J\r" Irrigation Sciences and Engineering (JISE) Vol. 43, No. 2, Summer 2020, Original Paper, p. 63-76

Shahid Chamran
University of Ahvaz

EXTENDED ABSTRACT

Effects of soil covered by hydrophobic Zycosil on single and dual crop
coefficient of pepper (Capsicum annuum L..)

N. Nourmahnad

Assistant professor, Department of Agriculture, Payame Noor University, PO Box 19395-3697
Tehran, Iran. (Negar_Nourmahnad@yahoo.com).

Received: 29 December 2017 Revised: 26 June 2018 Accepted: 30 June 2018

Keywords:Evapotranspiration, Single crop coefficient, Water requirement, Growing period.
DOI: 10.22055/jise.2018.24667.1731.

Introduction

Prediction of plant water consumption in each growth stage plays an important role in soil and water
resources management and proper irrigation scheduling. The aim of this study was to determine the
amount of water requirement and crop coefficient of pepper in terms of soil coverage with different
amounts of Zycosil. This paper used the Kc procedure of FAO No. 56 (Allen et al. 1998) to obtain
single and dual crop coefficients of sweet pepper. The dual crop coefficient approach is more
complicated and requires more numerical calculations than the single crop coefficient approach. The
single crop coefficient is defined as the ratio of ET from crop to some reference ET as defined by
weather data. The dual crop coefficient has two fractions, one for crop transpiration, i.e., the basal crop
coefficient (Kc), and one for soil evaporation (K.). Basal crop coefficients, Kc, represent primarily
the transpiration component of ET and a small evaporation component from soil that is visibly dry at
the surface.

Methodology

Experimental treatments included 25, 50 and 75% of soil surface covered by Zycosil (ZY25, ZY50
and ZY75), which were compared with control (Ctrl). These treatments were used to investigate their
effects on water evaporation and single and dual crop coefficient of sweet pepper in Isfahan.

Single crop coefficient

The crop evapotranspiration (ET) is calculated by multiplying the reference crop evapotranspiration
(ET,) by a crop coefficient (Kc). In this way, evapotranspiration was measured daily by means of
micro-lysimeter. The reference ET, is defined and calculated using the FAO Penman-Monteith
equation,

_ETc
CET (1)

where ET. is crop evapotranspiration (mm d?), Kc is crop coefficient (dimensionless), and ET, is
reference crop evapotranspiration (mm d?).

Dual crop coefficient
In the dual crop coefficient approach, the effects of crop transpiration and soil evaporation are
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determined separately. Equation (2) can be used:

Ke =Kep +Ke 2)

The basal crop coefficient (Kcb) was determined in three stages (initial stage, mid-season stage and
end of the growth stage) according to procedure FAO No. 56 (Allen et al. 2005). The soil evaporation
coefficient (Ke) describes the evaporation component of ETc. Where the topsoil is wet, Ke is maximal.
Where the soil surface is dry, Ke is small and even zero when no water remains near the soil surface
for evaporation.

Results and Discussion

Based on the results obtained, the maximum evapotranspiration of pepper was observed in Ctrl. The
control treatment proved the maximum amount of water requirement. The lowest water requirement
(681.4 mm) was observed in ZY75 during this period. The lowest amount of crop coefficient amount
in all treatments was seen at the beginning of growth and the highest in the mid-season stage.
Comparison of treatments indicated that control treatment had the highest crop coefficient while ZY75
treatments had the lowest amount of crop coefficient at all stages of growth. In the case of Zycosil
covering, the amount of crop coefficient decreased by increasing the Zycosil level. To be more precise,
the amount of crop coefficient for ZY75 in the initial and development stages was about 60%, and in
the middle and end of stages was reduced by 70% and 87%, respectively.

After the planting and in the initiation of new leaves for perennials the crop coefficient (Kin;) is small.

