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Abstract

Two field experiments were carried out in El-Mattana Research
Station (Qena governorate) in the two successive seasons of 1992 and
1993 in order to evaluate the relative effect of some irrigation systems
and nitrogen fertilizer on growth characters of some sugar cane varie-
ties. The two experiments included eighteen treatments which represent
the combination between two irrigation systms (drip and furrow irriga-
tion), three nitrogen levels (150, 180 and 210 kg N/fed.) and three sug-
ar cane varieties (G.T. 54-9, F.153 and G.74-96).

A split plot design with four replications was used. Irrigation sys-
tems were arranged in the main plots and the combination between sug-
ar cane varieties and nitrogen levels were allocated in the sub-plots. The
results indicated that drip irrigation was superior to furrow irrigation in
both cane and sugar yields. Both cane and sugar yields significantly in-
creased by increasing nitrogen application up to 210 kg/fed. Sugarcane
variety G.T. 54-9 surpassed the other two varieties in cane and sugar
yields. The percentages of nitrogen, brix, reducing sugar, sucrose, fiber,
purity and sugar recovery were insignificantly affected by irrigation sys-
tems and cane varieties. Brix, sucrose, purity and recovery percentages
showed a reverse relationship due to nitrogen fertilizer application. There
was a gradual increase in fiber percentage of cane stalk accompanied the
increase of the added doses of nitrogen.

INTRODUCTION

Sugar cane is the main sugar crop in Egypt. Its water requirements are
very high and this contributes to the limitation of area planted with sugar cane.
Improvment of irrigation system is of great importance in saving water for sug-
ar cane ahd other stratigic crops extension. Availablitity of water during differ-
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ent stages of growth especially at full leaf / canopy development stage, nitrogen ap-
plication at the recommended dose and the proper time as well as new varieties in-
troduction are the main factors in maximizing cane production.

Adequate water is necessary for vigorous vegetative and physiological
growth stages. Water stress at that stage will result in low final yields. Percent of
sucrose in juice and in cane is adversely affected by excess water during the matu-
ration stage. (Gascho and Shih, 1982). Moreover, Phogat, et al. (1987) used irriga-
tion levels of 88, 114 and 160 mm with sugar cane cultivars, Co. 7717, Co. 1158
and Co. 1148. They found that application of water at 88 mm increased number of
millable cane. Abd El-Latif, et al. (1993) found that number of millable cane signifi-
cantly increased as the applied doses of nitrogen increased up to 240 kg N/fed. in
the 1st season and 210 kg N/fed. in the 2nd one.

Shrestha and Gopalaksishnan, (1991) reported that using drip irrigation in-
creased cane yield by 15% and reduced water amount to almost 12% than furrow
irrigation due to the improved characteristics of drip technology. Hapase, et al.
(1992) elucidated that using daily micro irrigation system with sugar cane variety
Co. 7219 increased cane yield by 12-37%, saved water by 50-55% and increased
water use efficiency by 2-3 times compared to conventional furrow irrigation.
Also, they mentioned that the economic analysis indicated that drip irrigation sys-
tem was a good investment. Soopramanien, et al. (1989) elucidated that using drip
irrigation increased cane yield from 104.6 to 179.3 t/ha. Yang and Chen (1991)
stated that application of nitrogen from 150-250 Kg/ ha increased cane yield by 10-
40 t/ha. Yadav and Singh (1991) observed that application of 150 Kg N/he as urea
increased cane yield significantly. Abd El-Gawad, et al. (1992-b) found that net cane
yield responded positively and significantly to nitrogen fertilizer up to 240 Kg N/
fed. Bangar, et al. (1992) showed that when sugar cane cv. Co. 6304, Co. 3718 and
Co. 1305 received nitrogen fertilizer at rates of 0, 150, 300 and 450 Kg N/ha,
there was a significant positive correlation between nitrogen levels and cane yield.

