J. Agric. Sci. Mansoura Univ., 31 (4): 2489 - 2498, 2006

CLIMATE CHANGE AND SUGAR BEET PRODUCTION

Ibrahim, M.A.M.**; T.K. Emara* and Samia M. El-Marsafawy**
* Sugar Crops Research Institute, A.R.C.
* Soils, Water and Environment Research Institute A.R.C.

ABSTRACT

This study was carried out to verify the experimental data of sugar beet in

Kafr Ei-Sheikh Governorate in connection with the climate change from point of view.

In particular, sowing date, and other beet-water relations. Therefore, this

investigation sets out to analyze the climatological change in Kafr El-Sheikh

Governorate (middle north Nile Delta) for a period of 30 years (1972-2002) to find

out the impact effect of climate change on several scenarios of sowing date, how

much water to be applied, what the suitable interval between irrigations and
prediction of yield reduction at different growth stages under different water supply.

The sowing dates of sugar best under study are: 1% Oct., 1¥ Nov. and 1% Dec.,

respectively. The main findings can be summarized as:

® Rainfed agriculturai resulted in yield reduction of 35.6 and 76.1% for 1% Oct,
31.7% and 88.7% for 1™ Nov. and 65.7% and 96.6% fer 1* Dec. at mid and late
season, respectively, i.e. rainfall is not sufficient to produce sugar beet in the
studied area. -

® Under shortage water supply, of water regime net irrigation 160.0 mm for 1% Oct.
and irrigation intervals of 40 days resulted in yield reduction of 10.8% at late
season stage. While for 1" Nov. net irrigation of water regime 279.9 mm and
interval of 40 days resulted in yield reduction of 5.6% at the same stage.
Whereas, net irrigation for 1% Dec. 475.9 mm and irrigation interval is 30 days
resuited in yield reduction of 9.1% for the same stage.

& Under adequate supply of water, i.e. no yield reduction i.e. at mid and late-
season, for 1* Qct. minimum net isrrigation 245.0 mm and irrigation interval 21
days, for 1% Nov. minimum net irrigation 375.0 mm and irrigation interval 20
days and for 1 Dec. minimum net irrigation 502.4 mm and irrigation interval 20
days are the adequate to get the maximum yield with no reduction on it as well as
no water losses couid be obtained.

INTRODUCTION

In Egypt, Kafr EI-Sheikh Govemorate considered as the main area in
sugar beet production, at which almost 80% from the national production is
produced. This status is found due to the sait affecled soils that nearly
accompanied with the state soils as a result of its tail end of the River Nile.
Sugar beet is salt tolerant crop and growing well in such soils. In more
details, its root is enable to penetrate the clayey soils with its hard pans,
which improve its infiltration and consequently up-grade the physical
preperties of the soil. Moreover, the green canopy of the crop considered as
a green manure which mixed with the top soil, and ultimately enhance the
soil conditions especially its organic matter content and aeration process.

In addition, one of the biggest sugar plant not only in Egypt but
world-wide is existed in the area. This encourage the farmers to grow beet in
~ the area as a row material for this factory and to get a high retum from its
farming.
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Moreover, as a fact of Kafr Ei-Sheijkh Govermiorate lies at the tail end
of the national watering (irrigation & drainage) network, a deficit of water
counted with 14.5, 12.1 and 23.2% during March, April and May (lbrahim e?
al., 1992). This period is presented in the second half growing beet season.
Therefore, incentive studies should be camied out concerning what is the
suitable time for beet cultivation as well as its irrigation scheduling that is
determination of both the proper time for watering and the accurate amount
of irrigation water should be appiied.

in this direction, climatological elements play a vital role on such
investigation peints. Meaningfully, the impact of climate change on selection
of the suitable beet sowing date, how much water to be applied and what the
most effective irrigation intervals. Such data are essential to the policy
makers in the irrigation sector, especially under the shortage status of
renewable water that facing Egypt at present and in future as well,

