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ABSTRACT
- Two field experiments were conducted during the summer
seasons of 2002 and 2003 at Sakha Agricultural Research Station,

Middle North Nile Delta region to identify irrigation effect of two

sweet sorghum varieties at different growth stages on water

parameters and their yield. The growing sorghum crop was
subjected to nine irrigation regimes. Irrigation treatments were as

follows: no stress (trt. A). stress at vegetative growth stage(trt. B),

flowering (trt. C), begmmng of yield formation (trt. D), end of yield

formation (trt. E), ripening (trt. F), vegetative and beginning of yield
formation (trt. G), at both flowering and end of yield formation (trt.

H) and at beginning of yield formation and ripening (trt. I). Obtained

results showed that:

+ Regarding to varieties of sweet sorghum, the higher yield of
stripped stalk 17.45 ton/fed., juice and syrup (10.33 and 2.58
ton/fed.) and its extraction percentage (59.20 and 14.79%)
resulted form variety Williams. While the lower yield of 14.34,
7.87 and 1.97 ton/fed., 54.88 and 13.74% obtained from variety
Deal, respectively. Whereas, the higher percentage of sucrose
and T.S.S. of 8.12 and 10.67% was resulted from variety Deal,
compared with variety Williams of the lower percentage 7.43
and 10.58%, respectively.

o Concerning to yield which resulted from different irrigation
treatments, they could be arranged in descending order as A > C
> E > B >H>F>D =G>l The corresponding values were:
20.48; 18.45, 17.27, 16.54, 16.01, 14.44, 14.22, 14.18 and
11.48 ton/fed. For juice and syrup yield, the highest values 12,09
and 3.02 were resulted from trt. A while the least values 6.70
and 1.67 ton/fed. were obtained from trt. 1,

» The extraction percentage of juice and syrup which resulted form
different irrigation treatments could be arranged in descending
order as: F >G>A>1>H>C>D>E > B. The
corresponding values were: 61.15, 60.65, 59.03, 58.36, 57.21.
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56.91, 56.26, 52.40 and 48.31% and 15.31, 15.16, 14.75, 14.55,
14.30, 14.20, 14.07, 13.09 and 12.09% for juice and syrup,
respectively.

e Sucrose and T.S.S. percentage for different irrigation treatments
could also be arranged in the descending orderasD>A>1>C
>E> H>G>B>FandA>D>B>F=I>H>G>E>(,
respectively.

« The average of seasonal water apphed for sweet sorghum under
no stress condition of trt. A was 2648.12 m’/fed. (63.05 cm),
while under the moderate stress condition of trt. B, C, D, E and
F (missing one irrigation) was 2242.90 m’ffed. (53.40
cm),whereas under severe stress oondltlon of tit. G, Hand1
(missing two irrigations) was 2103.60 m */fed. (50.09 cm) for the
two varieties.

+ Average water consumptive use under no stress condition of
sweet sorghum (trt. A) was 60.64 cm while under moderate
stress condition of trt. B, C, D, E and F (escaping one watering)
was 51.03 cm whereas, under severe condition of trt. G, H and 1
(escaping two waterings) was 47.72 cm for the two varieties.
The corresponding rates were 4.5, 3.8 and 3.5 mm/day under no
stress, moderate and severe condition for the two varieties.

e Water utilization efficiency (W.UT.E) expressed as stnpped stalk
yield was the highest of about 9.60 kg/m’ and 7.76 kg/m’® which
was accompanied with drought stress at flowering (trt. C) for
both varieties Williams and Deal, respectively. On the other
hand, the lowest values of about 6.51 and 4.65 kg/m® resulted
form trt. I for the two varieties, respectively. The correspondmg
highest values of syrup yield were 1.37 and 1.09 kg/m’, while the
lowest values were 0.93 and 0.70 kg/m’ obtained from the same
mentioned treatments for the two varieties, respectively.

« No specific trend was found regarding to the effect of stress on
the water use efficiency (W.U.E) for both stalk or/and syrup
yields. The overall average value of W.U.E. is about 7.44 and
1.05 kg/m?’, respectively.

INTRODUCTION
Sweet sorghum 1is one of the sugar crops that recently
cultivated in Egypt. It is considered as the third sugar crop following
fo sugar cane and sugar beet. It is sown as summer sugar crop and
its growing season is only 3-4 months. Irrigation plays a vital role in
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maximizing the obtained yield of both stalk and sugar of the
sorghum c¢rop. Physiological stages in relation to crop-water
functions are among the most lmportant factors that affecting the
production.

The effect of physiological growth stages on some water
parameters of sweet sorghum was studied intensively by Doorenbos
and Pruitt (1975) who described the physiological stages of sweet
sorghum as: establishment (15-20 days) from sowing to head
initiation, vegetative (20-30 days) from head initiation to head
emergence, flowering (15-20 days) from head emergence to head
set, yield formation (35-40 days) from seed set to physiological
maturity and ripening (10-15 days) from physiological maturity to
harvest. Chielle and Chielle (1986) stated that water uptake was
greatest between emergence and 50% flowering (290-360 mm).
Between 50% flowering and physiological maturity, water uptake
was [00-150 mm. It was concluded that 390-500 mm. water was
required for production of highest seed yield. Also, Olallaet al.
(1983) reported that there was no significant difference in yield when
irrigation ceased one month early, but average total DM yield were
175 and 23.5 ton/ha. in stands given 70 and 100% water
requirement respectively. Also, Choudhari (1990) found that the
reading of yield quality increased up to 20 days after physiological
maturity and also increased up to 30 days after flowering but
decreased between 30 and 40 days after flowering which coincided
with the period of maximum DM accumulation in seed.

