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Effects of treated wastewater irrigation on lemon trees
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Table 1
Physicochemical and microbiological analysis of irrigation water used in both locations (Cartagena and Campotejar). Data
contain average values derived from all samples collected during 2006

Cartagena Campotejar i-test Recommended range
Macroelements (ppm) Na 334+ 34 311 +15 ns 0900
K 42=12 2510 ns 0-100
Ca 107+ 26 69 £20 e 0-200
Mg 50=10 41=9 ns 060
Microelements (ppm) Fe 0.04=0.02 0.04 =0.03 ns 0-1.5
B 1.39=10.03 0.84 =0.03 * 01
Mn 0.03=0.02 0.03 =0.01 ns 0-1.5
Heavy metals (ppm) Ni 0.12=0.03 0.11£0.04 ns 0-2
Ccd 0.03=0.01 0.02 =0.01 ns 0-0.05
Cr 0.02=0.01 0.03 =0.01 ns 0-1
Cu 0.03=0.01 0.02 =0.01 ns 03
Pb 0.02=90.01 0.02 =0.01 ns 0-1
Zn 0.11=10.02 0.03 =0.02 ns 01
Anions (ppm) Chlorides 221+14 170 =12 * 0-100
Nitrates 3.86=136 501 =122 ns 0-50
Phosfates 3.10=0.60 3.00=0.10 ns 0-15
Sulphates 354+ 185 529 £167 ns 0400
Physicochemical pH 8.28+10.57 7.94£0.71 ns 6.5-8.5
parameters EC (dS/m) 2.82=0.26 2.10=0.10 * 0.7-3
TDS (mg/1) 1589 + 362 045 £ 54 * 4502000
Turbidity (NTU) ~ 6.02= 1.90 1.80 = 0.47 * 0-5
Microbiological ~ Faecal coliforms 430+ 125 <10 * 0-200
parameters (UFC/100 ml)
E. coli <10 <10 ns 0-100
(UFC/100 ml)
Helminth (eggs/10 1) <10 <10 ns <1

Mean content (7 =12), *, statistically significant at P <0.05 level of significance.
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Table 2
Physicochemical and microbiological analysis of soils in Cartagena. Data contain average values derived from the samples
collected before and after the application of treated wastewater

Before After t-test Recommended range

Chemical analysis ~ Organic matter (%) 1.38=0.12 1.40+0.13 ns 0-1.75

N (%) 0.08 =0.02 0.10+0.02 ns 0.13-0.18

Na (ppm) 1183 = 183 900 = 225 ns 0-2000

K (ppm) 437+ 44 358 =32 ns 190-300

Ca (ppm) 1460 = 227 1417 =190 ns 0-3000

Mg (ppm) 487+ 30 422 =48 ns 300600

Fe (ppm) 332+ 86 237421 ns 100-400

B (ppm) 206=15 259=12 * 2-200

Mn (ppm) 177+ 13 278+1522 * 250-1700

Ni (ppm) 0.15 £ 0.03 0.09:004  ns 0-10

Cd (ppm) 0.04=0.01 0032001  ns 0.01-7

Cr (ppm) 0.02=0.01 021001  * 0-5

Cu (ppm) 0.76=0.15 1112001  * 1-10

Pb (ppm) 375+1.34 3742169  ns 2-200

Zn (ppm) 3.15+£0.49 357012 ns 3-20

Chlorides (ppm) 2063 =20 2231125 * 0-3000

Nitrates (ppm) 402 +32 522+4220 * 0-1000

Sulphates (ppm) 839=+110 887 =167 ns 0-2000

pH 7.84=0.12 7.93+0.18 ns 6.5-7.5

EC (dS/m) 0.22=0.01 0.31+0.01 * 0.1-0.7
Microbiological Faecal coliforms <10 7300 £ 250 * 0-1000
parameters (UFC/100 ml)

E. coli (UFC/100 ml) =10 <10 ns 0-100

Helmints (eggs/101) <10 <10 ns <1

Mean content (n =12), *, statistically significant at P <0.05 level of significance.
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Table 3
Physicochemical and microbiological analysis of soil in Campotejar. Data contain average values derived from the samples
collected before and after the application of treated wastewater

Before After t-test Recommended range

Chemical Organic matter (%) 1.59+0.10 1.65=0.23 ns 0-1.75
analysis N (%) 0.10x0.02 0.12=0.22 ns 0.13-0.18

