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Table (1-1) : Indicative summary of principles plant- nutrients interactions.
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Table (2-1) Summary on the effects of air drying on soil.

Soil constituents Effects of Drying
e Total-C: unaffected.
Carbon T . _— N
e Organic-C: increasing oxidation with time and temperature.
Manganese Exchangeable- Mn increases
e Total-N: little effect.
Nitrogen e Water Soluble-N and water soluble - O.M increases with time and
temperature
pH In sulfur rich soils, levels can be drastically altered.
¢ In low pH-soils: P-soluble in water or diluted acids tends to increase.
Phosphorus e In high pH—soi_Is (dry when s_ampled): P—Ie_vels te_nd to decreasg.
¢ P fixing capacity of some soils changes with drying (may be linked to Fe and
Al changes).
Depends on clay minerals present, also on original levels of exchangeable-K:
Potassium e If <1 me/ 1009 soil, exchangeable K tends to increase.
o If > 1 me/ 100g soil, more K tends to become fixed.
Sulfur With some soils, more S is releasable to extracting solutions.

Table (3-1): Random analytical errors for some standard chemical analyses.

Soil constituents Analytical methods Random Error (+ %)
Bicarbonate HCI 2
Organic-C Walkley = Black. 5
Carbonate Calcimeter. 2
CEC BaCl,/EDTA 10
Chloride Mercuric nitrate. 2
EC 1:5 soils: water extract. 10
Exchangeable Cations Sodium acetate extraction. 5

Differences in Ca content of saturation 10
Gypsum extract, and of 1:5 soil: water extract.
Nitrogen (total) Kjeldahl semi-micro. 5
pH 1:5 soils: water extract. 0.2 unit
Phosphorus (available) Olsen. 10
Soluble cations Saturation extract. 5
Sulphate BaCl, gravimetric. 15

Note: The above errors typically occur in a single laboratory.

Table (4-1) : Commonly reasons of variability or inaccuracy in soil analyses.

Analysis Reasons of variability or inaccuracy
(Colorimetric method): Sensitivity of color development to pH of solution,
Phosphate .
time allowed for color complex to form and to temperature.
Exchangeable bases Poor cation standards and faulty extraction procedures.
pH and EC Variations in the standing time and poor soil mixing.
Variations in leaching rate; the effects of pre-washing; using sum of
CEC S .
individual cations rather than separate measurement.
. Lack of attention to the size of the reaction vessel and the temperature
Organic-C achieved
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Table (5-1) : Brief summary of recommended routine soil chemical analyses and their interpretation.

Analysis Recommends Units Ratings | Range General Interpretation
MethodSsz
pH 1:2.5 so!l: water Very high | >8.5 Alkaline soils: Ca and Mg liable to be unavailable; may be high Na ; possible B toxicity.
suspensions High 7_85 E_)ecrgasing av_a_ilability of P and B to deficiencies at higher values. Above 7.0 increasing
' liability of deficiency of Co, Cu, Fe, Mn and Zn.
Medium | 55-7 Preferred range for most crops; lower end range too acidic for some.
Low <55 Acid soils: Possibly Al toxicity and excess Co, Cu, Fe, Mn, Zn ; deficient Ca, K, N, Mg,
Mo, P, S and (B blew pH 5.0).
1.Un-buffered 1 N Very high | >40 Normally good agricultural soils.
KCl at pH of soil High 25-40 || Only small quantities of lime and K fertilizers required.
CEC 2.Naor NH,acetate | me/100g. soil | Medium | 15— 25 | Normally satisfactory for agriculture, given fertilizers.
atpH8.2,7 Low 5-15 | Marginal for irrigation (FAO, 1979 a, quoted low is 8 — 10 me/ 100 g. soil).
Very low | <5 Few nutrients reserves. Usually unsuitable for irrigation, except rice.
By Calculation : High > 60 Generally fertile soil.
BSP g;;‘:‘sl e_xgllzaggeable % :\_/Iofg'um 5026 6 Generally less fertile soil.
Exchangeable Cations :
Ca me/100 g. soil | High >10 1 Response to Ca fertilizer expected at levels < 2 me/100 g. soil. If high Na levels, response
As CEC Low <4 ) | occurs with higher Ca levels.
me/100 g. soil | High >4 Mg deficiency more likely on coarse, acidic soils .With high Ca, Mg is less plant available.
Mg As CEC ’ Low <0. 5} ’ ’ ’ ’ ’ P
.. | High >0.6 Response to K fertilizer unlikely. High K effects often similar to high Na, but depends on soil
K As CEC me/100 g. soil \ || type "specially to texture".
Low < 0.2 5 Response to K fertilizer likely.
EPP Calculation : % High > 25% ’ | Very approximate upper limit (cf: ESP > 15 %) \*
K*/ CEC Low < 204 Very approximate lower limit. }
i H 0,
Na_ L e O S LH L2228 Al or sodic soi®
ESP Calculation : > 159
Na'/ CEC % >15% || 50% yield reduction for sensitive crops .
° High 15 -25% | 50% yield reduction for semi-tolerant crops.
>35% | 50% yield reduction for tolerant crops .
High <85 Tolerated only for few crops.
Al : CEC 1M KCI % Medium | 30 -85 Generally toxic.
Un-buffered Low >30 Sensitive crops affected.




Table (5-1) : Continued

Analysis Recommends Units | Ratings | Range General Interpretation
MethodSsz
Exchangeable Cation ratios:
>5:1 || Possible Mg and (with high pH) P inhibition.
Ca: Mg As CEC 3-5:1 | Normal range.
<3:1 || Possible P inhibition and Ca deficiency.

Mg : K As CEC <1:2 || Mg uptake may be affected.
P < (Depends on methods of analysis) >

High >0.5
Organic — N | Micro - Kjedahl ppm Medium | 0.2- 0.5 || Interpretation depends on soil and location.

Low <0.2

High > 10
Organic- C Walkely-Black (%) Medium 4-10 Interpretation depends on soil and location.

0
4 Low <4
_ by weigh 05-1 1
OM Organic-C x 1.724 < 0.5 /|| Interpretation depends on soil and location.
C:N calculation -- 10: 1 | "C/N normal value' at temperate zone; Straw residues increase C/N ; Legume residues
decrease C/N values.
Free Acid treatment (%) > 40 "Extremely calcareous” : problems in P and micronutrients availability in calcareous soils
Carbonate by weigh <25 | Calcic horizons®
Richards L.A. >2 Favours crop growth.
Gypsum (1969) ppm 2-25 [ No adverse effects if powdery.®
<25 | Can case substantial yield reduction ; possibly Ca imbalance.*””

S < (Depends on methods of analysis) >

Notes: (1/) Not sharply defined limit.
(2/) physical impedance to root penetration if cemented.
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Fig (2-1) effects of soil pH on availability of common nutrients in soils.
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Table (8-1) USDA Classification of salt — affected soils.

Soil Characterizes
. ECe ESP pH . s
Soil (mS.cm™ ) % (usually) Soil Description
Non-sodic soils, containing sufficient soluble salts
Saline >4 <15 < 85 to interfere with growth of most crops.
Soils with sufficient exchangeable sodium to
Saline >4 >15 <85 interfere  with growth of most plants, and
Sodic containing appreciable quantities of soluble salts.
Soil with sufficient exchangeable sodium to
Sodic <4 >15 > 85 interfere with growth of most plants, but without
appreciable quantities of soluble salts.
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Table (9-1) General interpretation of EC, values.

Soil Salinity ECe Total Salt
Crop Reaction
Class Designation | (mS.cm™) (%)
Salinity effects are mostly negligible, except for
0 Salt free 0-2 <0.15
the most sensitive plants.
1 Slightly 4-8 0.15-0.35 | Yields of many crops restricted.
2 Moderately 8-15 0.35-0.65 | Only tolerant crops yield satisfactorily.
3 Strongly >15 > 0.65 Only very tolerant crops yield satisfactorily.
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Table (10-1) Ratings of relative plants to salt.

Plant High Salt Medium Salt Tolerant Low Salt Tolerant
Grouping Tolerant
Pear , Apple , Orange,
Fruit Crops | Date Palm Fig, Olive, Grape, cantaloupe. Grapefruit , Almont , Apricot
, Peach , strawberry , Lemon,
Avocado
(EC.= 10-12) (EC.= 4-10) (ECe= 3-4)
Tomato, Cabbage, Bell pepper, Radish, Celery, Green beans.
Vegetable | Garden beets Sweet Corn, Lettuce, Carrot, onion,
Crops Asparagus Squash,Peas,Cucumber ,Potatoes
(EC.= 12-18) (EC.= 4-12) (EC= 2-4)
Alkali Sacation, | White sweet clover, Sudan grass, Red clover, Alsike clover,
Forage Salt grass, Alfalfa, wheat (hay), Rye (hay), Sour | White Dutch clover.
Crops Bermuda grass, | clover, Perennial rye grass.
Western wheat
grass, Barley.
Field Crops | (EC.= 10-16) (EC.= 4-10) (ECe=3-4)
Barley (grain), Ray (grain) , Wheat (grain) , Oats Field beans, Flax.
Sugar beet, (grain) , Rice , Sorghum (grain) ,
Rape. Sugar cane , Corn, Sun flower ,
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Table (11-1) Soil sulphur suitability rating for concrete pipe use.

Water soluble-SO,~ (%) HCI - soluble sulphate )
] Interpretation
In 2:1 soil : water extract (%S)
<0.06 <0.08 Suitable for pours concrete pipes.
Suitable for high alumina or super
0.07-0.15 0.09-0.20 )
sulphated concrete pipe.
Suitable only for high alumina concrete
>0.15 >0.20 )
pipes.
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ESP =
1+ (- 0.0126 + 0.01475 SAR of soil saurated extract)
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Fig (3-1) Nomogram for determining the SAR value of soil saturation extract and for
estimating the corresponding ESP value of soil at equilibrium with the extract.
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Table (12-1) Indicative leaching requirements related to EC of irrigation water and

drainage water.

Maximum EC d.w at bottom of root zone (uS cm™)
ECi.w (uS cm™) 4 8 12 16
Leaching requirement (%) *
100 25 1.2 0.8 0.6
250 6.2 3.1 2.1 1.6
750 18.8 9.4 6.2 4.7
2250 56.2 28.1 18.8 14.1
5000 62.5 41.7 31.2

I.w = irrigation water, d.w = drainage water

* Fraction of the applied irrigation water that must be leached through the rroot zone

expressed here as a percentage (%)
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Fig. (4-1) Effect of applied water salinity (EC,,) upon root zone soil salinity (EC,) at various
leaching fractions (LF).
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Table (13-1) Crop tolerance and yield potential of selected crops as influenced by irrigation
water salinity (EC,,) or soil salinity (EC.)3.