So, the main objective of the present work was to find out
the most critical sorghum physiological stages in relation to
irngation. Specific goals were:

1. Determination of sweet sorghum water requirement irrigated
according to different stages and its role on effective water
management.

2. Consequently, the actual consumed water of sorghum under such
status of study was computed.

3: Role of such irrigation regime on obtained crop yield per each
unit of water either applied or consumed.

MATERIALS AND METHODS
The present study was carried out during the two growing
seasons of 2002 and 2003 at the Crops Water Requirement Research
Field, Sakha Agricultural Research Station, Kafr El-Sheikh
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Governorate. This site is located at 31°-07' N latitude and 30°-57'E
longitude -with an elevation of about 6 metres above mean sea level.
The location represents the conditions and circumstances of north

Nile Deiia region. Soil of the experimental field is clayey in texture
(Tabie 1).

Table (l)i Soil particle distribution and soil water constants for the
experimental field.

Soil Soilparticle | Tedural | FC. | Dy | WP | AW. |ECmmbos{ pH
depth distribution
(cm) [Sand[Sit %] Clay |  class % lkgm'] % % lclcat25°cC
% %
0-15 |13.7533.05]5320] Clay | 4791 | 105 | 26.12 | 21.79 100 7.30
15-30 R0.7s134.50144.75) Chy 142657 138 | 2185 20.80 2.10 7.96
30-45 120.30[4G.74|33.96] Clay loam | 40.36 | 1.40 | 25.03 | 1933 2.89 791
45-60 121.90]41.13136.97] Clay loam | 33.08 § 143 | 20.10 | 17.98 3.00 792
F.C. = Field capacity D, = Bulk density
W.P = Wilting point A.W. = Available water.

Two sweet sorghum varieties Williams and Deal were sown
on June 11 and 16, 2002 and 2003, respectively. all cultural
practices such as fertilization and weed control were as the same as
implemented in the area except for irrigation at different
physiological sorghum growth stages which related to the crop
water needs. The studied treatments were arranged in a split-plot
design with four repllmtlons as:

s The main-plot: two varieties, Witliams and Deal.

s The sub-plot: wateing based on physiological stages, the crop
subjected to nine irrigation regime viz., : no stress (A), no
irrigation only at vegetative (b), (N.L.) only at flowering (C),
(N.I) only at begimning of yield formation "milk stage" (D),
only at end ofyield formation "dough stage” (E), (N.L.) only at
complete ripening (F), (N.I.) at vegetative and beginning of
yield formation (G), (N.I.) at flowering and end of yield
formation (H) and (N.I) at beginning of yield formation and
ripening (I). '

These stages of plant growth (establishment, vegetative,
flowering, yield formation and ripening were considered,
respectively at 20, 50, 70, 110 and 125 days after sowing (DAS).

Irrigation level was implemented as watering tili frrigation
water reaches 5.0 cm above soil surface. While, the timing of



J. Agric. Res. Tanta Univ., 31 (4-B) 2005 743

irrigation was based upon different physiological stages of sweet
sorghum as shown in the following table:

age{ _ 20 days 30 days 20 days a0 days 15 days Number
\ Establishracnt Vegetative Flowering| Yicld formalion | Ripening of
Kowing ] 2 3 4 5 6 7 irrigations
‘T'reat. 15 days| 30 days 50 days | 66 days {80 days 94 days| 15 days

A y . ¥ n ¥ ¥ + re (3) irrigation |
13 + + + - + + + + (7 irrigation
C + + + + - + + + (7} irrigation
D + + + + + - + + (7Y irrigation
E + + + + + + - + (7) rrigation
F ¥ + + + + + + - (7 irrigation
G + + + - + . + + {6) irigation
H + + + + - + - + (6) irrigation
I + + + + + - + (6) u'nﬂtlon

{+) refers to irrigation at this stage. (-} refers to no n'rlgatlon at this stage.

It should be noticed that the stated treatments were applied
after the first common three irrigations; namely: Sowing, first (El-
Mohaia) and the second one at which fertilizer doses were applied,

The expenmenta! basic unit mcludcd 11 ridges, 60 cm apart
and 7.5 m long occupying an area of 52.5 m’ i.e. 1/80 fed. Irngatxon

intervals were the same as the traditional farmers commonly irrigate
their ficlds.

