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Abstract

A pot experiment was carried out to study the role of chemical composition of water, soil
texture and their interaction on soil chemical properties and growth of corn plant, at
Grdarasha Field, College of Agriculture, University of Salahaddin, Erbil. The results
indicated to increase in electrical conductivity of the soil extract after harvest and ranged
between 1.25 to 9.30 dS m™ with increasing the electrical conductivity of the water from
0.44 to 5.00 dS m™, the highest value of electrical conductivity of soil extract 9.30 dS m™
was recorded from W,S;, while the lowest value 1.25 dS m™* was recorded fromw,S; .The
highest value 93.14 g pot™ of dry matter was recorded at treatment combination WS,
generally the role of soil texture was very clear in the weight of dry matter in S1 which was 8
times more than its weight in S2 .The quality of irrigation water affected significantly in the
concentration of cations and anions and chlorophyll content of corn plant.

Keywords: Water quality, Soil texture, Corn.

Introduction

Water is a precious natural resource, it is vital for sustaining all kinds of life on the
earth, less than 3% of total water on the earth is fresh water and less than0.03%is
accessible to mankind.Water is needed for irrigation,food production, drinking and to
maintain the natural ecosystem (Sastry and Rama, 2004). Ground water is one of the earths
most widely distributed replenishable resources. Ground water caters to the requirement of
the agriculture. Total ground water on the earth is 35 times greater than the surface water the
main objective of ground water exploration is to locate aquifers capable of yielding water in
sufficient quantity of suitable quality for domestic, industrial and agricultural purposes (Patel
et al;(2006)).

* A part of high Diploma dissertation for the second author.
Date of research received 15/2 /2012 and accepted 7 /6 /2012

Texture is the most important physical property of the soil for plant growing, since it
influences water holding capacity and root growth (Rice, 2002).

High-quality crops can be produced only by using high- quality irrigation water.
Characteristics of irrigation water that define its quality vary with the source of water. There
are regional differences in water characteristics, based mainly on geological formation and
climate (Faust, 1999).
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Water quality has great effect on soil chemical properties. The normal pH range for
irrigation water is from 6.5 to 8.4. High pH,s above 8.5 often caused by high bicarbonate
(HCO™) and carbonate (CO;*) concentration, know as alkalinity (Bauder et al, 2005).
Calcium carbonate would prevent significant changes in pH of soil solution (Al-busaidi and
Cookson, 2003). The water quality did not affected significantly ( p<0.01 ) on the soil pH
after harvesting due to the high buffer capacity of the soil (Mam Rasul,2000 and Salih
,2008). Ayres and Westcot ;(1976) indicated to an increace in soil salinity in case of using
bad water quality, the salinity of soil increases when the water takes by plant from the soil.
An increase in water salinity would cause an increase in osmotic pressure of the soil
solution, causing reduces in availability of water for plant (Rijtema,1981). The increase in
ECi, of irrigation water from 0.37 to 0.94 dS m™ caused an increase in EC, of soil extract
from 0.55 to 2.65 dS m™ (Mam Rasul,2000) .Salih (2008) studied effect of seven water
qualities having ECy, 0.42 to 5.65 dS m™ irrigation with these waters caused an increases in
(EC.) from 2.05 to 10.87 dS m™.

Kelly;(1963) found that if the concentration of Ca®" in irrigation water is equal or more
than 35% of total cations, it will replace sodium on the surface of soil particles.The results
showed an increase in exchangeable sodium percentage due to increases in sodium percent to
calcium in irrigation water(Hamdi et al. 1966) .The investigations on the effect of water
quality of well water in Erbil plain on some chemical properties of soil under supplementary
irrigation condition found the high significant correlation between the concentration of
cations and anions in irrigation water and saturated soil extract, the results also showed that
the ionic composition of saturated soil extract is similar to the ionic composition of irrigation
water (Esmai ; (1986) , Al-Azawi ; (1986) , Esmail ;(1996). Mam Rasul ;(2000), Salih
;(2008) , Abdul Amer et al; (1987) found the significant correlation coefficients (r)
between the concentration of ( Ca?*, Mg®*, K* and Na") in soil extract and concentration of
them in irrigation water. The mean values of (r) were ( 0.967 , 0.9517, 0.994", 0.977")
for the above cations respectively.

