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ABSTRACT

This study was conducted during 2002 and 2003 seasons to
evaluale the possibility of reusing the agricultural drainage water for
irrigation and lo examine the effect of the usc of this water on growth,
nulrienl content, vield and fruil quality of Balady lime trees. The trees
were irrigated twentyone times through cach scason with five water
quahity trcatments namely River Nile water, agricultural drainage
water, as well as diluted drainage water at proportions (75 : 25 %),
(50: 50%), and (25 : 75%) from drainage water to Nile water.

Results revealed that irrigation with either  full or diluted
drainage water resulted in a reduction of shoot length, leaf area,
pereentages of N, P and K in the leaves, yield, fruit weight and
dimensions, total soluble solids %, total acidity % and ascorbic acid
content while causing an inerease in the percentages of Na and Cl in
the leaves. Fruit peel thickness did not change with the present
treatments. The effect of water quality on the studied parameters was
remarkable duc to the irrigation with drainage water or with diluted
drainage water at 75 % drainage water: 25 % Nile water, while it was
less remarkable due to the irrigation with the other diluted drainage
waters.

These results suggest that the diluted drainage water; at the
ratio of 50% drainage water : 50% River Nile water can safely be used
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for irrigation of Balady lime treces grown in silty ¢lay soil without any
harmful effects on growth, vield and fruit quality. Concerning the EC,
the favorable and safe concentration of irrigating water EC is up to
1360 ppm, so, mixing by 75% from agricultural drainage water leads
to a mean of 1248 ppm E. C, according 1o Tabie(3}. Moreover, mixing
by 50% agricultural drainagc water lcads to a mean EC 966 ppm
during 2003 season, thal means safe concentration gradients [rom 2:1
. 1:1 in the allowance level [rom irrigatcd water at Balady lime trees

{Aljubri, 1996).

Key words: e.c electricai-conductivity , drainage water. reuse.

LINTRODUCTION

Egypt lies in the arid region of the world. Egypt’s share of the
River Nile is fixed according to the international agreements at 55.5
billion m’/year. Egypt’s water supply, although sufficient now. will be
in deficit in the near future at the presently planned rate of growth for
agriculture. industry and urban consumption ( EI-Quosy, 1989).

The reuse of the agricultural drainage water for irrigation is one
of the possibilities for the cxpansion of the agricultural land in Egypt
because it is the most promising. fast and economic means of
increasing the water budget of Egypt and improving the efficiency of
waler use and most important for the possibility of disposing ol a
major part ol the water that would otherwise cause environmental
pollution (Morsy, 2000). Blending or diluting the poorer with the
betler quality water is especially effective for preventing sodium
toxicity and many of the secondary problems caused by short term
usage of high SAR waters such as surface crusting and sealing { Avers
and Westcot, 1985).

The factors alfecting growth and yield of citrus trees are water
salinity and compeosition of the irrigation water. The adverse effects of
salinity on citrus trees include the reduction in zrowth aspects and
production (Waldron. 1984 Nijjar, 1983: Biclorai ef af. 1988, Dasberg
et al, 1989, Cedra ef @/ 1990; Alva and Swvvertsem, 1991; Levy ef
al, 1994: El-Hammady 7 of, 1995; Aljuburi. 1996: El-Desouhy and
Atawia, 1998, Levy ef @l 1999 and Morinaga and Sykes . 2001).
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T'he present study was carried oul to cvaluate the possibility of
rcusing the agricultural drainage water either alone or diluted with the
River Nile water in ditferent proportions for irrigation of Balady fime
trees grown in silty clay soil. The effect of the reused agricultural
drainage water on growth, nutritional status of the trees. vield and
fruil quality was also studied.

2. MATERIALS AND METHODS

This experiment was conducted during 2002 and 2003 seasons
on forty-five 12-vear old nucellar Balady lime trees grown in a private
orchard located at Beni Suef district, Beni Suef Governorate. Tree
spacing was 5 x 5 m. The soil of the esperimental orchard is well
drained silty clay with a watcr 1able not less than two meters deep.
Physical and chemical analyses of the tested soil at 0.0 — 90.0 em
depth were tested according to Black (1965) and the obtained data are
shown in Tabte (1),

Table (1): Some physical and chemical properties of the tested soil .