Data collections:
a. Irrigation control:
Application of ungatlon water was controlled and measured

by an upstream fixed measuring weir with a dlscharge 0f0.01654
m’/sec at 10 cm as an effective head.

b. Crop consumptive use (ETc):

To compute the crop evapotranspiration (ETc) or so called
crop consumptive use (C.U) depending upon soil moisture depletion
in root zone ie. direct method of C.V. was calculated according to
Doorenbos et al. (1979) as follows:

_ FC 0, D,*D
100
Where:
C.U. = Consumptive use (cm).
F.C. = Field capacity for each layer (%).
0

= Soil moisture content on the weight basis before irrigation (%).
D, = Bulk density of the specified soil layer (kg/m’).
D = Depth of each soil layer = 15 cm.
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c. Crop-water efficiencies:

. Water utilization efficiency (W.UT.E):

It was calculated according to Doorenbos and Pruitt (1975)

as:
Yield

Water applied

For both stalk and sugar yields.

W.UT.E.=

. Water use efficiency (W.U.E):

Water use efficiency was calculated according to Doorenbos
and Pruitt (1975) as:

WUE. = Yield -
: Crop evapotranspiration
For both stalk and sugar yields.
. Consumptive use efficiency (Ecu):
It was calculated by Doorenbos and Pruitt (1975):
_ ETc, 100
Wa
Where:
Ecu =  Consumptive use efficiency
ETc =  Crop evapotranspiration ~ consumptive use
Wa = Water apphied 10 the ficld.

2. Yield and its guality:

Two inner furrows of each strip were harvested, collected
together and cleaned. Stalks were separately weighed in kg, then it
was converted to estimate: '

« Stripped stalk yield ton/fed.

e Juice yield ton/fed.

¢ Juice extraction % = Juice yield ton/fed. x 100/stripped stalk
yield ton/fed.
Syrup yield ton/fed. ,
Determined by using flame to juice boiling point and indirect
using a hot plate (to T.S.S. about 73% afier cooling reached ~
75%).

¢ Syrup extraction % = Syrup yield ton/fed./stripped stalk yield
tonffed.
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« Total soluble solids % was determined using Abb refractometer
standardized at 25°C as described in Plews (1970).

o Sucrose content in juice % was determined according to
A.0.A.C. (1990). :

All data were subjected to statistical analysis according to the
procedures outlined by Snedecor and Cochran (1967) and trcatment
means were compared by Duncan’s multiple range test (Duncan,
1955). Combined analysis for the obtained data were statistically
analysed using the procedures outlined of SAS Computer Package
Programme (1992).

RESULTS AND DISCUSSION
1. Crop water relations:

Seasonal water applied (Wa):

The highest water applied of sweet sorghum for the non-
stres=  1r¢atment A in the range of 62.32 cm or 2617.44 m’/fed. and
63.78 cm or 2678.79 m’ffed. of the variety Williams and Deal,
respectively, the overall average of the two varieties was 63.1 cm or
2648.1 m'/fed. Irrigation water was applied through 6 waterings plus
the sowing one (399 m’/fed. = 9.5 ecm) based on plant needs to water
as the traditional farmers irrigate their fields in the area.

Regarding to variety Williams, the non-stress treatmeni A
which irrigated at all growth stages received the maximum average
of water applied of 2617.44 m’/fed., i.e. 62.32 cm (Table 2).
Comparing the growth stages for the other irrigation treatments on
one side with treatment A on the other side, the following remarks
could be noticed:

The average irmngation water reduction in the two growing
seasons (Table 3) were: 250.96 m*/fed. (9.59%) at vegetative stage,
475.34 m’/ffed. (18.16%) at flowering, 453.16 m*/fed. (17.31%)at
beginning of yield formation, 330.31 m’/fed. (12.61%) at end of
yield formation, 363.15 m*/fed. (13.87%) at ripening. 481.70 m’/fed.
(18.40%) at vegetative + beginning of yield formation, 525.26
m/fed. (20.07%) at flowering + end of yield formation and 544.82
m’/fed. (20.82%) at beginning of yield formation + ripening. They
have drought stress at 51, 66, 80, 94, 115 (51 + 80), (66 + 94) and
(80 + 115) DAS for treatments B, C, D, E, F, G, H and 1,
respectively.
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Concerning to variety Deal, the maximum average of water
applied of non-stressed treatment A was 2678.79 m*/fed. 63.78 cm.
Comparing the other irrigation treatments in relation to treatment A,
we find that:

« In the two growing seasons, the average irmigation water
differences were: 275.73, 554.83, 512.52, 424.01, 412.15,
489.00, 609.59 and 616.81 m’/fed. The corresponding
percentages of reduction are 10.29, 20.71, 19.13, 15.83, 15.39,
18.26, 22.75 and 23.04%. They have drought stress at the same
stages which mentioned before for treatments B, C, D, E, F, G,
H and I, respectively.

Comparing the stress treatments from one side and the non
stress treatment A from the other side. The mean difference of the
two varieties as computed from Table (3) are: 263.35, 515.09,
482.84, 377.16, 387.65, 485.35, 567.43 and 580.82 m’/fed. The
corresponding percentage are: 9.94, 19.44, 18.22, 14.22, 14.63,

18.33, 21.41 and 21.93%, respectively. Chielle and Chielle (1986)
reached to almost similar results.

b. Crop consumptive use (Etc):

Seasonal water consumptive use for sweet sorghum in cm
was calculated for all treatments and listed in Table (2).