This investigation was conducted to study:

1. The effect of chemical composition of irrigation water on chemical properties of two
different textured soils.

2. The effect of chemical composition of irrigation water on growth and nutrient uptake of
corn plant.

Materials and methods
Water sampling:

Water samples were collected from six locations at Arbil plain which included 6 wells
(Figure,1) and (Table,1), water samples were taken at each location for chemical analysis
according to APHA (1989). The chemical properties of the studied water were shown in
(Table, 2).
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Water, soil and plant analysis:

Some chemical properties of soil, water and plant were analyzed weekly depending on
methods mentioned in APHA;(1989), Black;(1980),Gupta;(2006)

Table (1) The Global Positioning System (GPS) readings for the studied locations of
wells and soils.

Elevation (G.P.S.) Reading

Kuchablbas 398 350309 44’0109

Grdarasha 412 360649 44°00 41"
Bakrta 332 355703 43’5358~
Mnara 320 355749 43’5323

Well Locations

Makhmur 305 354654 43°36 05
Chakhmera 282 354700 43°4632°
Studied soils locations
Grdarasha 407 360649 44°00 47"

Zurgazraw 396 355419 43°49 45~

and Mostra and Roy ;(2008). Table (2 and 3) show the mean of water properties during the
study and initial soil properties respectively.
Pot experiment:

The pot experiment was conducted at the farm of the College of Agriculture, University
of Salahaddin at Grdarasha field ( G.P.S., N = 3606 49" , E = 44" 00 47 ), during (23/7/2009
to 3/10/2009) to study the effect of six water qualities having EC values (0.44, 0.50, 1.30,
1.37, 3.5 and 5 dS.m™), two different textured soils and their combination on some chemical
properties of soil and corn growth using factorial CRD with 3 replication.

Results and discussion

1- Effect of water quality, soil texture and their interaction on some chemical
properties of the soils

1-1-Hydroge ion potential (pH )

Table (4) shows that the water quality, soil type and their interaction did not affected
significantly (p < 0.01) on the soil pH after harvesting; this may be due to the high buffering
capacity of the studied soils. This result agree with those recorded by Mam Rasul;(2000),
Salih;(2008), AbdulAmer et al;(1987) and Esmail ;(1986).
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Table (3) Some physical and chemical properties of the soils before experiment.

Vol.(3) No.(2) 2012
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Table (4) Interaction
and soil texture (S) on pH
and EC (dS m™) of soil

ECat25C’
W, 760 | 7.20 740 | 1.25 | 3.12 2.19
W, 7.45 | 7.80 763 | 156 | 1.70 1.63 |
W, 7.40 | 7.30 735 | 212 | 250 2.31 |
W, 730 | 7.10 7.20 | 4.05 | 4.00 4.03
W-s 7.08 | 7.54 731 | 350 | 4.50 4.00
W; 715 | 7.30 7.23 | 9.30 | 850 8.90
Mean 7.33 7.37 7.35 3.63 | 4.05 3.84
L, W 0.05 0.03
S >
= S 0.02 0.01
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WS 0.08 0.05

1-2Electrical conductivity (EC).

Table (4) shows the significant differences at (p < 0.01) between all water qualities in their effect on electrical conductivity of soil
extract EC,, the highest mean value 8.90 dS m™ was recorded from Wz while the lowest value 1.63 dS m™ was obtained from Ws. In
general the increase in electrical conductivity of irrigation water EC;,, caused an increase in EC.. The correlation coefficient between
ECiwv and EC, was (r = 0.959**). This result is agreed with results reported by Mam Rasul (2000).