Sand 9.0
Sitt 341
Clay :47.9
Texture grade :Silty day
pH(1: 2.5) :8.00
EC (ds/m) :0.60
OM. % :1.00
CaCOx % :2.29
Total N % :0.055
Awvailable P {me/kg) 3.2
Available K. (mea/kg) :0.49

2.1.Irrigation water quality treatments

El-Mohcat drain at Beni Suel City was the source of agriculture
drainage water in both growing scasons. Three diluted waters werc
prepared by mixing the drainage waler with River Nile watcr in diffcrent
proportions. The water quality treatments used for irrigation of Balady
lime trees during 2002 and 2003 seasons arc described in Table (2).

Belore cach irrigation (21 irrigations), a water sample from
cach of the water quality treatments was collected in a clean and dried
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Table (2) : Water quality treatments used for irrigaticn ¢f the Balady lime

trees during 2002 and 2003 seasons.

Water quality reatments . | Description

Dramagu water 11 100 % agriculturat drainage water

Diluled drainage waler 75% Agricultural drainage water - 25% River Nile

Diluted drainage water 50% Agricultural drainage + 50 % River Nile water

Diluted drainage water 25% Agricultural drainage + 75 % River Nile water
| Nile water 100 % River Nile water

plastic bottle. The water samples were analyzed for electrical
conductivity (ds/m) {Table 3). The change of E. C from 2002 with
increasing salinity compared with 2003 seasons, was due to two main
reasons; high temperature in this year that led to increasing in the
vaporization rate from drainage water which helped to concentrate the
salts gradually and increase their percentage, and leaching water of
reclaimed land which affects the valley land by increasing their
contents of salt.

The sclected trees received the same amount of N (4.0 kg
ammonium sulphate / tree), K {625.0 g potassium sulphate / tree) and
P (625.0 g calcium super phosphate, 15.5 P,Os). Trrigation with the
five water quality treatments was carried out to keep the soil moisturc

content at rha fiold (‘rsnn,—uh Niimhoae o F
A lliWwall (s i FIw Ll \.tu,l..t J A.‘I-llllu\-rl \JJ ljlléul.lUll.') vvu.b t'v\.vlll.J L)ll\.v lll

both growing seasons. Horticultural practices such as hoeing as weli
as pest and fungi control were done as usual. In both scasons, four one
vear old branches were chosen on each tree, one toward each
direction. Four shoots [rom the current spring shoots were labeled for
measuring shoot length (cm.) and leaf area (cm’). (late May)
(according to Ahmed and Morsy, 1999).

Twenty mature leaves (7 month old) were picked al random
from fruiting shoots in the spring growth cycle per cach tree (Ist week
of September). The leaves were oven dried at 70°C and analyzed for
their content of N, P, K, Na and CI { on dry weight basis) using the
standard procedurcs outlined by Wildc ef of., (1985).

Fruits were harvested at periods from the last week of July till
the mid of October and cumulative yicld cxpressed in weight (kg.)
was recorded.

Fifty fruits were taken randomly at the commecrcial harvesting
date for determinations of fruit weight (g.) and dimensions (diameter
and height em.), fruit peel thickness {(cm.), percentage of total soluble
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solids, percentage of total acidity (expressed as, g citric acid / 100 ml
juice) (A.O.A.C., 1985) and ascorbic acid content {as g/ 100 ml juice)
using 2.6 dichlorophenol endophenol dye (A.O.A.C., 1983).

All obtained data were statistically analysed according to Mead
et al. (1993) using new L.S5.D parameter at 5% for comparing the
significant differences among various levels of water quality
treatments.

J.RESULTS AND DISCUSSION

3.1.Water quality parameters

Overall, the agriculture drainage water i1s having a quality that
is less than that of the Nile water, as the electrical conductivity value
of the drainage watcr was about 4-5 folds those of the River Nile
water. Regarding the seasonal vanations in EC of water quality, it is
obvious that values were gradually increased during summer months.
Regarding the salinity problems, the River Nile water and drainage
water diluted up to 50 : 50 % in all dates of irrigation had an electrical
conductivity value in the category of non-hazard (< 1.5 ds/m)
(according to Chapman, 1968). This is indicated that a salinity
probiem would not occur, however, the drainage water and diluted
drainage water (75 %: 25 %) had an clectrical conductivity value in
the category of slight to modcrate (1.5 to 2.3 ds/m) suggesting that an
increasing salinity problem would result from using them. According
to Chapman (1968), in the case of citrus, the total sall, level of about
2.3 ds/m in the irrigation water are the upper sate limits under most
conditions.