From the obtained data of variety Williams, it is cleared that
the consumptive use was the highest under the non-stress treatment
A of the maximum value 60.24 cm. On the other hand, the lowest
value 4734 cm was resulted from treatment 1 (stress at the
beginning of yield formation + ripening). While the other values are
in between. Similar results were obtained regarding to variety Deal,
where the highest value 61.04 cm was resulted under treatment A
and the lowest value 46.44 cm was recorded from treatment 1.

The average values of consumptive use rate for different
treatments are in the same direction of C.U.

This finding showed that the consumptive use declined at the
stages where the drought stress occurred as a result of the change in
the habitat of the root system in comparison with that grown under a
relatively enough soil moisture content of non stress.

The mean rate of C.U for the non stress treatment A of the
two varieties was 4.5 mm/day. On the other hand, the lowest mean
value of 3.5 mm/day was resulted under treatment 1 of stress at
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beginning of yield formation and ripening. While other values in
between.

Table (2): Seasonal water applied (Wa, m’*/fed) consumptive use
(C.U., cm) and its rate (C.U rate, mm/day), as affected
by irrigation regime in 2002 and 2003.

Water parameters
Treatments Wa m'ffed. ETcem. ETc rate mm/day
Main | Sub.§ 1" 3% Av. = 7™ Av, [k Av.

A |2533.50|2701.37]2617.44] 5818 | 62.30 | 60.24 43

45
2282.5412450.411236648| 52.23 | 5635 | 5429 39

40

Fa

4.6

B 42
g C (2058.16|2226.03]2142.10} 46.88 | 51.00 | 4894 35 38 3.6
] D 12080.34|22482112164.281 47.38 | 51.50 | 494 35 38 37
= E [2203.19|2371.06|2287.13| 50.28 | 5440 | 5234 37 4.0 39
E F 12170.35(2338.2212254.29| 49.58 | 53.70 | 51.64 3.7 4.9 33
& G |2051.8012219.67|213574] 4678 | 5050 ] 4834 35 38 36
> H 12008.24:2176.11]2092.18] 4568 | 4930 | 47.74 34 37 33
I 11988.6812156.55{2072.62| 4528 | 4940 | 4734 34 37 s
2585.7512771.83j2678.79] 5899 | 6309 | 61.04 44 4.7 4.5
2310.02]2496.101240306 5249 | 56.59 | 54.54 39 42 4.0
203092 |2217.0012123.96| 4578 | 49388 { 47.83 34 37 36
2073.2312259.31]2166.27| 46.89 | 5099 | 4894 35 38 36

2161.74 (2347 821225478 48.99 | 53.10 | 5105 36
2173.6012359.68 1226664 49.19 | 5329 1 5124 3.6
2096.75|2282.83|2189.79] 4739 | 5149 | 4944 35
1976.21 [2162.29|2069.25 44.49 1 4859 | 46.54 33
1968.94 (215502 12061.98] 44.39 | 4849 | 4644 33

Var.Deal
—TnammocOw>

o L L g L b
aowmoo

[ ¥ )

g

Table (3): Reduction of water applied (m*/fed.) and their
percentages in the different stages of the two varieties.

Var. Williams Var. Deal 1
Treatments Stages Reduction|Reduction{Reduction Reduction'
(mifed)| @) lmifed)| o)
A Control 0.00 0.00 0.00 0.00
B Vegetative 250.96 9.59 27573 | 10.29
C Flowering 475.34 18.16 | 554.83 | 20.71
D Beginning of yield formation 453.16 | 17.31 | 512.52 | 19.13
£ End of yietd formation 330.31 12.61 | 424.01 15.83
F Ripening 363.15 | 13.87 | 412,15 | 1539
G Veget. + begin. of yield formation | 481,70 | 18.40 | 489.00 | 18.26
H Flower. + end of yield formation 52526 | 20.07 | 609.59 | 22.75
i Begin. of yield form. + ripening 544.82 | 20.82 | 616.81 23.04

2. Water cfficicncies:
a. Water utilization efficiency (W.UT.E., kg/m’):

This parameters is an indicator to find out the yield per umt
water applied (Wa).

Both stalk and syrup yields of sweet sorghum variety
Williams were computed in Tables 4 & 5. From the obtained data, it
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is revealed that by increasing the value of applied water, both yields
of stalk and syrup were decreased. For example, the average of
W.UT.E. in the two seasons could be arranged in descending order
as: 9.60, 8.64, 8.51, 8.31, 7.87, 7.08, 7.01, 6.82 and 6.51 kg
stalk/m’ for treatments, C, H, E, A, B, D, F, G and 1, respectively.
This finding could be explained that this trait of W.UT.E. is affected
by both the yield as nominator and the water applied as dominator.
So, by increasing the nominator, the resulted efficiency increased and
vise versa. In other words, treatment C (stress at flowering stage)
was accompamed with the highest average of WUT.E. for 9.60
kg/m’. While the lowest value 6.51 kg/m’ as W.UT.E. resulted from
treatment I (stress at beginning of yield formation + ripening).