The soil texture affected significantly at a level of (p<0.01) on EC,, the highest value (4.05 dS m™) was recorded from S, while the
lowest value (3.63 dS m™) was recorded from S; , this may be due to the differences in initial EC of studied soils and the differences in
their chemical and physical properties (Table 3). The interaction between water quality and soil texture affected significantly (p < 0.01)
on the electrical conductivity of soil extract the highest value 9.30 dS m™ was recorded from the combination treatment W¢S; while the
lowest value 1.25 dS m™ was recorded from W;S;, this may be due to the difference in initial EC of studied soils and the quality of
applied water in irrigation (Table 2 and 3).

1-3- Soluble cations.
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The water quality affected significantly ( p <0.01 ) on the mean concentration of cations (Table,5) the highest concentrations (28.50,
15.61 and 45.00 ) mmol, L™ of Ca®*, Mg?* and Na" respectively, were recorded in treatment Wg however the highest concentration 0.45
mmol, L™ of K" was recorded from treatment W, while the lowest concentration 8.45 mmol, L™ of Ca®** was obtained from treatment
W4, and the lowest concentrations (2.55, 0.11, 4.38) mmol, L™ of Mg®* , K, Na*, were recorded from treatment W,.

Table:(5)Interaction effect of water quality (w) and soil texture (S) on concentration of cations in soil extract (mmol, L) after
harvest.

W S; S, Mean S; S, Mean S; S, Mean S, S, Mean

CaZ MgZ K Na®

W, 750 | 9.40 8.45 1.42 13.20 731 | 013|077 | 045 3.35 | 8.60 5.98
W, 8.88 | 10.20 9.54 3.10 2.00 255 |013]0.09| 0.11 405 | 4.70 4.38
W, 1150 | 6.40 8.95 3.10 8.00 555 |0.22]012| 0.17 5.10 | 10.00 7.55
W, 22.50 | 9.60 16.05 10.50 3.40 6.95 |0.17]0.08| 0.13 6.12 | 2430 | 15.21
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W5 16.00 | 14.40 | 15.20 10.20 | 11.60 | 10.90 | 0.20 | 0.09 | 0.15 9.30 | 19.50 | 14.40
W 27.00 | 30.00 | 28.50 1722 | 1400 | 1561 | 051|030 | 0.41 50.00 | 40.00 | 45.00
Mean | 15.56 | 13.33 | 14.45 7.59 8.70 815 |023]024| 0.24 12.99 | 17.85 | 15.42
0| 3 0.18 0.09 5.20 0.07

E

]

i » 0.08 0.04 2.24 0.03

>

£

= . 0.29 0.15 8.32 0.11

=

It means that in general an increase in concentration of cations in irrigation water caused an increase in their concentration in soil
extract, these results are similar to those recorded by Esmail ;(1992) and Salih ;(2008). In general the soil texture affected significantly
on the mean concentration of cations at (p < 0.01) the highest value 15.56 mmol, L™ of Ca** was recorded from treatment S;, while the
highest values ( 8.70, 0.24, 17.85 ) mmol. L™ of Mg* , K* and Na* were recorded from treatment S, , and the lowest concentration of
Ca*" ( 13.33 mmol, L) was recorded at S, and the lowest concentration of Mg?*, K* and Na* (7.59, 0.23, 12.99) mmol, L™ were
recorded from treatment S;. The highest value of Ca®" was recorded in S; in spite of the low initial concentration of Ca* in this soil
comparing with S,, this may be due to the higher amount of applied water in S; comparing with S, in additional to the higher CaCO;
content of S,. while the behavior of Na* was differ from Ca* since the higher Na* concentration, SAR, Adj. SAR and Adj. RNa values
were recorded in S; (Table,3), this explain that the behavior of Na* is differ from Ca**, and may be due to the difference in chemical and
physical properties of S; and S, the similar results were recorded by Salih ;(2008).

