7 30 - 60 1.07 23.02 1.06& 23.39
E0 - 90 1. 14 27.93 1013 27.54

0O - 20 1.04 28,00 0.98 25,75

L/11 - L/13 30 - 60 1,07 23,62 1.06 23,39
60 - 90 1.4 27.93 - 1a13 2754

0~ 30 1,04 28.00 . 0,54 24,26

L4 L/16 30 - 60 1.07 23.82 1.06 23.39

GO -~ 90 1.4 27,53 1.13 27454
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Table 26 (Continued).

a0

Feriod

Gril deniis

Pv

(em) g 1 2 2
: 0 - 30 1.04 28,00 0.91 23.14
L/18 - L/20 30 = Ah 1,07 23.82 1.05 27486
' 50 - SC 1.1 27,93 1.13 27454
0 - 30 1.0b 25400 .98 25,75
L/22 - 4/23 30 = A0 1,007 23.62 1.06 23.39
0 - 30 1.03 27462 D.92 23,51
L/25 - 4/27 30 - 60 1,037 23467 1.05 22,56
D - 3D 1.0& 28000 U.gh 214025
L/2% - L/30 30 - 60 1.07 23,82 1.06 22,39
E‘D - 90 ‘1.114' 27.9) 1.13 27.5&
0 - 30 1.03 27.62 0.92 23451
5/2 = 5/5 30 - 50 1,08 24,25 1.05 22,96
&0 - 90 1. 14 2753 1.13 27,54
0 - 30 1.04 28,00 0.56 25.01
£/7 = 5/9 30 - 60 1.08 24,25 1.07 23,82
o0 - 90 1. 14 27.93 1.13 27.54
0~ 30 1.04 28.00 0.99 26,13
5/11 - 5/12 20 - &80 1.08 2L. 26 1.07 23.82
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Table 27. Hydro-probe rstios (A) and commuted values nf volumetric
501l moisture percentane (Fv) at different depths during

corragnandinn neriods for tresiment T, renlication 2,
r - 4 1 h

. 5o0il depth R Ay 3 Pv
Prriod (cm) 1 1 2 2

0 - 30 1.C4 28,00 0.30 25475
2/21 - 2/24 30 - G0 1.07 23.52 1,06 23439
G0 - 90 1471 27.83 1ath 27493

G« 30 1.03 27,67 G.92 23451
2/28 - 3/3 30 - E0 1.07 22402 1.058 23.35
480 - 90 1.1k 27.93 1e 13 27.54
0 - 30 el 27.62 0,92 23.86
3/12 - 3/17 30 - 60 1.08 24,24 1.05 22.96
&0 - =0 1e 1k 27,93 1.13 27,50
0~ 20 1,04 28.00 GeChL 24,256
3/18 - 3/21 30 - &0 1.07 23562 1.06 234,39
80 - 90 Te Tk 27293 1,13 27.54
0 - 20 1.0 20.00 0.91 23.1h
2/23 - 3/25 360 - &0 1.08 24,426 1.05 23,39
60 ~ 80 1e 14 2793 1.1 27.54
0 -~ 30 1.03 27,62 £.95 2L .53
3/30 - 3/31 30 - &0 1.07 23,52 1.04 22.52
. 60 - © 1¢ 14 2792 113 27454
0« 30 104 28,00 0.90 22.76
L/2 - Lf4 30 - &0 1.08 244,256 1.,02° 21.60
o0 - 80 1.13 27.54 1.11 26475
0 - 30 104 25,00 1,00 - 26.50
£0 - 90 1. 14 27.93 1.13 27,54
0 - 30 1.04 28.00 0.7 - 25.38

L/1% = 4L/13 30 - 60 1.07 23.82 1.06 23.39
60 = 50 1.4 27.93 113 27.54
1 - 30 1.04 28,00 . D.93 23.88

L/1L - 4/16 30 - A0 1,07 23,82 1. 06 23.39

0 « C© 114 27.93 1613 27454
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Table 27 (Continuer),

s unil depth B vy R Py,
Perind (cm) 1 4 2 t

D - 3{} 1-01‘ 280[]0 0.92 23.5-1

4L/10 - 4/20 20 - &0 1.07 23,82 1.05 22.95
&0 - S0 1. 14 27.83 113 27.54

L/22 - L/23 o0 - &80 1.07 23.87 1.06 23.39
E0 - S0 1. 14 27.92 1.13 27.54

0 - 30 1,03 27.52 0.92  27.51

L/25 - L/27 30 - B0 1.07 23.82 1.05 22.95
650 - 20 1. 14 27.53 1.13 27.54

0 - 30 1.04 28,00 0.93 23.88

/29 - 4/30 30 - 80 1.07 23.82 1.06 23439
0 - 38 1.03 27.62 0.82 23451

5/2 =~ &/5 30 - &0 1.0% 24,26 1.06 23439
60 - €0 1. 14 27,83 1413 27.54

0~ 30 1.04 28,00 0.87 25,38

5/2 = 5/9 30 - &0 1.0¢ 2L .20 1.07 23,82
=0 - 90 1.14 27,93 1.13 27.54

0 - 30 1.04 23.00 0.58 25.75

5/11 - 5/12 30 - 60 1406 2L .26 1.07 23,82
60 - S0 1. 14 27.93 1.1 27,93
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Table 28. Hydro-probe ratios <) end tomguted values of volumetric soil
soil moisture percentuge (Pv) ot different depths during
corresponding pericd fer treatment T1 replication 3.