Na (ppm) 900 = 225 683.21 £25.22 * 02000

K (ppm) 358 =00 380+20 ns 190-300

Ca (ppm) 1417 =190 1510=10.25 ns 03000

Mg (ppm) 422 = 48 430+ 4.15 ns 300-600

Fe (ppm) 23721 242 £25 ns 100400

B (ppm) 59+12 134+24 * 2-200

Mn (ppm) 178 =14 171+ 16 ns 250-1700

Ni (ppm) 0.09= 0.04 0.04+ 0.02 ns 0-10

Cd (ppm) 0.03 £0.01 0.020.01 ns 0.01-7

Cr (ppm) 0.02=0.01 0.08 =0.01 ns 0-5

Cu (ppm) 1.06+0.21 0.850.04 ns 1-10

Pb (ppm) 3.44+1.60 5.23=1.02 ns 2-200

Zn (ppm) 3.24+0.12 7.20 =047 * 3-20

Chlorides (ppm) 1381+ 25 1110 = 26.55 * 0-3000

Nitrates (ppm) 346 £ 40 210+ 10.22 ns 0-1000

Sulphates (ppm) 887 £ 167 1320 = 141 * 0-2000

pH 7.93=0.18 7.89=0.18 ns 6.5-7.5

EC (dS/m) 0.09+0.01 0.15=0.03 * 0.1-0.7
Microbiological Faecal coliforms <10 <10 ns 0-1000
parameters (UFC/100ml)

E. coli (UFC/100ml) <10 <10 ns 0-100

<10

ns

-
<]

Helmints (eggs/10 1) <10

Mean content (n =12), *, statistically significant at P <0.05 level of significance.
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Table 4

Leaf muneral analysis in Cartagena. Data contain average values derived from the samples collected before and after the
application of treated wastewater

Leaf chemical analysis Before After f-test Recommended range
C (%) 40.66 = 0.50 40.78 =0.50 ns

N (%) 271=0.07 2.80x0.09 ns 2427
Na (ppm) 148 = 44 123 £25 ns 0-3000
K (%) 1.57 =0.67 0.90 = 0.04 ns 0.7-1

Ca (%) 453=0.25 5.62+0.76 ns 3-5

Mg (%) 0.31=0.03 0.69 + 0.04 # 0.25-0.45
Fe (ppm) 144 £59 215=+23 ns 61-100
B (ppm) 42.90 =103 5480+ 4.64 ns 31-100
Mn (ppm) 2091 =10.28 20.11+2.31 ns 2660

Ni (ppm) 3.71=0.73 3.26=0.60 ns 1-10

Cd (ppm) 2.22=0.31 1.11 £0.87 ns 0.2-3

Cr (ppm) 11.94=0.96 15.50=0.32 ns 0.1-40
Cu (ppm) 12.61 = 1.65 14.41 +£2.25 ns 6-14

Pb (ppm) 16.11=0.99 21.01=+0.57 * 0.1-40
Zn (ppm) 5291 =1473 55=1.70 ns 15-200
Chlorides (ppm) 659+ 120 854.21=+123.13 ns 0-1000
Nitrates (ppm) 455+123 442,11 = 43.44 ns 0-1000
Sulphates (ppm) 864110 872.42+112.23 ns 0-1000

Mean content (n =12), *, statistically significant at P <0.05 level of significance.
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Table 5

Leaf mineral analysis in Campotejar. Data contain average values derived from the samples collected before and after the
application of treated wastewater

Leaf chemical analysis Before After t-test Recommended range
C (%) 41.77=0.24 42.02+0.22 ns

N (%) 2.75+0.31 2.82+0.34 ns 24-2.7
Na (ppm) 106 < 25 123 =10.35 ns 0-3000
K (%) 0.86 = 0.09 0.72+0.02 ns 0.7-1

Ca (%) 4.53=0.37 430=+0.37 ns 3-5

Mg (%) 0.26=0.02 0.33+0.01 ns 0.25-0.45
Fe (ppm) 111.4=10 123.12 £ 8.57 ns 61-100
B (ppm) 27.10= 4.64 30.50+2.12 s 31-100
Mn {ppm) 30.20=6.57 2111320 ng 26-60

Ni (ppm) 3.26=0.60 3.11=0.50 ns 1-10

Cd (ppm) 2.3120.07 2.80+0.23 ns 02-3

Cr (ppm) 15.50=0.32 21.20x0.62 * 0.1-40
Cu (ppm) 1441 £2.25 10,11+ 1.10 ns 6-14

Pb (ppm) 15.21 =047 17.23 = 0.90 ns 0.1-40
Zn (ppm) 60.30=1.70 63.45=2.30 ns 15-200
Chlorides (ppm) 669 =25 802.11=24.77 * 0-1000
Nitrates (ppm) 401 = 40 420.12+20.44 ns 0-1000
Sulphates (ppm) 716 £ 167 732.04=52.36 ns 0-1000

Mean content (1 =12), *, statistically significant at P <0.05 level of significance.
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