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ABSTRACT

Two field trials were carried out at South Tahrir Research Station (Al
Moubarak), during 2005/2006 and 2006/2007 to evaluate irrigation water
requirements and determine an irrigation schedule for cassava crop under different
plant interspacing. The study included two irrigation interval {daily and every two days
interval), two guantities of applied irrgation water (100%of the ET. and 80%of the
ET.) and three-plant interspacing (75cm apart, 100cm apart and 125¢m apar). A spht
split plot design was used. The results indicated that yield components of cassava,
i.e., was increased the total number of tubers per plant, the average length and
diameter of tubers and the weight of fresh tubers/ plant when used two days interval
irrigaticn  associated with 103% Etc and increasing plant spacing up to the widest
ong (125cm apart.). Whereas, maximum yield of cassava tubers and water applied
were associated with irrigation each two days interval and 100% ETc under the
narrowes! spacing of cassava plants (75cm. apart.). Whereas, maximum value of
waler use efficiency (WUE) was obtained every two days interval irrigation with 100%
ETc and piant spacing up to the widest (125cm. apart).

Keywords: Cassava, water applied reqguirement, irrigation intervals, plant spacing.

INTRODUCTION

Irrigation amount, tming and uniformity of water applicaticn are the
most important factors tc be considered wher yields have to be maximized
and water losses have to be minimized. Improving irrigation system
efficiency, distribution uniformity, water use efficiency in respect to the
highest vield can be achieved when the water requirement are optimized.
Cassava {Manihot esculenta crantz) belongs to family Euphorbiaceae. it is

perennial shrub grown between 309N and300 S iatitudes. The crop is known
as taploca. yucca or manioca. It is grown on poorer soils of tropics with
rainfall greater than 730mm per year. |t is considered one of the most
important calories suppliers. According to data obtained from the food and
agriculiure organization about £5% of the total world cassava production is
used for human consumption and 21% for animal feed, with lesser amounts
for starch and industrial uses (FAC, 1985).

Hair and Lameberts {1395) reported that cassava has relatively low
requirements for irrigation but during active growth stages, it must be irrigated
when extended dry speils occur water requirements and subsequent irrigation
requirements are reduced during the last few weeks of growth. Thomas et af.
(1995) reporied that an irrigation scneduling method must provide accurate



El- Khatib, S. 1. ef al.

daily estimates of soit water in the root zone ¢f irrigated crops. This requires
an accounting method that records the amount of rain received on the field,
the amount of irrigation water applied, and accurate estimate of daily crop
water use. Joshi et al. (1995) reported that irrigation water requirements may
be defined as the guantity of water that must be supplied by irrigation to
satisfy Evapotranspiration, leaching, consumptive use by the crop and
miscellaneous water requirements that are not provided by water stored in
the soil and perception that enters the soil. The definition also includes the
use of water for salinity control, frost protection and plant cooling and yields.
El-Saeed (2000) Reported that maize yield was affected by irrigation interval.
It was found that with irrigation every two days the ear yield of maize was
increased by 10.80% compared with irrigation ever day. Day (1996) reported
that the most significant crop factor affecting Et.. is the amount of ground area

covered by the crop. Aiso, the added irrigation scheduling for drip irrigation
involves two major thingg, the first is the estimation of Et; and the second is

the monitering of soil moisture. The effect of optimizing plant spacing on yield
and vyield compeonents of cassava is another important cultural practices.
Khalil {1995) found thal cassava grown at narrow row spacing {1.0x1.5)
exceeded that planted at the wider spacing (1.5%2.5) in each of plant height,
average diameter of tubers, number of tuber/plant, average length of tubers
and fresh weight/plant. Atalla et af (2001) reported that cassava height was
decreased with widening interplant spacing. Other growth ftraits, vield
components and yield per plant, were increased with increasing row spacing,
but narrow spacing resulted in more vield of tuber/fed tbrahim et al (2004)
Hassan et al {2007) came to similar results.

The aim of this study was estimating irrigation water requirements
and determination of irrigation scheduling for cassava crop under different
ptant interspacing.

MATERIAL AND METHODS

Two field trials were carried out at South Tahrir Research Station (Al
Moubarak}, during 2005/2006 and 2006/2007 seasons to estimate the actual
water consumptive for cassava crop and to study the effect of irrigation
intervals, quantity of applied irrigation water and plant interspacing on growth,
yield and yield components of cassava crop. The irrigation system used in
this study was surface drip irrigation. The treatments were two irrigation
intervals (daily and Every two days), two applied irrigation water {(100% of the
Et. and 80% of the Et.) and three plant spacing (75, 100 and 126 cm).