Period Scil depth R, Pv, R, Pv,
(cm)

0 - 30 1.04 28.00 C.95 25.75

2/21 - 2/24 30 - E0 1.07 23.82 1,06 23.39

60 - 90 1.1 27.93 1.1k 27.93

D - 30 1.03 27.62 0.94 vL.26

2/28 - 3/3 30 - 60 1.07 23.82 4.06 23.39

60 - 90 1.14 27.83 1.13 27.5L

0~ 30 1.03 27.62 g0.93 23.88

3712 - 3/17 30 - 60 1.07 23.82 1.06 23.39

60 - 20 1.4 27.93 1.13 27.54

g0 - 30 1.03 27.62 0.94 24,26

3/19 - 3/24 30 - 60 1.07 23.82 1.06 23.39

60 -« 90 1.1h 27.93 1.13 27.54

0 - 30 1.04 26.00 0.91 23.14L

3/23 - 3/28 30 - 60 1.08 24.26 1.06 22.39

0~ 30 1.03 27.62 0.97 25.28

3/30 « 3/31 30 - 60 1.07 23.82 1.06 23.39

60 - 90 1. 14 27.83 1.13 27.54

0 - 30 1.04 26,00 8.90 22.76

L/2 - 4/4 20 - 60 1.07 23.82 1.02 21.66

80 = S0 113 27.54 1.11 26.75

0 -~ 30 1.03 27.62 1.00 26.50

Lb/6 - L/7 30 - 60 1.07 23.82 1.06 23.39

ﬁGD - 80 1.14 27.93 1.13 27.54

0 - 30 1.03 27.62 0.98 25.75

L/11 - 4L/43 30 - 60 1.07 23.82 1.06 23.329

60 - 90 1.14 27.93 T1¢13 27.54
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Tahle 28(Cantinued).

Bl

Soil depth i, P R Fv

Period (Cm) ' . __q_“__\."f 2 2
0 - 30 4. 04 282..40 .85 2L . 63
L/14 - 4/16 20 - 60 1.07 23.52 1.06 23.35
GO - 20 1.1 27.%3 1.%3 £7.54
o - 320 1.43 27.62 0.92 *3.51
4/18 - 4/20 30 - &0 1.07 22.562 1.05 22.26
&0 - 90 1. 14 27.92 “e13 27.54h
L/22 - L/23 30 - &0 1.07  23.82 1.06 23.39
60 - 30 1.1 27,93 1.13 27.54
0 - 20 1.G3 27.62 0.92 23.51
4/25 - 4/27 30 - 60 1.07  23.82 1.05 22.96
0~ 20 1.03 27.62 0.84 2L.26
4/29 - 4/30 30 - 60 1.07 23.62 1.06 23.39
&0 - 90 1.14 27.93 113 27.54
0- 20 1.G3 27.62 0.92 23.51
5/2 = 5/5 30 - 60 1.G8 264.26 1.07 23.82
60 - 90 1.1 27.93 1.13 27.54
0 - 30 1.03 27.62 0.57 25.38
60 - S0 1.1 27.93 1.13 27.54
0 - 30 1.04 28.00 0.99 26.13
5/11 - 5/12 30 - 60 1.08 24.26 1.07 23.82
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Table 29. Hydro-probe ratios (R, ard computed values of velumetric
soil moisture percentage (Pv) at different depths during

corresponding pericds For treztment T, replication 4.

1

Scil depth 2 Fv R Pv

Perlod (om) 1 j 2 2
2/21 - 2/24 30 - 60 1.07 23.82 1.06 23.33
60 - 90 1.1k 27.93 1. 14 27.53
0 - 20 1,03 27.62 0.93 23.88
2/28 - 3/3 30 - 60 1.07 23.82 1.06 23.35
' g0 - 90 1.14 27.93 1.13 27.54
0- 30 1.03 27.62 0.93 23.68
3/12 - 3/17 20 - 60 1.08 2L.26 1.06 23.39
0~ 30 1.04 28.00 0.95 2h.63
3/19 - 3/21 30 - &0 1.07 23.82 1.06 23.39
60 - 90 1.14 27.92 1.13 27.54
0~ 30 1.04 28.00 0.91 23.14
3/23 - 3/28 30 -~ 60 1.08 2L.26 1.07 23.82
3/30 - 3/31 30 - 60 1.07 23.82 1.05 22.96
60 - 80 1.14 27.93 1.13 - 27.54
0 - 30 1.04 28.00 0.20 22.76
Lz - L/4 30 - 60 1.07 23.82 1.03 | 22.89
60 -~ 90 1.13 27.546 1.1 26.75
0~ 30 1.04 28.00 4.00 26.50
L/6 - 4/7 30.- 60 1.07 23.82 1.06 23.39
60 - 20 1.14 27.83 1.1b 27.93
0~ 20 1.04 28.00 0.98 25.75
4/11 - 4/12 30 - 60 1.07 23.82 1.06 23.39
60 - 80 1.1h 27.93 . 1.14 27.93
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Table 29(Continued).

8
Pericd O%im§8pth R1 pu1 RZ PVZ
0 - 30 1.04 26.00 0.94 24,26
L/1L - 4/16 30 - 60 1.07 23.82 1.06 23.38
60 ~ S0 1.14 27.93 1.13 27.54
0 - 30 1,04 28.00 g.92 23.51
4/18 - 4/20 30 - 60 1.07 23.82 41.05 22.96
g0 - 90 1.14 27.93 1.14 27.93
0 - 30 1.04L 25.00 0.s8 25.75
L/22 = L/23 30 - &0 1.07 23.82 1.06 23.39
60 - 90 1. 14 27.82 1.14 27.93
0~ 30 1.03 27.62 0.92 23.51
L/25 - L/27 30 - 60 1.07 23.82 1.05 22.86
60 - 80 1.14 27.93 1.13 27.54
0 - 30 1.04 25.00 0.94 24.26
L/29 - L/30 30 - 60 1.07 23.82 1.06 23,39
60 - 90 1.14 27.93 1.13 27.54
0~ 30 1.03 27.62 0.92 23.51
5/2 =~ 5/5 30 - &0 1.08 2L4.26 1.06 23.39
G0 = 30 1.14 27.93 1.13 27.54
0~ 30 1.04 28.00 0.97 25.38
5/7 =~ 5/9 30 - &0 1.08 2L.26 1.07 23.82
60 - 90 1.14 27.93 1.1 27.93
0 - 30 1.04 28.00 1.00 26.50
5/11 -~ §/12 30 - 60 1.08 24.26 1.07 23.82
60 - 20 1.14 27.93 1.14 27.93

