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Abstract

Introduction: Nowadays, the management of water resources has become one of the major challenges in the
world due to recent droughts and water shortages. Therefore, timely and non-destructive monitoring of Water
use efficiency (WUE) and yield of plants to screen cultivars with high water use performance and efficiency
and rational allocation of water has become one of the important goals in agriculture. Compared with
traditional crop Yield and WUE monitoring and diagnostic tools, hyperspectral remote sensing technology
has made it possible to obtain water use efficiency and Yield by taking advantage of large amounts of
continuous data on a large scale. Therefore, this study aimed to create a model capable of estimating the
WUE and Yield of tomato plants based on hyperspectral remote sensing data by establishing a relationship
between common spectral indices and WUE and Yield in greenhouse conditions.

Materials and Methods: The research was carried out during the growing season of 2021 from January to
June at the research greenhouse of the Department of Water and Environmental Engineering, Shahid
Chamran University, Ahvaz, Khuzestan Province, The main factor was irrigation treatments in three levels
including full irrigation, 20%, and 40% deficit irrigation, and the sub-main factor was silica nanoparticles
with concentrations of 0 and 100 mg/lit. The pot experiment plot was laid out in a split plot in a randomized
complete design (RCD) with four replications (120 pots in total). Then Tomato yield and WUE under the
various treatments were calculated. Canopy hyperspectral reflectance was measured using a portable
spectrometer (ASD FieldSpec 3) operated in the spectral range of 350-2500 nm. The spectral data acquisition
was conducted in four stages of plant growth during the growing season and the data were used to calculate
spectral indices NWI15, WI3, W4, NDVI, NDVI, and OSAVI. Then the ability of spectral indices to evaluate
the water use efficiency and yield of tomato plants in different irrigation regimes and nanoparticles was
investigated. Analysis of variance (ANOVA) was performed on spectral indices and WUE and vyield of
tomato plants using a split plot design. The PROC GLM method of SAS software (version 9.4, SAS Institute,
Inc., Cary, NC, USA) was used for this analysis. Then, in order to compare the averages and whether they
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have a significant difference with each other at the 0.01 and 0.05 levels, the least significant difference (LSD)
test was used.

Results and Discussion: The results showed that the Water use efficiency (WUE) under deficit irrigation
treatments is increased with increasing water stress but the yield of tomato decreases with increase of water
stress. In addition, the WUE and yield of tomato increases with increasing the concentration of silica
nanoparticles (from 0 to 100 mg/liter). The value of NDVI and OSAVI indices decreased with the increase of
water stress, while the value of RDVI, WI3, WI4 and NWI5 indices increased. The amount of NDVI and
OSAVI spectral indices in the treatment containing 100 mg/liter nanoparticles was higher than the treatment
without nanoparticles. Also, the amount of spectral indices RDVI, W13, W14 and NWI5 in nanoparticles with
a concentration of 100 mg/liter was lower than the control treatment (zero concentration). The results also
showed that the coefficient of determination between different spectral indices and the WUE and Yield index
was 0.55**<R? <0.74** and 0.64**<R? <0.77**, respectively. Among the spectral indices, RDVI and NWI5
showed the least and greatest corrolation association with water use efficiency and yield of tomato,
respectively.

Furthermore, among the six spectral indices, three spectral indices (NWI15, WI3, and WI4) jointly met most
of the criteria used to determine the accuracy of the models for predicting yield and WUE

Conclusion: Maintaining existing water resources through improving irrigation management and increasing
water use efficiency and Yield of plants is the main goal for the sustainable development of water agriculture.
As a result, rapid and non-destructive monitoring of water use efficiency and Yield is of great importance in
improving irrigation management of crops and saving water consumption. In conclusion, Spectral indices
studied in this research could be useful and non-destructive measures of the water use efficiency and yield of
tomato in greenhouse conditions.

