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IRRIGATION ENGINEERING, WATER MANAGEMENT AND AGROPHYSICS

The effect of irrigation water
quality on the growth

of maize plants, electric
conductivity and pH of the soil

ABSTRAC

The research aims to determine the response of the Maize crop to irrigation with salt
water during the growth stages, and to study the accumulation of salts in the soil, the
degree of their interaction, and the efficiency of water use.

Three types of irrigation water with salt concentrations (1.5, 4.5, 6.5) dSm™" with three
replicates for every kind water. The Randomized Complete Blocks Design was used in
the experiment, and it was statistically analyzed using SPSS. Statistically significant
differences were found at the 5% level according to Duncan's method. Statistical
analysis showed that there were significant differences attributed to the salinity of irri-
gation water at the level of 4.5 dsm™ (T2), which caused about 50% damage in plant
height, root growth, leaf area per cob length, weight of 500 seeds, grain yield, and soil.
Compared to salinity if irrigated with 1.5 dsm™ (T1) salinity of river water. Using water
with a salinity of 6.5 dsm™ (T3) as wastewater resulted in a reduction of all apparent
plant characteristics by 75%. An increase in soil salinity was also observed at the end
of the experiment compared to its salinity at the beginning of the experiment, and this
damage increases with an increase in the electrical conductivity of the water used in
irrigation operations. It has been observed that soil PH decreases with increasing soil
salinity.
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BnngHme ka4yecTBa NoavBHOW
BOZbl HA POCT PACTEHN KYKYPY3bl,
3NeKTPONpPOBOAHOCTL U PH NnoyBbI

PE3IOME

Llenbio uccnefoBaHui ABRsSieTCS onpeaeneHne peakuuMn KyKypy3bl Ha opoLieHue
coneHol BOAOMW Ha aTanax pocTa, U3y4yeHue HaKoMseHUs coflieil B NoyBe, CTeneHu ux
B3aumogencTBusa u ahpeKTUBHOCTU UCMONb30BaHUA BOAbI.

Wcnonb3oBanu Tpu TMna NonuBHOW BoAbl ¢ coaepxaHuem conen 1,5, 4,5, n 6,5 dSm™
B TpeXx NOBTOPHOCTAX AN KaxAoro Buaa BoAbl. B akcnepumeHTe npuMeHsinu paHpo-
MU3UPOBaHHbIA AU3alH MOJIHbIX GNIOKOB, KOTOPbIW OblN CTaTUCTUUYECKU NPOAHANU3U-
poBaH c ucnonb3oBaHnem SPSS. CTaTucTMYeCKM 3HAUYMMbIE pa3nuynusa 6bInm obHapy-
eHbl Ha ypoBHe 5% no metoay [lyHkaHa. CTaTUCTUYECKMIN aHanuU3 nokasan, 4To cylje-
CTBYIOT 3HayuTeslbHble Pa3fnyus, CBfA3aHHble C CONEHOCTbI MONIMBHON BOAbLI Ha
ypoBHe 4,5 dSm™ (T2), 4To npuBOAUT K NpUMepHO 50% CHUXEHUIO BbICOThLI PacTeHUN,
YMeHbLUEeHU0 pocTa KOpHeN, nnowaamn NMcTbeB, ANUHbLI NoYaTka, Macckl 500 cemsiH,
YPOXalHOCTU 3epHa U YXYAWEHWIO MOYBbLI MO CPAaBHEHWUID C MUHepanusauuen npu
opouieHUU comneHocTbio peyHon Bogbl 1,5 dSm™ (T1). Ucnonb3oBaHWe B kayecTBe
nonuBHOW BoAbl C MMHepanu3auunen 6,5 dSm™ (T3) npuBeno k CHUXKEHMIO BCex BUAU-
MbIX XapaKTepPUCTUK pacTeHuUh Ha 75%. B KOHLle akcnepuMeHTa TaKxe Habnwaanocb
yBenuyeHne 3acofieHMsl NoYBbl N0 CPAaBHEHUI C ee 3acOofIeHWeM B Hayane 3akcnepu-
MeHTa, NpuYeM 3TOT ywep6 yBenuuMBaeTCcsi C yBerIMYEHUEM 3EKTPONPOBOAHOCTHU
BOAbI, UICMONb3YeMON B OPOCUTENbHbIX cucTemax. Bbino 3ameyeHo, 4yto pH noyBkbI
CHMXAeTCA ¢ yBeNIMYEHUEM 3aCONEeHUs NOYBbI.

KINOYEBBIE CJTIOBA:

KyKypy3a, MOfMBHas BOAA, CONIEHOCTb BOAbl, (heHOTUNUYECKMEe XapaKTepPUCTUKM,
3h(heKTUBHOCTb UCNONb30BaHUS BOAbI
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Introduction
Year after year, the need for irrigation water increases
until it has become a restriction for agriculture, at a
time when there is waste in water use.