Similar trend was obtained regarding to variety Deal. (For
example, the average of WUT.E. in the two seasons could be
arrangeéd in descending order as: 7.76,7.22, 6.81, 6.75, 6.36, 6.11,
6.07, 5.82 and 4.65 kg stalk/m’ for treatments C, A, H,E, G, D, B
F and I, respectively). Therefore, in the same meaning, treatment C
of stress at flowering stage was accompamed with the highest
average of W.UT.E. of 776 kg/m’. While the lowest value 4.65
kg/m” as W.UT.E. was resulted form the same treatment 1 (drought
stress at the beginning of yield formation + ripening stages).

The same finding were obtained regarding to syrup yield (Tables
4 & S) In other words, the maximum values of 1.37 and 1.09 kg
syrup/m’ resulted from treatment C for the two varieties Wllhams and
Deal, respectively. While the lowest values 0.93 and 0.70 kg/m® were
found with treatment 1 for the two mentioned varictics, respectively.
These results indicated that, under the sufficient water supg)lyie no
stress {trt. A) sweet sorghum required about (.13 and 0.87 m” of water
to produce 1 kg from stalk and syrup yield, respectively. While, under
the moderate water supply conditions of treatments B,C,D, Eand F
(c.g. missing 1 irrigation), to producc 1 kg from stalk and syrup required
about 0.14 and 1.00 m’, respectwely Whereas, under the severe
condition of water supply i.e. treatments G, H and 1 (escaping 2
irrigations) which associated with the minimum yicld rcductmg to
produce 1 kg from stalk and syrup anamount of 0.15 and 1.03 m’ is
needed, respectively. Shin (1989) came to similar results.

b. Water use efficiency (W.U.E kg/m?):

“Water use efficiency (W.U.E) is considered as the evaluation
parameter of the obtained yield per each unit of consumed water by
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a specific crop. From data tabulated in Tables 4 & 5, it can be stated
that:

An adverse effect for the consumed water by plants on values
of W.U.E. Average values ofthe two seasons for Williams variety
are; 8.59, 8.17, 10.01, 7.39, 8.85, 7.29, 7.11, 9.02 and 6.79 kg
stalk/m®> for treatments A through I, respectively. While the
corresponding values for Deal variety are: 7.55,6.37, 8.21, 6.44,
7.10, 6.12, 6.70, 7.21 and 4.92 kg/m’, respectively These results
could be explained that, these parameters of W.U.E are affected by
both the yield as nominator and the water consuimed as dominator.
So, by increasing the nominator, the resulted efficiency increased and
vise versa. .

The same findings were obtained in relation to syrup yield.
Average values of the two seasons for Williams variety are; 1.26.
0.98, 1.43, 1.06, 1.12, 1.13, 1.14, 128 and 0.96 kg/m’ for
treatments A through I, respectively. While the corresponding values
for Deal variety are; 1.12, 0.78, 1.16, 0.89, 0.97, 0.92, 0.95, 1.04
and 0.73 kg/m’ in the same manner. These results indicated that
under the sufficient water supply i.e. no stress (trf. A) to produce 1
kg from stalk and syrup yield sweet sorghum is required about 0.12
and 0.84 m’, respectively.While under the moderate conditions of
treatments B C, D, E and F (i.e. missing 1 irrigation), to produce 1
kg from stalk and syrup yield, it required about 0.13 and 0.96 m’,
respectively, Whereas, under the severe conditions of water supply
i.e. treatments G, H and I(escaping 2 irrigation), to produce 1 kg

from stalk and syrup, it requires about 0.14 and 0.98 m’,
respectively.

C. Consumptive use efficiency (Ecu %):

Consumptive use efficiency (Ecu) reflects the capability of
plants to utilize the soil moisture stored in the effective root zone.

From data obtained in Tables 4 & 5, it could be noticed that,
no clear direction was found under the two varieties of sweet
sorghum. Williams and Deal. The overall average of Ecu is about
96.0 and 95.0%, respectively. Meaningful that, about only 4% from
the applied water was not used by the growing plants. Doorenbos ef
al. (1979) stated that, the consumptive use efficiency increased with
the increase of consumptive use and with the decrease in water
applied.



Table (4):  Water utilization (kg/m®), water use (kg/m’) and consumptive use (%) efficiencies

as affected by irrigation regime in the two seasons 2002 and 2003.

