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ABSTRACT

Two field experiments were conducted at the Experimental Farm of
Faculty of Agriculture, Moshichor, Zagazig University during the two successive
summer seasons of 1997 and 1998 to study the effect of irrigation intervals,
fertilization levels and their interactions on yield and its components. The
irrigation intervals were ('4, 1, 1 2 and 2) weeks and fectilization levels were zero
(NPK), (30 N + 16 P,Os + 48 Ky0) . (60 N + 32 P,O5 + 72 K,0) , (90 N + 48
P,0: + 96 K;0) and (120 N + 64 P,0O; + 120 K,0) Kg/Fed. Obtained results show
that irrigation every half week intervals and/ or fertilization with (120 N + 64
P.Os + 120 K;0) Kg/Fed each alone or the combination between them
significantly affected yield and its components expressed as number and fresh
weight of cormels, fresh weight of main corm, height and diameter of main corm.
total yield per plant as well as total yield per feddan. In addition. water use
efficiency was improved by applying the highest quantity of water connected with
the highest used tevet of NPK.

INTRODUCTION

Taro (Colocasia esculenta L.) is belong to the family Araceae. It is
considered as one of the most important vegetable crops grown in Egypt due to its
high nutritional value. It's corms are rich in starch, proteins, minerals and
vitamins, in comparison with potatoes and sweet potatoes (Moursi, 1955). Each
100 (g) fresh weight of corms and cormels contain about 63-85% moisture, 13-
29% carbohydrates, 1.4-3% protein, 28 mg calcium and 61 mg phosphorus. It is
known thattaro plants require ample of moisture and excess amounts af fertilizers
due to its long duratioh in the soil from planting to harvesting. In additien, the
irrigation water available in Egypt is the main limiting factor for the extension of
agriculture. Therefore, many investigators reported. that the yield and its
components of different tuber crops were greatly affected with water supply. In
this respect, Shoch et al. (1992) and Karafy- llidis ef al. (1996} on potato they
reported that water stress decreased number and size of tubers.
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Regarding the effect of irrigation on height and diameter of main corm,
Khalak and Kumaraswamy (1992) on potatoes revealed that irrigation treatments
had no significant effects on tuber diameter.

In addition, Ezumah (1973), Carrilo-Urrutia (1979) and Ravi and
Chowdhury (1991} all working on taro plant, they indicated that the tuber yield
increased with increasing irrigation regime. Similar results were obtained by
Nagy et al. (1993), Frank et al. {1994), Abker and Mehta (1995), Glady stak and
Borowezak (1996), and Rojek and Chmura (1996) on potato yield.

With regard to the effect of NPK fertilizers on yield and its components,
Hossain and Rashid (1982) and Bhuyan and Quasem (1983) reported that the
number of cormels were significantly affected by highest rate of N applications.
Similar results were obtained by Cremaschi (1982) on tuber of potato.

Regarding the effect of NPK fertilizers on corm characters, Ahita et af
(1981) on cassava, found that higher rates of NPK application resulted in a
significant increase in diameter, length and weight of root. Also, Kasele (1984)
found that root weight and diameter were increased when N was combined with
K. Similar results were obtained by Bioumy (1991). Moreover, Abd El-Hamed
{1993) on taro found that corm diameter and length were significantly increased
with highest used K level.

Concerning the effect of NPK on total yield of corms and cormeles, Das
and Sethumadhavan (1980) on Cocoyam and Portieles ef a/ (1982) on taro they
found that the highest yield was obtained by the highest rate of NPK application.
Similar results was obtained by Ramaswamy et af (1982) on taro. In addition,
Barroso et al (1986) on corm yield of Cocoyam found that the highest yield was
obtained by application the highest rate of N and K;O. Also, Abd El-Hamed
(1993), and Verma et al (1996) on tarc they found that the total yield of cormes
was significantly increased with increasing the rate of K or N, respectively

Concerning the water use efficiency (m°/Kg) many investigators
reported that water use efficiency was greatest for plants grown at 80% of field
capacity Carrilo-Urrutia (1979) on tare. However, Steyn et af (1992) on potato
found that water use efficiency was highest with frequent irrigation (50%
depletion regime). In this regard, Franke et a/ (1994) on potato, suggested that
water use efficiency increased significantly at highest soil moisture content and
was highest when the rate of evapotranspirtion was below maximum potential.
Khalak and Kumaraswamy (1996) stated that water use efficiency was highest
with 20 mm irrigation water. Meanwhile, Costa ef a/ (1997) on potato found that
water use efficiency was roughtly constant with continous drought stress.