The interaction between water quality and soil texture affected significantly (p<0.01) on concentration of cations in soil extract, the
highest concentration 30.00 mmol, L of Ca?* was recorded from treatment combination WS, and the highest concentration (17.22 and
50.00) mmol, L* of both Mg2+ and Na" were recorded from W,S,,while the lowest concentration (6.40 mmol, L'l) of Ca®* was recorded
from treatment combination W3S, and the lowest concentration ( 1.42 and 3.35 ) mmol, L of both Mg2+ and Na* were recorded at
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treatment combination W;S;, and the lowest concentration ( 0.08 mmol, L'l) of K™ was recorded from W,S, (Table,5). This may be due
to the initial concentration of cations in soil and it 's concentrations in irrigation water (Table, 2 and 3), for example the concentration of
Mg?* and Na* in each of Wy, W, and S, were less than the concentration of them in other water quality and soils, for this reason, the
interaction between W and S created various conditions for accumulation of cations in low or high concentration, this may be due to the
role of the type of clay minerals in the studied soils, in additional to the differences between chemical and physical properties of S; and
S, (Table,3). These results are similar to those recorded by Esmail ;(1986) and Salih ;(2008).

1-4- Soluble anions.

The water quality affected significantly at (p < 0.01) on the mean concentration of anions (Table,6 ) the highest concentration (7.78
mmolc L™) of CI" was recorded from treatment W,, while the highest concentrations ( 8.28, 78.96 and 0.70 ) mmolc L™ of HCO3, SO,*
and NO5 were recorded from treatment W6 respectively and the highest concentration (4.44 pg ml™) of P was recorded from Ws. While
the lowest concentration (1.65 and 11.63) mmolc.L™ of both CI" and SO, and (3.74 pg ml™) of P were recorded at treatment W,, and
the lowest concentration (3.05 and 0.45) mmolc L™ of both HCO; and NOj; were recorded from Wy, in general the increase in
concentration of anions in irrigation water caused an increase in their concentration in soil extract (Table, 2). The similar results were
recorded by Mam Rasul ;(2000), Mustafa et al;(2004) and Salih ;(2008).

The soil texture affected significantly on the mean concentration of anions at (p <0.01) the highest values 4.13 pg ml™ of P, ( 5.54
,6.27 and 0.73) mmol, L™ of P, CI', HCO3, NO3, were recorded at treatment S; respectively, while the highest value (33.92) mmol, L™
of SO,* was recorded from treatment S,.The lowest concentration 4.01 pg ml™ of P and (3.04, 3.18, 0.42 ) mmol, L™ of (CI, HCO,
and NO';) were recorded in treatment S, , while the lowest value (24.55 ) mmol, L™ of SO,* was recorded from treatment S;, this may
be due to the initial concentration of anions, and the ratio between the chemical composition of the soil extract in studied soils. The
similar results were obtained by Salih ;(2008) , Mam Rasul ;(2000) and Mostra et al ;(2008). In additional to the effect of different
textured soils on the amount of required water to reach the soil moisture to the field capacity.

The interaction between water quality and soil texture affected significantly (p<0.01) on the concentration of anions in soil extract,
the highest values ( 13.35, 0.88) mmol.L™ of CIand NO5 were recorded from treatment combination W,S;,while the highest value ( 8.65
and 85.54) ) mmol, L of HCOsand SO,* were recorded at treatment combination WS, and the highest value 4.78 ug ml™ of P was
recorded at treatment combination W5S,,while the lowest values (0.51, 1.90, 7.75, 0.32) mmol, L*and 3.5 Hg ml™? of CI', HCO;', SO,%,
NO’; and P were recorded in treatment combinations WgS; ,\W5sS, , W1S1, W5S,, W5S, and W5sS, this may be due to initial concentration
of anions in different water qualities and textured soils (Table ,2 and 3) similar results were recorded by Mustafa et al.;(2004).
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Table (6) Interaction effect of water quality (w) and soil texture (S) on concentration of anions in soil extract after harvest.