Waler paramcters
Treatments W.UT.E. kg/m’ W.UE, kg/m" Ecu %
Stripped st. ggfd ton/led, | Syrup yield ton/fed. Stripped st. yield ton/fed. Syrup vield ton/fed,
Main Sub, | _I® | 2 Av, T AV, " 2 AV, I p) AV, ¥ 2 AV,
A | 891 | 770 | 830 | 1.27 | 1.16 | 122 | 9.23 | 7.95 | 859 | 132 | L19 | 126 | 96.45 | 96.36 | 96.66
B |850{723) 78 | 101|038 ]095] 835 | 748 | 317 | 105 | 091 | 098 | 9611 | 96.58 | 96.35
C {1038 881 [ 960 | 147 [ 127§ 137 L1085 | 916 { 1001 [ 053 | 132 | 143 | 9567 | 9623 | 95958
Var. D | 776 | 640 1 708 ) 1.08 | 095 | 102 | 811 | 665 | 738 | 113 | 099 | 1.06 | 9566 ! 96.21 | 95.94
Williams E (920) 78t | 851 [ 114 [ 101|108 | 959 ) 840 { 885 | r19o | 105 | 112 | 9585 | 96.36 | 96.11
F | 766|636 700 [ 116 | 101 | 1.09 | 798 | 659 | 729 | 121 | 105 | 1.13 | 9595 | 96.46 | 9621
G (750 [ 614682 | 107 {102 | 110 783 | 638 [ 701 | 122 | 106 | 1.14 | 9576 | 96.31 | 96.04
H [940 | 7.87 [ 864 | 131 | 1.13 | 1.22 | 984 | 819 | 902 | 137 { 1.18 | 128 | 9553 | 96.12 [ 95.83
1 {79 | 582 {651 | 100 oss }oo3{ 752 | 605 | 679 | 104 | 038 { 096 | 9563 | 9621 | 9502
Table (5): Water utilization (kg/m®), water use (kg/m’) and consumptive use (%) efficiencies
as affected by irrigation regime in the two seasons 2002 and 2003.
e Water parameters
Treatments W.UT.E. kg/tm’ W.U.E. keg/m” Ecu %
Stripped st. yield ton/fed. Syrup vield ton/fed,  { Stripped st. yield ton/fed. Syrup vield ton/fed.
Main | Sub.] 1° 2 Av. 17 ] 2 AV, " 27 [ Av. * 25 | Awv. 1 2™ Av.
A | 779 | 665 | 722 | 109 {105] 107 | 8.13 | 696 | 755 | 1.3 | 1.10 { 1.12 | 9582 | 9560 [ 9571
B {666 | 548 | 607 | 074 |074| 074 | 698 [ 576 | 637 | 077 { 078 | 078 | 9244 | 9322 | 9333
c|8s0 702 77 | 100 109 109 [ 898 | 743 [ 821 | 116 ) 116 | 116 | 9467 | o450 | 9459
var. | D [ 678 | 544 | 611 | 084 [083{ 084 { 714 | 574 [ 644 | 089 | 088 | 089 | 9504 | 9479 | o492
Deal [ £ | 740 | 609 | 675 | 093 |091)] 092 | 778 [ 641 | 7.10 { 097 [ 096 | 097 [ 9518 | 9381 | 9455
F | 643 | 520 582 [ 087 [087[ 087 | 676 | 548 { 602 | 092 | 092 | 092 | 9505 | 9485 | 9495
G| 701|570 636 } 091 ]089) 090 | 738 [ 601 | 670 | 096 | 094 | 095 | 9493 | 9473 | 94.83
| 753 (609 | 681 | 099 |098] 099 | 796 | 645 | 720 | 104 | 104 | 104 | 9455 | 9438 | 9447
1 | 527 ] 403 | 465 | 069 l070) 070 | 557 | 427 { 492 [ 072 [ 074 {073 | 9469 | o450 [ 9460

7012 ‘viviug ooy
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Yicld (ton/fed.):
1. Stripped stalk yield (ton/fed.):

Varieties of sweet sorghum have highly significant effect on
stripped stalk yield in the two seasons as shown in Table (6).

Variety Williams resulted in the highest yield 17.45 ton/fed.
i.e. 41.88 ton/ha (1 fed. = 0.42 ha) compared with variety Deal
which gives the lower yield 14.34 ton/fed. i.e. difference of 3.11
ton/fed.

Regarding the irrigation treatments, it has highly significant
effect on stripped stalk yield in- the average of the two seasons as
tabulated in Table (6).

Treatment A resulted in the highest stripped stalk yield
because it did not suffer from drought stress at any stage of plant
growth throughout the growing season.

In other words, the availablc soil water was sufficient for
sorghum plants. The average of stripped stalk yield in the two growing
seasons for treatments A, B, C,D,E,F, G, Hand I are 2048, 16.54,
18.45, 14.22, 1727, 14.44, 14.18, 16.01 and 11.48 ton/fed.,
respectively. Comparison between treatment A and other treatments.
The stated reduction which equals 3.94, 2.03, 6.26, 3.21, 6.04, 6.30,
4.47 and 9.00 ton/fed. and 19.24, 9.91, 30.57, 15.67,29.49,30.76,
21.83 and 43.95%, respectively. The listed reduction was occurred due
to missing irrigation at; vegetative (51 DAS), flowering (66 DAS),
beginning of yield formation (80 DAS), end of yield formation (94
DAS), ripening (115 DAS), vegetative + beginning of yield formation
(51 and 80 DAS), flowering + end of yield formation (66 and 94 DAS)
and beginning of yield formation + ripening (80 and 115 DAS).

Generally, stripped stalk yield could be arranged in the
descending percentage as A>C>E>B>H>F>D=G>1. The
relative yield was 100, 90.09, 84.33, 80.76, 78.17, 70.51, 69.43,
69.24 and 56.05%, respectively. Similar results were obtained by
Olalla et al. (1983). ‘

All interaction effect between the two factors had no
significant effect on stripped stalk yield in any of the two seasons
under the Jocal conditions of the present investigation.

2, Juice and syrup yield (ton/fed.):

Varieties of sweet sorghum have highly significant effect on
juice and syrup yields over both seasons of study as shown in Table

(6).
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Variety Williams recorded the highest yields of 10.33 and
2.58 ton/fed. ofjuice and syrup, respectively compared with variety
Deal which gives 7.87 and 1.97 ton/fed. with the difference of 2.46
and 0.61 ton/fed. in juice and syrup, respectively.

