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ABSTRACT

Two field experiments were carried out at Sakha Agricultural Research
Station during the two successive season 1999/2000 and 2000/2001 growing
seasons in the North Middle Nile Delta region to study the effect of amount of
applied water on some water relations and yield of faba bean. The main
treatments were irrigation depths which were D, = irrigation till water depth
reached 2.5 cm above soil surface, D, = irrigation till water depth 5.0 cm and Dj
= irrigation till water depth 7.5 em, while the sub treatments were furrow width,
which were F, = furrow 60 cm wide and planting on one side, F, = furrow 120 cm
wide and planting on both sides and F; = furrow 120 cm wide and planting on
both sides plus the middie,

Increasing depth of irrigation water increased the amount of applied
water in the growing seasons. The highest mean values occurred with 7.5 cm
giving 2022.3 and 2041.9 m*/fed. in the two season respectively. Lowest values
occurred with 2.5 cm giving 1400.4 and 1453.5 m’/fed. in the two growing
seasons, respectively. The highest mean values for water applied were with F,
giving 1527.8, 1767.3 and 2233.3 m’/fed. under D;, D, and D5, respectively. The’
highest mean consumptive use (CU) was 1819.3 and 1695.7 m’/fed. in the first
and second seasons, respectively. Water consumptive use was higher under F
treatment the highest CU values for D treatments were 1633.5, 1822.5 and 1924.5
m’/fed. under D,, D,, and D, respectively. Bean yield was hlghest with D; giving
1490.0 and 1449.7 kg/fed. in the first and second seasons, respectively. F; gave
highest yield among F treatments.

Water use efficiency (WUSE) and water utilization efficiency (WULE)
were highest with D, giving 0.91 and 1,02 kg/m’ for the first and second seasons
respectively, and were highest for Fy among F treatments.

INTRODUCTION

Faba beans (Vicia faba) is one of the main legumes used for human and
animal consumption. Egypt leads in per-hectare yield among bean producing
countries. Bean cultivated area in Egypt is about 300, 000 to 350,000 feddans. It
1s a winter crop and is sensitive for irrigation. The main target of the present work
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is to maximize crop yield per unit of applied irrigation water through controlling
both irrigation depth and furrow width. The effect of irrigation regime on faba
bean has bean studied by various workers including Tawadros et al. (1993a).

MATERIALS AND METHODS

Two field experiments were carried out at Sakha Agricuitural Research
Station in the North Middle Nile Delta region during the two successive seasons
1999 and 2000. A split plot design with four replicates was used in this study. The
main plots were assigned to irrigation depths which were:
1- D, : irrigation till the water reaches 2.5 c¢m, above soil surface.
2- Dy irrigation till the water reaches 5.0 cm, above soil surface.
3- s :irrigation till the water reaches 7.5 cm, above soil surface.

Each of these depths represents the depth of water accumulated above
soil surface (water-head) before stopping irrigation. Such depths were achieved
with each irrigation. There were 4 irrigations for the faba bean crops (in each of
growing season). Farmers of the region use D,

The sub plots were assigned to furrow spacing which is also spacing
between ridge tops; there-were 3 treatments as follows:
1- F; = 60 cm furrow spacing with 1 plant row/furrow (the traditional spacing
and planting used by farmers of the region).
2- F;= 120 cm furrow spacing with 2 plant rows/furrow.
3- F;= 120 cm furrow spacing with 3 plant rows/furrow.
Irrigation number, dates, and intervals were the same for all treatments.

Execution and data collected:
1. Trrigation water:

Irrigation water was controlled by a steel gate for each field plot as well
as those fixed at the side of each header canal. A measuring weir was fixed
upstream with a discharge rate of 16.54 L/sec. at 10 cm as effective head.
Irrigation water was applied till the designated water depth on soil surface was
achieved.

2. Consumptive use:

To compute the actual consumed water by the growing plants, soil
moisture percentage was determined gravimetrically on oven dry basis before and
after each irrigation as well as at harvesting. Soil samples were taken from four
equal successive layers of the effective 60 cm root zone, i.e. 0-15, 15-30, 30-45
and 45-60 cm.

This method of computation is considered as the direct method of
ronsumptive use calculation based on soil moisture depletion (SMD) or so-called
crop-water consumed (ETc) as stated by Hansen et al., 1979.

sMp=cU=22-% yppxdaxa




Effect Of Different Irrigation Levels On Some Water.... 465

Where

SMD= soil moisture depletion in the effective 60-cm root zone.

U= consumptive use of the growing plants,

S ,= mean soil moisture percentage (w/w), before irrigation for the root zone.

@2 = mean soil moisture percentage (w/w), for the root zone, 48 hrs. after
irrigation (field capacity).

Db=  mean soil bulk density, gm/cm’ for the 60 cm root zone.