'H -

Mea mean
mean

Vol.(3) No.(2) 2012

w
mmolc L P ugml?
W, 130 | 3.80| 255 |335| 2.75 3.05 7.75 | 2542 | 16.59 | 049 | 0.41 045 [ 4.06 | 4.22 | 4.14
W, 150 | 1.80 | 1.65 | 450 | 2.10 3.30 | 10.16 | 13.09 | 11.63 | 0.65 | 0.53 0.59 |3.89|3.59 | 3.74
W3 440 | 340 | 390 |6.50| 2.10 4.30 9.02 | 19.02 | 14.02 | 0.70 | 0.32 0.51 |4.10|4.78 | 4.44
W, 1335|220 778 | 7.10 | 2.30 470 | 18.84 | 32.89 | 25.87 | 0.88 | 0.38 0.63 | 4.20|4.38 | 4.29
W; 12.20|3.00 | 7.60 | 750 | 1.90 4,70 | 16.00 | 40.69 | 28.35 | 0.80 | 0.33 0.57 | 4.18 |3.50 | 3.84
W 051 [4.02| 2.27 | 865 | 7.90 8.28 | 8554|7238 | 7896 | 0.84 | 0.56 0.70 | 4.35]|3.59 | 3.97
mean 554 |3.04 | 429 |6.27 | 3.18 472 | 2455|3392 |29.23 | 0.73 | 0.42 0.57 | 4.13|4.01 | 4.07
o w 0.03 0.11 0.21 0.04 0.03
=)
3 0.01 0.05 0.09 0.01 0.01
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Vol.(3) No.(2) 2012

WS

0.04

0.18

0.33

0.04

0.05
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2-Effect of water quality, different soil texture and their interaction on concentration of some ions and chlorophyll content in
corn plant:

The water quality affected significantly (p < 0.01) on concentration of cations in dry matter as shown in Table (7). The highest mean
values 3.62 and 2.45 mg g™ dry matter of both Ca?** and Mg*, were recorded in Ws, while the lowest values of both of them 1.66 and
1.37 mg g™ dry matter, and were recorded from W,. This may be due to chemical composition of the irrigation water for example, the
highest concentration of Ca?* and Mg®* were recorded in treatment W, comparing with most of studied water qualities (Table,2). On the
other hand the highest dry weight of plant was recorded from treatment Wy comparing with most other treatments. This means that the
highest concentration of cations were not attributed to the dilution effect. The lowest value of Ca** and, Na* and K* may be due to the
imbalance among ions in soil media then in the plant (Mustafa et al.;(2004)).

As appear from table (7) the soil texture affected at (p < 0.01) the calcium concentration in the plant, the highest mean value 2.59
mg g™ was recorded from S;, while the lowest mean value 2.44 mg g recorded from S, and the highest mean value (1.73 mg g™*) of
Mg** recorded from S,, while the lowest value 1.68 mg g™ recorded from S, this is due to the dilution effect, since the concentration of
Ca" in corn after harvest in soil S; was higher than S,, however its concentration in plant grown in S; was lower than those grown in S..
These explain the role of dilution effect; the different behaviors of water qualities in soil and their effect on nutrient concentration in
plant.

The interaction between water quality and soil texture affected significantly (p< 0.01) on concentration of cations in corn, the highest
concentration 3.88 and 2.79 mg g* for both Ca** and Mg®* were recorded from treatment combination WS, while the lowest
concentration 1.23 mg g for Ca** was recorded from treatment combination W,S; and the lowest concentration 1.05 mg g* for Mg**
recorded from treatment combination W,S;.This may be due to the initial concentration of cations in soils and concentration of them in
irrigation water (Tables 2 and 3).
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Table (7) Interaction effect of water quality and soil texture on cations concentration of corn.

W=Water CaZ Mo™

quality mg g

Table (8) shows the significant effect (p < 0.01) of water quality on CI” concentration in plant. The highest mean value (3.97mg g™)
of CI was recorded from treatment W, and the lowest value of 1.13 mg g™ was recorded from treatment W, this may be due to the
highest concentration of CI" in W (Table,2 ) similar results recorded by Mam Rasul; (2000) and Salih; (2008).