Evaporimeter was used as measuring instrument to observe evaporation.
World Meteorological Organization and its generally called class (A} pan
acknowledge, it as standard Evaporimeter. This Evaporimeter is composed
of water tank made cf zinc plate, its diameter 1200 mm, depth 250 mm, and
the water gauge ranged between 0 — 100 mm scale with accuracy from 0.1 =
0.06 mm.
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lrrigation water calculations:
Reference Evapotransgiration (ETg) and Etgrqn were calculated according to

Doorenbos and Pruitt 1977 as follows:

R S S N — (1)
Where :
ETq : Reference Evapotranspiration {mm/day).
Kp: pan coefficient (equals to 0.7).
Epan | pan evaporation (mm).
Etcrop - ETO R (2)
Where:

Eterop: Crop consumptive use {(mm/day).

Ke . crop coefficient.
The average daily ETp use {o obtain Et,., for each period for cassava growth
is presented in Table (1).

Tabie (1): Average daily ETg (mm/day) at Research Station.

Month Jan. | Feb. i Mar, | Apr.  May. | Jun. | Jul. | Aug. {Sep. : Oct. | Nov. | Dec.
i I

ETgmmiday | 22 | 35 40 54 162 702 82|56 66154 44 40

L

1- 2 Actual water consumptive use (ETactual)-

---------- Actuai water consumptive use was estimated from the sampling method
and calcuiated according to Cuenca (19889).

ET actual =D (8- B1)-mmemmeeeene (3)
Where:
ET actual: Actual Evapotranspiration per day, (mm/day)
D - lrrigation depth (m).
B2 : Soil moisture content by volume weignt (mm/m) after irrigation.
84 : Soil moisture content by volume weight (mm/m) before next
irrigation.

Soil samples for actual crop consumptive use (ET actual) were collected from the
top 60 c¢m layer. Ten samples were taken four times through each growth stage
after irrigation and taken again before the next irrigation to calculate actual
consumptive use per day. lrrigation was stopped from December up to harvested
date at February.

1-3 Crop coefficient (K¢).

The crop coefficient was estimated during the growing season per;od as follows:
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ET actual
KC:' """"""""""""""""""""""""""""" (4)
ETg
Where:

ET actual : Actual Evapotranspiration per day, (mm/iday).
ETq- Reference Evapotranspiration (mm/day).

1-4 Water use efficiency “WUE” (kg per m3)
WHUE= yield (kg/fed)/total applied water (m3ffed) --mmmmms (5)

Experimental design

The twelve treatments were 'aid out randomly in split spiit piot design.
Irrigation intervals occupied the mam plots, the subplots were devoted for the
irrigation guantities treatments, whereas, the sub subplots were devoted for
the different inter spacing treatments. Each treatment was replicated three
times. The plot area was 28m° and included four rows, each was 7.0r in
length and 1.0m in width
Soil analysis

Soit analysis was carried out according to Wiled et al. (1985), the
obtained data are shown in Tables {2and 3).

Table {2): Physical properties of the experimental soii.

Depth =~ Particle size distribution% F.C. | W.P. | Texture
{em) i sand Finesand | silt | clay o, Lo class
030 5200 : 4027 | 440 333 . 94 . 43 | Sandy
3060 . 4800 4253 480 | 467 85 | 44 | sandy |

The name of the textural class was ascertained from the textural triangle
given by Alexander (1977).

Table (3): Some chemical properties of the experimental soil.
" Depth , pH ' EC | Soluble cautions. " Soluble Anions.
{em) dsim | meg/! e meg/l
| _Ca™ [mg™ Nat* [K* HCo3 [ Soq | Ci

| 0-30 @ 7.83 . 149 | 575 . 450 1360 | 02 460 1275 5.80

| 30-60 | 7.9t | 127 [ 575 [ 420 1340 (03! 470 [ 280] 690 |

Cuitural practices

Sufficient cassava stakes of Braziian variety were taken from
ismaillia Agricuftural Research Station. Primary and secondary stakes were
cut into 25-30cny fength inserted according to the treatment of plant spacing
in witty soil. The stakes were planted on April 1 in both seasons by inserting
two thirds of the stakes into the soil keeping one third above ground, and
irrigated immediatety after planting. Nitrogen, phosphorus, and potassium
were applied within the ferligation system. Tuber yield was harvested on 1%
and 15" of February in both seasons. respectively.
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Data Recorded :
1- Climatic data such as pan evaporation, relative humidity %, and

maximum and minimum temperature (OC),

2-  Soll moisture content at field capacity and wilting point {%).

3- irrigation water application efficiency for irrigation system.

4- Percentage of irrigated area for different piant spacing was determined
according to Bresler E. (1978)

5- Growth parameters.

At harvested five guarded plants were taken randomly from each sub sub piot
to determine plant height and number of total branches per plant

6- Yieid and yieid components.

Average number of total tubers per plant, average length of tubers per piant,
average diameter of tubers per plant, Weight of fresh tubers per plant
and yield of fresh tubers /fed.

Statistical Analysis

All data of the teatment imposed were subjecied to the statistical
analysis according to the procedures outlined by Snedecor and
Coehran(1980). Using MSTAT- computer V4(1986) L.S.D. test at 0.05 leve!
was used to compare among treatment means.