3.2. Effect of water quality on growth characters

Data illustrated in Table (4) clearly show that Balady lime treces
irrigated with the Nile water had the highest shoot length and leal
area, while those irrigated with the agricultural drainage water had the
lowest values compared to irrigations with the Nile water. Irrigation
with either the drainage water or the diluted waters resulted in a
reduction in the two growth characters. The decrease in growth
parameters was remarkable duc to irrigation with the drainage water
and irrigation with diluted drainage water at 75% drainage water: 25
% Nile water. Insignificant reduction in shoot length and Icaf area was
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Table (4): Electrical conductivity (EC, ds/m) of the water quality treatments in the various irrigations of Dalady lime trees luring 2002 and 2003
Seasons.,
ST o o 2002 T ]
Water qualtty reatments B EC (ds/m) in water before irrigation
b |5 |30 ] 10]20]3 w20 3w 2030 ]10]20]3 ]2 ]3] 10]20/23
Mar. | M. | Mar. { Apr. | Apr. | Apr. { May © May [ May | June | Jume | June ) July | July | July | Avg. | Aup. [ Aug. | Sepl | Sept. | Sept
Dranage water 160 [ 17 rez {072 burs 137|670 182 [ 190 | o0 [ 1951199 | 109 | 201 | 202 | 212 | 213§ 2713 [ 200 [ 200 | 146
Diksted dramage water (75%:25%0 1 1207 132 | (331135 [ 135 | 1.36 | 140 (.24 | 1.46 | 1.50 | 1.55 [ (.56 | 1.58 | 162 | 1.63 | £.63 [ 1.70 | 1,70 | 1.60 | 1.55 [ 1.50
Diluted dramage water (50%:50%) | 096 105 | 1.07 | 1.09 | 130 ] 110 1121 LIS ] 16 ] 1.20 | 1251 125 | 1281 130 | 1.36 | v40 1 141 | 140 | 130 | 128 | 127
Diiuted dramage warer (5% 75%) | (061 | 0.71 | 0.73 | 0.75 | 0.77 | 0.08 | 081 | 081 | 0.82 [ 084 | 0.0] | 092 | 0.94 | 045 | 0.97 | 0.98 | 1.00 | 1.00 | 0.97 | 0.96 | 0.4
e vt 60 1007 036|040 | 040 [ 041 | 641 [ 042 [ 042 5 042 {042 | 0.43 | 0.43 | (143 ] 144 | 044 | 043 | 043 [ 042 | 0.41 | 040 ] 039 | 0.38
_ _ 1 .
Drmaage wter 2277228 Tz [ 228 [230 (230 2311 230 [ 231 1253 [239 T 240 [ 241 [ 2427 247 [ 148 [ 250 [ 240 | 2.36 [ 2,35 [ 2.30
Ditated dramage water 3% 25%) | | 781 T80 | 181 | 182 | (.82 | t 83| 187190 | 1001 1.94 | 1.96 | 198 {2.00 {2051 206 | 2.0 | 240§ 2.10 | 2.05 | 2.01 , 200
| Dilueed drwnagewater (0 %:50%) | [ 35] 136 | 1.36 | 1.37 | 138 140 | [ 41| 142 | 144 149 [ 150|155 | 155 [ 157|166 [ 170 | 1.70 [ 172 1 160 | 1.60°| 1.56
Biiuced dracawee water (33 %:75%) | 0841 0.85 | 0.85 | 086 | 087 | 0.88 [ 090 | 041 [ 0421094 [ 095 [ 06 [10r] L0 1S e | L2012z 120 ] 117 | 1S
Niie water (10 100 0.40i0,40 0.40 | 0.41 1641 | 041 0‘42J_()42 043 043 o34 o3 Ta4a [ 045 | 045 0.45 f).45\ i_].i_tsﬁn.ﬂ} _12{4_0 04(
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abtained with using diluted drainage waler comaining 235.30%
drainage water +75 to50% Nile water compared to irrigation with
100% Nile water. Generally, the above trends were noticed in 2002
and 2003 scasons.

These results are in agreement with those obtained by Waldron
(1984). El-Desouky and Atawia (1998), Levy ef al. (1999) and
Morinaga and Sykes (2001).