The relationship between crop yield and water supply can be
determined when crop water requirements and crop water deficits, on the
one hand, and maximum and actual crop yield on the other can be
quantified. Water deficits in crops, and the resulting water stress on the
plant, have an effect on crop evapotranspiration and crop yield. Waler stress
in the plant can be quantified by the rate of actual evapotranspiration (ETa)
in relation to the rate of maximum evapotranspiration (ETm). When crop
water requirements are fully met from available water supply then ETa =
ETm; when water supply is insufficient, ETa < ETm. To evaluate the effect of
ptant water stress on yield decrease through the quantification of relative
evapotranspiration (ETa /ETm) , an analysis of research results shows that it
is possible to determine relative yield losses if information is available on
actual yield (Ya) in relation to maximum vyield {¥Ym) under different water
supply regimes. Where economic conditions do not restrict production and in
a constraint-free environment, Ya =Ym when full water requirements are
met; when full water requiremenis are not met available water supply, Ya <
Ym (Doorenbos and Kassam, 1979),

So, the objective of this study was 10 analyse the different scenarios
of climate change on water and productivity of beet in North Nile Delta.
Specific goals are:

» Impact of different sowing date on yield and its productivity.

+ Role of different amounts of irrigation water applied at a specific irrigation
interval.

« (rrigation interval and its effect on yield and beet productivity practiced
under a fixed level of irrigation water.

+ Level of renewable soil water (RSW) on yield reduction at different stages
of growth.

MATERIALS AND METHODS

Procedures:

Kafr El-Sheikh Govemorate is located at 31°-07' N latitude and 30°-
5T'E longitude with an elevation of about & meters above mean sea level.
The location represents the conditions and circumstances of North Nile Delta
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region. The oblained results from the previous field trails revealed that
watering each 21 days resulted in the highest beet yield. Therefore, by using
the average climatological data of the area for a period of 30 years (Table, 1)
and with the values of the obtained actual resuils are considered as the input
data for different scenarios or predictions of the impact of climate change on
beet-water productivity.

Table (1) Agroclimatological data during the pericd (1972 to 2002) for
Kafr El-Sheikh region.

Months | T. max. | T. min. | Average ?,:) (l?rij_ (m‘zsec) R(:;;r:;a"
Jan. 18.9 6.6 12.8 81 7.0 1.3 13.9
Feb. 19.9 6.8 13.4 81 7.7 1.4 17.2
Mar. 221 8.3 15.2 75 85 1.7 7.4
Apr. 26.6 11.0 18.8 67 9.6 15 2.3
May 306 14.3 22.5 59 10.6 1.5 1.8
Jun. 324 17.9 252 65 11.9 1.5 0.0
Jul. 32.9 19.8 26.4 69 11.6 1.3 0.0
Aug. 33.0 19.6 28.3 75 11.3 1.3 0.0
Sept. 31.9 17.7 24.8 74 10.3 1.1 0.0
Oct. 296 15.3 225 74 9.3 1.0 2.0
Nov. 25.5 12.2 18.9 75 8.0 1.1 6.2
Dec. 20.7 8.4 14.6 79 6.6 1.1 11.2
Mean 27.0 13.2 20.1 73 9.4 1.3 62.0

Where: T. max., T. min. = maximum and minimum temperatures °C; RH = relative humidity
(%); SS = actual sunshine {hour} and WS = wind speed (m/sec.)

Water consumptive use or crop evapotranspiration (ET crop) was
determined using the computer program CROPWAT 4.3 version (Derek ef
al., 1998).

CropWat for Windows is a Program uses the FAQ Penman-Manteith
method (1992) for calculating reference crop evapotranspiration (ETo).
These estimates are used in crop water requirements and irrigation
scheduling calculation.

The FAC Penman-Monteith method is as follows:

ET0=0.408(Rn —G)+7%uz(e.—e,)
A+y (1 +034 u,)
Where:
ETo = reference evapotranspiration (mm day'1)
Rn = net radiation at the crop surface (MJm? day™)
G = soil heat flux density (MJm2day™)
T = mean daily air temperature at 2 m height (°C)
Uy = wind speed at 2 m height (m s™)
e = saturation vapour pressure (kPa)
€a = actual vapour pressure (kPa)
€€y = saturation vapour pressure deficit (kPa)
A = slope vapour pressure curve (kPa °C™)
¥ = psychrometric constant (kPa °C™)
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The aim of the present investigation is to study scheduling irrigation
of sugar beet crop at North Delta region under different sowing dates,
watering time and application depth of irrigation water and their effect on
yield reduction.