Keywords: Deficit Irrigation, Spectral indices, Spectroscopy, Tomato Plant, Water use efficiency.
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Yield and Water Use Efficiency

Sl o s
mean square

ST O 5550 oS 5 Shes
Water Use Efficiency Yield

“r)e

Source of variation

T

o o LT o
33.45 633530.09 _ 6’ s’w_
Irrigation regimes
| lale glas
4.72 253543.9 el bl s
Main Error
- wox AP
1.53 113617.1 02 f_
Nanoparticles
o * O3 bkt el
0.24 11957.19 _ e
Nanoparticles=Irrigation regimes
E e
0.005 273.3 Frlls
Sub Error
14.63 7.89 Dk o
CV%

Wl o3 ) 50 ezl o 53 s e OV g5 5 3 gme M pde SSly 5 5 4 5 2 NS
** * ns: significant effect at 1%, 5%, and no significant effect, respectively
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Table(5) Comparison of the mean of the Yield and Water Use Efficiency of Tomato in different
irrigation regimes and silica nanoparticles

(2 2080508 (65 10,53 Shes s
Water Use Efficiency (gr/l) Yield (gr/ per plant) Treatments

Irrigation regimes

7.412 2706° l100

8.67° 2531° lgo

10.41° 2279° leo
2 p 8 ) olys 5t
Nanoparticles (mg/l)

8.58° 2436° 0

9.08" 2574 100

s o530 el 3 ol e gl W36« LSD 0 43T bl s e alesT Jale 52 5 05t o 53 85 e U o 1l sla o SoLs
Mean with the same letter in each column and for each Treatment are not significantly different based on
the LSD test at the 5% level
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Table (6) correlation of spectral indices with tomato yield in different growth periods

b gl e s
Spectral indices

EEPESTE
vegetative period

da.\lf 09>
Flowering period

SR o B 093

i : ) © 90 ; ey 0593
first fruit-setting

Fruit ripening period

period
NDVI 0.49 0.70 0.60 0.50
RDVI 0.45 0.73 0.51 0.47
OSAVI 0.42 0. 68 0.55 0.44
WI3 0.51 0.71 0.66 0.49
wi4 0.54 0.77 0.61 0.49
NWI15 0.54 0.78 0.65 0.50

38 Wudpw 153 936 9 SolyT o Dgline SB35 30 (O 4295 ol b S AL (uSle (S dwlin (V) Jour

0398 &

Table (7) Mean values of spectral indices of tomato plants in different regimes of irrigation and

silica nanoparticles in the whole research

NWI5 s, Las
Wi4 WiI3 OSAVI RDVI NDVI Treat ; t
reatments
<okt =
Irrigation regime
-0.00747° 0.9450° 0.9831° 0.8136° 0.7353" 0.8506° 100
-0.00741° 0.9464" 0.9842" 0.8130° 0.7375%® 0.8500° lgo
-0.00735° 0.9474° 0.9847° 0.8124° 0.7412° 0.8495° leo
o5 ko) lyd 5t
Nanoparticles (mg/l)
-0.00739° 0.9466° 0.9843% 0.8128° 0.7390° 0.8499° 0
-0.00743* 0.9460° 0.9838° 0.8132° 0.7369" 0.8502° 100

A Lo y3 0 é“)))‘)@&ﬂ@jw 286 ¢ LSDQ}aijblﬁggig_LajTJﬂLcﬁ Sl s Ogim » 5SS i oy L;bl:tglninijlf
Mean with the same letter in each column and for each Treatment are not significantly different based on

the LSD test at the 5% level
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Figure (1)The Linear regression relationship between spectral indices (W13, W14, NWI5, NDVI,
RDVI, and OSAVI) and Water Use Efficiency (WUE) of tomato plants under water stress and silica

nanopatrticles
**: significant effect at 1%.
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Figure (2)The Linear regression relationship between spectral indices (W13, W14, NWI5, NDVI,
RDVI, and OSAVI) and Yield of tomato plants under water stress and silica nanoparticles
**: significant effect at 1%.
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Figure (3) The Linear regression relationship between observed and predicted values of Water Use

Efficiency (WUE) of tomato plants based on the data of six spectral indices studied.
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Figure (4) The Linear regression relationship between observed and predicted values of Yield of
tomato plants based on the data of six spectral indices studied
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