Gupta and Sharma. (1990) stated that drip irrigation improved juice quality of
sugar cane plants. Prasad, et al. (1990) demonstrated that when sugar cane variety
Bo. 108 was irrigated with 6 cm water (IW) : (CPE)* ratio of 0.4, 0.6, 0.8 or 1.0
treatments they had no effect on brix percentage. Moreover, Said Rahaman, et al.
(1991) evaluated tweleve promising lines and sugar cane varieties, under three lev-
els of irrigation (1, 2 and 3-week intervals) and found that cane commercial cane
sugar (CCS) was least affected by treatments. They added that the highest CCS
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about 13% was obtained with sugar cane variety CP. 65-357 at the 2-week inter-
vals. However, CP 73-375 and CP 72-2083 varieties responded best to reduced ir-
rigation intervals. Abd El-Gawad, et al. (1992-a) found that application of nitrogen
fertilizer at rates of 150, 180 and 240 kg N/fed reduced sugar percentage. Reduc-
ing sugar responded positively to nitrogen rates. They added that nitrogen supplied
had no effect on brix percentage and negative effect on sucrose percentage in juice
of sugar cane plants and reflected the positive and significant response in fiber per-
centage and negative response with juice purity percentage due to the nitrogen
rates. Abd El-Hadi, et al. (1994) mentioned that juice quality in terms of purity and
rendment were not clearly affected by adding nitrogen fertilizer at rates of 150,
175 and 200 kgN/ha.

This investigotion was carried out to study the effect of irrigation system as
well as nitrogen fertilizer on yield and juice quality of some sugar cane varities.

MATERIALS AND METHODS

Two field experiments were conducted at El-Mattana Research Station (Qena
governorate) in the two successive seasons of 1992 and 1993 to evaluate the rela-
tive effect of some irrigation systems and nitrogen fertilizer levels on the qualita-
tive and quantitative properties of some sugar cane varieties. Each field trial includ-
ed eighteen treatments which represent the combination between two irrigation
systems (drip and surface irrigation), three nitrogen levels (150, 180 and 210 kg
N/fed.) and three sugar cane varieties (G.T 54-9, F 153 and G. 74-96). A split plot
design with four replications was used. Irrigation systems were arranged in the
main plots and the combinations between sugar cane varieties and nitrogen levels
were allocated in the sub-plots.

Sub-plot area was 70 m2 (8 ridges of 7 meters in length and 1.25 m apart).
Sugar cane varieties were planted in autumn, i.e.,during the first week of November
in both seasons. Nitrogen fertilizer was added as Urea (46% N). Under furrow irri-
gation, nitrogen fertilizer was applied in two equal doses, the first application was
after three months from planting (1 st February) and the second one was added two
months later (1 st April).Whereas, for plants grown under the drip irrigation; the
amount of nitrogen was applied each 15 days, the last dose was added on April 1 st.

Data recorded
1- Yield and yield components :
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1- Number of millable cane per feddan.
2- Yield of six guarded rows was weighed and cane vield/feddan was calculated.
3- Sugar yield/feddan was estimated according to the following equation:
Row sugar production = cane (tons)/Feddan x sugar recovery %.
lI- Juice quality and chemical composition

At harvest, a sample of 30 stalks representing each treatment was taken at
random and the following data were recorded:

1- Brix percentage in the laboratory which was measured using brix hydrometer

standared.

2- Sucrose percentage was determined using saccaremeter according to AOAC
(1955).

3- Purity percentage was calculated according to the following equation:
Sucrose %
Purity % = -——-—-— x 100
Brix %

4- Sugar recovery percentage was calculated :

Sugar recovery % = Richness % x Purity %

where Richness = (Sucrose in 100 grams x Factor) /100

Factor = 100 {Fiber % + physical impurties % + percent water free from sugar}

5- Reducing sugar percentage was determined in the extracted juice of cane accord-
ing to chemical control in Egyptian production factories (Anonymous, 1981).

At harvest, a sample of 2-stalk was taken, cut oven dried, ground and kept to
determine N% using micro keldahal apparatus according to Pergle (1945). Fiber per-
centage was determined according to (Pleskhow, 1976).

Statistical analysis

The collected data were subjected to [;roper statistical analysis of split plot
design according to procedure outiined by Snedecor and Cochran (1967). For com-
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parison between mean, L.S.D. at 5% level of probability was used according to Wall-
er and Duncan {1969). Homogenity of variances of the two investigated seasons was
tested useing F-test i.e. greater mean squar/ smaller mean squar. Calculated values
for the studies characters were compared with the tabulated values with the corre-
sponeding degrees of freedom. A combined analysis between the two growing sea-

sons was carried out for the collected data.