RESULTS AND DISCUSSION

Cassava crop coefficient (k)

Table (4) and Fig (1) showed the estimated value of cassava
coefficient (k) by eguation number 4. The resulis indicated that when plants
were irrigated with 100%E7 ¢ the values of ke were 0.47, 0.64, ¢ 99, 0.52 and
0.35 at establishment. vegetative, mid season, late season and harvest,
respectively, The corresponding values of k., were 0.38, 0.51, 0.80, 0.47 and
0.28 when planis receved irrigation water at 80%ETc. Generally, it 1s clear
that value of kc started :ow at the beginning of the season then it increased
gradually until it reached s maximum value at the end midseason stage.
This might be due tc the cnenging of growth stage and climatic conditions.
Seasonal irrigation water requirements (SIR) for cassava crop.

The seascnal rrigation water requirements for cassava estimated by
using pan evaporation method were higher than those estimated using
sampling method by 38%. Also it's ciear that the seasonal irrigation water

requirements were 40509 m3ffed
Effect of irrigation interval on growth, yield and yield components of
cassava.

Effect of irrigation intervals on growth, yield and vield components of
cassava are presentec ‘n Table (8). Results indicated that plant height,
number of total brancres per ptant, number of total tubers per piant. average
length, diameter anc weiaght of tubers as well as yield were significantly
increased when the irngation interval. These results hold true in both
seasons. This may 2e cue to using management allowed deficit in high
moisture-content axisiec at the root depth and then water stresses which wiil
inhibit the root growtn is 2liminaied. Bl —Saeed (2000) supporied our resulits.
Irngation avery two days nterval the weight of fresh tubers per piant and yieid

9303



Ei- Khatib, S. I. et al.

ner fed the increase was 11.57, 29.40, 14.58 and 29.27% in both seasons,

respectively. Maximum value of water use efficiency {(WUE) was obtained

when daily imigated. Moreover, the results indicated significant differences

between the treatments. These resuits are true in both seasons.

Effect of irrigation water quantity on growth, yieid and yield
components of cassava.

The effect of irrigation water quantity on growth, yield and vyield
components of cassava are presented in Table (6). It is clear that irrigation
with amount corresponding to 100%ET, of the calculaied Evapotranspiration
ncreased plant height, number of total branches per plant, number of total
iubers per plant, average length and diameter of tubers compared with those
received 80% of the calculated Evapotranspiration. Differences among
treatments imposed statistically significant in both seasons. The weight of
fresh tubers and vield were also increased by increasing water quantity. This
may be due o that waler is essential for plant growth and plant physioclegical
processes and leck in available water caused water stress which affect plant
growth and productivity. El —-Saeed {2000} came to simiar results. Yield
increased when planis received 100% ETC, the increase was 29.51 and
2573 % compared with these received 80%ETc in both seasons.
respectively. Data obtained in the same table revealed also that water applied
and WUE were increased by increasing irrigation quantities. The excesses
estimated to 25.0% for water applied and 3.84% for water use efficiency
(WUE) when 100%ETc was dane compared with 80% ETC

Tabie (4): cassava crop coefficient as affected by varying amount of
irrigation Water,

| L Aprit | May | Jun | Jul. | Aug. | Sep. i Oct. ‘ Nov. i SiR

| 1 | ' | m3ffed .
Av ETO mmidayl 540 . 6.20 ) 7.20 | 8.20 | 8.60 | .50 440 | 65394 ,
100%ETe 2.55 1 2.80 | 460 { 8151 7.30 | 335 ; 1 85 \ 1.55 | 4050.9
mmicay j i : ‘ 1 ‘
Kear100%ETe, 047 * 045 | 0.64 | 0.59 | 085 . 052 - 034 | 0.35 | weeen
[BO%ETC 204 2241368 | 652 584 | 268 148 124, 32407
mmiday ‘ : | . i
jLe at 038 1036|051 ,080 068 04110271 0.28 ¢ —-o-eemee- ‘
80%ETe i ! i | _ | |

Table (5): Effect of irrigation interval on growth, vyield and .yield
compoenents of cassava in 2005/2006 and 2006/2007 seasons.

Irrigation Plant = No.of | No.of | Length [Diame-| Weaight = Yieid Water Water
intervals Cheight - total total 1 of i ter of 1 or fres [ ton applied Use
[cmi  branches| tubers | ubers } tubers | uber . fad) (m3ffed) effictency
: ! cofp | (em) i fem} (kg Pl :
| | i E | | ' | | |
2005!2006 )
! 153,771 2.91 5.45 1 27.76 4 423 . 3583 11475 |3001.75 4.86
1 Zvery wo days < 180.1] 3.36 8.07 ! 28.75 {1 5.01 | 405 16.90 | 3001.69 4.856
LSD at 0.05 . 3.07 0.11 017 | 0.44 . 038 ] 0.12 0.82 N. 8 0.26
2006/2007 .
Everyaay |151.18] 269 | 509 | 27.56 ‘ 470 ] 278 | 1235]3001.78] 498
| Evervy two cays|156.52| 3.08 573 2847 433 | 3.08 15.02 | 3001.69| 466
LSD at 0.05 : 1.18 0.28 0.26 | 0.81 1 0.12 1 0.16 0.55 N. S 0.26
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Table (6): Effect of irrigation quantities on growth, yield and yield
components of cassava in 2005/2006 and 2006/2007 seasons.