Prediction of yield reduction under different water deficit at different
growth stages and determine the stages which are more vulnerable to water
deficit. The reduction at each growing stage was computed as:

{1 -Ya/Ym) = Ky (1-ETa/ ETm)

Where:
Ya = actual harvested yield.
Ym = maximum harvested yield
Ky = yield response factor
ETa = actual evapotranspiration
ETm = maximum evapotranspiration

Three sowing date were suggested as they the most applicable ones
in the area, they are; 1% Oct., 1° Nov. and 1% Dec. Description of the studied
treatments under each sowing date can be summarized in the following
Table (2, a, b, ¢).

a. Sowing date: 1* Oct.

Sawing When to
date Treatments irrigate How much water
120 Rainfed
11 Each 21 days {50 mm (water depth}

[P Each 30 days |30 mmw.d.

loy Each 30 aays | 20 mm w.d.

|24 Each 40 days | 40 mm w.d.

15 mm at 1% irri., 15 mm at e irf., 15 mm at 37 irri., 15 mm
1% Oct. l2s Each 21 days | at 4™ imi., 25 mmat 5™ imi., 35 mm at 6" irmri., 50 mm at 7"
irri. and 75 mm at 8" irmi.

15mmat 1%im. 15 mma Z° irmi., 15 mm at 3° im., 25 mm
Iz Each 21 days | at 4™ imi., 25 mm at 5™ im., 50 mm at 6" irri., 50 mm at 7"
. and 50 mm at 8" irri.

15 mm at 1= imi., 15 mm at 2~ imi., 15 mm at 3° irmi., 25 mm
{ Izr Each 21 days | at 4" imi., 25 mm at 5" imi., 50 mm at 6" imi., 50 mm at 7"
n.

b. Sowing date: 1° Nov.
Sowing| Treatments [When to irrigate How much water 1
date

|za Rainfed
log Each 30 days | 30 mm (water depth)

Isa Each 30 days | To 100% RSW

la1 Each 40 days | To 100% RSW

bz Each 20 days | To 100% RSW

15 mmat 1% imi., 15 mm at = irri., 15 mm at 3'_‘rirri., 25 mm
1% Nov. I3 Each 21 days | at 4% irri., 35 mm at 5™ imi., 35 mm at 6 irmi., 50 mm at 7" imi.
and 75 mm at 8" imi.

15 mmat 1= irmi., 15 mm at 2* ii., 15 mm at 3 iri., 25 mm
bae Each 21 daye | at4™ imi., 25 mm at 5™ imi., 50 mm at 8™ jrri., 50 mm at 7" i
and 50 mm at 8™ im.

15mmat 17im., 1Smmal 2° im., 15 mm at 3° imi., 25 mm
las Each 21 days | at 4™ irri., 26 mm at 5" irmi._50 mm at 6™ irri., 50 mm at 7" irmi.
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c. Sowing date: 1* Dec.

Sowing Treatments V.Vh'en to How much water
date irrigate
1 Rainfall
laz Each 30 days | 30 mm (water dapth)
lag Fach 30 days | To 100% RSW
hs Each 40 days [ To 100% RSW
lio Each 20 days | To 100% RSW
15 mm at 1% imi., 15 mm at 2™ imi., 15 mm at 37 irri., 25
1% Dec. [ Each 21 days | mm at 4" irmi., 35 mm at 5™ imi., 50 mm at 6" irri, and 75
mm at 7" i
1S mm at 1™ irri., 15 mm at 2 irri., 15 mm at 3° irdi., 25
luz Each 21 days |mm at 4" irri., 25 mm at 5™ irri., S0 mm at 6" iri., 50 mm at
7" irri. and 50 mm at 8" iri.
15 mm at 1= irmi., 15 mm at 2= irmi., 15 mm at 3" irri., 25
la Each 21 days | mm at 4™ irri., 25 mm at 5" irri., 50 mm at 6" irri., and 50
mm at 7" irri.