RESULTS AND DISCUSSION
1- Yield and yield components.
1- Number of millable cane

Data presented in Table (1) showed that both irrigation systems and nitrogen
fertilizer failed to attain a signifcant increase in the number of millable cane. How-
ever, sugar cane varieties showed a significant effect on the number of millable
cane at harvest. Sugar cane variety viz F. 153 exhibited a significant superiority
over the other two varieties. i.e., G.T. 54-9 and G. 74-96. The relative advantage
of F. 153 variety in respect to number of millable cane is due to that millable cane
number is mainly affected by genetical maké up. This finding is in accordannce with
those by Abd El-latif, et al., (1993) who mentioned that both G.T. 54-9 and G.68-88
produced a higher number of millable cane in the first and second season than G. 85-
37 variety.

2- Net cane yield :

The obtained data in Table (2) indicated a significant influence for drip irriga-
tion system on sugar cane yield where drip irrigation surpassed surface irrigation.
The drip irrigation system attained 11.2% increase in stalk yield over the furrow
irrigation. This result is in line with that reported by Minas, et al., (1992) who
stated that using drip irrigation with sugar cane increased cane yield by 15% and
reduced water almost by 12% than furrow irrigation. The relative advantage in sug-
ar cane yield under drip irrigation system may be due to the continuous availability
of water supply around root system which improved water use and ensured an ideal
condition for nutrients absorption and in turn improved growth and yield. These ob-
servations mostly are in accordane with those elucidated by Shrestha and Gopala-

Krishman (1991). As to the effect of genetical make up i.e. varieties,there were
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Table (1): Effect of irrigation systems and nitrogen fertilizer on number of millable

cane of some sugar cane varieties at harvest.

(combined of analysis 1992 and 1993 seasons).

Treatments Varieties Number of millable cane/fed Average
kg N/fed.
150 180 210

Drip G.T. 54-9 58200 62280 65000 61800
Irrigation F153 69400 70850 68000 69400
G.74-96 58800 65000 63400 62400
Average 62133.3 | 66043.3 | 65466.6 64533
Furrow G.T. 54-9 58850 54200 61000 58000
Irrigation F153 66200 70200 70850 62000
G.74-96 59400 65000 65400 62700
Average 61480 63000 65750 63233
G.T. 54-9 58850 58280 63000 60000
VxN F153 66850 70000 96200 68680
G.74-96 59400 65000 64000 62800
Total average 61740 64500 65575 61668

L.S.D. at 5% level for:

Irrigation (1) NS
Varieties (V) 5463
Nitrogen (N) NS
I xV NS
I x N NS
V xN NS

IxVxN NS
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wide and statistical differences between varieties in their stalk yield. Sugar cane
variety G.T. 54-9 recorded the highest cane yield followed by F. 153 and G. 74-96
varieties. This finding throws some light on the importance of genetical make up i.e.
varietal selection. Sugar cane variety G.T. 54-9 produced the lowest number of
millable cane stalks compared with the other two varieties (Table 1), however, it
succeeded to produce the highest yield of stalks. This result may be due to the high
weight of the individual plants of this variety. This observation coincides with that
found by Nafei (1993) who showed that sugar cane variety viz G.T. 54-9 produced
the highest cane yield and sugar over G. 68-88 variety.

Concerning nitrogen effect on cane yield, it is clearly shown from the data in
Table (2) that it was gradually increased as N level increased up to 210 kg N fed.
This result is completly in agreement with that found by Abd El-Gawad et al. (1992-
b) and Abd Hadi, et al., (1994).

3- Sugar yield :

Data obtained in Table (2) indicated insignificant response of sugar yield due to
irrigation systems which exhibted a considerable increment in sugar yield amounted
to 0.739 ton per feddan representing 15.2% increase over the quantity of sugar
produced uner furrow irrigation system. The positive response of sugar yield under
drip irrigation system is mainly due to the two corner stons of sugar yield i.e., stalk
yield (Table 1) and sugar recovery percentage (Table 5). The higher the stalk yield
and the higher the sugar recovery Percentage the higher sugar yield.

Concerning the varietal effect on sugar yield, it is obviously shown that sugar
cane variety G.T. 54-9 attained a superiority in sugar yield over the other two va-
rieties. This advantage for G.T. 54-9 variety is due to its superiority in stalk yield
(Table 1) and sugar recovery percentage over F. 153 and G. 74-96 varieties. More-
over, nitrogen fertilizer showed a positive effect on sugar yield. This increment is
related to the enhanced effect of nitrogen fertilizer on number of millable stalks
(Table 1), cane yield and sugar recovery percentage . These results are in line with
those showed by Abd El-Gawad, et al., (1992-b).