This value was 0.33, 0.3, 0.27 and 0.2 in ctrl, Zy25, Zy50 and ZY75, respectively. The Kc begins to
increase from the initial Kc value and reaches a maximum value (Kc mid) at the time of maximum or
near maximum plant development. This value was 0.86, 0.82, 0.7 and 0.61 in ctrl, Zy25, Zy50 and
ZY'75, respectively. During the late season period, as leaves begin to grow old and senesce, the Kc
begins to decrease until it reaches a lower value at the end of the growing period equal to Kc.
The largest difference between K. and K¢ was found in the initial growth stage where
evapotranspiration was predominantly in the form of soil evaporation and crop transpiration was small.
Because crop canopies are near or at full ground cover during the mid-season stage, soil evaporation
beneath the canopy has less effect on crop evapotranspiration and the value for Kg, in the mid-season
stage will be approximately equal to K. The basal crop coefficient during the mid-season was 0.05-
0.10 lower than the K. value. By adding Zycosil to the soil surface, the difference between K¢ and K¢,
decreased at the beginning of the growth period compared to the control treatment. The maximum
evaporation coefficient of K. in Ctrl, ZY25, ZY50 and ZY75 was 1.53, 1.26, 0.88 and 0.46,
respectively.

Conclusion

Soil covered by Zycosil reduces the crop coefficient and evapotranspiration. Also, Ctrl treatment
showed the highest crop coefficient in all stages of growth. ZY75 treatment had the lowest crop
coefficient. Single crop coefficient and number of days after planting followed a specific trend in all
treatments so that in the initial growth stage Kc was small but increased with the approach to the middle
period and finally decreased again. This relationship was obtained in the form of quadratic polynomial
equation in all treatments.
At the beginning of the growth stage, in all treatments the basal crop coefficient and the dual crop
coefficient had the highest difference, and this difference (differences in Kcb and Kc) decreased by
adding Zycosil to the soil surface from about one to about 0.2.
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Table 1- Physical and chemical soil characteristics

Texture Sand Silt Clay Specific  Organic Field Porosity
e (%) (%) (%) density  matter  capacity
@rfem®) (%) (9r/gr)
Clay 28 34 38 2.23 3.52 0.30 0.58
loam
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Table 2- Meteorological data in the experimental area during the growth period

Date April 30 May 21 Jun2lto July22to  August 22 to September 22
to May 20  to 20 Jun July 21 August 21 September 21 to October 3
Mean temperature 21.3 24 27 24.3 194
0
Mean humidity 39.3 215 24.3 27.7 31.6
(%)
Precipitation 0.8 0 0 0 0
(mm)
Sunshine hours 8.8 115 10.5 9.8 9.0
Wind speed (m/s) 7.4 6.2 4.5 4.4 5.2
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Fig. 1- Calculated reference evapotranspiration by FAO Penman-Monteith method
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Table 3- Crop evapotranspiration in deferent treatments (mm/day)

Month ETc ETCzyos ETCzys0 ETCzy5
April 30 to May 20 3.2 3.10 2.64 2.25
May 21 to 20 Jun 5.12 412 4.21 3.46
Jun 21 to July 21 7.54 7.19 5.61 4.69
July 22 to August 21 8.11 8.12 6.35 5.07
August 22 to September 21 7.0 6.69 6.23 6.35
September 22 to October 3 4.89 4.83 4.37 4.29
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Table 4- Single crop coefficient in different periods

Growth period Kc KCayas KeCzso  Kezyrs
Primary 0.33 0.3 0.27 0.2
Development 0.46 035 0.32 0.27
Middle 0.86 0.82 0.70 0.61
Final 0.66 0.65 0.59 0.58
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Fig. 2- Single crop coefficient during the growing period in the control treatment
Al slogd 30 Wy 0398 Job 30 0k AL Cu o -T K

Crop coefficient (Kc)

15

7 y = 2E-08x* - 6E-06x3 + 0.0007x2 - 0.0238x +
2 0.5143
| 52 =0.7983
L KN
* ®
0 50 100 150 200

Days after planting

Fig. 3- Single crop coefficient during the growing period in Zy25
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Fig. 4- Single crop coefficient during the growing period in Zy50
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Fig. 5- Single crop coefficient during the growing period in Zy75
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Fig. 6- Dual crop coefficient (Kc), basal crop coefficients (Kcb) and evaporation coefficient (Ke) in control
treatment
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Fig 7- Dual crop coefficient (K¢), basal crop coefficients (Kcb) and evaporation coefficient (Ke) in ZY25
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Fig 8- Dual crop coefficient (K¢), basal crop coefficients (Kc) and evaporation coefficient (Ke) in ZY50
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Fig 9- Dual crop coefficient (K¢), basal crop coefficients (Kc) and evaporation coefficient (Ke) in ZY75
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