YIELD POTENTIAL (%) 2

100%0 90% 75% 50% 0%
FIELD CROPS YIELD DECREASING (%)
Maximum or
0% 10% 25% 50% (100% decreasing)

“NO YIELD”:
EC. |EC, |EC. EC, EC.|EC, |EC.|EC, EC, EC,

Barley (Hordeum vulgare)? 80 53|10 67 13 |87 18 |12 | 28 19
Cotton (Gossypium hirsutum) 77 /51 |96 64 13 |84 17 |12 | 27 18
Sugarbeet (Beta vulgaris)? 70 47 |87 58 11 |75 15 | 10 | 24 16
Sorghum (Sorghum bicolor) 68 45 |74 50 84|56 99 67 13 8.7
Wheat (Triticum aestivum)? 2 60 (40 (74|49 95|63 13 |87 20 13
Wheat, durum (Triticum turgidum) 57 /38 |76 50 10 |69 15 10 | 24 16
Soybean (Glycine max) 50 33 |55 37 63|42 7550 | 10 6.7
Cowpea (Vigna unguiculata) 49 |33 |57 (38 7047|9160 | 13 8.8
Groundnut (Peanut) (Arachis hypogaea) 32 |21 35|24 |41 |27 |49 |33 | 66 4.4
Rice (paddy) (Oriza sativa) 30 120 (38 26 51|34 72 48 11 7.6
Sugarcane (Saccharum officinarum) 17 |11 |34 23 59|40 /|10 68 | 19 12
Corn (maize) (Zea mays) 1.7 |11 25|17 38 25|59 39| 10 6.7
Flax (Linum usitatissimum) 1.7 |11 25|17 38 25|59 39| 10 6.7
Broadbean (Vicia faba) 15 |11 26|18 42 20 68 45| 12 8.0
Bean (Phaseolus vulgaris) 1.0 |07 15|10 23|15 |36 24 | 63 4.2
VEGETABLE CROPS
igﬁfﬂééﬁ?)m (courgette) (Cucurbita |, ; 31|58 38 |74 49 10 |67 | 15 10
Beet, red (Beta vulgaris)? 40 27 |51 34 68|45 96 64 | 15 10
;%T:s;’)g)ca"()p (Cucurbita pepo 3221 38|26 48|32 63|42 94 6.3
Broccoli (Brassica oleracea botrytis) 2819 (39|26 55|37 82|55 14 9.1
Tomato (Lycopersicon esculentum) 25|17 /35|23 |50 (34 76 50| 13 8.4
Cucumber (Cucumis sativus) 2517 33|22 4429 |63 42| 10 6.8
Spinach (Spinacia oleracea) 20|13 /33|22 |53 |35 86|57 | 15 10
Celery (Apium graveolens) 18 |12 /34|23 |58 39 99 66 18 12
Cabbage (Brassica oleracea capitata) 18 |12 (28 |19 |44 29 70 46 12 8.1
Potato (Solanum tuberosum) 17 |11 (25|17 |38 25 59 39 10 6.7
Corn, sweet (maize) (Zea mays) 17 |11 25|17 |38 25 59 39 10 6.7
Sweet potato (Ipomoea batatas) 1510 24 |16 |38 25 60 40 11 7.1
Pepper (Capsicum annuum) 1510 (22 |15 |33 22 51|34 86 5.8
Lettuce (Lactuca sativa) 1309 |21 |14 |32 21 51|34 90 6.0

Radish (Raphanus sativus) 1.2 /08 |20 |13 |31 21 50 34 89 5.9


http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note1
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note2
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note3
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note4
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note5
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note4
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note6
http://www.fao.org/docrep/003/t0234e/T0234E03.htm#3note5

Onion (Allium cepa)

Carrot (Daucus carota)

Bean (Phaseolus vulgaris)

Turnip (Brassica rapa)
Wheatgrass, tall (agropyron elongatum)

Wheatgrass, fairway crested (Agropyron cristatum)
Bermuda grass (Cynodon dactylon)”
Barley (forage) (Hordeum vulgare)?
Ryegrass, perennial (Lolium perenne)

Trefoil, narrowleaf birdsfoot? (Lotus
corniculatus tenuifolium)

Harding grass (Phalaris tuberosa)
Fescue, tall (Festuca elatior)

Wheatgrass, standard
crested (Agropyron sibiricum)

Vetch, common (Vicia angustifolia)
Sudan grass (Sorghum sudanense)
Wildrye, beardless (Elymus triticoides)
Cowpea (forage) (Vigna unguiculata)
Trefoil, big (Lotus uliginosus)
Sesbania (Sesbania exaltata)
Sphaerophysa (Sphaerophysa salsula)
Alfalfa (Medicago sativa)

Lovegrass (Eragrostis sp.)

Corn (forage) (maize) (Zea mays)

Clover, berseem (Trifolium
alexandrinum)

Orchard grass (Dactylis glomerata)

Foxtail, meadow (Alopecurus pratensis)

Clover, red (Trifolium pratense)
Clover, alsike (Trifolium hybridum)
Clover, ladino (Trifolium repens)

Clover, strawberry (Trifolium
fragiferum)

1.2
1.0
1.0
0.9
7.5
7.5
6.9
6.0
5.6

5.0

4.6
3.9

3.5

3.0
2.8
2.7
2.5
2.3
2.3
2.2
2.0
2.0
1.8

15

15
15
15
15
15

15

Y

0.8
0.7
0.7
0.6
5.0
5.0
4.6
4.0
3.7

3.3

31
2.6

2.3

2.0
1.9
1.8
1.7
15
15
15
13
1.3
1.2

1.0

1.0
1.0
1.0
1.0
1.0

1.0

1.8
1.7
15
2.0
9.9
9.0
8.5
7.4
6.9

6.0

5.9
5.5

6.0

3.9
5.1
4.4
3.4
2.8
3.7
3.6
3.4
3.2
3.2

3.2

3.1
2.5
2.3
2.3
2.3

2.3

1.2
11
1.0
1.3
6.6
6.0
5.6
4.9
4.6

4.0

3.9
3.6

4.0

2.6
3.4
2.9
2.3
1.9
25
2.4
2.2
2.1
2.1

2.2

2.1
1.7
1.6
1.6
1.6

1.6

FRUIT CROPSY

Date palm (phoenix dactylifera)
Grapefruit (Citrus paradisi)®
Orange (Citrus sinensis)

Peach (Prunus persica)
Apricot (Prunus armeniaca)™
Grape (Vitus sp.)*

4.0
1.8
1.7
1.7
1.6
1.5

2.7 |68 | 45

1.2
11
11
11
1.0

2.4
2.3
2.2
2.0
2.5

1.6
1.6
15
13
1.7

2.8
2.8
2.3
3.7
13
11
11
9.5
8.9

7.5

7.9
7.8

9.8

53
8.6
6.9
4.8
3.6
5.9
5.8
54
5.0
5.2

59

55
41
3.6
3.6
3.6

3.6

11
3.4
3.3
2.9
2.6
41

1.8
1.9
15
2.5
9.0
7.4
7.2
6.4
59

5.0

5.3
52

6.5

3.5
5.7
4.6
3.2
24
3.9
3.8
3.6
3.3
3.5

3.9

3.7
2.7
2.4
24
24

24

7.3
2.2
2.2
1.9
1.8
2.7

4.3
4.6
3.6
6.5
19
15
15
13
12

10

11
12

16

7.6
14
11
7.1
4.9
9.4
9.3
8.8
8.0
8.6

10

9.6
6.7
5.7
5.7
5.7

5.7

18
4.9
4.8
41
3.7
6.7

2.9
3.0
24
4.3
13
9.8
9.8
8.7
8.1

6.7

7.4
7.8

11

5.0
9.6
7.4
4.8
3.3
6.3
6.2
59
53
5.7

6.8

6.4
45
3.8
3.8
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Almond (Prunus dulcis)2 1510 (20|14 28 19 |41 28 68 45
Plum, prune (Prunus domestica) 1510 (21 |14 |29 19 43 29 71 4.7
Blackberry (Rubus sp.) 1510 20|13 26 18 38 25 6.0 4.0
Boysenberry (Rubus ursinus) 1510 (20 |13 |26 18 38|25 60 4.0
Strawberry (Fragaria sp.) 1007 |13 /09 18 12 |25 |17 4 2.7
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Table (14-1) : CEC (me/100 soil) as affected by type and surface area(m?) of clay mineral.

Clay Mineral CEC (me/100g.Sail) Surface area (m?/ gm)
Kaolinite 3-10 10-30
Ilite 10-30 50 -100
Chlorites 20-40 10 - 55
Montmorillonite 80 -100 200 - 800
Vermiculite 120 - 150 20 -400
Humic acids 300—-400 | e

‘:!L':’.JJSJ/J\"AJ #k

a5l Gasent el dlee Jis o oty o) AY ¢ g S agial) ol Y b
S QI A a5 ) asmiiall s asaalSI s sl il oY) A 3Y (Soil acidification)

¢ (L) alee e

ALY Jullae daidla ##

4i3¥ (0.5 M)BaCl, si (1.0 M) KCI Jslae le aadiual 455kl 8()
Al 3al) 5 Adobiall s ol Gl pan el Gl ¢ 4g i) s e alalial) ¢ 5l
¢ o all CEC dl 4ify af i CEC I dad dlual i) s e e
s A3l A oy aeadindl Jllaall ¥ acadall ool Y aalan

Jallas aladinly a8 Ladie 4xdi yo (5585 CEC ) a of JlieY) b aazai of e (Y
~NajNH4‘_;r_4ﬁM\ﬂSQ; Mg)TSrJCa jiBa‘;QLQMUAM‘\
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dslae pH dad e za JSoy o pS 4a)n i CEC - dulaall sl 5 (Y
G2 mas sy (0-10) e (b aslay) (Se il @by ¢ padaiuy)
OS50 pH ) asn B GOy dagii e pabaad)) B Sl sy
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Table (15-1) :Variation of ion adsorption with pH and concentration of leaching solution.

Concentration of NH,4CI solution
Approximate 1.0M | 0.2M . 0.02M | 0.002M

pH Adsorption (me/100g soil)

NH, Cl NH, Cl NH,4 Cl NH, Cl
3.0 11.4 10.7 5.1 1.4 35 1.0 3.2 03
5.0 126 95 5.7 0.8 4.4 0.4 36 11
6.5 13.4 9.2 6.1 -0.1 5.0 0.1 4.3 0.0
75 16.5 95 7.8 11 6.3 -01 4.8 0.0
8.5 22.8 6.2 9.2 0.6 8.2 -05 55 0.0

Table (16-1) :Variation CEC(mg/100g.s0il) with washing agent and concentration of

leaching solution.

CEC (me/100 g. soil)

Washing agent Concentration of Ammonium acetate

1.0M 0.2M 0.02M 0.004M
Absolute alcohol 10.1 - - 4.5
Industrial methylated spirits 9.7 7.9 6.5 5.4
Water 4.3 - - 3.9

(Measurements made at pH=7.0 on red earth from Nachingwea, Tanzaniawith pH 1:1soil: water
extract =4.78 as Barbar and Rowel, 1972)
* Standard method.
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Table (17-1) : CEC values of different clay minerals at pH =7
Clay minerals CEC
Y (at pH=7)
Kaolinite & Quartz Zero
Gibbsite 0.5
Montmorillonite 10
Halloysite 18
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Table (18-1): Rating of CEC results.