Therefore, this trial was conducted to study the effect of irrigation
intervals, Fertilization levels and their interaction on yield and its components.
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MATERIALS AND METHODS

This invesiingation was carried out at the Experimental Farm of Faculty
of Agniculiure, Moshtohor, Zagazig University during the two successive summer
scasons of 1997 and 1998 to study the effect of water regime, levels of NPK
fertilization and their interaction on tota! yield and its components. The soil of the
expenrimental field was clay loam in texture with PH 7.7

A split plot design with four replicates was adopted. Each experiment
included 20 treatments which were the combination of four irrigation treatments
within five fertilization levels, The irrigation treatments were arranged in the
main plots while the fertilization levels were distributed randomly in the sub
plots. Each experimental plot included four ridges 3.5 m in length and 80 cm in
width with an area about 11.2 m” where three ridges were planted and the fourth
one was lefl without planting as a goard ridge between plots to prevent fertilizers
and water movements from any plot to other one. Corimels (seed picces) were
planted in Feb. 11™ and 12" in 1997 and 1998, respectively. Cormels were
cultivated in the bottom of the ridge at the distance of 30 cm in between and 7-10
cm deep in the soil. All the plots were equally irrigated. After two months from
planting, the water regime began for the different irrigation treatments as
indicated in Table (1). Soil samples were randomly taken regularly before each
irrigation time from 20 plots for every irrigation treatment 10 determinate the soil
moisture at irrigation as % of field capacity. Surface irrigation was used through
weir to regulate the rate of water flow and to caiculate the quantity of water
applied for each plot by using the following equation mentioned by Khurmi

(1990).
\I Ca. a; \l 2 gh
where :

Q = Quantity of water flowing through the venturifiume
C = Coefficient of discharge = 0.7
a; = arca of flow in channel = by h,
= arca of flow in throat=bz hy
b; = width of channal
b; = width of throat
= depth of water in threat
b; = different of depths of water
h= h| -
g = acceleration equal to 9-8/m/Sec.

The mechanical and chemical analysis of soil were determined according
to the method described by Jackson (1965) (Table 2).

Data in Table (3) illustrated average monthly temperature, relative
humidity (%) and quantity of rainfall at Kalubia Governorate in the region
surrounding the experimental site through the two seasons of study.
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Table (1): Water regime for the different irrigation treatments during
seasons of 1997 and 1998,

Irrigation Quaatity of water
Treatments | interval Irri::t?:)l;z;sgson (m’ffed.) M¢éan
(weeks) 1997 1998
1 g 64 16908.09 | 17455.04 | 17181.56
2 1 28 9838.51 | 11159.79 | 1049915
3 1% 19 8783.84 | 8562.82 | 8673.33
4 2 13 6926.53 | 7289.96 | 7108.24
__Table (2): Mechanical and chemical analysis of soil.
Mechanical analysis (%) :
Organic

Coarse sand | Fine sand | Silt | Clay atter Texture F.C.

7.43 15.77 34.88 | 40.42 1.50 Clay loam | 43.54

Chemical analysis as meq/100gm. Soil ;
Available

Cod |Heo3 | Cl | So4 | Ca | Mg | Na N P K

000 | 199 {142]|0.67 | 1.28 | 0.70 | 1.70 | 82.51 20 0.31

F.C. = field capacity

Experimental treatments :
(I) Irrigation intervals treatments:

(1) half week (2) one weck

(3) one and half week (4) two weeks

(II) Fertilization levels treatments:

(1) Zero N + Zero P, Qs + Zero K,0 referred as level (1)
(2) 30N+ 16 P, Os + 48 K,0O (Kg/Fed) referred as level (2)
(3) 60 N+ 32 P, 05 + 72 K,0 (Kg/Fed) referred as level (3)
(4) 90N + 48 P; O;5 + 96 K0 (Kg/Fed) referred as level (4)
{5) 120 N+ 64 P, O5 + 120 K0 (Kg/Fed) referred as level (5)

Ammonium sulphate (20.5 % N), calcium super phosphate (16% P; Os)
and potassium sulphate (48 - 52% K,0) fertilizers were used as sources of N,P
and K, respectively. The first portion was added two months afier planting, while
the second and third portions of fertilizers were added three and four months after
planting, respectively. All agricultural practices were carried out as commonly
followed in the district.