[ Irrigation | Plant | No.of | No. of

quantitiy l height\I total ‘total

Length [Diameter Weight‘ Yield| Water | Water |
of |of tubersiof fresh| { ton | applied use

. {cm) |branchesitubers| tubers cm tubers?ifed) !(m3ffed):eﬁiciency|
‘ ! e e [ (em) | (em) | (kg /p) | 1 [ |
r 2005/2406 i

80% ETr 1148.92]
100% ETc « 164 G6 |
LSD at 0.05] 2.07

D502 | 2708 437 3.24 [13.79]2668 14 527
5.07 | 2944 | 488 | 434 1786 333529 541
0.05 | 0.26 007 | 003 [019: 018 ;i 008

2006/2007 - .

80% ETc [145.121 251 | 487 | 2683 [ 4.22 r 2.91 12,57 2668.14 521

@
- (o
LR NN

100% ETc {16258 315 515 | 2919 | 471 | 3.84 ,15871 333529 541 |
ILSDat0.05 196 i 017 . 015 [ 0.24 | 018 | 0.09 [058 018 ; 008 |

1! —m— kc at 100%Ete

—3— KC at 80%kte

Cassava coefficient
o
[0}

|

- \

April May Jun Jul Aug.  Sep. Cct Now I
date after planting.

Fig (1) Cassava coefficienct as affected by varing a mount irngation |
w ater.

Interaction effect of irrigation interval and irrigation quantities on
growth, yield and yie{d components of cassava '

Data in Table (7) showed that the effect of both irrigation interval and
irrigaticn guantities on cassava yield and yield components was governed by
the trencd of irrigation interval and irrigaticn quantities either wnen they
behaved as the main factors. The statistical analysis revealed significant
differences in all stud:ed trzits except in case of number of total branches per
plant and average length of tubers in noth seasons and average diameter of
tubers in the second season, only. The data obtained that the tuber yield per
ptant and per feddan were increased by increasing the irrigation interval
within each irrigation guaniities. In orcer words, the most effective reatment
for increasing the vield sither per plant or per feddan was the irngation every
two days combined with 100% Eic. These results were truz in both seasons.
Also, water applied znd water use efficiency { WUE) selected the same trend
of other traits. The highest valus of WUE (5.82) was obtained whan irrigation
was applied every two days interval associated with 100% ETc.
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Effect of plant interspacing on growth, yield and yield components of
cassava.

Data in Table (8) indicated clearly that increasing distances between
cassava plants resulied in gradual decreases in cassava height, these resuits
hold true in both seasons. Several investigators support these results. Khalil
{1995), Atalla et a/ (2001) and Hassan et al (2007) pointed out that plant
height of cassava grown at narrow spacing exceeded these grown at the
wide one. Increases in plant height with decreasing plant spacing might be
due to competition between plants for light which in turn resulted in
elongating the internodes. On the other hand, number of total branches per
plant followed a reversal trend; cata indicated a gradual increase with
increasing plant spacing from 75cm up to 125cm between piants. Leihner
{1983) reported that the deletericus effect of growing cassava at higher plant
density procduced greater number of primary stems per unit area which lead
to increasea competition at later growth stage Khail {1895) and Atalla et al
{2001) came o simitar resuits and support our results. Yield components, ie.,
total number of tubers per plant, average length and diameter of tubers and
weight of fresh tubers per plant behaved the same as the number of total
branches per plant. There were increases in the average values with
increasing plant spacing up to the widest one. These results were also true in
both seasans. Differences among treatments imposed were statistically
significant In both seasons. The increase in vield components by weiding
distances vetween plants might much owe to less competition between plants
for autrients.

Table {7): Interaction effect of irrigation interval and irrigation quantities
on growth, yield and vyield components of cassava in
2005/2006 and 2006/2007 seasons

iIrrigation Irrigation  Plant | No. of No. oﬂLengtthmme Weught|Y|e|d1 Water | Water |

“intervals quantities heaghﬂ total |total! of ' terof of i {ton ‘applied!{ use !
{cm) branc- tabe- tubers tubers, fresh ; ffed}): (m3.'fed) efficie-
nes/plrs Ip\ {cm) {cm) tuberst ©oncy
- ol ikaip)]
—_— 2005!2006_- — P,