The priority was to think about investing in limited water and
even using salt water in agriculture, even though Ayers and
Westcott [1] classified wastewater as salty. 3.5 dSm ', consid-
ering that it is highly salty water, but it is used in agriculture,
which causes the soil salinity to rise up to 4.9 dSm™'.

Fahd et al. [2] indicated the possibility of irrigating yellow
maize crops with salt water depending on the stages of
growth and its effect on the plant and the accumulation of
salts, while Al-Saadawi, and Dahash [3] showed the response
of irrigating different types of barley with salt water during dif-
ferent growth stages and the importance of adding salt irriga-
tion water. During growth stages that are not sensitive to salin-
ity, as the germination and emergence stage is the most sen-
sitive stage to salinity for most crops.

Shaaban, et al. [4] studied the effect of different quantities
and types of irrigation water on the growth and composition of
maize and the distribution of some ions in the soil and found a
significant decrease in the absorption of iron, zinc and man-
ganese in plants irrigated with salt water.

Douri [5] indicated that high salinity of irrigation water led to
an increase in salt accumulation in the soil, an increase in the
concentration of sodium, calcium and magnesium ions in the
soil solution and a significant decrease in growth and develop-
ment plants.

As for Al-Helou et al [6] it was shown that the accumulation
of salts in the soil leads to an increase in total dissolved salts
(TDS) during irrigation, which lead to a negative impact on
plant growth and had a negative impact on agricultural pro-
duction, and this is as shown by Al-Rubaie et al. [7] therefore,
the soil must be washed after harvesting.

The research aims to determine the response of the Maize
crop to irrigation with salt water during the growth stages, and
to study the accumulation of salts in the soil, the degree of
their interaction, and the efficiency of water use.

Materials and Methods

The experiment was carried out at Al-Dabouni Research
Station located in the Al-Aziziya district at longitude: 45°.063
and latitude 32°.9107

It is bordered to the south by Wasit Governorate, 90 km
away, to the north by Baghdad Governorate, 120 km away. It
is bordered to the east by Diyala Governorate, 30 km away,
and to the west, by Babylon Governorate, 90 km away.

Soil samples were taken to depths of 0-25 cm to determine
some chemical and physical soil properties, to grow a plant
(Zea mays) in the fall season of 2023 in soil woven with Silt
Loam.

The average soil electrical conductivity was 2.4 dSm" and
its pH reaction was 7.4. Maize was grown in conditions of the
first three three water treatments (salt water mixed with irriga-
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tion water to have an electrical conductivity of 4.5) dSm

The second treatment: (water, salinity more than 6.5
dSm), the third treatment (river water, salinity 1.5
dSm").Each irrigation treatment was repeated three times.

The land was prepared by plowing, leveling and fertilizing
according to the recommendations of specialists. Local corn
seeds planted in plank method (m x m) with 50cm lines
between line and line.

A seed bed dug 5cm deep and the distance between one
bed and another was 20 cm.

That is 15 plants per square meter, every seed that was
planted, and after growth, one of them was removed.

The first irrigation for all treatments was done with river
water only.

Subsequent irrigations were performed with water with an
electrical conductivity of 4.5 dSm'and 6.5 dSm'..The control
sample was irrigated with water of 1.5 dSm' conductivity

It gave 8 irrigations within 115 days (corn life) starting from
planting on 8/27/2023.

Eight irrigations were carried out within 115 days of the
corn life, starting from planting on August 27, 2023, at a rate
of three plantings per square meter for each type of irrigation
water.

Statistical analysis:

The research was designed according to randomized com-
plete blocks (RCBD) of three water treatments with three
replicates for each treatment.

Table 1. Some physical and chemical characteristics
of the soil used in the study

Table 2. Mineral composition, pH and electrical conductivity (EC) of irrigation water before planting

Cl-
o HCO; S04- :
Irrigation water mmol L' el L mmol L~
Drainage water 8.5 8.7 15.8
River water 29 4.6 4.7

Adjective Value
pH 7.40
EC Dsm" 240
Cat++ 3.67
Mg++ 0.89
Na+ 2.4
The dli\::lgllvfg ions K+ 035
Cl- 1.24
SOy~ 5.26
HCO;- 223
Sand 302
Soil separators g kg silt 460
clay 233
Na+ Mg++ Ca++ EC
mmol L~ mmol L' mmol L' pH dSm"
13.1 8.2 6.2 7.6 6.5
6.3 2.7 5.1 7.8 1.5
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Table 3. ANOVA explained sun of squares ,mean square and significance’

Sum of Squares
Between Groups 21650.000
Plant height Within Groups 2100.000
Total 23750.000
Between Groups 302.000
Root length Within Groups 24.000
Total 326.000
Between Groups 122.000
Ear lenth Within Groups 10.000
Total 132.000
Between Groups 39920000.000
Leaf area Within Groups 960000.000
Total 40880000.000
Between Groups 10338.000
500 grain weight Within Groups 1234.000
Total 11572.000
Between Groups 9.389
Grain yield Within Groups 1.507
Total 10.896
Between Groups 24.500
EC Within Groups 1.240
Total 25.740
Between Groups .740
PH Within Groups 100
Total .840

SPSS statistical analysis was conducted and significant dif-
ferences were found at the probability level of 0.05, using
Duncan’s method.