&6

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



87

Table 30. Hydro=roohe retins (7)) and comnuter values of volumeiric

snll moisture nercentege (Pv) at different depth during

corresponding nevicods for treatnent T

2

replication 1,

Ferind

S0il odepth

Pv

Com) 1 1 2 2

[ - 30 1,04 70,00 D.g8 25475

2/20 « 2/24 30 - 50 1,07 23.82 1,06 23,35
50 - SO0 1.1 27,93 1, 14 27,93

C - 30 1,04 23.00 0,80 19,03

2/26 « 3/3 30 - 60 1,08 24,26 1,03 22,09
60 - 390 1.13 27.54 1,12 27.14

0D - 30 1,04 23,00 0.92 23.51

3/12 = 3/17 30 - 60 1.08 24,26 1,03 22.09
D - 20 1,04 22,00 0,95 24,63

3719 - 3/214 30 - 20 1,00 2h 25 1.03 22,09
0 - 90 1413 07,54 1.11 26475

n - 20 1,00 22,00 0.91 23,14

3/23 - 3/31 30 - 50 1,07 73,82 1,01 21,22
50 - 90 1.13 P75k 1.11 26,75

0 - 30 1,02 27.62 0.86 21,27

4/2 - L/6 30 - 60 1,07 23,82 1.03 22,09
50 - 90 1,14 27,93 1.10 26435

0 - 30 1,03 27,62 0,90 22,76

/7 « 4711 30 -~ 80 1,08 2L, 2 1.0 22,52
60 - 90 14 14 27,54 14712 27414

‘0 - 30 1.03 27,52 0.50 22,76

L/13 - 4/18 30 - 60 1.08 24,26 1.03 22,09
50 - on 14 14 27,93 1,11 26,75

0 - 20 1,03 27,62 0.95 24,63

4/20 - 4/23 30 - 60 1,08 24 4 26 1,05 22,96
£0 - 90 1,14 27,53 1,12 27, 14
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Tabhle 35 (Conmtinued),

Feriod “ri) depth v Fv

1 2
(cm)

H - 30 2762 21.27
50 - S0 27.54 25.57
n n 27.62 24,26
4L/30 - 5/2 20 &0 27.82 23.39
£0 a0 27493 27. 14
0 an 27.62 23451
5/5 = 5/8 30 &0 23.82 22.96
N o0 27.93 27.54
0] 30 27.62 25475
5/11 = 5/412 20 A0 23,62 23,38
2] o0 27.83 27,54
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Table 71, Hydroeprobe tatios () and computed values of volumetric

so0ll mnisture percentane (Fyvi at cifferent depths during
corresponding pericds For hrzaiment T, replication 2,

(2m 1 1 2 2

0 - 30 1.0k 23.00 0,97 25,38

2/20 « 2/24 30 -~ &0 1.07 23,82 1,06 23.39
50 - 90 1.14 27.93 1. 1h 27,93

0« 30 1,04 28,00 0.80 19.03

2/25 = 3/3 L - 50 1.00 24,26 1.04 22,52
A0 - 20 1,13 27.54 1.12 27.14

0 - 30 1.0 28,00 0.91 23,10

3/12 - 3/17 0 - &0 1,00 24,26 1,04 22,52
£0 - 90 1.13 27.54 1,10 26,35

0-2 1.0k 25,00 0.94 24,26

50 - 50 113 27.54 1. 11 26.75

8 - 30 1.0 28.00  0.91 23.14

3/23 - 3/34 20 - 50 1.07 23.82 1.02 21,66
50 - 90 1.13 27,54 1.1 26,75

0 - 30 1.04 23,00 0.86 21.27

L/2 - L/6 30 - 50 1.07 23,82 1.03 22.0%
~0 - 90 1.13 27.54 1.10 26,35

0 - 30 1.04 28,00 0.50 22.76

L7 - L7114 30 - 60 1.08 24,25 1,04 22,52
50 - SO 1.13 27454 112 ~ 27.14

"0 - 30 1.03 27.62 0.89 22.39

L/13 « 4/18 30 - 60 1.08 24,26 1,04 22,52
0 - 30 1404 28,00 0.95 2L,63

L/20 = 4/23 30 - 60 1.08 24,26 1.05 22.96

60 - 90 1.13 2754 1.12 27.14
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Table 31 (Continued).

Period Joil depth R1 oy, Rz sz
(cm)

0 - 30 1.03 £7.62 0.86 21.27%

4/25 - 4/28 30 - 60 1.07 73482 1.02° 21.66
60 - 90 1.13 27454 1,09 25,96

0 - 30 1403 27.62 0.94 244,26

L/30 -~ 5/2 30 - 60 1.08 24,26 1,06 23439
60 - 90 11k 27.93 1.13 27.54

0 - 30 1,04 28,00 0.92 23451

5/5 = 5/9 30 « B0 1.07 23.82 1.05 22486
60 - S0 1.13 27.54 1413 27454

0 -~ 30 1,04 28,00 0.98 2575 .