"Concerning to the irrigation treatments, it has highly
significant effect on juice and syrup yields over both seasons of study
as presented in Table (6). Treatment A (no stress) resulted the
highest yields of 12.09 and 3.02 ton/fed. This increase in juice and
syrup yields was obtained from the increase of both sugar percentage
and stalk yield. The highest juice and syrup yields oftrt. A was
noticed as a result of the sufficient available water for sorghum
plants at all stages of growth. As presented in Table (6), the average
juice and syrup yields in the two growing seasons for treatments A,
B, C,D,E,F, G, HandI were 12.09, 7.99, 10.50, 8.00, 9,05, 8.83,
8.60, 9.16 and 6.70 ton/fed. and 3.02, 2.00, 2.62, 2.00, 2.26, 2.21,
2.15, 2.29 and 1.67 ton/fed., respectively. Comparison between
treatment A and treatments B through I shows that the average
differences reached 4.10, 1.59, 4.09, 3.04, 3.26, 3.49, 2.93 and 5.39
ton/fed. and 1.02, 0.40, 1.02, 0.76, 0.81, 0.87, 0.73 and 1.35
ton/fed. for juice and syrup yields, respectively.

The stated reduction in juice and syrup vields in percentage
was occurred at drought stress at; vegetative (51 DAS, 33.9 and
33.8%), flowering stage (66 DAS, 13.2 and 13.3%), beginning of
yield formation stage (80 DAS, 33.8 and 33.8%), end of yield
formation (94 DAS, 25.2 and 25.2%), vegetative and beginning of
yield formation stages (51 and 80 DAS, 28.9 and 28.8%), flowering
and end of yield formation stages (66 and 94 DAS, 24.3 and 24.2%)
and beginning of yield formation and ripening (80 and 115 DAS,
44.6 and 44,7%) for juice and syrup. respectively.

Juice and syrup yields could be arranged in the descending
order as A > C > H > E>F>G>D=B >], respectively. The
relative yield was 100.00, 86.85, 75.76, 74.85, 73.04, 71.13, 66.17,
66.09 and 55.42% for juice, respectively. While they were 100.00,
86.75, 75.83, 74.83, 73.18, 71.19, 66.22, 66.22 and 55.30% for
syrup yield respectively.

All interaction between the two factors had no significant

eflect on juice and syrup yield in any of the two seasons under the
local conditions of the present research.
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Table (6): Stripped stalk, juice and syrup yield (ton/fed.) as affected

by irrigation regime in the two seasons 2002 and 2003.

Characters

Treatments Stripped stalk yield | Juiceyield | Syrupyield
Tou/fed.

1 [ 2 [Comb.| 1™ [ 2* [Comb.] 1 | 2™ {Comb.

1. Main plot:
Var. Williams | 18.32 | 16.58{ 17.45| 9.75 | 10,90 { 10.33 | 2.11 | 3.05 | 2.58
Var. Deal 1519|1349 | 1434 | 691 | 883 | 7.87 [ 1.48 | 2.45 | 1.97

F. test . b i b
L.S.D. 5% 1.00 0.57 0.18
LSD. 1% 1.34 S 1077 : 0.26
2. Sub-plot:
A 2134196212048 1 1144112741 12.09| 2.81 | 3.22 | 3.02
B 174011570 1 16.54 | 6.89 § 909 { 7,99 | 1.7 | 2,30 ] 2.00
C 19.31 1 17.59 1 18.451 9.71 | 112911050 2.22 | 3.02 | 2.62
D 151011334 11422 758 | 842 1 800 | L.75 | 225 | 2.00
E i8.13{ 1641 ) Y7271 875 1 935 1 9.05 | 200 ) 2.52 | 2.26
F 1530 | 1357|1444 791 1 975 [ 883 | 1.80 1 2.52 | 2.21
G 150411331 114.1871 7.77 1 9.43 | 8.60 § 1.91 | 2.39 { 2,15
H 16.88 1 15.§5) 16.01 ) 8.75 § 957 | 9.16 | 1.95 ] 2.63 | 2.29
1 1234 £ 1062 1 11,481 599 } 740 L 670 | 135 | 1.98 | 1,67
F. test % *¥ *¥
L.S.D. 5% 1L.00 0.57 0.18
L.S.D. 1% 1.34 0.77 0.26
Interaction
1x2 n.s n.s n.s
3. Juice and syrup extraction percentage:

Highly significant effect of varieties on juice and syrup
extraction percentage in the average of the two seasons as shown in
Table (7). :

The highest extraction percentage of 59.20 and 14.79% was
resulted form variety Williams. While the lower extraction of 54.88
and 13.74% came with variety Deal for juice and syrup, respectively.

Trrigation regime treatments has highly significant effect on
juice and syrup extraction percentage in the two seasons as
presented in Table (7). The highest juice and syrup extraction
percentage 61.13 and 15.31% F was resulted form no watering at
ripening growth stage e.g. drought stress at 115 DAS (trt. F). On the .