Results and Discussion

Plant growth and salt accumulation were monitored
after harvest. The results showed significant differences
at the 5% level in plant height, root length, Ear length,
leaf area, 500 grains weight, yield, and soil salinity.

Plant height (cm)

Mean height of plants supplied with low conductivity
water measured after harvesting reached 190 cm.
Appropriate decrease in plant height was registered with
the increase of water salinity, mean value reaching 135
cm at 4.5 dSm' water conductivity (T2).

The reason for this decrease is a negative effect of
continued irrigation with salt water during the growing
season.

High salinity water (EC 6.5 dSm™') reduced plant
height of the plants up to 70 cm with T1 treatment.

df Mean Square F Sig.
2 10825.000 30.929 .001
6 350.000

8

2 151.000 37.750 .000
6 4.000

8

2 61.000 36.600 .000
6 1.667

8

2 19960000.000 124.750 .000
6 160000.000

8

2 4.694 18.695 .003
6 .251

8

2 12.250 59.274 .000
6 .207

8

2 .370 22.200 .002
6 .017

8

2

6

8

The phenomenon was consistent with the results of
Monowara and Khatun [8] on the effect of salt water on
plant height. Fernandez-Ballester [9] also indicated the
growth inhibition effect of salt water.

Salt stress also leads to a decrease in the production
of DNA that participates in leaves production.

According to Abboud, Hadi Yasser and Riad Abdel
Zaid [10] maize plant irrigation with different water elec-
trical conductivity from 1.8 to 3, 4.5, and 6 dSm™" result-
ed in a decrease of maize height from 87 cm to 73.96,
68, 51, 59.72 cm, respectively.

Root length (cm)

The results showed that roots were significantly affect-
ed by high salty irrigation water (T3) characterized by
root length of 14 cm, while river water sample (T1) pro-
duced root length of 32 cm, and in T2 case the root
length was 23 cm.

Thus, percentage decrease of root length in T2 and T3
conditions reached 28.1 % and 56.25 % for T2 and T3
conditions compared to T1.

Table 4. The effect of irrigation water quality on the phenotypic characteristics of Maize and soil salinity and pH

Plant Root Ear
Irrigation treatments height length height
(cm) (cm) (cm)
River water 1.5 dSm™(T1) 190* 28* 20*
River water 4.5 dSm™ (T2) 135 23 16
River water 6.5 dSm™ (T3) 70 14 11

* significant differences at a probability P<0.05

Leaf 500 grain -

o W?E%h‘ (\t(.llfeiq) (dISEr?l") PH
8000* 153* 6.0* 45 7.8*
4400 110 4.8 6.0 74
3000 70 85 8.5% 71
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Water salinity is known to cause a decrease in water absorp-
tion and seed imbibition and slow seed transformation during
germination, in addition to inhibiting division and elongation
processes due to salts [11].

Ear height (cm)

Accordingly Ear length decreased due to water salinity
reaching 20% in T2 treatment and 45% in T3 treatment com-
pared to river water application (T1).

The reason may be that salinity inhibits the process of pho-
tosynthesis and the manufacture of carbohydrates, which neg-
atively affects cell division and plant growth [12].

Leaf Area (cm?)

The leaf area was measured before the harvesting stage
according to the following equation:

Leaf area (cm?) = leaf length x maximum width x 0.75
Correction factor: 0.75 [13]. Plants under T3 treatment
demonstrated a 62.5% decrease of leaf area compared to
T1 conditions which was in accordance with the observation
of leaf chlorophyll content decrease with increasing levels of
salinity due to osmotic pressure and the toxic effect of salin-
ity.

This is consistent with the opinion of Bouchareb [14] that
the decrease in the total leaf area may be due to the
decrease in the number of leaves and their lack of expansion
with increasing salinity and lack of irrigation.

The expansion of leaf area depends on leaf swelling, tem-
perature, and drought which lead to a reduction in leaf area
as a result of the inhibition of leaf expansion during a decline
in the photosynthesis process .

leaf during a decline in the photosynthesis process, and
this is consistent with the results of Al-Azzawi [15]. The RNA
content of leaves decreases when salinity levels rise from
(1.9-17.9dSm'[16].