511 - 5/12 30 - 60 1.07 23,82 1.06 23.33
&0 - 90 1413 27.54 1.13 27.54
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Table 32, Hydro-probe ratics (K) and computed values of volumetric
soil moisture nercentage (Pv) ai different depths during

corresponding periods {or treatment T? replicatian 3.

Period

S50il depth

"

Com) 1 4 2 2
D - 30 1;0‘# 28000 Dbgs 25375
2/20 - 2/24 30 - 60 1,07 23,82 1,06 23.39
60 ~ 90 104 27.53 1414 27.93
0 - 30 1,04 96,00  D.80 19.05
2/96 - 3/3 30 - 60 1,08 oL 26 1,05 22,96
60 - 90 1013 97,54 1,12 27414
0 - 30 1,04 28,00 0,92 23,51 .
3/42 - 3/17 30 - 60 1.08 2L,26 1,05 22.96
&0 - 90 1413 27,54 1.10 26435
0 - 30 1,04 28,00 0,95 24,63
3/13 - 3/21 30 = 60 1,06 o4,,26 1,05 22,96
: 0 - 30 1404 28,00 0,91 23,14
3/23 ~ 3/31 30 - 60 1,07 23,82 1,03 22,09
' /60 = 90 .13 27.56 1.1 26.75
/’ 0 = 30 1.03 97,62  0.86 21,27
4/ - 4/6 7 30 - 60 1,07 - 23.82  1.03 22,09
/
/ 0 - 30 1,03 27.62 0,90 22,76
L/7 < 4/11 30 - 60 1,08 24,26 1.04 22.52
L 1 60 = 50 1,13 27,54 1,12 27,14
’ 8 - 30 1.03 27.62  0.90 22,76
&/13 - L/48 30 - 60 1.08 24,26 - 1,05 22.96
« B0 - 90 © .14 27093 1.1 26,75
0 - 30 1.03 27.62  0.95 24,63
4/20 = 4/23 30 - 60 1,08 24,26 1,05 22,96
, 60 ~ 50 1.13 112 27,14

27,54
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Table 32(Continued),

i - —— . Sl e -

Feriod 501l depth R Py ‘R Ev,,
1 1 2 7
(cm)

: 0« 30 1.07 57.62  0.B6 21,27
4/25 - 4/28 30 « 60 1.67 23,62 1,02 21,66
0 - 30 1,03 27,62 0.9 24,26

4L/30 - 5/2 30 = 60 1207 93,82 1,06 23,39
50 - 9[] 1.111' 27.93 1.1& 27.93

0 ~ 30 1.03 27.62 0,92 23:51
5/5 = 5/9 30 - 60 1.07 23,82 1,05 22.56
60 ~ 90 1,13 27,54 1413 27454

0 - 30 1.03 27.62 © 0,98 25,75

5/11 = 5/12 30 « 60 1,07 23,82 1,06 93,39

60 - 90 1e13 27.54% 1.13 27454
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Table 33. Hydrn-probe ratios () and cormnuted values of volumetetc

so0i) mnisture percentage (Pv) at different deptihs during

corresponding nericrds for freatment T2 and replication &4,

50

Perind 30il denth H1 Jv1 R2 sz
(cm)

B 20 1.04 20.00 0.99 26,13

?/20 - 2/24 a0 a6 1.07 23482 1.056 23,38
-0 g0 1.4 27.93 1. 14 27.593

0 30 1.04 28,00 0.20 19.03

2/25 - 3/3 30 &0 1,08 24,26 1,04 22.52
60 a0 1.13 27.54L 1.2 27,14

C ] 0 I 1. 04 28,00 0.93 23.88

3/12 - 3/47 30 &0 1.08 24,246 1,04 22.52
o0 80 113 ?7.54 1.10 26635

] a0 1.04 22,00 0.%6 25,01

3/19 - 3/21 a0 &0 1.08 2L.26 1.04 22,52
a0 90 113 27.54 1.1 26475

G 30 1.04 28,00 0.91 23.14

3/23 - 3/3% a0 60 1407 23482 1.02 21.66
50 90 1,13 2754 1.11 26,75

¥ 30 1,03 27,62 0.87 21.64

L/?2 - L/B a0 a0 1.07 23.082 1,03 22,08
&0 a0 1,13 27.54 1.10 26.35

0 20 1,03 27.62 0,91 23.14

L/7 = L/11 20 A0 1.08 2he.26 1,04 22452
on 90 113 27.54 1.12 2714

‘0 - 30 1.03 27.62 0.91 23.14

L/13 = L/18 30 - 50 1.08 2L, 26 1,04 22,52
£0 a0 1.14 27.93 1.11 26.75

0 30 1.03 27.62 D0.56 25,01

_ L/20 - L/23 20 60 1.G8 24426 1.05 22.96
a0 1.13 27.54 - 1,12 27,14
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Table 33 (Continued),.

Period S50il depth ?1 qu Rz Pu2
(cm)

U - BD “Etl 3 27-62 U'BG 21.27
L/25 = 4/28 30 - 60 16017 23.82 1.02 21.66
60 -~ 90 1.132 27.54 1,09 25496
0 - 30 1,03 27,62 0.95 24,63

=0 - B0 1.4 27.53 1.13 274504
0 - 30 1.03 2762 0.93 23.88
5/5 = 5/% 30 - &0 1.07 23.82 41.05 22,96
&0 - 90 1413 2754 1.13 27454
: 0«30 . 1.03 27.62 £.53 26413
5/11 = 5/12 30 - &0 1«07 23.082 1.06 23.39
60 - 90 1.13 2754 113 27.5b
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Table 34, Fydroe-nrobe ratios () and cersuied values of velumetric
snoil moisture pergentsoe (Pl et different depths during

corrrsponding periods for treetment T3 renlication 1.