RSW = Readily soil water

RESULTS AND DISCUSSION

A.  Under 1 Oct. sowing date:

Rainfall in the sludied area provides enough water to sustein the
development of the growing plants during initial and development stages as
shown in Table (3) growth stages 1 and 2. On the other hand, a yield
reduction accounted with 35.6 and 76.1% at the mid and late-stages or as
shown in Table (3, Trl. ;o) growth stages 3 and 4, respectively.

Table (3): Prospected yield reduction at different growth stages of
sugar beet as affected with sowing date, consumed and
applied water.

MNet Irri.| lrri. Yield reduction (%)
Treatments ﬁ:ﬁ ETF,;'E)M (mm) losses| Growth Growth Growth Growth
(mm) | stage#1 | stage#2 | stage#3 | stage #4

l5o rainfed | 230.7 €0.8 0.0 0.0 0.0 0.0 35.6 76.1
|24 irTi. 378.7 | 100.0 | 400.0 | 143.0 0.0 0.0 0.0 0.0
| irri. 358.1 94.5 150.0| 0.0 0.0 0.0 0.0 14.0
Jg5 ifri. 321.4 84.9 1000 | 0.0 0.0 0.0 0.0 38.9
foa irri. 3628 95.8 1600 | 0.2 0.0 0.0 0.0 10.8
lgs irri. 3787 | 1000 [245.0| 0.0 0.0 0.0 0.0 0.0
|pa firri 3787 | 1000 | 2450 | 0.0 0.0 0.0 0.0 0.0
lg7 i, 377.0 89.6 195.0| 00 0.0 0.0 0.0 1.1

While the irrigated treatments of Iy through l; showed no yield
reduction at the three stages of 1, 2 and 3, but the situation is differed
conceming the yield reduction at the growth stage No. 4. The maximum yield
reduction 38.9% at such stage is prospected with net irrigation 100.0 mm of
Trt. Iz3. The slight reduction 1.1% at growth stage No. 4 could be resulted
from irrigation regime l;; of watering each 21 days with seasonal net
irrigation of 195.0 mm.
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Trealmenl 1,; represenis the excess imigation of seasonal net
imgation 400.0 mm. which might be resulted in 143.0 mm as irigation
losses. The irrigation regime of this treatment (l,4) is watering each 21 days
with 50.0 mm each irrigation. In spite of no yield reduction at any stage of
growth couid be attained under Tri. |5, but water losses of 143.0 mm could
be resulted. So, from the tabulated data in Table (3), it is clear that by
applying a seasonal net imigation of 2450 mm as descrnibed under
treatments ls and | could be directed to no irrigation losses. Moreover,
either of the two irrigation regimes of both treatments are enough to provide
the growing plants with maxirmmum evapotranspiration (ETm). impiementation
of any irrigation regime of the two treatments is depending upcn the
availability of irrigation water. Therefore, under sufficient irrigation water a
seasonal net irrigation depth of 245.0 mm is encugh to achieve the target of
no yield reduction at any growth stage. While, under the shortage of irrigation
water whizh is normally occurred at Kafr El-Sheikh Govemorate aspecially
during the second half of the beel growing seasons, irrigation regime of l;
could be practiced. This means watering each 21 days and unfixed irrigation
depth which match with the crop water needs. In the same direction, applying
400.0 mm as net imigation {Trt. 21) is out of recemmendation due to its high
excess amount of abaut 143.0 mm as irrigation losses.

Doorenbos and Kassam (1979) and Ainer et al (1999) came to
similar direction.

B. Under 1 Nov. sowing date:

Rainfall in the studied area provides enough water to sustain the
plant during initial and development stages {[.s) or as shown in Tabie (4)
growth stages 1 and 2. On the other hand, a yield reduction accounted with
31.7 and 88.7% al the mid-season (stage 3) and late-season{stage 4),
respectively. While the irrigated treatments of lx through las obtained no
yield reduction at the three stages of initial, development and mid-season or
stages 1, 2 and 3 as shown in Table 4. On the other hand, the situation is
differed regarding the yield reduction at the growth stage of fate-season or
identify No. 4. The maximum yield reduction 53.2% at such stage is
prospected with net irrigation 150 mm of Trt. ls. Although under this
treatment lzp, the maximum yield reduction of 53.2% could be occurred at
stage No. 4 which obtained from the least seasonal net irrigation of 150.0
mm, the highest amount of irrigation losses of 27.9 mm might be resulted.
This irrigation losses could be attributed to watering each 30 days, with fixed
amount of 30 mm each. The slight reduction 0.5% at growth stage No. 4
could be resulted from irrigation regime of |3, of watering each 30 days with
seasonal net irrigation of 370.5 mm.