Rating CEC (me/100 g. soil)
Very low <5
Low 5-15
Medium 15-24
Low 25-40
Very low > 40
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Table (19-1): Approximately CEC values of the main clay minerals and organic matter.

. . Approximately CEC at pH=7

Type Lattice | Nutrient reserves (Me/100 g. Soil)
Kaolinite and .
Halloysites 11 Few nutrients reserves <10
Illite Reserves of Potassium 15-40
Montmorillonite Generally with 80 - 100

- 2:1 reserves of K, Fe...
Vermiculite ete About 100
Organic Matter _ About 200

g9 e <l (rough guide) mom JHaS CEC ) af aladiv) (Say lagec g @
s o 4yl el gia elldy Himg clld 6 o s ¢ 4l 8 ailudl (plall (aes
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rllh daal ma gy Sl Jidll 5 ¢ (Me/100 g.clay) A as s CEC I ad o

Soil CEC(m.100/ gm clay) Clay content (%) CEC (m.e/100 gm soil)
A 7.5 68 11.0
B 7.5 20 37.5
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BSP > 50 %: more fertile soil.
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BSP < 20 %: Low fertile soil.
BSP 20 - 60 %: Medium fertile soil.
BSP > 60 %: High fertile soil.
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Table (20-1) : Atomic weights, atomic (real) radius and effective (hydration) radius of
different cations.

. . . lonic Radius (A°)
Cations Atomic Weights Atomic(Real) Effective (Hydration)

Li* 7 0.61 19.00
Na* 23 0.95 7.90
K* 39 1.33 5.32

NH," 18 1.43 5.20

Mg*™* 24 0.78 10.80

ca™ 40 1.06 6.90
H* 1 0.29 5.00
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Table (21-1) : Exchangeable — Mg ratings.
Exchangeable-Mg level )
_ Ratings Comments
Me/100 gm soil ppm
<0.2 <30 Low Quick — acting Mg fertilizers be required.
0.2-05 30-60 Medium | Use Mg limestone when lime is needed.
>0.5 > 60 High Mg usually sufficient in soil.
Note: Mg uptake may be affected by high exchangeable —K levels
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Table (22-1) : Critical values of Available-K.

Values of Available —-K (me/100 g soil)
Ammonium acetate extraction
High Medium Low
0.8-0.4 04-0.2 0.2-0.03
>0.5 0.5-0.25 <0.25
>0.8 0.8-0.5 05-0.3
>0.6 0.6 -0.15 <0.15

Table (23-1) Relationship of Exchangeable-K and soil texture.

g

Rating

Exchangeable-K (me/100 g soil)
Ammonium acetate extraction

Sandy

Sand Loam Clay
Deficient
(responses to K- likely) <0.05 <0.1 <0.15
Marginal . 005-01| 01-02 | 0.15-0.3
( some responses likely)
Adequate
(response unlikely , but maintenance of K usually | 0.1-0.25 | 0.2-0.3 | 0.3-0.5
desirable)
Rich
(not k- required) >0.25 >0.3 >0.5
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e Minimum absolute level: between 0.07 and 0.20 me/100 g soil.

e Minimum relative level: at least 2% of the sum of all exchangeable bases.
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Fig. (5-1) Nomogram for determining the SAR value of irrigation water and for estimating the corresponding ESP
value of a soil that is at equilibrium with the water (Richards 1969)
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Table (24-1) Crop tolerance to ESP.

Type of cro Growth responses field
ESP &Ffffected i condliotions Crop Examples
2-10 | Extremely Sodium toxicity symptoms even | Deciduous  fruit,  nuts,
sensitive at low ESP values. avocado, cassava, Citrus.
Stunted growth at low values | Beans, Sugarcane.
10- 20 Sensitive even though the physical
condition of the soil may be
good.
Student growth due to both | Clover, Oats, Rice, Dallies
20-40 L\élﬁ)?g:gtely nu_tritiona}l'factors and adverse | grass.
soil conditions.
40 — 60 Stunted growth usually due to | Wheat, Cotton, Alfalfa,
Tolerant adverse physical conditions of | barley, tomatoes, beets.
soil.
Stunted growth usually due to | Crested, Fairway, Tall
> 60 Most . -
tolerant adverse physical conditions of | Wheat grass, Rhodes grass.

soil.

Table (25-1) Crop yield reduction at different ESP levels .

Sensitive Semi-Tolerant Tolerant
50% yield reduction at | 50% yield reduction at | 50% yield reduction at
ESP<15% ESP : 15-25 % ESP=35%

Avocado Dwarf kidney bean Alfalfa

Green bean Ladino clover Barley

Corn Carrot Sugar beet

Tall fescue Lemon Cotton

Peach Lettuce Dallis grass

Sweet orange Oats Onion

Grapegruit Rice Bermuda grass
Sorghum
Wheat
Sugarcane

Notes:

1. Relationships tabulated above should only be considered as broad guidelines, since local conditions can

markedly affect crop response.

2. For soils that are to be irrigated, the ESP that will be developing in equilibrium with the irrigation water is
of the major importance, rather than values measured in advance from the soil.

3. Given adequate drainage , the ESP values that are likely to develop can be approximately predicated from
the SAR of the irrigation water,
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Actual amount of Gypsum Requirements = 9 X % = 10.5 ton/fed.
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Table (26-1) Crop yield reduction at different ESP levels

Exchangeable Al % =

( excangeable Al ) x 10 Effects
exchangeable CEC

=30 Sensitive crops may be affected.

<60 Generally, toxic, Only very low Al concentrations expected
= if no electrolytes present. (60% tolerated by sugarcane).

May be tolerated by some crops in some conditions (Tea,
85 rubber, Cassava, pineapple and some tropical grasses and
legumes are notably Al tolerate.
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Fig (6-1): Monogram for estimation of lime requirement from CEC data
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Table (27-1) Exchangeable cations ratios: Summary of critical and common values.
Cations Approx. Effects
Ratio Values
>5:1 * Mg increasingly unavailable with increasing Ca. With high
pH also, P availability may be reduced.
Ca/Mg 3:1to4:1 * Approximately .optimum range of most crops.
<31 * P- uptake may be inhibited.
1:1 * With lower values, Ca availability slightly reduced.
(** Ca: Mg ratios commonly decrease with depth, and often with cultivation.)
>2:1 Mg uptake may be inhibited.
Recommended levels for :
K/ Mg <3:2 Field crops
<1l Vegetables and Sugar beet.
<35 Fruit and greenhouse crops.
K | CEC 2% Suggested _minimum levels to avoid K deficiency in humid
(EPP) tropical soils.
> 25% K- rich Soils (rather rare) ; similar effects to high Na.
Na/CEC >15% Sodic soils. Effects usually gradual .No sharp change at
(ESP) ESP=15 %
>30 % Sensitive crops possibly affected.
Al/ CEC <60 % Low at levels expected if no electrolytes present. Tolerated

by sugarcane.
85 % May be tolerated by some crops in some conditions.
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Table (32-1): Broad ratings of Organic Carbon measurements .
Organic-C Content
"Walkelt-Black ™ Ratings
(%0, of soil soil by weight)
> 20 Very high
10-20 High
4-10 Medium
2-4.0 Low
<4.0 Very low

Notes: Cholride reacts with dichromat, and C values for very salinr soils will be correspondingly lowerd. An similar
effect is produced by the presence in soil of elemental C, and for ferrous and manganous oxides.
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Table (28-1): General interpretation of available-P determined by Olsen's method.

Characteristic Indicative available-P, (ppm)
Crop demand Examples o :
P Deficient | Questionable | Adequate
Grass , Cereals,
Low-P Soybeans and Maize <4 5-7 >8
Lucerne, Cotton,
Moderate-P Sweet corn, <7 8-13 > 14
Tomatoes
. Sugar beet, Potatoes,
High-P Celery and Onions. <11 12-20 >21
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Low Total-P: < 200 ppm

Medium Total-P: 200 to 1000 ppm
High Total-P: > 1000 ppm
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Table (29-1) : General guidelines for available-P interpretation.

Indicative available-P values(ppm)
High | Medium | Low A ”
— ropriate
Method * Fertilizer Response Sl Comments
. Most
Unlikely | Probable .
Likely
All soils Probably most useful
Olsen - general method but
(0.5 M NaHCO3) >15 15-5 <5 specially pH temperature control is
>7 essential.
Bray >50 50 -15 <15 | Acid Soils High value difficult to
(Dilute HCI/ NH,4F) interpret.
Nelson > 30 30-10 <11 Some  Acid | Values based on North
(Dilute HCI/ H,SO4) Soils Carolina experience.
Troug > 40 40 -20 <20 Acid Soils Best suited to
(Dilute H,S05) temperature areas.
Bingham >2 2-1 <1 All Soils
(H,O Solution)
Morgan > 15 15-5 <5 Acid Soils USA Chiefly.
(Na acetate/acetic acid)
ADAS > 40 40-2 <2 Acid Soils UK experiments,
(NH, acetate, acetic aid) Extract P in solution
and readily soluble Ca
phosphate.

Notes:

1): Note that extractions at higher temperatures usually give higher P-values; the stability of the

molybdenum blue color needs checking if laboratory temperature is > 25C * or < 20 C ‘(Dewis and

Freitas, 1970).
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Table (30-1) : Critical levels for available-P using the Anion-Exchange Resin method.

Interpretation for Central Africa Soils

Available —P (ppm) . Yield increases expected with adequate
) ) Available -P
By Resin extraction phosphate fertilizer
Status
(Assuming other nutrients are adequate.)
<3 Acutely deficient | Very large; up to double the yield.
3-6.5 Deficient Large; increases of one to two- thirds.
6.5-13 Marginal Small; increases of less than one-third.
13-22 Adequate No appreciable response likely with general
crops, but maintenance dressing desirable.
> 22 Rich No responses likely.
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Table (31-1) : Broad ratings of Nitrogen measurements .