Feriad 3nil cdepth R1 PUT RZ sz
(cm)

2/20 - 2/24 30 - A0 1.07 22.82 1406 23439
0D - 30 1.03 27,62 0.93 23,00
2/26 - 3/3 30 - 60 1,07 23.82 1.05 22.96
&0 - 90 1+ 10 2793 1613 27454

g -~ 30 1.04 28,00 0.67 21.64

3/12 - 3/15 20 - 60 1,08 24426 1.04 22452
60 - 90 113 27.54 1. 11 26.75

0-30 1.04 25,00 0.87 21.64

3/23 - 3/31 30 - 6O 1.08 24,26 1.02 21.66
50 - 90 1e13 27454 1.10 25435

* 0 - 30 104 28,00 U0.89 22439
/2 - 4/5 30 - 60 1.05 2L.26 1.03 22,09
A0 - 90 1413 27.54 1. 11 26475

0 - 30 1.03 27.62 0.89 22,38

4/7 - L/11 20 - &0 1.08 24,26 1.0k 22.52
ad - 90 1.1k 27.93 1.12 27. 14

0~ 30 1.04 28,00 0.89 22439
4/13 - 4/20 30 - 60 1.08 244,26 1.04 22,52
a0 -« 90 1.13 27.54 1.11 26,75

K 0 - 30 1.03 27.62 0.91 23.14
L/27 - L/29 30- - 60 1,07 23.82 1.06 23.39

60 - S0 1. 14 27.93 113 27.54
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Table 34 (Continued).

o6

Feriod 301l depth i Fv R2 Pv2
(em)

, 0 =30 1.03 27462 0.96 25.01
L/30 - 5/2 30 =60 1.07 22.82 1.07 23,82
60 «80 1ol 27453 13 27454
2 =30 1.03 27.62 0.95 24,463
5/5 =~ 5/9 30 60 1.07 23,82 1.06 23.35
50 =90 PR E 2793 1.12 2714
0 -30 1.04 254,00 0.93 23.88
5/11 - 5/1b 30 =60 1.08 2L, 26 1.06 23435
50 -80 1e 1k 27.53 1.13 27.54
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Table35. Hydro-probe ratios (R} ani coopuied values of volumetric
scil moisture percentage (#vy at different depths durling

corresponding periods Tor Lrceatnent T3 replication 2.

period Seil depth .

Cem) R Py Ro Puy

o~ 30 1.03 27.62 0.87 25.38

2/20 - 2/24 30 - B0 1.07 23.82 1.06 2339
60 - 80 uL15 £7.92 1.14 27.93

2/26 -~ 3/3 30 - 80 1.07 23.82 1.06 23.39
60 - 80 1.14 27.93 . 1.13 27.54

0 - 20 1. 04 78.00 0.87 1.64

3/12 - 3/19 30 - 60 1.08 Z4.26 1.05 22.56
G0 -~ 50 1.13 27.84 1.11 26.75

0~ 30 1.0k 28,00 0.856 21.27

3/23 « 3/31 30 - 60 1.08 24.26 1.03 22.09
60 - 380 1.13 27.554 1.10 26.35

0 - 30 1.0L 28.00 0.88 22.02

L/2 = L/6 30 - &0 1.08 2L .26 1.04 22.52
0 - 30 1.04 28.00 0.89 22.39

b/7 - 4/11 30 - 60 1.08 2h.26 1.0b 22.52
&0 - 90 1.13 27.54 1.12 27.1%

0 - 30 1,06 28.00 0.88 22.02

4/13 = 4/20 30 - 60 1.08 2L.26 - 4.05 22.96
&0 - 90 1.13 27.54 1.11 26.75

0 - 20 1.03 27.62 0.91 23.14

L/22 - 4/25 30 - B0 1.08 24.26 4.05 ?22.96
60 - 90 1.13 27.54 1.12 27 .1k

U - 30 . 1.03 27.62 0.95 24 .63

L/27 - L/29 30 - 60 1.07 23.82 1.08 23.39
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Table 35 (Continued).

Period Soil depth R1 Pv1 Rz FUZ
(cm)
0- 30 1.03 27.62 G.96 25.01
L/30 - 5/2 30 - 60 1.07 23.82 1.06 23.39
60 - 90 1. 14 27.93 1.13 27.54
0 - 30 1.03 27.62 0.94 24.26
5/5 = 5/%5 30 - 60 1.07 23.82 1.06 23.39
60 - 90 1.14 27.93 1.13 27.54
0~ 30 1.04 28.00 0.92 23.51
60 - 90 1.14 27.93 1.13 27.54

90
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Table 36, Hydro-probe ratics (i) and computed valuss of volumetric
soil mnisture nercontage (Pv) at different depths during

gorrespondinng periods for trestnent T3 replication 3,

Period Sail dzpth R1 Pv1 Rz F’v2
(cm)

0 - 20 1. 04 . 28,00 0.97 25,38

2/70 - 2/24 30 - 60 1,07 23.82 1,06 23,39
60 - 90 1.1& 27.93 101& 27.93

D - 30 1.03 27.62 0091 23.1&

2/26 - 3/3 30 - 60 1.07 23,82 1,05 22.96
50 - 90 1. 14 2797 113 2754

3/12 - 23/1% 30 = 60 1,08 24,26 1. 04 22452
68 - gﬂ 1.13 27-5h 1.11 26.75

0~ 30 1.04 26,00 0.85 20.8C

3/23 - 3/31 30 - a0 1.08 2L, 26 1.02 21.66
A0 - S0 1413 27.54 1.10 26435

0 - 30 1,04 28,00 0,87 21,64

L/?2 - 4/6 30 - 60 1,08 24,26 1,03 22.08
60 - 90 113 2754 1¢11 26,75

0 - 30 1.04 20400 0,89 22.39

L7 - /11 30 « 60 1,08 24,426 1.04 22452
50 « 90 1. 14 27.93 112 27. 14

D - 30 1,04 26,400 0.87 21454

4/12 -« 4/20 30 - 60 1,08 2L .26 1.0k 22,52
E0 « 90 1.13 27.54 111 26,75

0 =30 1.03 27,62 0.91 23,14
L/22 = 4/25 30 - 60 1.08 24,26 1.05 22.386
' G0 - S0 1.14 274,93 1.12 27.14

0 - 30 1.03 27.62 D94 2h,26

L/27 = Lf29 30 - RO 1.07 23.82 1.06 23.39

A0 - 90 T1¢14 27.53 1.13 27,54
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Table 36 (Cantinued),