3.3, Effect of water quality on nutrient concentrations

[t is clear from the data in Table (4) that the percentages of N, P
and K in the leaves greatly varied among the five water quality
treatments. Balady lime wees irmngated with River Nile water
contained the highest percemages of N P and K | while the trees
irmigated with the concentrated drainage water contzined the minimum
values. Compared to irrigation with the Nile watcr, irrigation with
either the drainage water or with the diluted drainage water at various
proportions caused a higher reduction in the percentages of N. P and
K in the leaves. Irrigation of the trees with water containing 75 %
drainage water + 25 % Nile water as well as with concentrated
drainage water significantly decrcased percentages of N, P and K
compared to irrigation with Nile water and other diluted drainage
waters. Irrigation with water containing 25% to 50% agricultural
drainage water had a slight reduction in these essential macronutrients
compared to irrigation with Nile water. These trends were observed in
both seasons. Similar results were obtained by Dasberg er al. (1989),
Cedra er al {1990) , Alva and Syvertsen {1991) and Levy er al. (1994).

3.4. Etfect of water quality on sodium and chloride in the leaves
Data presenled in Table (5} indicate that Balady lime trees
irrigated with concentrated drainage water contained the highest
percentage of sodium and chloride, followed by diluted drainage
water at 75 % drainage water + 25 % Nile water and therefore, they
could be considered as more susceptible to wrigation than the trees
irrigated with either e Nile water or the diluted drainage water at 23-
50 drainage water + 75- 50% Nile water. On the contrary, Balady lime
trees irrigated with the Nile water contained the lowest concentration
of sodium and chloride. The same trends were noticed in both seasons.
These results are in harmony with those obtained by El-
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Hammady et ol (1995); Aljuburi (1996); El-Desouky and Atawia
(1998) and Morinaga and Sykes (2001).

3.5. Effect of water quality on the yield

1t is apparent from the data in Table (5} that irrigation with
concentrated drainage water containing 75 % or completely drainage
watcr significantly reduced the yield compared 1o irrigation with Nile
water or diluted drainage water containing 50 to 75 % Nile water. The
reduction on the yield of Balady lime trees was associated with
increasing Lhe percentages ol agricultural drainage water in the
irrigation water. Insignificant reduction w the vield was observed duc
to raising the percentages of agricultural water in the rrigation water
from 25 to 50 %. The maximum yield was recorded in the trees
irrigated with Nile water, however no significant reduction was
observed between this treatment and the treatments including the
trrigation with water containing 25-50 % agricultural drainage water.
Therefore. from an economic point of view it is possible 1o use a
diluted drainage water at a proportion of 50% drainage water: 50 %
Nile water for imrigation of Balady lime trees for gaining an
economical yield. Under such treatment, vield reachced 81.0 and 80.5
kg / tree in both scasons, respectively. The minimum vields i.e. 70.0
and 68.0 kg in both scasons, respectively were recorded in the trees
irrigated completely with agricultural drainage water . These results
were the same in both seasons. These results are in agreciment with
those obtained by Bielorai er al. (1988); Dasberg, er /. (1989), Cerda
et gl (1990);, El-Hammady ef gi (1995) and Morinaga and Sykes
(2001).

3.6. Effect of water quality on fruit quality

Data in Tables (5 & 6) show that irrigation of Balady lime trccs
with agricultural drainage water or with diluted drainage water at 75
% drainage water + 25% Nile water gave significantly unacceptable
quality of fruits compared to irrigation with Nile water or diluted
drainage water at 25-50 % drainage water + 75- 50 % Nile water.
Irrigation with Nile water gave the best results with regard to fruit
quality in terms of increasing fruit weight and dimensions, total
soluble solids, total acidity, and ascorbic acid content and in
decreasing fruit peel thickness.
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‘Tahle (4): Effect of irrigation water guality on some growth characters and percentages of N. P and K in the leaves of Balady lime trees during

2002 and 2003 seasons, - L
Water qualily Lreatments Shoot length (em.)| Leaf area (cm?) Leal N % Leaf P % Leaf K ™4
(drainage water: Nile water) 2002 2003 2002 1 2003 | 2002 2003 2002 2003 2002 2003
Drainage watcr 8.2 8.3 14.1 153 | 2.20 2,10 0.18 0.16 1.41 1.39
. Diluted drainage water{75% . 25%) 9.0 9.1 15.0 162 | 231 2.20 .22 0.20 1.60 1.52
Diluted drainage water(50% : 30%,) 10.4 9.7 16.8 17.3 251 2.35 0.29 0.26 1.80 1.77
Diiuled drainage water(25% @ 75%5) 10.3 9.8 17.0 175 | 252 236 0.30 0.27 1.81 1.78
Nile water ( 0.0% + 100%) 1y 9 10.0 172 17.6 2.55 2.39 0.31 0.28 1.82 1.80
New LS. D.at5% 0.6 0.4 08 [ 06 [ 009 [ 008 [ 004 | 003 { 011 | 012