Data recorded:
(I) Yield and its components :

At harvesting time (280 days after planting) all corms of each
experimental plot harvested after removal of plant foliage above ground surface,
then corms were cleaned from the soil and the following data were recorded.

(1) Number of cormels/plant.
(2) Corm length (cm) (it was measured by calipers) .
(3) Corm diameter (¢m) (it was measured by calipers) .




Table (3): Average monthly temperature, relative humidity (%), and quantity of rainfall at Kalubia Governorate in the region
surrounding the experimental site through the two seasons of the experimental work.

A 1997 1998
T ©) Relsive buamidity Q“':i's;’““‘ T <) Reltive humidit Q“r:i‘;lf“;’““

Month Min | Max | Mean %o (mm) Min. Max, | Mean Yo (n m)
February 510 | 1800 | 15,00 6286 0.00 83 | 2020 | 1428 a3 0.00
March 720 | 1970 | 1343 6200 0.00 796 | 2140 | 1468 5891 0.40
Apri 1000 | 2320 | 16.% 6100 0.00 1340 | 2970 | n.%0 5700 0.00
May 1500 | 3140 | 2326 5450 0.00 1740 | 3246 | 2493 5533 027
June 2000 | 3370 | 2679 59.00 0.00 1953 | 3453 | 2703 57,66 0.00
July 2012 | 3361 | 2686 62.00 0.00 207 | 3536 | 2804 58,66 0.00
August 1890 | 3240 | 2560 65.00 0.00 2058 | 3556 | 2806 5762 0.00
September | 1810 | 3140 | 2560 6200 0.00 2043 | 3576 ,| 2808 56.58 0.00
October 1690 | 2970 | 24.06 62.00 0.00 1846 | 3203 | 2524 | . 716 000

Y [ P S|PAST UONVINIZ] ‘SpasFpu] uouvSiel JO 1aff

€0L™"



704 Annals Of Agric. Sc., Moshtohor, Vol. 42(2), 2004

(4) Weight of main corm (g) as an average of weight and number of main
corms/plot

(5) Weight of cuorms/plan: us an average of weight and number of cormels/plot.

{(6) Total! plant yield (g} as a result of the weight of main corm and
cormeis/plant..

(7} Total yield (Ton/Fed). It was calculated from the yield and area/plot.

(II) Water use efficiency :
1t was calculated according to the following equation
Consumptive use (m’*/Fed)

Efficiency of water utilization =
Total yield (Kg/Fed)

All daia were subjected to statistical analysis according to Gomez and
Gomez (1983).

RESULTS AND DISCUSSION

I- Yield and its components :
1- Effect of irrigation intervals ;

Data presented in Tables (4, 5) indicated that the total produced
yield/fed. and its components as number and fresh weight of cormels, fresh
weight of main corm and total yield per plant as well as length and diameter for
main corm were significantly increased as a result of increasing water supplied
for plant either through increasing number of irrigation’s frequencies or
decreasing the irrigation intervals from 2 to % week. Obtained results are true
during both seasons of study. These results are in agreement with those reported
by Ezumah (1973) and Ravi and Chowdhwy (1991) on taro. In addition, Nagy et
al (1993), Franke ef al/ (1994), Abker and Mehta (1995), Gladysiak and
Borowczak (1996), Karafyllidis et af (1996) and Rojck and Chmura (1996) on
potato, who found that water stress decreased yield and size of tubers. From the
aforementioned results, it could be concluded that irrigation is the major and
determintal factor for taro production. Since, vegetative growth, photosynthic
pigments and plant chemical constituents were increased with increasing
irrigation frequencics EL-Zohery (1999).