Period 5011 depth =~ R Pv ] Py

(cm) 1 1 2 2

0~ 30 1.03 27.62 0.96 25,01

L/30 - 5/2 30 - G0 1,07 23.82 T1.05 22.76
60 - 90 1. 14 2793 1.13 27454

0 - 20 1.03 2762 0.23 23.03

5/ = 5/9 30 - A0 1.07 23.82 1.06 23439
60 - 50 1. 14 27.93 112 27.14

0 - 30 1,04 28,00 0.92 23451

A0 - S0 Ta1h 2793 1.13 2754
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Table 37, Hydro=probe retins (%) and conruted values of volumetric
seil moisture rercentate (Pv) at different depths during

corresponairg ceriads For trectrent T, replication &,
-

FPer?

cd

30il depth

2

(em} &P Pv1 RZ Pv2
D 0 - 30 1,03 27462 0.57 25,38
2/20 - 2/24 30 - 4h 1.07 23,32 1.05 23.29
20 - 20 Te b 27493 1.13 27.54
2/26 - 3/3 20 - a0 1.07 23.82 1.04 22452
_ C - 20 1,04 20400 0.87 21,64
3/12 - 3/19 30 - & 1,08 2L.25 1.03 224,09
fJD - 90 1.13 2705& 1.11 25.75
0 - 3C 1.04 28,00 0.356 21.27
3/23 - 3/31 30 -5 1.00 2L 26 1401 21.22
50 - S0 . 1.13 27454 .10 26,35
0 - 30 1.04 23,00 0,68 22,02
L/2 - L/6 30 - 50 1.08 2L, 26 1,02 21.66
0 - 30 1.04 28,00 c.88 22,02
L/7 - L/11 38 - &0 1.03 2L, 26 1.04 22,52
A0 - ©0 1. 1. 27493 1.12 2714
0« 30 1.04 23,00 0.88 22,02
4/13 - 4/20 20 - B0 1,00 24,26 1.03 22,09
50 = 80 113 27.54 Te11 26475
0 - 30 1.03 27.62 0.91 23«
L/22 - 4/25 30 -« 60 1.08 2L.26 1.04 224,52
50 - 80 1.4 27,53 1. 12 2714
0 - 30 1.03 27,62 0.95 2L.63
14/27 - l$/29 30 - GU 1¢U7 23.82 1.06 23039
' 60 « 90 1. 14 27.93 113 27.5b
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Tahle 37 (Continued).

. 521l denth n Fv R Py
Feriod (om) 1 1 2 2
0 - 20 1,03 2762 0,96 25.01
L/3C =~ 5/2 30 - 6D 1.37 23402 106 23,39
&0 - 90 1e b 27,53 1e13 27454
g - 30 1.03 27.62 0.54 2L 26
5/5 = 5/9 30 - 60 1.07 23.82 1.06 22.96
60 - €0 114 27,93 111 26,75
0 - 30 1.04 28,00 0.91 23.14
5/11 - 5/14 30 - 60 1.08 2L .26 106 23439
A0 - 90 1o 14 27493 113 27454
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Tahle 3f. Hydroe-nrobe ratins (R) and cnmnuted valuzs of volumetrice
soil maisture nercentags (Fu) at different depths during

corresnonding navinds For treatment Th replication 1,

Feriod 301l derth ?q Pv1 RZ Pv2
(cm)
L = 30 14 04 20,00 3,55 24463
2/20 - 2/26 30 - 50 1.07 23.82 1.05 23439
0 - 30 1.04 23,00 0.E7? 21.6h
2/286 - 3/5 20 - 50 107 23.82 1.04 2252
£0 - 5N 113 7.5k 1e11 26,75
0 - 30 1.04 28,00 0.858 22.02
3/12 - 3/19 20 -~ 60 1,07 23482 1.04 22.52
60 - S0 113 27454 1e11 26475
0 - 30 1.03 27.02 De79 18,65
3/23 - L/4 30 - 50 1.07 23,082 0.97 1S.49
&0 - S0 1013 2754 1.0 26435
L/5 - L/9 30 - /0 1.07 23.02 1.03 22.08
50 - 90 1.1k 27283 1.12 27.1b
0O - 30 1.C4 284,00 0.85 24,63
4/10 - 4/13 30 - &0 1.08 24,26 1.04 22452
60 - 90 1,13 27,54 1,12 2714
0 - 30 1,03 27.67 0,52 23451
4/15 - 4/20 30 - 60 1.08 24,26 1.06 23,39
: Ht - S0 1.13 27,54 112 27. 14
0 - 30 1.04 26,00 0.91 22414
L/22 « L/27 30 - 60 1.08 24,26 1.06 23439
50 - 80 1.13 27454 113 27.54
0 - 30 1.04 28,00 0.95 24,63
4/29 - 5/2 30 - 60 1.07 23,62 1.06 23,39
60 -"80 1.13 27.54L 1«13 27.54
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Table 38 (Continued),