N-Content
"Kjeldahl methods"" Ratings
(%, of soil soil by weight)
>1.0 Very high
05-1.0 High
0.2-05 Medium
0.1-0.2 Low
<0.1 Very low

¢ (V) Jsan o Aaa sl il L8 jualiall o e latll Aali (e 43 Alaadle can
G LS v Al iy Sl asas A JL O (S el il Galiaia) o8
oaliad) ey s Cus ¢ G gl e e Ll (pH) J paiaial il slel e
sl 38 5 S LA L el G g il fas Jiy Ml 5 4 il o pSaal) Jaliall
salall s gl 5 Cuany Y 4 il pH (e o duaddiall gl cond XS 4 4 ) a8 IS
+Peat I o5 o (Sa by 4 geaal)

Leiw Jasl) a3 13 ) e 4 il (5 ekl Cpa g 5l o ol ] el L g
fLl) pa Ayl (A SN i g il (5 ginall 48 jea (el ¢ OAY) Ll Gany Gm
A A Bl SN G 5 5l (e BalLY) (S Aliali Alis et Bae Jany
Al 8 dlaie W) Ky ¢ i) J seanall 5 (31 5V Jallad il G s e Cl8le sy
Jraladd Cojlaill oda Jia ) Sy + dyia s il 3230uY) o pa)¥) dals (520 2aaiy
Qs llee 8 Lale aaing 5 Ley iy G (g il il o2 raa () (Sad ddlida
vt sl dendll de ) il Jualaall 5 45 il dals ansil 4l Hall dalaial (g paall

(Sulphur) cw < (A Y)

:Z\.ALGSJ_B.\'

Gl i) ez aEile 1500 AT ¢ bl Aol 008 paliall ey Y ey
Al s 8 nacadid) aal g Al JSLEA oandd @lli g v Ay il Al A )
leie ol se 3ae ) s il 5 Lgnad 4y i) Alaall L3 ol Lgale Juaniall

VAl 8y Sl Syl Baaall Aagadall (1)




Yo

185 ¢ DAl e bl Gy Sl 4 ) B seall Galiaia) o bl 5 )33 (Y)
Aaalill bl Claldia) e 4 5l 8 Sl (6 glie Jy Laie @lld Gang g ¢ Haadll
oSl e Lilaliia) e %0 (Ao — ikl el b - cblall Juasd dus

g Bale Ak ) Laliall CagHlall <ild (aerobic soils) dusedl) sam () V) e
sluphate <l Sl @l gl Lellas die Wlle aad Al g 4y guiac 3 ) gaa (S Cu yS)
v bl (aliaial B sl 5 ) pall Jiad Al (SOy)
& <u Sl aa) sile W (anaerobic Soils) 4l sua 3 ) el YV 8 Wl
sde 15 ¢ (Sulphides SO,7) @l S il 3 5a 8 o (S) A 3 5ua
=Y 5 (The recent marine deposits) &iasll &yl caly 5l 3 s,
+ (Volcanic soils) A< )

Ggpac yull Heall gl We (Humid regions) 4l @hladl ol e
Jssall 2al 65 Lin ¢ (Sub soil layers) 4l dadand) cad ciladall 8 cy HSU
+(Top soil layers) dadaudl clashall &y ySU 4 panll

Ble g ¢ Aggmc e 3 )ea A Gy Sl ol g (Arid regions) 4l bl S e
+ (CaS0y - psmallSll Ay S ) a3 g (B A il & U8 JOIA 2a) 5L

s A Al B ey sl il gy gall (3l

S el A g e Rl b )l Rasiaal) R G
S+ A Qi ALl SR S 8 aal 5 ol ada S ¢ Sl La el
S8yl slan Bl 3 (SO, Sl il Aestinedl Clealiindl e
o5 ¢ 4.5 e pH s s aldasai ill g LAl (aes g o5 ¥ S (g 0 5Sall
b AL ey Sl g aa gy () oaal Y (B il a5 Ly o 59 48y Lal)
ppm b Leple Jaaniall il e sz <Ay guac 5 ) ua

2 A il B ) (b il

Ol V) ¢4l e i) Waiay ) 5 seall (4 SO,7 iy Sl gl a2 ) e o
@ AL sise e sads Lgle Aaie Y5 L @530 Say Ll (arile | ol Sluld il



&

A5 ¢ Al OIS 8 Ao AS Al GlsAll JilE iy Sl (gl oY elldg ¢ A
CA Ae gl e B S A a4l adiag

LAl 8 el 8y gaall iy U o 53 Jana 89 pually Jasi 1Y (5 gamnll g Sl (il Ll
g il 8RS Al LAl ¢ ey asy

O Sy ) ¢yl bl ) il 5 3 gaall (ary gy (V-E) Jsany @
At S Y1 8 S (s gimad Ay o Rl (8 S il gianal Ty s
viald ddiay Sl all ey 48l gl ald a9 Ll 038 (Thionic profile)

Table (34-1) : Interpretations of Sulphur measurements in soil.

Approximately
S- Measurement Effects
S-level
Total S < 200 ppm Deficiency likely
Available S
Morgan reagent <3 ppm Deficiency likely
(Na acetate/acetic acid)
Available S 1
(in saturated extract) <30 mel Excess
Extractable S P
(in various methods) 6—12 ppm Upper limit for expected response to S
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Table (35-1): Indicative Total trace elements & heavy metale levels in soils

Concentration in soil (ppm)
Element Approximately
User range
mean
B 20 2-270
Cd 0.35 0.01-2
Co 8 0.05-0.65
Cr 70 5-1500
Cu 30 2—250
| 5 01-25
Mn 1000 20 - 10000
Mo 1.2 0.1-40
Ni 50 2-750
Pb 35 2—300
S 700 30 - 1600
Zn 90 1-900

Note: These data derived from a number of different tests on variety of soils, and are only broadly indicative,
partly because most analytical methods fall short of extracting true "total" amounts of the elements ; values in
contaminated soils or near mineral deposits can be considered greater than the higher values indicated here.
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Table (36-1): Indicative micronutrients deficiency levels in soils

A

Element Interacting & Possibly interacting'” Extracting agent Deficiency levels in soils

B Texture, pH ,Ca, K Hot H,O 0.1-0.7
Cu N, Fe ,Mg, Mo, P, Zn e Ammonium acetate (pH= 4.8) 0.2

e 0.5M EDTA 0.75

e 0.43M HNO; 3-4

¢ Biological assay 2-3

e 1.0M HCL 100

e 0.1M HCl 0.09-1.06
Fe pH,K,Mn,Ca,Mg,P,Cu,Mo,,Zn | ¢ Ammonium acetate (pH= 4.8) 2

e DTPA + CaCl, (pH=7.3) 2.5-4.5
Mn pH,OM,K,Mo,P,Fe,Cu,Zn e 0.06M HCL + 0.025M H,SO, 5-9

e 0.1M H3PO4and 3M NH;H,PO, 15-20

e Hyrrogunone + ammonium acetate 25-65

e H-O 2
Mo pH,Fe,Mn,P S, Cu Ammonium oxalate (pH= 3.3) 0.04-0.2
Zn Ph,Cu,N,P,Ca e 0.1M HCI 1.0-75

e Dithizone + ammonium acetate 03-23

e EDTA + (NH,4),CO; 1.4-3.0

. 05-1.0

EDTA + CaCI2 (pH=7.3)

Notes: (1) Climatic and crop factors, although highly important, are not considered here.




gl b (s seal) cilpiial) i Agudd) 3

ol okl eda le] Cieana My ¢ 1AS A Lein Led 3ok 3ok Calias
3ysa 8 Basage o Al Uil By ga B g gl 5 olddl 3 A0 il
Gl ) ae (385 Cay JoxdY Wlle (5l a3gy B yaiall il giusall 5+ Bainae i 51S
v pabindl o3gd da jal) il siceall Al g 3 san SMligd Ay A ksl
Jalsall o385+ Ay il 5 Al Jalse (e paally il pualiall oda et da 2 il LS
i (o5 ¢ @kl a2 (e Lo Jianiall @il i die jlieY) 8 3355 o) e
JEAY) 5 33uSY) 3¢ 5uS Aa s il Cu, Fe, Mn, Zn 1 ealie i U
v AY as (e alini A il 3w da o o WS < 4 51l (redox potential )
sl Jilaill ¢ alll ) (g saall puabially Cpliidiall da) 53 (Al s grall 028 il a8
O-YY) s sr s mall paliall ddlinal) iy giall 4l 3 die 451 Jalas (e yiSI
vl Gy 5l 8 (s ral) aliall Lalal) 5 gaall g

Table (37-1): Indicative ratings for micronutrients foliar analysis of mature leaves.

Micronutrients Concentration in mature leaves (ppm)
Deficient Sufficient Excessive or Toxic
B <15 20 — 100 >200
Cu <4 5-20 >20
Fe <50 50 — 250 ?
Mn <20 20 - 500 >500
Mo <0.1 05-? ?
Zn <20 25 - 150 > 400
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Table (38-1): Factors contributing to micronutrient deficiencies in plants.

Micronutrients

Deficiency conditions contributory factors

Boron (B)

Soils low in total B:

e Alluvial, podozols, organic, low humic soils.
¢ Moderate to heavy rainfall.

o Nearly neutral or alkaline soils.

o Dry weather. High light intensity.

Copper (Cu)

Low Soils Cu:

e < 6 ppm in mineral soils.
e < 30 ppm in organic soils.
¢ High P, OM, N, Zn in soil.
o Sandy texture soils.

Manganese (Mn)

Low Soils Mn:

o Alkaline soils.

Naturally poorly drained soils.

High soil Fe, Cu or Zinc. Dry weather.
Low light intensity.

o Low soil temperature.

Molybdenum (Mo)

Low Soils Mo:

¢ Acid conditions (acid regosoils, acid podozols, and acid organic).
¢ High free Fe (Bog Fe).

Iron (Fe)

Low Soils Fe:

e Free CaCOs.

High HCO;.

Moisture extremes.

High amounts of heavy metals.
High soil P.

Poor aeration (excess CO,).
Temperature extremes.

Heavy manuring (alkaline soils).
Low organic matter (acid soils).
Excess soil acidity.

o Genetic differences. Root damage.

Zinc (Zn)

Low Soils Zn:

¢ Alluvial, podozols, organic, low humic soils.

e Calcareous soils.

e Low soil OM.

Cool temperature.

High soil P.

Restricted root zones (compacted soil, containers of plants grown).
Old orchards.

e Excessive applications of N.
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Table (39-1) : Indicative ratings of soil Boron levels in absence of high Ca level.

B concentration (ppm)
Category
Saturated extract Hot water extract

- <10 Possibly deficient

- 1-15 Borderline deficiency
<05 15-3.0 Satisfactory for most crops
05-5 3.0-6.0 Possibly toxic (depending on crop sensitivity)

> 10 > 6 Toxic to most crops

Table (40-1): Plant tolerance to Boron contents

Plant Tolerance Types (In descending order of tolerance in each column)

Tolerant Semi-tolerant Sensitive
Asparagus Sunflower Pecan
Palm Potato Walnut
Date Palm Acala cotton Jerusalem artichoke
Sugar beet Pima cotton Navy bean
Mangel Tomato American elm
Alfalfa Sweet Pea Plum
Gladiolus Radish Pear
Broad bean Field pea Apple
Onion Olive Grape
Turnip Barley Kadota fig
Cabbage Wheat Persimmon
Lettuce Corn Cherry
Carrot Milo Peach
Oat Apricot
Zinnia Orange
Pumpkin Avocado
Bell pepper Grapefruit
Sweet potato Lemon
Lima bean
Corresponding B tolerance limits {a: in saturated extract (ppm) , b: in irrigation water (mg. *)*
Tolerant Semi- tolerate Sensitive
al25-15 15 0.7
b|40-20 2.0-1.0 1.0-0.3

* Indicative levels when B toxicity symptoms show in sand cultures; levels do not necessarily indicate yield

reduction.
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+ 1200 mg.kg™ s» (unfit)

Table (1-2) Classes of irrigation water salinity

Water class for Irrigation Water
Salinity Salinity Remarks
Class | Description EC_l TDS
(dSm™) (ppm)
Used for irrigation for most crops on
Low most  soils. S(_)m_e !eaching _required
C1l Salinity < 0.25 < 200 under normal irrigation practices, but
excess irrigation is  required in
extremely low permeability soil.
Can be used if a moderate amount of
Medium leaching occurs. Plants with moderate
C2 Salinity 0.25-0.75 200-500 | salt tolerance can be grown in most
instances without special practices for
salinity control.
Can't be used on soil with restricted
High drain_age. Even with adequa}te_ drainage,
C3 salinit 0.75-2.25 | 500 -1500 | special management for salinity control
y : .
may be required and plants with good
salt tolerance should be selected.
Not suitable for irrigation under
ordinary conditions but may be used
occasionally  under very  special
Very high circumstances _.The soils must be
C4 Salinity > 2.25 > 1500 _pe_rmegble , drainage must be ade_quatq ,
irrigation water must be applied in
excess to provide considerable leaching
, and very salt-tolerant crops should be
selected.