Ewvery aies 14432 0 258 4831|2648 393 . 321 113.06| 2668.18: =93
Conav 1005 16321 335 1 B.07 | 2004 ) 434 i 1.05 116.44| 333529 £.99
[Every two  80% 153.521 3.07 1521 | 27687 . <81 | 347 [1452|2668.10 3.49
| davs 100% 1166701 365 | 6.93| 2983 ! 522 483 [19.27]3335.29¢ 3582
| LSDat005 293 | N.S |007| N.§ . 009 | 004 [ 028 N.§ 0.12
I 2006/2607
[Eiery nay  80% 141361 234 | 449 2631 0 381 ¢ 2.80 [11.57]2668.18° 453
; 100%  161.01°7 3.03 | 568 | 2881 439 1 385 113.13|3335.28) .4.99
}EJer‘v o 809% 148.881 288 |4.84 | 2736 0 <84 | 302 |13.57|2668.100 549

davs  1C0% 16416 3.27 | 881 | 2958 © 503 | 4,14 |18.48| 3335259 582

LSD at 0.05 P 277 I NS 021 NS N.S | 013 | .81 N.5 = 012
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Table (8): Effect plant spacing on growth, yield and yield components of
cassava in 2005/2006 and 2006/2007 seasons.

[Plant spacing] Plant | No. of | No. of [Length| Diameter [Weight| Yield | Water |Water
cm height | total | total of of of {ton | applied : use
{em) : branc- [tubers|tubers| tubers | fresh | /fed) -Un3Hed) effici-
¢ hes p | (em) ; {cm) |(tubers H ency
L /p [ (kg /p), i
2005/2006

75 cm 167.23 [ 277 | 434 [ 2652 ] 4.01 3.22 | 18.04 [ 364552 ] 4.94
100 cm 160.00 © 3.22 | 6.07 ; 2855 | 459 3.64 | 1569  2616.74 | 5.37
125 cm 743.55 | 3.42 | 586 [ 2870 5.27 466 | 13.74 [ 2442.88 | 561 |
- LSDat0.05] 149 | 0.06 | 011 | 638 | 023 | Q.08 | 0.37 | 028 [ 012
2006/2007 ‘
75 cm 162.60 | 251 ' 400 [ 2633 [ 3.85 2.82 | 16682 | 3645.52 | 4.04
100 cm 15719 | 298 " 573 12827 | 4.42 3.20 | 1393 | 2916.74 . 537
125 ¢m 14176 - 315 | 850 ' 2944 | 513 411 | 12.02 | 244288 | 561
[ LSDat0.05 ] 150 008 | 011 @ 0.32 : 029 007 | 024 028 042

On the other hand, vield of tubers per feddan followed anocther trend.
The data revealed that the most cassava population density preduced the
highest vield per feddan. These results were true in both seasons. The
differences were statistically significant in both seasons. The increase in yieid
when cassava was spaced at 75cm. apart over those spaced at 100cm. apart
amounted to 14.98 and 19.31% in both seascns respectively, while it attained
31.30 and 38.27 % when cassava was spaced at 75cm. apart over those
spaced at 125cm. apart in both seasons, respectively. These resuits are in
agreement with Khalil (1995)  Atalla ef a/ (2001), tbrahim et a/ (2004} and
Hassan ef al (2007). The increase in yield of tubers per feddan by narrowing
distances between plants might due to increase population per unit area.
Data also revealed that water applied was decreased by increasing plant
spacing of cassava up to the widest one. This reduced estimated to 19.99
and 32.99%. Whereas, water use efficiency (WUE) select a reversal trend.
The data showed that WUE increased by increasing plant spacing up to the
widest one. The increases reached 13.56 and 4.47% in both seasons,
respectively.
Interaction effect of irrigation interval and plant spacing on growth,

yield and yield components of cassava

Data in Table {(9) revealed that the effect of both irrigation interval
and plant spacing on cassava plant growth, yvield and its components sHowed
insignificant differences in ail studied traits except in case of yield per feddan
in both seasons. Tuber yeld decreased with increasing cassava spacing up
to the widest one within each irrigation intervals treatment. These results
were frue in both seasons. The highest vaiues of cassava yield were obtained
by irrigation every two days interval associated with the narrowest spacing
{(75cm. apart ) as compared with  other treatments. Plant poputation of
cassava plants per fed might be the main contributors to gave the more vield
of fresh tubers. Thece resuits were aiso true in both seasons. These results
are in agreement with those obtained by Khalil (1893}, Atalla et a/ (2001) and
lbrahim et al (2004). Daia also revealed that water applied decreased with
increasing cassava spacing up to the widest one within each irrigation
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intervals treatment. Water use efﬂciency (WUE) selected another trend. The

highest value of WUE was obtained when irrigation was appiied every two
days interval associated with increasing plant spacing up o the widest one
{125cm. apart).