106

Period 501l depth ?1 Fv1 R2 Pu2
(cm)

0~ 30 1.04 20.00 0.54 24,26

5/3 = 5/9 30 - &0 1.07 ~3.02 1.06 23,39

=0 - 80 1.4 27453 Te 1l 27.93

‘ 0 - 30 1,03 27,62 0,91 2314

5/11 - 5/18 30 - 20 1,07 23.82 1.06 23,39

60 - 90 1o 14 27.563 1.4 27.93
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Table 389, Hydro-probe ratins (1) and compuied values of volumetric
soil moisture pereentage(Pv) =t different decihs during
corresponding periods for treatmnent TQ renlication 2,

Period 30il depth & Py

R Pv
(cm) 1 1 2 2
0 - 30 1.04 20,80 D.85 2L 463
2/20 - 2/26 30 -~ 60O 1,07 23.82 1.06 23,39
60 - S0 Te1b 27493 113 2754
0 - 30 1.04 28.00 0.87 21,64
2/28 - 3/5 . 30 - 60 1.07 23,02 1.03 22.09
60 = 3D 1. 14 27.93 111 26,475
0 -~ 30 1.04 23.00 0,857 21.64
3/12 - 3/19 30 - &0 1.07 23482 1.03 22.09
60 - 90 1.13 27.54 111 20.75
D - 30 1.03 27.62 0.78 18428
3/23 - L/4 30 - 60 1.08 24,26 0.97 19.49
60 - 90 1. 14 27,93 1.10 26,35
4/5 - 4L/9 30 = 60 1.07 23.862 1.02 21.66
60 - 90 1.4 27.92 1.12 27. 1
0« 30 1.04 28,00 0.85 24,63
60 - 90 1. 14 27,93 1412 27.14
0 - 30 1.04 28,00 0.91 2314
/15 - 4/20 30 - 60 1.08 2L, 26 1.06 23.39
60 - 90 1613 27454 1.12 27.14
L/22 = L/27, + 30 - 60 1.08 2h. 25 1.06 23439
60 - 90 1e4 27.83 1413 27654
0 -.30 1.04 28.00 0.95 2L .63
- 4/2% - 5/2 30 - 60 1.0 23,52 1.06 23,39

60 - 90 114 27,93 113 27.54
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Table 39 (Continued)

106

Period 5211 depth 2 Pv R Pv
(om) 1 1 2 2
: 0« 30 1.03 27,62 0.89 22439
5/11 = 5/18 30 - RC 1.07 23482 1.06 23435
60 - S0 T 27.53 1e 14 2793
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Tahle 40, Hydrp=probe ratios () and computed values of volumetric

soil moisture percentege (Pv) at different depths during

corresponding pericds for treatment Th replication 3,

fericd

S0il depth

R

Pv

R

Pv

Cem) 4 1 pd 2
g0 - 30 1.03 27.62 0.95 24,63
2/20 - 2/26 30 - G0 1.07 23,82 'iiﬂﬁ 23,35
60 - 90 1e1h 27.93 1e13 2754
0 - 30 1,04 ZB;DD 0.87 21.64L .
2/28 -~ 3/5 30 - 60 1.07 23482 1.03 22,09
60 - 90 Te13 27.54 1e11 26.75
0=~ 30 1.04 26,00 0,89 22,39
60 - 90 1413 27,54 1e11 26475
0 -~ 30 1.03 27.62 0.80 15,03
3/83 - 4/h 30 - 60 1,08 24,26 0.57 19.49
60 « S0 1. 14 27.93 1,10 26435
0 - 30 1.03 27.62 0.93 23.88
S L/5 - 4/9 30 - 60 1.07 23,82 1.02 21.66
&0 - 90 1¢ 14 27.93 112 27. 14
0 - 30 1,03 27.62 0.95 2L,.63
L/10 = 4/13 30 - &0 1.08 24,26 1,04 2252
a0 - 80 1.4 2783 112 27.1h
0 - 30 1.03 27,62 0.91 23.14
4/15 = 4/20 30 - 60 1.08 24,26 1.086 23,39
80 - 90 1413 275U 112 27«14
: 0 - 30 1.03 27.62 0.91 23,14
L/22 - L/27 30 = 60 1.08 2h.26 1.06 23.39
60 -‘90 Te b 27.93 113 27.54
0 - 30 1.03 27.62 0.95 2L 463
L/29 - 5/2 30 - 60 1.07 23,82 1,06 23.38
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Table 40 (Continued),

108

Feriod 3gil repth ?1 Pv1 R2 Pv2

(cm)

0 - 30 1,04 26,00 G.93  23.88

5/3 « 5/9 20 - &0 1.07 23.602 - 1.06 23438

o0 - 80 1,16 27.93 T 1l 27,93

0 - 30 1.03 27.62 0.90 22.76

5/11 = 5/18 30 - B0 107 23482 1.06 23,39

60 « 90 1e 14 27.93 1.4 27,93
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Table 41, Hydro=probe ratins (7) and computad values of volumetric
so0il moisture perecentage (Pv) at different depths during