Table (2-2) Potential of Irrigation Problems based on salinity values

Degree of problem

Potential of Irrigation Problem Units Nome Slight to Moderate | Severe

ECw dS/m | <0.7 0.7-3.0 >3.0

TDS mg/l < 450 450 — 2000 > 2000

(Sodicity Hazards) 43 gall jhida (Y)

bl g e Ll Slaa) I asseall e el 58 (g0
&) ge alara Je sl cla (8 sl 4 g gall G g aliaed) Egan G 4g il
) laandl Go 8 Egan (A ity Laa ¢ il Sl e D gal) @l ) Jals
O L G sty a5l iy et 4aelh s ) (deflocculation) 4sa )
g a8 2o 38 Lt & nidlas (sealing the pores) idlel o s s 4na )Y oLl
o8 ye ol 4S a Jsig (impermeable) sddia e mualy ¢ Ldaly sliall dlis e
vo_yuS a5y obuall 4y yill 4uilas J3 (5] aducall alisall
suaall 23l (50 ol (3 (Sodiicity Hazards) 4wseall shlas s o5 L sile

raglal)
Sodium ratio (SR) p s puall dgud
Soluble Sodium Percentage (SSP) il o g2 guall O
Sodium Adsorption Ratio (SAR) (SAR) uaatall a g3 guall 4piid
Adj. SAR (adj SAR) Alarall (aatall a g1 gual) Apaud
Adj. Rna (adj. Rua) pssedlS Alinal) a 513 guall A

Sodium to calcium ratio(SCAR) activity — pssallSll / a g3 guaal) Sl gy DLl A
(Sodium Ratio , SR) g geall dpsd (1

GO o 520 gacall 4 giall dpnll Gl (e oy (51 sle 20 g3 i culS bl 8
: Adalaall (0 (SR) pgpmiaall 5 o sl S 4ually

SR = (Na") / (Ca®* + Mg*) all the ions conc. me I

(V) 0= Lehad 2 55 V) a4l 03¢ saall bl
(Soluble Sodium Percentage , SSP) <uilill a ga3 guall 0 (¥
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Gy )l ol Ll (Richards, 1954) asis ¢ Jall cdgll s le i iSY
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(Na™)

(Ca2+ + Mg 2+)
2

1 SAR_ a8 s (ECW) L sba cya JS jlalaal Tk (5 )l olie dc 55 il

Wilcox (1948) 4 il Llaaall  (USSL, 1954) 4sshills daslall e o8
(ECw, umho/cm at 25 C°) 4= slall JS (e 423Ul jlalaad ks (o)) olia 4y 5 ]
o) saa o Al (Y-)d80) Al labdd) daiia g ol 14 5 ¢ (SAR) 42 5all 5
' (SAR) 42 sall Cila ja saliall o) sae a5y Ly (ECW) 4a slall il 53 )

Table (3-2) Irrigation water classes and description as SAR values (Water Sodicity)

SAR=

Water class & Description

Class Description SAR Remarks

Can be used for irrigation on almost all of
soil with little danger of the development
S1 low sodium Water <10 exchangeable sodium. However sodium
sensitive crops may accumulate injurious
concentration of sodium.

Appreciable sodium hazard in fine-textured
soil having CEC especially under low

52 medium sodium Water | 10-18 leaching conditions, unless gypsum is

present in the soil.  But can be used on
coarse textured or organic soil with good
permeability.

Unsatisfactory for most of the crops and may
produce harmful levels of exchangeable
sodium. Most of soil will require special soil
management i.e. good drainage, high
leaching and organic matter additions.
S3 High sodium Water 18-26 | Gypsi-ferous soils may not develop harmful
levels of exchangeable sodium from such
water. Chemical amendments may be
required for replacement exchangeable
sodium.

Is general unsatisfactory for irrigation
purposes, most of the crops, except at low
Very high sodium > 26 and perhaps medium salinity, where the
Water solution of calcium from the soil or use of
gypsum may make the use of these water
feasible.

S4




100 2 3 4 5 6 7 8 1000 2 3 4 5000
e x L I T T I [ TJrrrrrrrrrrg U1 T T
©| - 30 =
F| @
28 =
26 4
= 24 — —
22 —
= = T
@ I~ g 20 —
o I~ 2 B
o<
= o
= 18 —
3 = ~
5 é K|35 16— -]
I | = & \
= § 14 |— —
x
o '
= 12 -
2z
8
@ 10 \ |
&= \ \_
=| _ 6|
S > \ 7]
T el
21— =
o | | | | I O T | i
o 100 250 750 2250
<q CONDUGTIVITY — MICROMHO CM. (Ecllos) AT 25° ¢.(C
\P& )
€1 C2 C3 Cc4
LOW MEDIUM HIGH ~ VERY HIGH
SALINITY HAZARD

Fig(1-2) Classification of irrigation water according to the degree of risks for both of
(ECw) and (SAR) , Wilcox (1948)
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Oe dge s aladind die (550 S Ayl ) Geal) QL) adall e 5 B (Sl @

.C3-52 ¢ C2-S3 <lidll anyli (5 5}l ol
(adj SAR)4claqdl 28 giall a g1 gpuall Addnal) dscadll (¢

G olsall Al 48y S5 maan JS8 (sOiCity) 4pseall shlie sl Gos
Ayers and Wil 3 ¢ RSC e 5583 K1y HCOg (0 A sale cilaaS e (5 5ias
Adalaall (e 23y o i ) oLl a3 8 sodlicity J) ks of ) Wescot (1976)
) sl e L 25

IAdj. SAR = SAR {1 + (8.4 - pHc)}
Where: SAR = Sodium Adsorption Ratio

pHc = (pK: — pKc) + p(Ca+Mg)+ p(AlK)
. (5“5 LaS L@UJS‘ P.-.é ‘—W"A: (DH(‘) J‘J

Ca+Mg+Na (mel™) alll o (Y-£) Joaadl (e lyand ahy Wiligta ad | (pK; — pKe)
Ca+Mg (mel™) A gl 38 55 £ panal Alilial) 4: p(Ca+Mg)
CO3+ HCO3(me I ™) p(pAIlK)

pH. and adj.SAR J cibes 4 bl Jlia
Given: The water analysis is: EC,,=1.15 dS/m

Ca*?=2.32me/l*, Mg™ = 1.44 me/l* , Na* = 7.73 me/I*
CO5? =0.42 me/l*, HCO3 = 3.66 me/I™

Explanation Solution:
(1) ca+Mg +Na = 11.49 me/l™*, Ca+ Mg = 3.76 me/l™*

CO;3+ HCO; = 4.08 me/I™
7.73

\/2.32 +1.44
2

(3) (pK; - pK,) =2.3 [(2.3) is the value correspond to"Ca+ Mg+Na ~11.5"column 2"]

2 SAR = 5.64

P(Ca+Mg) =2.7 [(2.7) is the value correspond to"Ca+ Mg ~3.8"column 3"]
P(Alk) =2.4 [(2.3) is the value correspond to "CO3 ., HCO3 ~ 4" in "column 4"]
Then, pHc = (2.3 +2.7 +2.4) =7.4
(4) Since: adj. SAR = SAR {1 + (8.4 - pHc)}
Then: (adj SAR=5.64 [1+ (8.4-7.4)]=11.3



Table (4-2) : Procedure for calculation of pHc

Concentration (me/l) The values of
of pK, — pKc P(Ca+Mg) p(AIK)

(CatMg+Na) or

(Cat+Mg) or I Versus the sum of

(CO3+HCO3) (Ca+Mg+Na) (Ca+Mg) (COz+HCO:)
0.05 2.0 4.6 4.3
0.10 | 2.0 4.3 4.0
0.15 | 2.0 4.1 38
0.20 2.0 4.0 3.7
0.25 2.0 3.9 3.6
0.30 2.0 3.8 3.5
0.40 2.0 3.7 3.4
0.50 2.1 3.6 3.3
0.75 | 2.1 3.4 3.1
1.00 | 2.1 3.3 3.0
1.25 2.1 3.2 2.9
1.50 2.1 3.1 2.8
2.00 2.2 3.0 2.7
2.50 2.2 2.9 2.6
3.00 2.2 2.8 2.5
4.00 2.2 2.7 2.4
5.00 2.2 2.6 2.3
6.00 2.2 2.5 2.2
8.00 2.3 2.4 2.1
10.00 2.3 2.3 2.0
12.50 2.3 2.2 19
15.00 2.3 2.1 1.8
20.00 24 2.0 1.7
30.00 24 1.8 15
50.00 2.5 1.6 1.3
80.00 2.5 14 11

pHc is a theoretical, calculated pH of the irrigation water.
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Table (5-2): Guidelines of (adj. SAR) problems on infiltration rate of water into the soil.