Interaction effect of irrigation quantities and plant spacing on growth,

yield and yield components of cassava

Data in Table (10) indicated that growth, yield and yield components of
cassava plants were significantly affected by the interaction of the two main
variables in most traits in both seasons. Regular trends predominated the
interaction in both seasons. Yield compcnents of cassava, i.e., total number
of tubers per plant, the average length and diameter of tubers and the weight
of fresh tubers per plant were increased with increasing the applied water up
to100% ET¢ and increasing plant spacing up to the widest one (125cm
apart.). On the other hand, data reveated that the vield of fresh tubers was
increased with increasing the irrigation guantities up to 100%ETc¢ associated
with the narrowest spacing between cassava (75cm. apart ). These results
were also true in both seasons. Aithough, water applied decreased with
increasing piant  spacing within eacn irngation quantity treatment, the
maximum value was obtained with 100% ETc asscciated with the narrowest
spacing {75cm. apart). Whereas, maximum value of water use efficiency
(WUE) was obtained with 100% ETc and increasing ptant spacing up to the
widest one (125cm. apart).

Table (9): Interaction effect of irrigation interval , and plant spacing on
growth, yield and yield components of cassava in 2005/2006 and

2006 /2007 season
\Irrlgatloﬂ\ Plant  Plant No. of| No. of jLength| Diamet-

Water | Water

\mterval ‘spacmg. he|ght total | totai | of. er of (of freshj (ton/ | applied | use
es | (cm) ! (cm) bran-|tubers 'tubers| tubers | tubers | fed ) (m3ifed) | efficie-
; i cches | Jp | (em) | (cm) | tkg/p) ioney
i . I [ | | L ; i
2005/2006 |

75 I164.25' 2.56 | 4.00 | 2604 358 297 116.63|364552] 456
Every | 00 158181 298 | 573 2802 427 343 114.81]2916.80| 5.08
day ‘ 125 140877 320 B.82 2923 | 438 4.50 |12.821244288| 3.23

| 75 |170.00: 2.98 | 4.68 12700 | 4458 | 348 |19.46]364552! 53

iEvery wo' 100 1183.82! 3.46 | 644 12908| 492 | 3.85 [16.57 291680 547
days . 125 |146.32| 385 | 7.10 | 3017 | 587 | 4.83 | 14.67|244288| 599
LSDat005 | N.S |[N.S| N.S [ NS | NS | NS 052| NS N.S

2006/2007

|75 180551 231 ] 3.67 12588] 342 258 [ 1450]384552 4356 i
Every 100 15390 278 | 538 27.71| 408 307 [12.06]2016.80° 508 |
day 125 113940, 287 | 822 2608| 47% . 3.94 10517244288, 523 |
75 18435, 272 | 433 2679 429 . 305 |18.75|364552% 532 |
Every two 100 \160 48! 318 | BO8 , 2883 475  33% |1580|2916.80, 387 |
days 125 ‘14442\ 3330 678 12070 546 | 229 11382 2442.88} 549
| LSDat005 | NS |N.S| NSNS NS | NS  034| NS . NS
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Table { 10 ): interaction eHect irrigation quantities and plant spacing on
growth, vield and vyield components of cassava in 2005/2006
and 2006/2007 seasons

Icrigat-| Plant | Plant |No. of{No. of| Length | Diame- | Weight | Yield | Water | Water

ion |spaci-| height | total | total jof mark.| ter of |of fresh| (ton/ | applied | use
quantity ng (cm} | bran- tubers' tubers | mark. | lubers | fec} | (3jeq) | efficie-

ies {cm) ches | /p (em) | tubers | (kg /p) ney
ip {cm)
2005/2006

75 |156.98 ] 248 | 3.78 | 25.25 | 3.79 2.81 [1575] 3240.23 | 4.86
80% 100 115155 | 289 | 548 | 27.23 | 4.23 328 [t3.79| 2592.75 | 532
Eic 125 113823 | 310 1580 | 2875 | 5.08 395 [11.85] 217143 | 546
75 (17747 | 3.06 | 489 | 27.79 | 1.23 3.63 12034 4050.80 ) 5.02
100% | 100 | 16845 355 {670 | 29.88 | 4.96 401 [17.59] 3240.73 | 543

Elc 125 | 14895| 3.74 [ 792 | 3065 | 546 538 {1564 | 271433 | 576
LSDat0.05 | 211 | N.S {016 ] N. S N.S 011 | N.§ 6.40 N.S

75 | 15142221 | 345 | 2496 | 3.83 244 |14.52)| 324023 | 4.86
80% 100 | 147.52 | 272 | 507 | 27.04 | 4.08 2.83 |12.45| 2592.75 | 5.32
Etc 125 [ 13640 | 291 | 5.48 | 2850 | 4.96 347 |10.74)| 217143 | 546
75 | 17377 282 | 455 2771 | 4.08 3.21 |18.72| 4050.80 | 5.02
100% | 100 | 166.87 | 3.25 | 6.39 | 29.50 | 4.75 3.57 |1541| 3240.73 | 543

Etc 125 [147.12 ) 3.3% | 7.51 | 3038 | 529 4.75 |13.28| 271433 | 5.76
LSO at 0.05 212 | N.S ) G161 045 N. § 0.10 | 0.34 0.40 N. S

Interaction effect of irrigation interval, irrigation quantities and plant
spacing on growth, yield and yield components of cassava