Treatment |3, represents the highest level of seasonal net irrigation
375.0 mm which might be resulted in no irrigation losses. The irrigation
regime of this treatment (l3;) is walering each 20 days with 100% of readily
soil water each irrigation. No yield reduction at any growlh stage could be
attained under 13;.

In addition from the tabulated data in Table (4), it is cleared that by
applying a seasonal net irrigation of 370.5 and 375.0 mm as described under
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treatments |y and iy could be directed to no irrigation losses. Moreover,
either of the two irrigation regimes of both treatments are enough to provide
the growing plants with maximum evapotranspiration {ETm), as well as no
yield reduction. Implementation of any irrigation regime of the two treatments
is depending upon the availability of imigation water. Therefore, under
sufficient irrigation water, a seasonal net imigation depth of 375.0 mm is
enough to achieve the target of no yield reduction at any growth stage.
While, under the shortage of irrigation water which is normally occurred at
Kafr El-Sheikh Govemnorate especially during the second haif of the beet
growing season, irrigation regime of lay could be practiced. This means
watering each 21 days and unfixed irrigation depth which mach with the crop
water needs.

In the same direction, applying 150.0 mm as net ircigation (Trt. lug) is
out of recommendation due to its excess amount of about 27.9 mm as
irrigation losses.

Similar trend was obtained by El-Marsafawy and Eid (1999) and
Ainer et al. (1999).

Table (4): Prospected yield reduction at different growth stages of
sugar beet as affected with sowing date, consumed and
applied water.

2| teri, Yield reduction {%)
[ Treatments ﬂ:‘: ET'(:;‘E)T"‘H?:";?' losses] Growth Growth Growth Growth
tmm) | stage#1 | stage#2 | stage#3 | stage#4

l2a rainfed, | 235.7 51.4 0.0 Q.0 a0 0.0 31.7 88.7

Ig irTi. 351.4 7648 |[1580.01 279 0.0 Q.0 Q.0 53.2

1ag irri. 457.9 998 (3705 00 0.0 0.0 0.0 0.5

1ot irni. A47 7 975 [279.9]| Q0 0.0 0.0 0.0 5.6
{ Lz i, 4580 | 1000 |3750) 0.0 0.0 0.0 0.0 00_ |
[ irmi. 451.1 983 {2650 )| B8 0.0 0.0 0.0 3.9

b4 i 438.6 958 | 2450 88 0.0 0.0 0.0 9.6
Llys irri. 4073 | 887 |1950] 88 0.0 04 0.0 2565 |

C. Under 1¥ Dec. sowing date:

As shown in Table (5) rainfall in the studied area is encough to sustain
the plant growth during initial and development stages (Ttt. 13g), i.e. growth
stages 1 and 2. On the other hand, a yield reduction accounted with 56.0 and
96.6% could be attained at the mid and late-season i.e. growth stages 3 and
4, respectively.

The irrigation treatments of Iy to 1,3 showed no yield reduction at the
two stages of 1 and 2, as of the rainfed treatment Iz, but the situation differ
concerning the yield reduction at the growih stages No. 3 and 4. The
maximum yield reduclion 22.4 and 80.5% at this stages are prospected with
net irrigation 150.0 mm of Trt. I3;. The slight reduction 9.1% at growth stage
No. 4 could be resuited from irrigation regime of 13 of watering each 30 days -
with seasonal net irrigation of 4759 mm. Treatment ly represents the
seasonal net irrigation 502.4 m. which resulted in no irrigation losses. The
irfigation regime of this treatment {l,5) is watering each 20 days with 100%
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readily soil water of each irrigation. No yield reduction at any stage of growth
could be attained under Trt. l4o.