Degree of hazards

Clay mineral Type No [ Increasing |  Severe
adj. SAR values

Monomorillonite (2:1 crystal lattice) <6 6-9 > 9
Ilite-Vermiculite (2:1 crystal lattice) < 8 8-16 > 16
Kaolinite- Sesquioxide (1:1 crystal lattice) <16 | 16-24 > 24
Suitable EC,, (dS/m) for use for the tabulated ranges <04 04-16 >1.6

=Y sasthe e adj SAR I ad ol (Ayers and Westcot, 1976) ,S3 5 (¥)
ay \sa5%) Oster and Schroer (1979) and Suarez (1981) of ¥ « IS &
adY) anii A adle 483 53 adj SAR I i 05 STy ¢ A8 il 5 il 5o
adj SAR JI o (s AT 550 Jaad o) iy ¢ 4050 e 1 ele (8 a5 suall (g0 48 sl
:0) 1 0.5 olaie i (A A5 43kl Lo Jeasial
(More corrected adj SAR= obtained values of adj SAR x 0.5)

ps2allSl s 3 e HCO3 ) <l il d8all (e iy e ) (3 381 o3 38 oS5 el

v oY) Jsladl b
(adj Rna) ageedsl) Adiral) (aesall o513 guall dped (©

sl s 5 a )Y Jslaall 3 4glall V) aa) (e ¢ a s gaall O Cog yrall (e

aedall o 530 gaall e 43 ) g s 4ild Alla 8 Laily aa) gy 43Y ¢ 4y i) 8 s glall s )
Shalid 0¥ 4l A Ll 48] sie oy s (B 2al Y a sl 4l Slps e
SR SRVRTERR VI IN PO T JUILTRIR PRPI W ERSTES Jgt SETIRUIN
S i Sl i Sl i) (e oS ClaS 2alg ae i ) Lis sl
i S ) (o) saall) a sl s S Glsd e Bl L (525 Laa iy 5
() el
gl Gang LaS ¢ 4 il Jslae (8 6 guallSI (6 gine 30l 3 (g0 4 il alae JOlail
) (g SN 2T G (51 llee aay ol By sk e psaallSH LY
Vil ele b
psand Sl 58 5 8 () 5 Gamg g a saallSl) (e alaeY) aiy ¢ lisdll s ool Anlas any
ol Al slall (3 g sall Gl e Ll ) 655 40l (8




Al o g pall o paild 25y G 4xilll JSLAl e SAR 4ad i
G sl s JlieY) & 3k Y A5kl e3¢ SAR I Glua s o greainall 5 o gl
Ualaalld cllily ¢ sl clilee 22y 5l JB (o) Jstaall) 5l sl asaallS gl
pos fadY) (s aa g8 38 Le as ) g el i) oda claall 8 336 Y SAR
Gl abiead Zoailly ¥ siia api ol ja) ey JI3 Y SAR ) Alalae aladin) i el
vl aadis 3 ol

¢ Yoy ahy S 4 el (adj Rys) ) 0w Suarez (1981) pdf ¢ s
O el asly v Gl gie (adj Ryg) 23ad) aniill s SAR ) e JS O e sl 41
43 5 (Y-1) s e 4 sund) Cay J4ads @Y alaial o (adj Ry,) ) 4
velaall - Al alai 8 o sallSl) alls e
3ol dua ¢ SAR 4wl Aaleall Yasalaaa SIS (adj Ry,) ) i @l e
SISl 5 b S (e Il SN lld Cay I by i) i 34 (adj Ry,)
o) s b s il Bk (e elaall - A il Gl (e 2 sitall g sallSY) Gl 5 ¢ 4
4331 siall all W (5l ola (8 o spullSI 58 55 Jpaas jliieY) (B 3l Lyl 5 i S
G (COyp) sl sl 0 il Jadi s 0l 2m pspallSH aad gidl)
Sal 3 g sall a sl e (ECW) sl slae 4asle il Gl s (HCOg) i 5o Sl
o ity SIS bl — A il ol e S Y raal g3l 4 yill Calial) 5 )l ola B
5 (CaCO; p sl SV i 52 8) Janll () a4l (8 o sansllSH e (G pail) 12a
Gy aa s aspirall G il s Gul g — ALl Jie 43 Galee (00 e )
oo sl G ¢ A il mha e sl ATl aliall e S el e 6 58 o )
.(partial pressure of air carbon dioxide) ¢‘}€J‘ Oﬁ)g‘ J%H‘Si 4541-33 as-‘)éj‘ Lzl d:’)-L‘
o e (Y-1) @b dsaall LS Aallall oliall 8 a sndlSH alls sl (e 2320 Gl
+(ECw,dS/m) Js (HCO3 =/ Cay) dusil
oSy Gl Qi) 8 Cilal) @l ghad g (daxall 03 gucall 4psi) adj Ryg A _poiié Ul
A G Aldiaall 40l JSLiey o p€ 4y maa S5 ST sl Lgalasil
(Suarez 1981) and 48laall (5 )l slue 8 (aspadlSl) (alésil 5f) L 4llall o 530 guall
(Rhoades 1982)
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Na s adalzall 2

S x E
Where: 2

Na: sodium in the irrigation water as me / |

adf Ry, =

Cax: A modified calcium value, in me/l., taken from Table (6-2)
Cay represents Ca in the applied irrigation water but modified due to ratio of
HCO3/Ca ratio (HCO3z and Ca in me/l) and the estimated partial pressure of
CO; in the surface few millimeters of soil (PCO, = 0.0007 atmospheres)

Mg: Magnesium in the irrigation water reported in me/I

Given:

ECw =2.74 dS/m

Ca =7.73 mell

Mg = 9.06 me/I

Na= 12.07 me/l

HCO3= 1.56 me/l

Explanation Solution:

Since: HCO3/ Ca=1.56/7.73 me/l, ECw ~ 3.0 dS/m.

Then: HCO3/ Ca = 0.20 and then from Table (6-2): Ca, = 6.86 me/l
Then: adjR,, = 12.07 4.28

6.86+9.06
V2




Table (6-2): Calcium concentration (Ca,) expected to remain in near-surface soil-

water following irrigation with water of given HCO3/Ca ratio and EC,, 123
Salinity of applied water (EC,, , dS/m)
0.1 0.2 0.3 0.5 0.7 1.0 1.5 2.0 3.0 4.0 6.0 8.0
Ca, values
0.05 1320 | 1361 | 13.92 | 14.40 | 14.79 | 15.26 | 15.91 | 16.43 | 17.28 | 17.97 | 19.07 | 19.94
010 831 |857 |877 |9.07 |931 |962 [1002 |1035 |1089 |11.32 | 12.01 | 12.56
015 634 |654 |669 |692 [711 [734 |765 |790 [831 [864 |9.17 | 958
020 |524 |54 |552 |571 |587 |606 |631 |652 |68 |7.13 [757 |7.91
025 J451 |465 |476 |492 |506 |522 |544 |562 |59 |645 [652 |6.82
030 J400 |412 |421 |436 [448 [462 |482 |498 |524 [544 |577 |6.04
035 J361 [372 |380 |394 [404 [417 | 435 |449 [472 [491 |521 |545
040 ]330 |340 |348 |360 [370 [382 |398 |411 |[432 [449 |477 |4.98
045 305 [314 |322 |333 |342 |353 [368 |380 |400 |415 [441 |461
050 J284 [293 |300 [310 [319 [329 |343 |354 [372 [387 |411 |4.30
075 217 | 224 229 |237 [243 [251 |262 |270 |284 [295 |3.14 |3.28
= 1.00 J179 |18 |189 |19 [201 [209 |216 |223 |235 |244 |259 |271
% 125 |154 |159 |163 |168 [173 |178 [186 |192 [202 |210 |223 |233
§ 150 | 137 |141 |144 [149 [153 [158 |165 |170 [|179 |18 |197 | 207
5 175 | 123 |127 |130 135 [138 [143 |149 |154 [162 [168 |1.78 | 186
% 200 J113 [116 |119 |223 [126 [131 |136 |140 [148 [154 [163 |170
- 225 104 |108 |110 |214 [2117 [221 |126 |130 |137 [142 151 | 158
250 097 [100 |102 |106 |109 |112 |117 121 |127 |132 [140 |147
300 Joss |089 |oo91 |094 |09 [1.00 |104 |107 |2113 [1.17 124 |1.30
350 Jo78 [o080 o082 |o8 |os87 |09 [094 o097 |102 [106 [112 [117
400 Jo71 [073 Jo7s |o7s o080 |o082 |08 [o0s88 |o093 [o097 [1.03 [1.07
450 Joes [068 |o069 |072 |074 076 079 J082 |os8 |09 [095 [o0.99
500 Joer [o063 |o65s |o067 [069 [071 |074 o076 |o080 [083 [o0.88 |0.93
700 Jo049 |o50 |o52 |o053 o055 o057 o059 |oe1 o064 |067 |071 |o0.74
1000 J 039 |o40 |o041 |o042 |043 J045 |047 |048 |051 [053 |o0.56 | 058
2000 024 025 |o026 |o026 |o027 |o028 |029 |o30 o032 [033 [035 |0.37
3000 J018 |019 Jo20 |o020 o021 [o021 Jo022 |o023 |024 [025 |o0.27 |o0.28

! Adapted from Suarez (1981).

2 Assumes a soil source of calcium from lime (CaCO;) or silicates; no precipitation of magnesium,

and partial pressure of CO, near the soil surface (Pcoy) is .0007 atmospheres.
% Cay, HCO,, Ca are reported in me/l , EC,, is in dS/m.

Al G 4 Bag ¢ ol sl e dte YY) 20al (g glaSll JilaSll a g (Y-V) Jsang
Joaall 138 (ye 5 cilinall 03] Adj SAR Vs Adj Rya 1 s SAR 1 (e JS1 4 gusniall
¢l il an WS < adi Ry, ) o s SAR ) s (s o ylail) sty



http://www.fao.org/docrep/003/t0234e/T0234E04.htm#10note1
http://www.fao.org/docrep/003/t0234e/T0234E04.htm#10note2
http://www.fao.org/docrep/003/t0234e/T0234E04.htm#10note3

Table (7-2): Comparison the calculated data of SAR, Adj Ry, and Adj SAR .

§ Chemical composition of irrigation water samples Assessment of f;)dicity hazards . _
%— EC lon concentration (meg/l) 2;: 8’ Sx E 2 5,
% ds/my | ca® | Mg?* | Na* | cO; | HCOy @ o ) = =)
1 3.25 4.82 | 13.98 13.7 0 1.57 4.47 0.36 4.72 4.48 7.2 9.83
2 2.74 7.73 | 9.06 12.07 0 1.56 4.17 0.20 6.86 4.28 7.3 8.75
3 2.74 4.99 6.75 12.13 0 1.21 5.01 0.24 5.91 4.82 75 9.51
4 1.827 | 6.85 25 9.12 0 2.22 4.22 0.32 4.98 4.72 7.4 8.44
5 1.791 5.48 2.98 8.2 0 2.13 3.97 0.39 4.11 4.36 74 7.97
6 1.808 8.1 3.28 8.26 0 2.18 3.46 0.27 4.98 3.92 7.3 1.27
7 1.75 467 | 411 7.82 0 2.16 8.7 0.46 3.68 3.93 7.4 7.46
8 4.18 6.99 6.99 27.02 0 2.38 10.22 0.34 4.91 10.54 7.35 20.95
9 0.861 | 2.45 | 2.68 1.96 0 1.97 1.22 0.80 2,51 1.22 7.55 2.26
10 2.36 8.93 3.7 10.36 0.1 1.27 4.12 0.14 7.90 4.3 74 8.25
11 2.35 6.74 5.81 10.34 0.1 1.64 4.13 0.24 5.62 4.33 7.4 8.26
12 241 5.89 7.81 10.53 0 1.88 4.02 0.32 4.98 4.16 7.3 8.45
13 242 9.73 2.52 10.09 0 1.23 4.08 0.13 7.90 4.42 75 7.75
14 2.14 551 5.76 10.22 0 1.12 431 0.20 6.52 412 7.55 7.96
15 2.02 6.24 5.32 8.94 0 1.82 3.72 0.29 4.98 3.94 7.35 7.62
16 2.06 6.75 | 4.34 9.05 0 1.79 3.84 0.27 4.98 4.06 74 7.69
17 2.05 6.81 | 5.43 8.98 0.1 1.99 3.63 0.29 4.98 3.94 7.3 7.62
18 3.27 9.75 | 1151 10.97 0 2.01 3.36 0.21 6.86 3.62 7.1 7.74
19 8.64 7.29 9.13 9.78 0 2.35 341 0.32 6.04 3.55 7.1 7.85
20 2.6 8.48 6.74 9.7 0.1 1.97 3.52 0.23 5.91 3.86 7.2 7.74
21 6.15 26.2 | 20.56 12.96 0 1.53 2.68 0.06 19.07 291 6.9 6.7

a gl Sliga) ) 2 g puall il gl Jalidid Agd (B
Sodium to Calcium Activity Ratio SCAR
(Mg/Ca ratio > 1) s (EC>5dS m™) e (il sbaall 4z sl SAR ) 50363 48y yiiad WS
A cwls 13 43l Gupta and Abichandani (1970) gl a8 | Jsll) i 1yl
4af Cun s« (Mg / C ratio > 5.4 ) ) 4ps iS5 €I 5 8 = (5,0l slaad SAR
: (Richards,1954) lalas (e Lubus 42361 ESP ) 4ad (& auéll 38 00 ESP )

