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plant roots receive air and water simultaneously. The objective of this
research was to study the effect of two surfactants and certain ratios
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E- . E Matherials and Methods: Two non-ionic surfactants, namely, Triton
X-100 and Tween 80, and three mixtures of them with different ratios
including 2:1, 1:1, and 1:2 were added to irrigation water and the
E results were compared to the case where no surfactant was used. For
statistical analysis of data, the Kolmogorov-Smirnov and Friedman
DOI:10.30495 /wej.2021.4585 tests along with Christiansen Uniformity Coefficient were used.
Findings: In the absence of surfactants, Christiansen uniformity
coefficient (CUC) for emitter air flow rates was -67 percent. The
relative increase in CUC, when Triton X-100, Tween 80, and the ratios
2:1, 1:1, and 1:2 were applied, amounted to 211, 162, 210, 213, and
206 percent, respectively.
Conclusion: The results of this research clearly indicates that
application of surfactant mixtures with synergic interaction will
effectively enhance distribution uniformity of emitter air flow rates.
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Extended Abstract

Introduction

Over the recent decades a variety of
methods, including ozone injection (1),
addition of hydrogen peroxide to irrigation
water (2) and connection of an air injector
venturi to the subsurface drip irrigation
(known as oxygation) have been invented to
supply sufficient oxygen to the plant root
zone. Initial studies on the oxygation method
revealed that emitter airflow rates (EAFR)
are non-uniformly distributed along the
lateral pipes (5). The objective of this
research was to study the effect of two types
of non-ionic surfactants and three ratios of
them on the uniformity distribution of
EAFRs along lateral pipes in an oxygation
system.

Materials and Methods

The oxygation system consisted of a 100-L
water tank connected in series to an electric
centrifugal pump and a 51-m-long low-
density polyethylene irrigation pipe of 16
mm internal diameter, fitted with 49
pressure compensated pot emitters, each of
4.0 L h-1 flow rate. The emitters were 1 meter
apart across the pipe, such that the first
emitter was 2.6 m from the air injector
venturi. EAFRs were measured using the
method presented by Torabi et al. (5). Two
biodegradable non-ionic surfactants, Triton
X-100 and Twin 80 and three mixtures of
them at the ratios of 1:1, 1:2 (i.e. one-part
Triton X-100 to two parts Twin 80) and 2:1
were used in this study. The treatments were
denoted as Xo, Xi, Xos, Xo3z and Xose,
respectively, where the indices indicate the
mole fraction of Triton X-100 in the mixture.
The results were compared to the control
treatment (Xc), where no surfactant was
added to the aerated water. The EAFRs were
analyzed by Christiansen Uniformity
Coefficient (CUC), and Kolmogorov-Smirnov
(KS) and Friedman tests (p=0.05).

Findings

KS test was performed on EAFRs measured
from 17 emitters for treatments Xo, Xo.33, Xo.s,
X067, X1 and Xc. The calculated KS statics for
the said treatments were 0.924, 0.992, 0.996,
0.996, 0.996 and 0.941; indicating non-

normal distribution of the data at p=0.05.
Further analysis of the data by means of
Friedman test revealed significant difference
at p=0.05 among the treatments. The CUC of
EAFRs for X¢ was -67%, indicating a very
poor distribution of air bubbles along the
irrigation pipe. Contrasted to Xc the
calculated CUCs for Xo, X1, Xo.5, Xo0.33 and Xo.e7
were 41.3%, 74.4%, 75.5%, 70.9% and
73.8%, respectively.

Discussion

Careful examination of the EAFR data of the
control treatment suggest that the emitters
behave like fully open conduits when air
bubbles are available for discharge, despite
the fact that the emitters were pressure
compensated. It follows that emitters
located closer to the venturi will have access
to the majority of the air bubbles; whereas
emitters located far from the venturi will
have no or little access to air bubbles. The
reason could be explained by the extreme
difference between three main physical
properties of water and air. At standard
conditions, the density, dynamic viscosity
and modulus of elasticity of water are 1000
kg m=3, 1.002x10-3 kg m'! s-1 and 2.19 GPa,
respectively. For air, at standard conditions,
the foregoing parameters arel.29 kg m3,
1.781x105 kg m? st and 1.35x10* GPa,
respectively (26, 27). Addition of surfactant,
regardless of its type, to irrigation water,
significantly improved the calculated CUC of
EAFRs. This could be ascribed to the effect of
surfactants in reduction of water surface
tension (30), which leads to reduction in the
size of air bubbles (33), thereby preventing
them from coalescence (31, 32), and finally
reduction in the velocity rise of the air
bubbles (36) resulting in more uniform
distribution of them across the pipe cross
section. Addition of Triton X-100 and Tween
80 to water leads to reduction in water
surface tension of 38.1 and 18.8 mN m-,
respectively (34, 35). The measured critical
micelle concentration (CMC) for Xo33, Xos
and Xos7 were 0.0138, 0.0151 and 0.0282
mM, respectively (26). The corresponding
CMC values calculated by Clint’s equation
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were 0. 0161, 0.021 and 0.0304 mM,
respectively. A comparison between the
measured and the calculated CMCs for the
foregoing treatments revealed that the
behavior of the mixed surfactants was not
ideal. Moreover, the computed interaction
parameters for Xo33, Xos and Xo¢7 were -
2.539, -3.122 and -0.816, respectively. The
negative signs indicate synergic effect
between the two surfactants in the mixtures.
However, due to the small absolute values of
the interaction parameters, the synergic
effects were not strong. The activity
coefficients of Triton X-100 in the mixed
micelle for X0.33, X0.5 and X0.67 were 0.144,
0.142 and 0.544, respectively. The
corresponding values for Tween 80 for the
same treatments were 0.960, 0.871 and
0.985, respectively. Obviously, the activity
coefficients of Tween 80 were markedly
larger (close to wunity) than the
corresponding values for Triton X-100. This
explains the reason why addition of Triton X-
100 to the aerated water further improved
the CUC of EAFRs more than Tween 80 did.
It is worthy of note that the positive effect of
surfactants in improving accessibility of
distant emitters to air bubbles was
restricted to only 80% of the total length of
the irrigation pipe. Further analysis of this
finding requires precise measurement of the
injected air into the oxygation system to be
compared with the total volume of
discharged air from the emitters.

Conclusion

In the absence of surfactant, distribution of
EAFRs were extremely non - uniform.
Addition of surfactants to the aerated water
significantly improved CUC of the EAFRs.
The type and chemical composition of
surfactants will have crucial effect on the
resulting uniformity of air bubbles along an
irrigation pipe. There was a direct
relationship between water surface tension
and the uniformity of air bubble distribution.
In other words, addition of surfactant to
irrigation water led to a reduction in the
surface tension, which in return, resulted in
an increase in the number of air bubbles of
relatively small size. The reduction in the
diameter of air bubbles accordingly caused a

reduction in their rise velocity, thereby
improving accessibility of distant emitters to
air bubbles.
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