Table {5): Prospected yield reduction at different growth stages of
sugar beet as affected with sowing date, consumed and
applied water.

ETec ETc/ Net Irri frri. Yield reduction (%)

Treatments mm Etm (mm) ‘llosses| Growth Growth Growth | Growth

{%) (mm) | stage#1 | stage#2 | stage#3 |stage#4
|l rainfed.  1231.8] 39.7 0.0 0.0 0.0 0.0 56.0 96.6
137 irmi. 338.1| 579 150 | 36.4 0.0 0.0 2.4 80.5
Ig ifri. 561.2] 961 | 4759]| 00 0.0 0.0 0.0 9.1
lag irvi. 527.5] 903 [3486] 0.0 0.0 0.0 2.0 21.0
Lag i 584.1] 100.0 {5024 | 0.0 0.0 0.0 0.0 0.0
Ly i 435.4| 745 230 | 208 0.0 0.0 5.5 54.9
leg itTi 4394| 752 245 | 208 0.0 0.0 8.7 50.8
las ifTi. 4020 688 195 | 208 0.0 0.0 8.7 65.7

In addition from the tabulated data in Table (5),it is obvious that by
applying a seasonal net irrigation of 502.4 mm is described with treatment 14
could be directed to no irrigation losses. Moreover, the irrigation regime of
this treatment is enough to provide the growing plants with maximum
evapotranspiration (ETm). implementation of irrigation of this treatment is
depending upon the availability of irrigation water. Therefore, under sufficient
irrigation water a seasonal net irrigation depth of 502.4 mm is enough to
achieve the target of no yield reduction at any growth stage. While, under the
shortage of imrigation water which is normally occurred at Kafr El-Sheikh
Govemorate especially during the second half of the beet growing season,
irrigation regime of Iz could be practiced. This means watering each 30 days
and irrigation to 100% readily soil water which mach with the crop water
needs. In the same direction, applying 150.0 mm as net irrigation (Trt. 13;) is
out of recommendation due to its excess amount of about 36.4 mm as
irrigation losses.

Similar findings are in agreement with that resuited by Doorenbos
and Kassam (1979), Ainer et al. (1999) and El-Marsafawy and Eid (1999).

Conclusion .
Three scenarios are provided form this study according to the

different common suitable sowing dates of sugar beet which quoted from the

experimental trials in Kafr El-Sheikh Govemorate. They are 1% Oct., 1% Nov.

and 1* Dec. The main findings can be summarized as follows:

a. For 1" Oct.:

« Rainfed agriculture resulted in 35.6% and 76.1% yield reduction at mid
and late season stages, respectively.

« Under water shortage supply, water regime of net irrigation 160.0 mm
with immigation “interval 40 days as described for treatment (lq), will be
resulted in 10.8% yield reduction at late-season stage.
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« Water supply at least 245.0 mm‘as net irrigation(1028.0 malfed.) should
be applied (Trt. Is and lx) no yield reduction will be obtained.

b. For 1% Nov.:

« Rainfed agricultural resulted in 31.7% and 88.7% yield reduction at mid
and late-seasons stages, respectively.

e Under short water supply, water regime of net irrigation 278.8 mm, with
irfigation interval 40 days as described for treatment (l31), will be resulted
in 5.6% yield reduction at late-season stage. )

¢ Abundant of water supply at least 375.0 mm. as net irrigation (1575.0
m’ffed.) should be applied (Tr. I37), no reduction yield will be obtained.

c. For 1% Dec.:

+ Rainfed agricultural resulted in 65% and 96.6% vyield reduction at mid and
late-sezson stages, respectively,

» Under water shortage supply, water regime of net irrigation 475.9 mm.
with irrigation interval 30 days as descried for treatment (l3g), will be
resulted in 9.1% yield reduction at late-season stage.

+ Water supply at least 502.4 mm as net irrigation (2110.1 m®fed.} should
be applied (Trt. 1), no yield reduction will be resulted.

These different scenarios are just data base of policy maker and
decision autherities towards maximizing crop yield per unit of water applied
€.g. more crop per drop.
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