ESp = 100 (001475 SAR - 0.0126)
0.01475 SAR + 0.9874

e (il U a2k g 5 ESP ) s 51 sbsal SAR o Laabyy a3 il
Ol (e ol ESP I dad pe Gillae GS5Y ¢ (o ey oY lsd Jpus o
AMadl e SAR J s die 4l lacal Lagld 5 Al 4al ey v adleadl

&L\),.\u\ (e c)did\ L@Aﬁ & Lalad (eath Ly\.u; z:)did\ ESP 4.4..33 u\ﬁ 3 (Na/@)’
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Lels 483) lls Gupta and Abichandani (1970) <ase (bl 13 e 5+ 4glasdl)
Ol ) ¢ sl 5 a g0 geall gyl Lol 4l

Sodium: Calcium Activity Ratio (SCAR)=(Na/+vCa)

g5l Jumdl (3 ¢yl Elan) (8 (5l slae i pilS SSI @ g0 gaall 5518 GY | ylai g
A (st Ladie 5+ i) gy e a s peall sl L 25ma¥ () (o8 (51 ol
J8l (Mg / Ca< 1) damic(5) g Bl (EC<5)d ussigl SAR 5 ESP
oal Al e o jla il aa oY Y 258 () e padiad 5l sl 8 (1)

vl il ey jill agmgalal)

¢ (2-8) & el (Mg / Ca) ) 4smsis (5-10 dSM™) oale o EC ) S 13 (815
ae s Gl Lad aaling )l Lellanin] i slaall 23] s aaili Jlax3 SCAR I (18
Gupta —aia 338 iy volaall (e dze 5l 23gn 4 il 8 Lgie) ) ) 4nliall Jualall
i 1 ) (SAR/SCAR) o 4l oy 5 ) obie and Abichandani (1970)

1) Non-sodic waters (SAR/SCAR< 5)- (S.0): can be used for irrigation
on almost all soils, for all crops even those sensitive to sodium such
as stone-fruit trees or wood trees.

2) Normal sodicity waters (SAR/SCAR 5-10)-(S.1),: can be used for

irrigation on almost all soils with little danger of development of

harmful levels of exchangeable sodium for growing all crops except
some stone-fruit trees or wood trees which are specially sensitive to
sodium. These waters do not have any requirement for leaching
and/or amendments.

3) Low sodicity waters (SAR/SCAR 10-20)-(S.2): can be used for

crops which are semi-tolerant or tolerant to sodium on almost all soils

so that LF* is around 0.3. If soils contain gypsum or calcium
carbonate, these waters can be used more successfully. EC should not

be less than 1 to 2 dSm-1. Less permeability problem develops.



4) Medium_sodicity waters (SAR/SCAR 20-30)-(S.3): can be used

only for crops which are tolerant to sodium on soils provided with

good drainage such that LF* is always greater than 0.3. If soils
contain gypsum or calcium/carbonate and if rainfall is appreciable
and effective, these waters can be carefully used. EC should not be
less than 2 to 3 dS/m less permeability problem develops.

5) High sodicity waters (SAR/SCAR 30-40)-(S.4): These waters are

directly unsuitable for irrigation without drastic treatment.

6) Very high sodicity water (>40)-(S.5): These waters are unsuitable

for irrigation.

* (The leaching fraction (LF) is defined as the ratio of the quantity of water draining past the

root zone to that infiltrated into the soil's surface. (LF =EC ,y / EC pw, in dS/m).)

(Alkalinity Hazards) 4a¢-1all jhlia (¥)
A pmlaally L S (S
Residual Sodium Carbonate (RSC) 4siiall a g3 guall cilig S @
) e W3S 5 Jile oale 5 ¢ 4aslall 4l oLl 8 (HCOgY) lisa Sall i gl el
i) e Dl Sl sl 4ps o3l )5 +(ECyy 1 02 (sl) slaall s sla (3 00y )
s Sl gl 8 (5l slae JA amy a8 ¢ dpe pe il Cliiall e ytiad o S
+ sl il gl G 3 et alaall B
A a5 DA (0 4l o gy S e i ) L i Saal) 5l ¢
: (Eaton ,1950) L se 5 4dull adlaleadly RSC
RSC = (CO;~ + HCO;)-(Ca** + Mg
2 (Y-AJsi Las (RSC) ) bl aha i &G ) (5 olsa (WillcoX, 1954) and s

, all ions expressed as mel™.

Table (8-2): Irrigation water classes as RSC values

Water Quality RSC
(me.l™)
Water probably safe for irrigation. <125

Water marginally suitable for irrigation and can be used with certain | 1.25-2.5
management.

Water unsuitable for irrigation purposes. >25
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Residual Sodium Bicarbonate (RSBC) 4dsiall a g3 guall <l g Sure
¢ A gale Gl S S el e IS (B 2a) 55 Y(CO37) s S il oY
Gupta and z 8l 3 ¢ a saaizall G gl caw 3 Y (HCOg) s ySaall i s LS
3 A e Al e a8 Saall (e 43l Gupta (1987)and Todd (1980)

e boa b Al 5 (RSBC) Auiiiall a 533 gaaall <l g S Jila cans s
RSBC= HCOj3 - Ca*"|, allions expressed as me 1.z Ll sl

sl ) gl slaal Ay gl jhlie asudi (Say 458 (RSBC) 4asd bl o

1) Non-alkaline water (- value)
2) Normal water (0 me.l")
3) Low alkalinity water (2.5 me.l")

4) Medium alkalinity water  (2.5-5.0 me.l?)
5) High alkalinity water (5.0-10.0 me.I")
6) Very high alkalinity water (> 10.0 me.l"*)

(Permeability hazard) 434l jklia (£)

OV 5 ¢ olsall g il 4l 8 sals JSLie & gan G ) (S s sl sl Y T
i) ol gy S L) (815 o g0 guaal) (g An yall <l 58 iy Jass Y 4 il 43
CaCO; bpa (b lagie £ 3 iy 5 )l olae 2 HCOg I lisil s CO3~
vl il e apli ol il jedai aild ¢ sanallSI gl 38 55 J4 s MGCO; s
i g Sl il 5 o gptieall 5 spndlSl 5 o903 guaall S aal 55l anll (S
(Permeability Index(Pl %) -43&ll Jads) o cojay mllaias e ¢ 4@l e
: (Doneen , 1964) 4dau) s 4l alalaall aladiny

Na++/HCO3

P1% = x100
Ca+ Mg+ Na

Where ions are expressed as , me.I™.
vl aalla et 5 )l sl 18 %710 GePermeability Index ) aed <ol 313

s g M oLl SAR s ECw — o_dliy (Infiltration Rate) 4 il slalf Jsid Jira
sbaall 40aS 5 ¢ 4y ill ol (Entry Jsd) =i, ) infiltration ) uss el
¥ 3+ (Infiltration Rate) ci l Jae leie yuay el oan 5 (8 40 il adaall



http://link.springer.com/article/10.1007/s00254-006-0546-0#CR5

RN

s 5 (Permeability) 434l 3 a5 AT yues Ayers and Westcot (1976)
Al il cpla () 49 53l Jalall 2L (percolation) Jlas ) ey
4 5ill obudl J g3 Jaxs (558 Lexie (Infiltration Problem) J) JSLaa jedas

Jie dpnahall al s&ll oann 23005 s ¢ 4ndlad) 611 350 DA 4Kl ae judly Ll
o 31 4aSll 43 5l ailall 3 ) sall dpaa s Galil) and ¢ DLl cplall (axe g 515 ) 8l
Infiltration rate gl Jaee Jiay s + sl (e Lple diany ol gy (5 J ol
aali (a5 « 12 mm/hour ce 33130 el e yiiay s 3 mm/ hour e J8 13 Ladiia
3 JSlias ¢ sl ele 4pe g Al aa s (Infiltration) 3 JSUie Ledss off oSy 5 al
o led gt e e il ypad Ggaal (058 (5 slae 4ue 53w 433U (Infiltration)
leabiasd] a8 siall o 523 geall 4asi g (5 1 slae 4a sla ¢ 1d5)) s 40 Hill 4ilieSl Cliial)

s dua gl deaiuall slaall (e 40 il Gl e (SAR)

0553 (0.2 dS/m (e il 4alas s 0.5 dS/M e ) sl sbadd ECw I Laliss) ie
Go A ol ¢ o gl aalin g il Z3Y) dase ) oS an o Jlaia) ollia
Gulai (e oS ann Q) ) Gl Gy g ¢ apadandl 4l aaliy 5 413 #Y)
apa,yl Glaaadll Go IS Gl e dsialy aspny Labe i Lee 4l ) a5
+ (soil structure) =Y <Ll 5 (soil aggregates)

s Y] sl Glaesill Gy Ggan N a4l B s saallSlly #OLY) 4liy
LeBE Ly o 58 5 A Y alosall G Lad ana i g 4 i) JuY et dee s clyaal J g
gy ¢ Ledalay oluall clise o 1gd 508 ol yib Lgduad & cadiles (Sealing pores)
Jii (sl aipzall sluall 028 e mhaull (e ol 4S s JE5 5 (impermeable) s e
Gigaa ) @l o LS v 4a s (Infiltration Rate) 1 Jis o 4o il 4,3
¢ adlall Lilaliia) g 4o ) il Jualaall Gl 8 JSUis
— JaaY) elaeS (0.2 dS/M (e i) Jan damdaiall da glall il sluall ol ) dsLall
ddiarg ¢ Loty i sady yegdl g oadn Jadudd Ladie — 4a glall dadeia () oS5 AIST slia A g
. SAR ) dui e laill s ¢ (Infiltration Rate) ) p=és (3 ¢ 438 5o 4l
Gsaa A (B)Na @ (1)Ca 4swsy psall e (5l olia (& a3 guall 23 2585
asnail] 03l 3 ol LS v il ad g3 sy (oaa )W) el a4y Sl Ciluald G s
Al olaall 4pdlds L oanadi g sala JSWIe digan (5) (3301) 0o pspndSll e 0 503 saall
sl Y lhsaas deel clpal  apa)¥) Gleeadll sl ang



o Aasdl) ) Lay) @lld oty LS 4 )0 alall Lo s (sealing soil pores)
S Aald ) Y L) 5 4l Jraladll cil) Cona ) @l (S oy ¢ 4 5l
vadlisal) adiall llaall o) ja) 40 sra g o jlall Clie Y1 il gda
A osls ) ae sl (ECW) I i aa by (Infiltration Rate) J) gl asle 4deay
v (ECW) sl ol da sla 3l ) ae (Infiltration Rate) I x5 +(SAR)
Jal (e e Slie Y1 cpms Laadal cany (SAR) ) 5 (ECw)  oBleladl (g JS (4 clldl
(Infiltration Rate) J e Al jilall aplul) oyl

~als Rhoades (1977) and Oster and Schroer (1979 )cwe JS 5@ M5
il o (o il agalaain) (Say Gl (Y-V) (Al JSAN5 (Y-9) dsas 2158
& siall a5 peall 4ai s (ECW) s sl 4a slad & jisiall ilill alall sl (s20ell
+ (infiltration rate) & 1l Jaxe e (SAR) Leabas))

Table (9-2): Affects of infiltration rate of water into the soil by EC & SAR of irrigation

water together.