Aithough, yieic¢ and vield components of cassava were insignificantly
affected by the interaction of the three main variables in most traits in both
seasons. The interaction cata in Table {11) revealed that irrigation every two
days associated with irrigation quantities up to 100% and 75cm.plant spacing
produced the highes! tuber yield. These results were also true in both
seasons. In the same table data revealed that highest value of water applied
was obtained when irrigation was applied every iwo days associated with
100% ETc at the narrowest spaced (75cm. apart). Whereas, maximum value
of water use efficiency (WUE) was obtained when irrigation was applied
every two days irrigation with 100% ETc and increasing plant spacing up to
the widest one (125cm. apart).
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Table {11): Interaction effect of irrigation intervals, irrigation quantities
and plant spacing on growth, yieid and yield components of
cassava in 2005/2006 and 2006/2007 seasons

(Irrigationifrrigati-i Plant| Plant | No. of [No. of[Length| Diam- ‘Weig-i Yield | Water [Water
}intervaisi on |spac-i height | total | total of leter of ht of‘ (ton |applied| use
iquantiti| ing (cm) | branc- |tube-i mark. : mark. 1 fresh | /fed) (m3.’ effic-
; P oes {em) hes /p i rs /p|tubersitubers|tube-| fed) iency
i : (cm} | {fem) Irs (kgj :
| i | i) |
| 2005/2006
: | 75 1152.93] 2.30 1357724751 3.33 | 2.65 | 14.84[3240.23] 458 |
| 80% | 100 | 146.20| 282 | 527 | 2645 | 3.78 © 315 ,13.29|2592.87} 5.13 ‘
Every { ETc . 125 |133.83| 2.82 | 585 |28.25 ! 467 3.84 {11.06/2171.43 5.09 |
| cay | 75 175.567| 2.82 | 443 127.33, 3.78 | 329 [18.42]4050.80] 4.55
‘ 100% | 100 | 16617 | 3.35 {820 29.58 475 . 3.71:156.33|3240.731 5.04
ETc ! 125 1147.90| 3.58 |7.58 | 3021 | 508 516 14.58|2714.33] 537
© 75 1181.03| 286 | 4.00 | 25751 425 © 2.97 | 16.65/3240.23] 5.14
80% . 100 [156.90) 3.17 | 5.68 1 28.00 ¢ 457 | 3.40 |14.28/2592.83] 551 -
I Every | ETc | 125 114263 | 339 :596|2925| 5.50 . £.05 112.53[2171.43 5.82 :
“two days | | 75 (179.37] 330 15352825 467 398 |22.27 4050.80| 5.50
. 100% 1 100 170331 375 | 71913047 1 517 | 4.3 [18.85|3240.73] 5.82
. ETc | 125 [150.00} 3.90 | 8253108 583 | 561 |1670/2714.33} 8.15
LSD at 0.05 [ NS ) 012 {NNS|  N.S|INSI/NS NS3S| NS |NS
- 2006/2007 ,
T 75 14810 1 1.97 | 330 2450 317 . 2.33 | 13.05 3240.23 [ 4.58 |
80% | 100 14383 | 240 | .87 | 26.25 | 3.67 | 2.72 ; 11.50 | 2592.87 513!
Every | ETc | 125 13233 | 265 | 530! 28.17 | +58 ¢ 3.36 [ 10.17 [ 2171431508
day © 75 | 173.00 | 265 ;403 | 27.25 2.67 284 | 1504 | 4050.80 | 4.55
: 100% | 100 : 18417 | 317 1589 | 2617 ; 450 | 329 | 12.61 , 3240.73 | 5.04 |
i o BETc | 125114587 { 328 17131 30.00 | 5.00 | 452 | 10.85] 2714.33 | 537!
| 75 154771 2.45 03601 2542 | 208 1 2,54 | 1599 | 3240.23 | 5.14 |
80% 1 100 | 15140 3.03 {527 | 27.83 | 150, 294 11340 259263551 |
Svery | ETe | 125 | 14047 | 317 | 567 | 2883 ; 533 | 350 | 11.31 | 2171.43 | 5.82 |
two days! 75 174531 298 | 507 | 2847 ! 430 | 5.58 | 21.50 1 4050.80 | 5.50 ;
L 00% 100 - 16957 § 3.33 | 6.88 | 29.83 | 5.00 1 3.34 | 18.20 | 3240.73 | 5.82 |
i | ETc | 125114837 | 350 17,881 30.75 | 558/ 4.93 ' 15.74 | 2714.33 | 6.15‘
i LSD at 0.05 M8 |NS NS| NS INS{NS|047 | NS |MNS]|
REFERENCES

Alexander, J.c. (1977). Nutrition of laboratory animals with fungi grown on
cassava. In Nestel. B.. and Graham, M. ed., cassava as animal feed:
proceedings of a workshop held at the University of Guel ph, 18-20
April 1877, Ottawa, International develooment Research Center IDRC-
095e, 85-80.