II- Juice quality.
1- Nitrogen percentage:

Data presented in Table (3) showed that nitrogen content of sugar cane stalks
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gave a significant response to the applied doses of nitrogen. Increasing N application
increased nitrogen content of sugar cane. An opposite result was recorded by Abd
El-Gawad et al. (1992-c) who stated that the highest nitrogen level applied to cane
plant showed the lowest percent of nitrogen in cane stems. Once more, it could be
noticed from the illustrated results in Table (3) that neither irrigation systems nor
sugar cane varieties had a distinct effect on percent of nitrogen in sugar cane stalk.

2- Brix percentage :

Data in Table (3) showed that Brix percentage was insignificantly responded
to irrigation systems and varietal differences. On the other hand, nitrogen fertilizer
attained a positive effect of the additional doses of nitrogen in respect to Brix per-
centage. The lowest nitrogen dose (150 kg N/fed.) produced the highest brix per-
centage (23.10 %).This result is in agreement with that found by Batchelar and
Shipley (1989).

3- Reducing sugar percentage (RS%) :

Results in Table (3) obviously showed that there was a gradual increase in
RS% due to the applied dose of nitrogen fertilizer. This finding is in accordance with
that found by Khalifa et al (1985) who noted that increasing nitrogen rates increased
reducing sugar in cane stalk. However, the differences between irrigation systems
as well as the used varieties did not reach the level of significance in relation to re-
ducing sugar percentage.

4- Sucrose percentage :

The regular water supply through the drip irrigation system had insignificant
increase in sucrose percentage over that under the traditional method of irrigation
i.e., furrow irrigation as shown in Table (4). Drip irrigation system attained an in-
crease in sucrose percentage amounted to 4.1 2% over that under furrow irrigation,
however, the increase was not enough to reach the level of significance. This result
is in agreement with that reported by Gary Gasho (1985) who stated that sucrose in
juice and in cane is adversely affected by excess water during the maturation stage.
The used varieties had no effect on sucrose percentage. However, nitrogen fertilizer
showed a reverse relationship between the additional doses of nitrogen and sucrose
percentage in juice of sugar cane plants. These results were completly true with the
different sugar cane varieties as well as under the two irrigation systems. These
findingé are in harmony with those obtained by Abd El-Gawad, et al., (1992-c).
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From the results obtained in Tables 3 and 4, it is evedent that the higher the nitro-
gen application the higher the values of N% and R.S. % in sugar cane juice (Table 3),
this condition caused a significant reduction in surcose percentage (Table 4).

5- Fiber percentage :

The results collected in Table (4) indicated that the used irrigation systems
had no significant effect on this character. As to varietal influence on this parame-
ter, it could be noticed that fiber percentage was significantly affected by varieties.
This observation may assure that fiber percentage is manily controlled by genetical
make up. Regarding the effect of nitrogen fertilizer on fiber percentage of sugar
cane plant, the obtained data in Table (4) clearly showed that there was a gradual
increase in fiber percentage of cane stalk accompanied the increase in the additional
doses of nitrogen. This result is in line with that found by Abd El-Gawad, et al.,
(1992-c). :

6- Purity percentage :

Results presented in Table (5). showed a reversible but insignificant response
for purity percentage to increasing doses of nitrogen. This result is in line with that
of Yaduvanshi, et al. (1990). Concerning the varietal and irrigation systems effect
on juice purity, the results in Table (5) indicated that the differences among varie-
ties and/or irrigation systems did not reach the level of significance.

7- Sugar recovery percentage :

Data presented in Table (5) showed that sugar recovery percentage was not
significantly influenced by irrigation systems, varieties and N levels. Once more,
nitrogen application attained a statistical negative influence on sugar recovery per-
centage. The lowest rate of nitrogen produced the highest sugar recovery percenat-
ge. The fruitful effect of the loweest dose of nitrogen on sugar recovery is manily
due to its effect on sucrose % (Table 4) and purity% (Table 5). These results are in
agreement with those obtained by Mohamed (1989) who cleared that the trend of
sugar recovery percentage is similar to sucrose percentage, hence increasing N lev-
el decreased sucrose and consequently sugar recovery percentage .
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