2- Effect of fertitization levels :

Obtained data in Tables (4, 5) illustrated that the total yield per fed and
its components i ¢, nirmber and weight of cormels per plant, length, diameter and
fresh weight of main corm as well as yield per plant and total yield per feddan
were significantly affected as a result of different used levels of fertilization. In
this respect, the highest used levels, i.e, 120 Kg N + 64 Kg P;O; + 120 Kg
K,O/Fed reflected the highest values of all characters of yield and its components.
In this regard, Das and Sethumadhavan (1980}, Portieles ef al (1990), Abd EL-
Hamed (1993) and Verma et al (1996) on taro they repoted that appling nitrogen,
phosphorus and potassium sither in a single form or as a compound fertilizers
increased the total produced yield. Obtained results may be attributed to the main
role of such macro clements on vegetative growth and consequently such
enhancing effect was reflected on the productivity of plant (EL-Zohery, 1999).



Table (4): Effect of irrigation intervals, NPK fertilization levels and their interaction on yieid and its compenents during season of 1997,
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1997 Season
I ats NPK Cormels/plant Main corm Total yield Water use
Irdgaenimerval | Rertilizer [“Numbe Length | Diameter | Fresh | Plant efMciency
; m /K
(@n) levels T Weight (2) (cm) (cm) weight (gm) Ton/Fed. | ( &
¥ 3.06 184.84 9.19 12.43 386.97 571.81 9.630 1.87
1 1.60 3298 7.38 9.25 25026 283.24 4.720 3.75
1% 1.44 14.44 497 5.74 57.18 71.62 [.193 14 88
2 1.25 10.69 4.79 4.29 38,49 49.18 0.819 21.64
L.S.D. at 0,05 level 0.12 8.22 0.35 0.47 8,02 11.17 0.23
i 1.37 34.49 5.45 6.43 114.04 148.53 2,475 15.40
2 1.63 50.15 6.33 7.48 187.32 237.47 4.082 10.77
3 1.9 69.26 6.60 817 199.40 268.66 4477 9.36
4 2.03 72.46 7.14 8.65 20179 274.25 4,522 876
_ 5 213 77.32 7.39 8.85 213.57 290.89 4.847 8.39
L.S.D. at 0.05 level 0.13 7.16 0.37 0.46 9,82 14.13 0.22 -
1 2.43 97.64 7.25 11.17 235.37 133.01 5,550 3.04
2 2.75 151,27 9.11 12.62 401,95 553.22 9.720 1.73
Ve 3 3.25 217.52 9.18 12.70 427.50 645.02 10.750 1.57
4 137 223.95 10.20 12.81 431.87 655.82 10.930 1.54
5 3.50 233.82 10.21 12.83 433.20 672.02 11.200 1.50
1 1.07 27.62 6.18 6.27 135.76 181.38 3.023 5.59
2 1.68 30.50 6.81 1.50 256.91 2874 4.790 352
1 3 .71 32.87 7.25 9.67 265.34 208.21 4.970 340
4 1.72 33.21 815 11.28 268.00 30021 5.020 3.36
5 1.79 40,70 8.52 11.52 307.31 348.01 5.800 2.91
1 1.00 7.50 4.37 5.37 40.25 47.75 0.795 21.26
2 1.10 11.37 4.80 5.56 50.65 62,02 1.032 16.38
1% 3 1.58 16.68 505 570 63.60 80.28 1.337 12.64
4 1.78 18,07 5.19 581 65.60 83.67 1.394 12.12
5 1.81 18.62 5.47 6.26 65.80 84,42 1.406 12.02
1 1.0 521 4.00 312 26.80 3201 0.533 31.72
2 1.0 7.47 4.62 422 39,30 47.27 0.787 21.48
2 J 1.12 10.00 4.95 4.60 41.17 51.17 0.825 19.84
4 1.50 14.62 5.02 4.70 41.70 56.32 0.938 18.02
$ 1.62 6.15 538 4.80 43.00 59.15 0.985 17.16 |
L.S.D. at 0.05 Jevel 0.26 10,13 0.75 0.92 19.64 28.27 0.44 ]
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Table (5): Effect of injgatidn intervals, NPK fertilization levels and their interaction o vield and its components during season of 1998.