= soil wetting depth of root zone (i.e. 60 cm).
= Irrigation area in m® of one feddan (i.e. 4200)

3. Crop yield:
Crop yield in each plot was recorded (in terms of kg/fed.) at harvest.

4. Parameters of irrigation water efficiency for yield production:
Efficiency of irrigation water was measured in terms of weight of bean
grains (kg) produced by unit volume of water (m’). Water utilization efficiency
(WULE) and water use efficiency (WUSE) expressed as (kg plant production/m’
of water) were calculated according to Docrenbos and Pruitt (1975) as follows:

(A WULE = Yield (kg)
Amountof water applied to crop (m®)
Yield (kg)

Amountof water consumed by crop (m*)

(B) WUSE =

RESULTS AND DISCUSSION

1. Water applied:

Data in Table 1 show that among D treatments amount of water applied was
increased with increasing irrigation depth up to 7.5 cm; and the highest mean values
were recorded under the highest depth 7.5 cm in the two growing seasons, being
1805.4 m’/fed. or 42.98 cm for 1* and 2™ seasons, respectively. The lowest was under
2.5 ¢cm being 12002 m’/fed. or 28.58 cm respectively. The highest mean values
among F treatments was with F, with planting in one side with giving an average of
1547.2 m’/fed. or 36.84 cm for seasons 1 and 2, respectively. These results are in a
good harmeny with those obtained by Tawadrows ef al. (1993).

2. Water consumptive use (CU):

Data in Table 1 show that by increasing irrigation water amount
increased the CU. The highest among the D treatments occurred at 7.5 cm
irrigation with an average of 1757.5 m’/fed. (i.e. 41.85 cm) for the 2 seasons;
whereas the lowest occurred at 2.5 cm irrigation depth with an average of 1480.4
m*/fed (ie. 35.25 cm). comparing F treatments show that the highest CU was
under F, with an overall average 1793.59 m*/fed. (i.e. 42.70 cm). These findings
are in agreement with those obtained by Serry ef al., 1980. From the analysis of
CU data, it cleared that there is a contribution from water table to crop-water
needs. This might be due to both shallow water table and clayey tesure soils.
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3. Faba bean yield:

Data show that among the D treatmeants the highest mean values of yield
occurred under 5.0 cm irrigation depth giving means of 1490 and 1449.7 kg/fed.
in the first and second seasons, respectively. Regarding the F treatments, F;
treatment recorded the highest value of marketable yield 18060 kg/fed. These
results are in agreement with those obtained by El-Waraky and Wahba 1998,

Table (1) Water relation and yield faba bean as affected by different

FIF | F [Meon| F, [ F, | F JMean| £ | F | F_Voas]
I* season (1999-2000

A41343.411334.4|1400.4] 1740|1576.4]1609.4|1642.1 1890.4§ 1998.4
36.27] 31.99 | 31.77 | 3334 |41.43( 3753 | 3832 { 39.09 . 45,01 | 42.95
1646 | 1410 | 1486 { 1514 {18631 1558 | 1627 [1682.7 1717 | 1785
39.2 133.57 [ 3538 36.05 14435] 37.1 j 38.73 | 4006 40.89 | 42.49
0221019 ) 020 ) 020 |025)| 021 | G2 | 023 023 | 024
10701 1027 | 1365 | 1154 | 13057 1345 | 1820 | 1490 1050 { 1400

065|073 | 092 { 077 {070{ 086 | 113 | 0.89 061 | 0.78
070 076 | 1.02 | 099 J075] 085 | 1.13 | 1.05 | 0. 056 | 0.70
~2™ season (2000-2001)
H532.41391.2[1437.2 1794.1622.2[1704.2[1706.0 1871.2[ 19662
3648 33.12 | 34.22 | 34, 72] 38.62 | 40.58 {40.64 | 54.48 | 4455 | 43.02
16211 1330 | 1389 . 1489 | 1509 15693 1566 | 1628
38,60} 31.77 ] 33.08 | 34. 44| 35.45 | 3593 | 37.94| 4508 | 37.28 | 3876
022| cis jolo | o 020 | 021 | 022 021 | 022
1045 | 1020 | 1362 1292 | 1792 {14497 995 | 1367
065 076 | 098 | 0. 087 | 1. 064 | 0.84
! 070 | 0.

4, Water use (WUSE) and water utilization (WUtE) efficiencies:

Data in Table 1 show that by increasing irrigation depth leads to
decrease WUSE as well as WULE. The D, treatment gave means of 0.89 and 1.05
(kg/m’) in season 1, respectively. The second growing season the same trend was
clearly found for the two efficiencies, where the mean values were 1.16 WUsE
and 0.99 WWHE for scason 2. Regarding comparison among F treatments, the
highest were recorded under Fs treatment, These findings are in agreement with
those obtained by Ashoub et al. (2000).

CONCLUSION

The main resuits for this stady can be summarized as follows;

»  [Irrigation till water reached 5.0 cm above soil surface (D) was most effective; its
use instead of 7.5 cm (Ds) gave water saving of 358 m’/fed. (19.8% saving).
Increasing the spacing between furrows from 60 to 120 cm involved irrigation
water saving of 183 m™/fed. saving of 11.3%.

e Treatment 5.0 cm water depth with 120cmﬁ1rrowplanting3rowsgavethe
highest yield (1806 kg/fed.) using an application rate of 1430 m*/fed (ie. 34.05
cmy), saving 326 m’/fed.; treatment of 7.5 cm water depth with plant rows, gave
the second highest yield Increase in applied water was associated with an
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increase in CU., seasonal and daily rate of CU decreased with the increase in the
spacing between furrows,

*  The highest yield was obtained by 5.0 cm water depth with 120 cm furrow with 3
rows, with seasonal CU of 37.3 cm and CU rate of 0.22 cm/day.

. Tmﬂ};xem D.F; gave the highest WULE (1.27 kg/m’) as well as WUSE (1.16
kg/m’).

s  Therefore, it might be concluded that by irrigation tll water reaches 5.0 cm
above soil surface with cultivation 3 plant rows using a 120 cm wide furrow may
be the most efficient regime for faba bean in middle north Nile Delta region.
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