I'able (5): Effect of irrigation water qualily on percentages of Na and Cl in the leaves, yield per tree as well as weighl and

Balady lime trees during 2002 and 2003 seasons,

dizmeter of fruits of

Water quality treatments Leaf Nu lealCl Yicld / tree tkg.) Fruit weight (g} | Frun diameter (em.) |

Drainage water: Nile water 2002 | 2003 | 2002 [ 2003 2002 1 2003 1 2002 | 2003 2002 | 2003

| Drainage water 0.086 7 0.090 | 0.038 | 0.044 | 70.0 68.0 20.0 19.6 3.21 3.20
Dituted drainage water(75% : 25%) | 0.055 | 0.063 | 0.030 [ 0.039 [ 760 74.0 22.0 213 3.41 3130
Diluted drainage water{50% : 50%; | 0.042 | 0.053 | 0.025 | 0.024 81.0 80.0 25.0 25.1 3.64 3.47
Diluted drainage water(25% : 75%) | 0.041 [ 0.052 | 0.024 | 0.023 81.0 81.0 25.2 253 3.65 348
Nile warer { 0.0 % + 100%) 0.040 | 0.051 [ 0.023 | 0.022 §1.0 820 258 256 3.60 351
| NewlL.5. D.at5% 0.005 | 0.006 | 0003 | 0004 | 31 | 29 0.8 0.9 0.05 0.05

Table (6): Etfect of ivrigation wafer quality on some physical and chemical quality

arameters of Balad

lime fruits during 2002 and 2003 s¢asons.

Water quality lreatments Fruit height {em.} |Peel thickness (cm T.5.5 % Total acidity %6 fAscorhic acid CE@
Drainage water: Nile water 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 |
Drainage water 360 | 3355 [ 067 10178 | 820 | 835 | 762 | 773 22 [220]
Diluted drainage water(75% : 25%) 371 370 0.109 | 0.178 8.35 8.45 777 7.86 25.0 241 |
Diluted drainage water( 50% : 50%) 388 385 0.170 .178 8.47 8.57 7.88 7.79 287 26.3
Diluted drainage water(25% :75%) | 392 387 1 0170 | 0180 | 8.48 8.58 7.89 7.9% 29.0 270
Nile wates ( 0.0 9% « H00%%) 196 3.90 0,171 0.181 8.51 8.60 7.91 8.00 29.3 27.3
Newl S D it ] 009 | 008 | NS | NS | 009 [T00R [ 00 | 010 [ 2t ] 3o
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Increasing percentages of agricultural drainage water applied
with River Nile water from 25 to 50% had a slight adverse cffect on
fruit guality. However, adversc effects on fruit quality were recorded
as the percentages of agricultural drainage water in the irrigation
water were higher than 50 %. Irrigation of Balady limc trees with
waler containing 50 % of agricultural drainagc water gave satisfactory
promotion on the physical and chemical fruit quality. Similar results
were recorded in both seasons. These results are in agreement with
thosc oblained by El-Desouky and Atawia (1998); Levy ef ol (1999)
and Morinaga and Svkes (2001 ).

The previous adverse etfccis of salinity on growth. nutrient
concenltrations and fruiting ol Balady lime trees might be due to its
retarding effect on cell division and ccll elongation. interrupting the
aclivity of’ meristematic tissues. disturbing normal stomalal opening
and closurc, reducing pholosynthesis and translocation of assimilates
and uptake of nutrients, disturbing chloroplast structure, lowcring the
translocation of water from roots to vegetative organs and reducing
xylem tissucs and numbcer of xylem and vessels in xylem (Foth. 1980
and Nijjar, 1985).

Results of this study suggest that the diluted agricultural
drainage water at the ratio of 50 % drainage water + 50 % Nile water
can salely be used for irrigation of Balady lime trees grown in silty
clay soil without harmful eftfects on growth, nutritional status of the
trees, yield and fruit quality under the conditions of Beni Suef
Govemorate.
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