corresnonding perinds for 4restment T& replication 4,

Period 301l depth a Py R Fv
(om) 1 1 2 2
2/20 = 2/26 30 -« 50 1487 23402 1.06 23.29
60 - 90 114 27.93 1613 27,54
0 - 30 104 28,00 0.87 21.64
-2/28 - 3/5 30 - 60 1.07 23,82 1.03 22.08%
€0 - 90 114 27.93 111 26475
0 - 30 1.04 28,00 0.88 22402
3/12 - 3/19 30 - &0 1,07 24,26 1,03 22.09
60 - 90 1014 27.93 1e11 26.75
0 - 30 1.03 27.62 0.79 12465
3/23 - 4/4 30 = &0 1.03 2Lo26 0.96 15.05
: 60 « B0 1.1 27.93 1.10 26435
03D 1.03 27,52 0,92 23.51
L/5 = 4/9 30 - 60 1.07 23,82 1.01 21.22
60 - S0 T1e 1l 27.S3 112 27. 14
L/10 - 4/43 30 - 60 1.08 24,26 1.04 22452
60 « 90 1.1 27.93 1.12 27.14
0 - 30 1403 27.62 0.51 2314
4/15 - L/20 30 - &0 1,08 24,26 1.06 23.3%
60 - 90 T4 27.53 1,12 27.14
@ -30 1.0b 28,00 0.90 22.76
4/22 - 4/27 - 30 - 60 1.08 2L .25 1.06 23,39
A0 = 80 1.14 27.93 1e13. 27.54
0 - 30 1.04 28,00 D454 24,26
L/29 - 5/2 30 -~ 60 1.07 23,82 1.06 23.39
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Table &1 (Continued),
“eriod 3011 depth 21 Pv1 Rz Pvz
{em)
U L 30 1.D£| 28.00 0.93 23.88
5/3 - 5/9 30 = AN 1.07 23,02 1,06 23,39
60 =~ S0 1.1 27.93 1. 14 27.93
5/11 - 5/18 30 -« 60 1.07 23.62 1,06 23,39
60 - S0 1,10 27.93 1.4 27.93
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Appendix C
Pan evaporation data .
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Table 42+ Pan evaporation values for the corresponding periods .

Period Pan evaporation peried Pan evaporation
(mme) (mme)

2/20 - 2/21 6.66 4/13 - 4/14 5.60
2121 - 2/24 10.91 L/ - L/15 6430
2/24 - 2/26 10.23 4715 « 4/46 6425 -
2/26 - 2/28 7.76 L/16 - 4/18 12.28
2/28 - 3/3 13.67 4/18 = 4/20 16.64
3/3 = 3/5 9.95 L/20 ~ 4/21 6425
3/5 - 3/7 ' 6.84 b/21 = 4/22 5.08
3/7 = 3/10 rainfegll L/22 - L/23 6485
3/10 - 3/12 746 4/23 - 4/25 16412
3/12 = 3/14 S5.41 L/25 - 4/27 16.24
3/14 = 3/17 763 4/27 -« 4/28 11.34
3/17 - 3/19 7.83 4/28 - 4/29 11.89
3/19 « 3/21 10.16 L/29 « 4/30 17.99
3/21 - 3/23 12,55 4/30 - 5/2 22,70
3/23 - 3/26 4,25 5/2 « 5/3 10.04
3/26 -~ 3/28 5492 5/3 = 5/5 16.06
3/28 ~ 3/30 8.92 5/5 « 5/7 16.78
3/30 = 3/31 Le51 5/7 = 5/9 18,43
3/31 - 4/2 9.12 5/9 = 5/11 20.24
L2 = 4L/4 14,03 5/11 - 5/12 12.40
t/4 = 4/5 4,98 5/12 = 5/14 17.08
/5 = L/6 : 10.081 5/14 - 5/18 31.56
W6 - 4/7 5,84
L/7 -~ 4/9 10,70

~4/9 - 4/10 7414
L/10 - 4/11 10,62

L/11 - 4L/13 8.60
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Table 43, Retios of hydro-probe counts (R) versus determined velues
of volumetric spil molsture percentage (Pv) for calibration

curve of soil layer (0O < 30 cm.),

No. R Pv
1 .64 12.69
2 0.62 13.15
3 G.60 12.28
4 0.65 13.81
5 0.69 15.12
6 0.65 13279
? 1425 36.18
8 1.04 27.79
9 0.92 24,39
10 0.88 24,32
1" 0.97 23,58
12 0.99 24,73
13 0.91 21.82
14 0.93 22,96
15 0.79 18.05
1B 0,95 24.73
17 1,09 31475
18 1.13 30.73
19 0,95 23,77
20 0.92 23.2%9
21 1.00 26,78
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Table 45. Ratlios of hydro-probe counts (R) versus determined values
of volumetric soil molsture percentage (Pv) for calibration
curve of soil layer (60 - 90 cm,).

No,. R ‘ Pv.
1 0.85 15.57
2 0.82 15,73
3 0.80 1 6L
4 0.85 16,71
5 1.10 25,82
6 0,91 18.83
7 0,92 19,61
8 0.96 20,70
9 D.88 17.56

10 0.87 17.27

1 0.85 16,85

12 0,98 21,52

13 0.91 19,20

1 1.08 | 25,12

15 1.04 23,72

16 1,02 24 , 04

17 1.01 22.78

18 1.09 25,83

19 0.90 18,708

20 0.90 18.93

21 0.87 17.15

22 " 1,29 34416

23 T1e17 28.95

24 0.9 18,07

25 0,90 B - W 3
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Table &4k, Ratios of hydro-probe counts (R) versus determined values

of volumetric soil moisture percentage (Pv) of calibretion

curve of soil layer (30 - 60 cm.).

No. ,
R
1 0.74
2 0.83
3 0.76
4 0.78
5 0.76
6 0.78
vi 0,86
8 0,91
9 0.83
10 1,18
11 0.66
12 0.80
13 0.81
14 0.78
15 1.00
16 1,04
17 0.99
18 1,00
19 1.05
20 0.86
21 0.79
22 " 1,16
23 1415
24 1,03

Py

10.12

9.20
12.66

8.94
12.59
11.61
12,97
16.93
15.09
28.46

8.96
10.40
12.94
12.14
18.82
21,42
22439
19.85
22.89
15.20
12.57
27.38
26,92
22.39
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