Degree of hazards on Use
None Slight to Moderate Severe
SAR and EC(dS/m) together of irrigation water

(SAR) EC (dS/m)
0-3 >0.7 0.7-0.2 <0.2
3-6 >1.2 1.2-0.3 <0.3
6-12 >1.9 1.9-05 <05
12 -20 >2.9 29-1.3 <13
20-40 >5.0 50-29 <29

*SAR (sodium adsorption ratio) is sometimes reported by Ry,
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(Fig. 2-2) Infiltration Rate of soil as affected by (ECw) and (SAR) of irrigation water.



s A s B il gl A 5il) Jlalaal) (0)
Specific lon Hazards in irrigation water

s s sl B Lo 7 sanal) ALES (ilaall pualic g g huall paliall 5 guaill] 3 gand)
6 saill 3 gaal) mia gy (Y21 €) Ml Jsaalld ¢ (FAO,1994) A1 i I ks
F 6N ela o Le 7 sl ALEN (el 5 (5 paall Cldaall yualic G gy

Table (14-2): Recommended maximum concentrations of trace elements & heavy

metals in irrigation water.

For water used For use up to 20 years
Element Symbol continuously on soil on fine-textured soil
(mgl™) (mgl™)
Aluminum (Al 5 20
Arsenic (As) 0.1 2
Beryllium (Be) 0.1 0.5
No Problem: <0.7
Boron (B) Increasing Problem: 07 —2.0 2
Severe Problem: >2.0
Cadmium (Cd) 0.01 0.05
Chromium (Cn 0.1 1
Cobalt (Co) 0.05 5
Copper (Cu) 0.2 5
Fluoride (3] 1 15
Iron (Fe) 5 20
Lead (Pb) 5 10
Lithium” (Li) 2.5 2.5
manganese (Mn) 0.2 10
Molybdenum (Mo) 0.01 0.05"
Nickel (Ni) 0.2 2
Selenium (Se) 0.02 0.02
Vanadium V) 0.1 1
Zinc (Zn) 2 10

* Recommended maximum concentration for irrigating citrus is 0.075 mg/I.
** Only for fine —textured acid soils or acid soils with relative high oxide contents.

sdmalaall g il Ao 5 4l olaa B ualiad) land dlaad) il 5l o 3 pualida 23

(Magnesium) a gssizall (3
aal g 5Kl 48l G ol ISH £ ganally 48e 5 o gaie Ll (s sina () aiay
ol spisal) (5 gine (Y5 ¢ (gl ol aadlia o WSall 8 Aded) A il el
o sl (aliaial duus gl ) ey 8SE) A ol g gana ) Al

5255 MAniie 49 518 1 (e aBaat dile 4 Sl Gal A e Ll S Lee 2ol s

23 (e 423 hlaall 4gibie apnndall 4 ) el & 6 dlan GG Gigaa )
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& (Ca: Mg ratio) ) 4ad Jii laxie el 4y il e s jlall <l il 5 ¢ a g0 gl
50 (e J8l
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Table(10-2) : Irrigation water classes as Cl conc.

CI" Conc.
Water Quality (me.l™h) (ppm))
Excellent Water. <4 <60
Good water. 4-7 60 -200
Slightly usable. 7-12 200 - 600
Not suitable. 12-20 > 600
Not suitable. > 20

4yl o Gl i ains (ol e (8 2N iUl Laps (FAO,1994) 1 s i a8
(Y-11) dsan 8 LS dariiiusal 5 )

Table (11-2): Irrigation water classes as CI” conc based on irrigation methods,

Degree of problem
Irrigation Methods No . Increasing | Severe
Cl in irrigation water
Surface <4 4-10 > 10
Sprinkler <3 >3
Notes:

For_surface irrigation, most tree crops and woody plants are sensitive to sodium and
chloride; use the values shown. Most annual crops are not sensitive; use the salinity
tolerance. For chloride tolerance of selected fruit crops.

With overhead sprinkler irrigation and low humidity (< 30 percent), sodium and chloride
may be absorbed through the leaves of sensitive crops.
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Three classes for sulphate (SO,):

<4 (meL™)  excellent water
4 -12 (meL™1) good to injurious
>12 (meL™) injurious to unsatisfactory
LS (5l olaal alatinall da slall s gy ) 13l

Potential Salinity of irrigation, mel* ¢ dldisall da slall 4 Gludal 2
s daall aladinly

| PSi,= (Cl" + % SO, )| whereas, ions are expressed in me I
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(YY) dsas

Table (12-2) : Soil permeability classes as PS;(me.l™) classes of irrigation water.

Potential salinity (me .I') Remarks
3-15 Can be recommended for medium permeability soils.
3-7 Recommended for soils of low permeability.

(Boron) &sussd! (¢
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Table (13-2) : Irrigation water classes and suitability for crops as Boron content.

Crops
Boron Class _ _ Remarks
Sensitive Semi-tolerant | Tolerant

Very Low <0.33 <0.67 <1.00 For safely use.
Low 0.33-0.67 0.67-1.33 1.00-2.00 Can be managed.
Medium 0.67-1.00 1.33-2.00 2.00-3.00 Unsuitable.
High 1.00-1.25 2.00-2.50 3.00-3.75 Unsuitable.
Very High >1.25 >2.50 >3.75 Unsuitable.

(Nitrate) < aili(e

aule adiayy il il e dlle 408 e ¢ Ga¥l G 1S G ¢ Db sall slall (5 i
e s 8 Ol e ddle GRS 5 e ssiad ) sy palie JSSs N Gl
c Al ARl pailadll e S e bule ¥ s il clilall clia sy
ot sV ole & Nitrate 2 5aa ada (5 )l olyall 4paSla g

<5 No problem.

NO3; (mel')  5-30 Intensity of NO; (me Ity problem is moderate.

> 30 Intensity of NO; (me ) problem is severe.

(Lithium) assfidl) (3
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Thickness =30 cm

Bulk density = 1.55 g/cm

FC = 8.8 w/w%

PWP = 3.2 w/iw

AWC = (8.8 -3.2) x 1.55 = 8.68 % Vv/v% = (8.68x 300) / 100 = 26 mm (per 30 mm mm™)
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® soil water content

®° saturation water content

@' esidual water content

h pressure head

o, n, and m independent parametera

Brooks-corey (1964) from Liu and Dane(1995) s_sS- S5 iz o

6-0, (hY
0, -0 h

S r

O, : saturation water content
O, : residual water content
®: total porosity

hp : air entry pressure

A : pore size index

Campbell (1974) from Rawls et al (1991) Juals dliaa o

1
& ((Hy
o, h
O, : saturation water content (porosity)
Hp : air entry pressure

b :constant b =1
A

h : Capillary suction (cm)
O : volumetric water content

D R Al el e JSI el 61 28 (1991) Rawls et al sy
Van Genuchten parameters
®,=0.015 +0.005 Clay%+0.014 Carbon%

a =1 O(-2.486+0.025 Sand% - 0.35111 carbon% -2.617 Bulk density-0.023 clay%)

n= 10(0.053-0.009 sand - 0.013clay% + 0.00015 sand%?2)

m=1-1/n

Brooks-Corey parameters
hy =2914 " Md™®

A =1.512 (e -1)

f = grain size distribution index

Md = median grain size (mm)
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Cumulativelnfiltrati on = at®> + bt

Whereas:
(t) = time (s)
(a) & (b) = constant

Table (4-3) Infiltration categories

class Infiltration category Basic infiltration rate (cmh™)

1 Very slow (non-irrigable) <0.1

2 Slow 0.1-0.5

3 Moderately slow 0.5-2.0

4 Moderate 2.0-6.0

5 Moderately rapid 6.0-12.5

6 Rapid 12.5-25.0

7 Very rapid >25.0
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Soil temperature 4l 3 (1)

T e oS il saib 6l pall ds o o sl il 8 4y el cilleall il
A Aasl clleall il Gy 450 dapn FO YO Jin Ling i Mooy dgie da 0
il pabaiad dalla s ) gea (4 i) 8 401080 jualiall J s
LAl S da o A AN Jal el
LKAl a YU a8 a3 ) sall e ST AaS i&at g Ji1 e aiad 4a3Wl) (ya VG 50 @
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lee sane rng 5 (De Vries 1963) ¢sSe S 4sana 2 a das L O Cun (5 ,AY)

-:‘;‘215
C, = iZ:l:Ci X; (JI\/I _3C_1)
Ol Cua

Ci = 058 IS Asanal) &y ) jall dend

Xi = 4 e pan
o LS i 5l dpanal ) jall el gany  yill 4K dpanal) &y jal) daaad) Caniniy

ALl Alaall Aaca gall NN Alalaal) gyulas

C,=192X_+251X, +4.18X,

e (MI M2 KDY X, X, X, Al dseaall ) sl ded) o G o cas

OsSe JS ana
OsSe JSl aaall 4y ) jall dad) o (V- 0 ) Jsaa
Constituents Volumetric Heat Capacitv (Cv)
Air (Ca) 1256.3 (J/m°C)
Liguid water (Ci) 4187600 (J/m°C)
Silt and clay (Cm 1926000 (J/m>C)
Organic matter (Com) 2513000 (J/m°C)
Quartz (Ca) 1926000 (J/m>C)
Gravel (Ca) 1926000 (J/m°C)
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Bl da s b g oall (Ki) s GsSa JSt sl adl duagill (A) 3(¥ - 1) dsaa

Constituents A (J/m'C) Ki gi
Air (Aav) 0.02513+ Av 1 Calculate
Water (Aw) 0.5737 1
Silt+clay (Am) 2.931 0.5223 0.125
Organic matter (Aom) 0.2513 1.2608 0.5
Quartz (Aq) 8.794 0.2674 0.125
Gravel (Ag) 6.3389 0.50395 0.144
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