The soil texture affected significantly at (p < 0.01) on CI” concentration in corn plant and the highest mean value (3.00 mg g™) of CI
found in corn plants grown in treatment S;, this may be due to the initial CI" concentration of S; (Table, 3), While the lowest values
(1.94 mg g*) of Cl was recorded in S, this is due to the highest Mg**/Ca®* in treatment S, and the balance between CI” and SO,* (Table,
3), these results agree with those recorded by Salih; (2008) and Esmail; (1992).
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The interaction between water quality and soil texture affected significantly (p< 0.01) on concentration of anions in corn plants, the
highest value (6.93 mg g') of CI" was recorded from treatment combination W,S;, while the lowest values (1.02 mg g* ) of CI" was
recorded from treatment combination WsS,, This may be due to the initial concentration of anions in soils and concentration of them in
irrigation water (Table 2 and 3).
Table (8) shows that the water quality, soil type and their interaction did not affected significantly (p <0.01) on concentration of P in
the plant this due to high concentration of CaCO; and pH in the soil that reduced the availability of P in soil.

Table (8) Interaction effect of water quality (W) and soil texture (S) on anions concentration of corn plants.

-
=Water -
ity < | F N |
1.89 |201| 1.95
2.01 (2.14| 2.08
128 |1.86| 1.57
1.16 |155| 1.36
1.27 | 158 | 1.43
1.02 |143| 1.23
144 |1.76| 1.60
0.04
0.02

0.06

The soil texture affected significantly at (p < 0.01) on the nitrogen concentration in corn plants, the highest mean value (1.76 mg g
Yof nitrogen was recorded from treatment S, , while the lowest value (1.44) mg g* of nitrogen was recorded from S;, at the same time
the highest mean values of Chlorophyll a, b (7.70 and 5.17) mg.100g™* were recorded in S, and the lowest value (6.95 and 2.78) mg/100g
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were recorded in S; (Table,9) this may be due to the differences in NOj3™ concentration in the studied soils and waters (Table, 3) in
additional to the variation between chemical composition of water and soil solution, the similar results were recorded by Salih; (2008).

The interaction between water quality and soil texture affected significantly at (p < 0.01) on concentration of nitrogen in corn plants,
the highest value (2.14 mg g") of nitrogen was recorded in treatment combination W,S,, while the lowest value (1.02 mg g™*) of nitrogen
was recorded in treatment combination WgS;, This is due to the initial concentration of anions in soils and its concentration in irrigation
water.

Table:(9) Interaction effect of water quality (w) and soil textured on chlorophyll content of corn plants.

soraure and tar W=Water intoroetion on dry.
texture and their quality ' ' = ' interaction on dry
weight of corn planta.

Table (10) shows the
water quality at (p <
of plant, the highest
was  recorded  from
lowest value 38.27 mg
treatment W,, this due to
composition of irrigation

significant  effect  of
0.01) on the dry weight
values 50.94 mg pot ™
treatment Wy and the
pot ! was recorded from
the chemical
water.

The soil  texture
< 0.01) on the dry weight
values 78.57 mg pot *
while the lowest values
recorded from S, this

affected significantly (p
of plant, the highest
was recorded from Sj,
9.80 mg pot * was

may be due to the
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differences in the physical
the soils.

The interaction between
texture affected

the dry weight of plant , the |
1 was recorded from |

WeS;: , while the lowest
recorded from treatment
results were obtained by
(1997).

Table (10)Interaction effect of water quality (w) and soil texture(s) on dry weight of corn plants.

W=water
quality

Sz

dry weight mg Pot™

87.29

9.28

48.28

W, 74.75 11.58 43.17
W3 76.67 9.08 42.88
W, 66.55 9.99 38.27

39
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and chemical properties of

water quality and soil
significantly at (p< 0.01) on
highest values 93.14 mg pot
treatment combination
values 8.74 mg pot * was

combinationWgS,,similar
Salih; (2008) and Dohuki;
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W5 73.01 10.11 41.56
Ws 93.14 8.74 50.94
Mean 78.57 9.80 4418

g W 17.15

2| s 7.38

=] g :

= WS 27.42
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