. 1998 Season
Treat NPK Cormels/plant Main corm Total yield W‘?tgr use
Irrigation Fertili " i efficiency
(day) | rlevels | Number | WEM | LG | DRSCer | e | Pant@m) | ToaFed | (/K9
W 3.09 206,27 - 6.98 £.50 423.19 629.46 10.490 1.73
1 208 43.90 6.62 . 187 270.34 31424 5.091 3.55% "
1% 1.89 17.81 554 525 5942 7.3 1.287 14.39
2 1.39 12.33 $30 | 48 41.30 53.63 0.894 20.42
L.S.D. at 0.05 level 6.13 .71 0.38 0.6 16.64 16.26 0.58
1 1.74 41,11 5.23 5.6% 137.51 17862 | 2977 14.36
2 1.96 65.42 591 6.26 193.26 25868 431 10.59
3 217 72.54 6.10 6.52 203.61 276.15 4.602 9.20
4 230 78.37 6.53 6.74 213.29 291.66 4 861 8.29
5 2.38 81.98 6.78 7.45 245.16 327.14 5.452 7.68
LES.D. xt §.05 Jevel 0.53 1, 0.32 0.42 2199 2378 0.43
] 2.46 118.00 599 7.66 305.13 423,13 7.052 247
2 2.37 207.24 6.66 8.05 401.66 608.96 10.148 1.72
¥ 3 3 225.03 6.99 8.62 428.33 653.36 10.889 1.60
4 343 238.34 7.54 3.69 435.00 673.34 11.222 1.55
5 1.59 242.78 1.70 9.48 545.83 788,61 13.143 1.32
1 1.84 30,25 5.75 6.97 175.31 205.56 1426 5.09
1 1.93 320 6.56 7.36 278.87 31037 5.181 1.36
1 3 2.05 33.23 6.68 7.48 279.02 312.25 5.204 3.35
4 2.24 36.50 6.87 7.63 305.45 341.95 5699 3.06
5 2.33 43.63 7.25 8.44 313.08 356.71 5,945 2,93
1 1.68 9.00 493 4,58 40.20 4920 0.820 21.28
1 1.81 14.50 5.4 5.12 51.68 66.18 1.103 15.82
1% 3 1.96 20.51 5.50 5.13 65.29 85.80 1.430 12.20
4 1.97 2225 5.87 5.40 66.73 88.98 1.483 11.77
5 2.02 22.83 6.00 6.40 73.23 96.06 1.601 10.90
1 1.00 7.20 427 3.36 29.40 36.60 0.610 28.61
2 1.25 7.95 5.00 4.50 40.83 48.78 0.813 21.46
1 k) 1.54 11.40 5.25 4,87 41.82 53.22 0.887 19.67
4 1.54 16.42 5.83 525 45.98 62.40 1.040 16.73
s 161 18.70 6.16 5.87 48.50 67.20 1.120 15.58
[LS.D. at 0.05 level 1.20 537 NS N.S 41,98 47.50 0.87
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3- Effect of interaction between irrigation intervals and fertilization levels :

Obtained results from Tables (4,5) cleared that total yield and its
componenis significantly increased with increasing both the amounts of water
used and the applied dosage of NP and K fertilizers. In this regard, the highest
yield and its compenents were obtained in case of irrigation every %4 week by
intervals and application of the highest used levels of NPK fertilizers during both
seasons of this study. Obtained results were coincided with Abd EL-Rahman
(1990) on carrot.

II- Water use efficiency ;
1- Effect of irrigation intervals :

It is cleared from data in Tables (4, 5) that the utilized water was
increased with either increasing the number of irrigations frequency or shortening
the irrigation period up to 2 weck by intervals during both scasons of study. It is
evident that the highest quantity of water (1870 and 1740 m’) necessary for
producing one ton of corms were used in case of application of 64 irrigation
throughout the two growing seasons respectively. Carrilo-Urrutia (1979) on taro,
Steyn et al (1992) and Franke ef al (1994) on potato, they found thud water use
efficiency was greatest at 80% field capacity or with frequent irrigation (50%
depletion regime) as well as at highest moisture content respectively.

2- Effect of fertilization levels :

Data in Tables (4, 5) show clearly that the amount of water required to
produce one Kg of corms was decreased with increasing the used level of NPK
fertilizers during both seasons of study. The highest used level (120 N + 64 P,Q;
+ 120 K;0) Kg/Fed resulted in using the lowest quantity of water (4340 — 2940
m’) needed for production of one ton corms. This means that under such
conditions of fertilization, water supply showed the highest efficiency of water
utilization.

3- Effect of the interaction between irrigation intervals and fertilization levels:

Data in Tables (4, 5) revealed that the highest quantity of water supplied
to the plant, with the highest used level of NPK improved the efficiency of water
utilization. It is obvious that water is considered the main facter for taro
preduction under such condition.
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