Atalla, A R, Greish, M. H. M, and Kamel A. 5. (2001). Effect of Potassium
Fertiiizer Rates and Row Spacing on Some Cassava Varieties (Maihot
esculenta Cramtz) Under New Reclaimed Soii. J. Agric. Sci. Mansoura
Uni.26(8) 4707-4731.

Brasler E{1878). Analysis of Trickle Irrigation with Application to Design
Froblems. Irrigation Science 1{1): 3-17.

Cuenca R.H.(1988). Book Irrigation Systern Design an Engineering Approach
pp.817 Prentice Hall, Englewood. Gliffs, N. J. USA

9310



J. Agric. Sci. Mansoura Univ., 32 (11), November, 2007

Day K. S. (1998). Drip Irrigation Management and Materials Update
Conferece Proceedings. August, 22-23 Center for Irrigation Technology
California University, Fresno USA |

Day K. S. {1996). Drip Irrigation Management and Materals Update
conference Proceedings. August, 22-23 Center for Irrigation
Technology Califernia University, Fresno USA

Doorenhos, J. S. and Pruitt, W. O. (1977). Crop Water Reqoirements.
Irrigation and Drainage PaperNo.24, FAQ, Rome.pp144.

El- Saeed, MK, (2000} Management of Some Irrigation Systems Under
Using Secii Conditioners in Sandy Soils. Ph. D. thesis. Fac. of Agric. El-
Mansoura University pp76-78

FAQ,(1985). Irrigation and drainage paper 29 Rev.1.Water qualities for
agriculture Focod and agricuttural organization of the United Nations.,

Hair, S O. and Mary Lameberts {1995). Cassava production in Miami —Dade
county Florida. Tropical Research and Education Center. University of
Florida. 182055.W, 280 street, Homestead, f133031.

Hassan, Nagwa M. K. Safaa A. A. Mansour and M. E. Ragab (2007).
Performance of Cassava plant under different plant densities and
potassium levels in newly reclaimed lands. Journal of Agricultural
Science, Suez canal University. (1): 1-8.

lbrahim T. Sahar; Sherif - Sahar A. and Kamei, A. S {2004} Effect of
planting date and planting spacing on growth characters, yield and
vield components of cassava plants as & new crop in Toshky region,
Egypt. Proc. of 2 Australian New crops Conf. 21-24 September. 2004
PP.: 2555 - 268

Joshi M.B: Muthy J. S and Shah M. M. (1995). Crosowat, Acecision Tool for
lrrigation Schedule Agricultural Water Management No. {27), 203-223
USA,

Khall, A. A, M. (1995). Agrenomic Studies on Cassava plant Ph. D Thesis
fac. of Agric. Zagazig, University

Leihner, D (1983). The production material in cassava . Some Agronomic
implication. Proc. 6" symposium Int. Soc. Trop Root crops. Centro
internacional de 1a. Papa (CIP). Lima, Peru. Pp. 257-267.

Snedecor, G. W. and Cochran, W. G. {1880). Statistical metheds, 7 th ed.
The lowa State Univ. press, Ames lowa, USA.

Thomas .S, Erickson T.5. and tam R.E.(1995). Electronically Providing Daily
Crop ET Using A Weather Network. Proceeding of the Fifth
International Micro Irrigation Congress. April 2-8 1995 Orland, Florida
USA.

Wiled, S. A Corey, R.B.; Layer, J.G. and Voigt, K. {1985} Soils and plant
analysis for tree culture. Oxford and !BH Publishing Co. New Delhi.

9311



El- Khatib, 8. I. et al.

Gl ag o) ety g b Zad Agla )l Al B LGN cld gl
adlis, A
L Lo e g *Y jpeaia o plhee - Fcubdll Jelawd o)l s
o =53l = R A g 36 e 5 Aaaigl gay sgna
gl S e = el D agara — N G ek puadd Jealaay (bl &gas aad 4
e = 3 padl — At b
— el e a3 € - Aglial) Sralaadil Spay agea =l gandl GRS Zigny B 0t
e — 3 aadl
D (e o) il sie sy dhae Jhlis U jad Dl

(=3

~

RS E TSP I DLPRGH I Y LR-W IS I PG A SRR S VA SR SV
oo s e A ol el Bl i 20l e g ) seanall dueSsle Red 0
STonh s e W e Bl S ey S g Mg U8 5 Las
aed Y2l e VR ae ol Sl A0 a8 lall I e liaY!
) el DU oS B0L 5 i el L 8 e Al adaall alaly Ay adll Cieeias
(il o 2l = olall a0 ¢ Al ki “1_“__:‘ S febpell IKH sl
Sl s sl Slalia¥) e % il ge s S50 2ie A sala sl
Ll .t YR Adlee e Aol
asiieadl 5l S o Jeb a8 26 a e Csans el 2 laiy
e ey Ll ARl Cialiatt e %0 - Relal ae Saess S 50 s
L 0 NS U REC AU S S 0 [t L BTV 5 S PVRUW U DU

~

At Y2 s e e )y Sl S alaat! e %0 v dilal g s

9312