500 grain weight (g)

Statistical analysis indicates that there is a significant dif-
ference when treated with irrigation with river water (T1) with
a value of 153 grams, while the treatment with irrigation with
drainage water (T3) was 70 grams, meaning that the weight
of 500 seeds decreased by an estimated rate of 54.2%,
while the treatment with river water mixed with drainage
water (T2) gave a value of 110 grams (28.1%)..

This decrease is caused by the salinity of irrigation water,
which affected the growth of the dry matter of the grains.

It can be noted that the convergence between the
decrease in yield and the decrease of approximately 500
grains is less than 50%.

Grain yield (t.ha")

The highest grain yield reached 6 t.ha' for T1 treatment
which is significantly higher than for T2 (4.8 t.ha') and T3
treatments (3.5 t.ha') and this indicates the importance of
providing fresh water in agriculture or performing soil wash-
ing operations after the planting season. Accordingly grain
yield decrease reached 20% and 41.7% for T2 and T3 con-
ditions.

The results were consistent with the data of Malash, et al.
[17] and Bouchareb [14] who demonstrated a 20%
decrease in corn grain yield by using different salinity levels
of water between 3-4.5 dSm™'.

MEJTIMOPALMA, BOOHOE XO3ANCTBO N ATPODUNIUNKA

Soil analysis after the experiment

Salt accumulation in soil

The average soil salinity before planting was 4.2 dSm'' for
depth 0-25 cm increasing up t0 4.50 dSm'in T1, 6.00 dSm" at
T2 and 8.50 dSm" at T3 salinity levels which corresponds to a
50% increase of soil salinity at the end of the season and indi-
cates significant salt accumulation at the end of the agricultural
season and the necessity of soil washing process application.

There is a strong positive moral correlation between the salin-
ity of the soil after irrigation with salty water and the ions of sodi-
um and magnesium in comparison to calcium, because these
ions are the basis for raising the salinity of the soil.

This result was proven by Hadithi et al. [12] when they
said that increasing the salinity of irrigation water from 1.2 to
4 and 8 dSm ' led to an increase in soil salinity after harvest
from 4.77 t0 8.20 and 13.96 dSm ', respectively.

Furthermore, a negative relationship between pH and the
salinity level was recorded by Al-Azzawi [15].

In a whole, it seems obvious that the soil characteristics are
most affected by the quality of irrigation water and the most rapid
changes are the chemical characteristics of the soil such as elec-
trical conductivity (EC) and the degree of soil interaction (pH).

Irrigation with salty water led to an increase in the concentra-
tion of sodium and magnesium after the experiment
(8.33),(1.58) (mmolL') compared tp the initial concentrations of
sodium (2.41 mmolL') and magnesium (0.89, mmolL").In our
trial calcium concentration increased from 3.67 mmol L' to 5.48
mmol L' which was in agreement with Abdal Majeed, et al. [18]
who demonstrated that salty water utilization led to a reduction in
the saturated water conductivity of the surface soil layer by
15.2% compared to river water application which maintained the
level of water conductivity ,the phenomenon is connected with
the increased concentration of sodium and magnesium com-
pared to calcium, and the dispersion of soil particles and
decreased permeability.

Soil pH

The results of the analysis after harvest showed a decrease of
pH in soil which was irrigated with T3 drainage water, so it was
7.1, while the degree of soil interaction in the soil that was
irrigated with T1 river water was 7.8.

As for the soil that was irrigated with the T2 treatment, its
pHwas 7.4.

PH decrease with increasing water salinity concentration
is known as a dilution effect. The reason is that cations of
high concentration of salts exchange with hydrogen bound
to the surface of soil particles [19].

The concentration of ions increased with increasing mixing
with drainage water, especially for the first depth, 0-30 cm.

It is also noted that the concentration of calcium, sodi-
um, and sulfate ions increases with the increase of the
drainage water application

Conclusion

The greater salinity of the irrigation water, the lower the
plant production of the corn plant and the greater the accu-
mulation of salts in the soil. Increasing the salinity of the irri-
gation water from 1.5t0 4.5 dSm ' will decrease production
to 50%. If they use water with a salinity of more than 6.5
dSm', the production will decrease to 75%. Production is
100% at the water salinity level of 1.5 dSm'.

This result applies to the soil, as the salinity of the irriga-
tion water increases, the salinity of the soil will increase.
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Recommendations

The use of salt water, although important in reducing the
use of fresh water, effectively causes an increase in soil salin-
ity, so we advise against expanding the use of irrigation water
if its conductivity is 6 dsm-.

Drainage water may have a small effect on corn plants, but
its effect on soil properties is significant.

Therefore, we recommend using organic fertilization
because of its importance in reducing soil salinity.
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