754 Emara, T.X. et al,

other hand, the lowest values 48.31 and 12.09% was recorded from
escaping irrigation at vegetative growth stage i.e. drought stress at
51 DAS (trt. B). The values of most other irrigation treatments were
in between. These results indicated that juice and syrup extraction
percentage were adversely affected by water deficit. Similar findings
was recorded by Choudhari (1990).

4. Sucrose percentage:

As shown in Table (7), varieties of sweet sorghum have
highiy significant effect on sucrose percentage over both seasons of
study. The higher sucrose percentage 8.12% was recorded from
variety Deal, while variety Williams gives 7.43%.

Regarding irrigation treatments, it has highly significant
effect on sucrose percentage as shown in Table (7). The highest
value 9.67% was resulted from escaping irrigation at beginning of
yield formation stage (trt. D) i.e. drought stress at 80 DAS, whereas,
the lowest sucrose percentage 5.84% was obtained from water
deficit at ripening growth stage (trt. F) i. drought stress at 115 DAS.
These results indicted that, water stress not usually improve sucrose
percentage. Choudhari (1990) came to nearly similar direction.

5. Total soluble solids percentage (T.S.S.%):

As shown in Table (7), a highly significant effect of sweet
sorghum varieties on total scoluble solids percentage over both
seasons of research.

The higher T.8.S. 10.67% was resulted from variety Deal,
while variety Williams gave a value of 10.58%.

Irrigation treatments has also highly significant effect on
T.S.S. % over both seasons (Table 7). The highest value 12.50%
was obtained from no stress treatment A, whereas the Jowest value
of 8.50% resulted form treatment C of drought stress at flowering
growth stage i.e. at 66 DAS. Obtained results provide an evidence
that moisture stress reduced T.S.S.% In other words, irrigation
significantly increased total soluble solids percentage. Similar trend
was found by El-Koliey er al. (1999).
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Table (7): Juice extraction, syrup extrication, sucrose and T.S.S.
(%) as affected by irrigation regime in the two

seasons 2002 and 2003.
Characters
Treatments | Juice extraction | Syrup extraction|  Sucrose | T.5.5
. % * - e
1% | 2° [Comb] 1* | 2° Confb. )l“ ™ Fomt] 1% | 27 Komb|
1. Main plot:
Var. Willtams [55.45[62.95{59.20013.70}15.88[14.7% 7.60 | 7.29 | 7.43 | 9.79 {1 1.37]10.58
Var. Deal 149.90159.85/54.88112.51(14.9G]13.74{ 8.28 | 7.96 1 8.12 1 9.35 [11.9840.67
F' test *% *% *xk *%*
- L.S.D. 5% 2.80 0.70 0.38 0.52
L.S.D. 1% 391 0.98 0.53 0.73
2. Sub-plot:
A 54.63163.42(59.03|13.75]15.75]14.75| 9.66 1 8.91 | 9.28 |1 1.81}13.18] 12.5
B 44.28152.34148.31|11.20{12.98]12.09 6.2716.24 | 6.26 }10.79|12.20: 11.5
C 50.80163.02(56.91413.00115.40114.201 8.02 | 7.64 | 7.83 | 7.77}9.22{ 8.5
D 50.71161.80/56.26(13.21}14.92{14.07}9.93 | 9.46 | 9.67 |10.91112.28] 11.6
E 47.49157.30152.4012.11]14.07]13.09 7.9917.53 1 7.76 | 8.83 1 9.17{ 9.0
F 56.78(65.40161.15{14.22{14.40{15.311 5.88 | 5.79 | 5.84 [10.04{11.96] 11.0
G 57.00164.30(60.65)14.09]16.20{15.16] 7.17 | 6.94 | 7.05 ] 9.90 110.10{ 10.0
H 52.85161.60[57.21112.18]16.42{14.301 7.48 | 7.41 § 7.4519.85 |11.14} 10.5
i 55.03161.70158.36{12.33116.77114.55]| 9.06 | 8.69 | 8.86 |10.00{12.00{ 11.0
F_ test *% *% L *k
L.S.D. 5% 2.80 Q.70 0.38 0.52
LS.D. 1% 3.91 0.98 0.53 0.73
Interaction
Ex2 n.s n.s n.s

CONCLUSION

The most critical stages of sweet sorghum in relation to
water deficit are the beginning of yield formation (80 DAS) and
ripening (115 DAS). The corresponding crop reduction were 43.95
and 44.70% for stalk and syrup yield, respectively.

With regard to irrigation, in case of abundance of irrigation
water, it could be advisable to follow the irigation regime that
implemented with the non stress trt. A. Otherwise, in case of
shortage of irrigation water it might be suggested to follow the
regime of trt. C (missing one irrigation at flowering stage i.e. at
about 66 DAS) followed by trl. E (missing one irrigation at end of
yield formation i.e. at about 94 DAS). In case of severe shortage
irrigation water, it is advisable to follow the regime of trt. H
followed by trt. G i.e. missing two irrigation at flowering + end of
yield formation (66 and 94 DAS) and vegetative + beginning of yield
formation (51 and 80 DAS), respectively
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Meaningful, the water regime of sweet sorghum in the north

Nile Delta could be planed according to the obtained results

depending upon the availability of irrigation and its relation on crop

production.
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