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Abstract

A greenhouse experiment was conducted to investigate the effect of partial rootzone irrigation on physiological
processes and quality traits of processed tomatoes (Lycopersicon esculentum Mill. Cv. Petopride). The experiment was
conducted in a completely randomized design with 2 treatments, 6 replications, and 4 plants per replication and one-
way local irrigation were compared with the usual method. In the one-way local irrigation method, only one side of the
root was irrigated with 2 liters (50% of field capacity) in each irrigation cycle and the control treatment included
irrigation of both sides of the root with 4 liters of water (100% of field capacity). The results showed that in general, the
rate of respiration, photosynthesis, stomata conductivity in partial root zone irrigation was less than the control. There
was no significant difference in the ratio of carbon dioxide of stomatal cells to air and photosynthetic active radiation,
mesophyll conductance, and photosynthetic water use efficiency. Soil water content in partial root zone irrigation
treatment was lower than the control throughout the growing season. Decreasing the amount of irrigation water
improved soluble solids (26%) and glucose, fructose, and sucrose sugars in tomato fruit. The results of this experiment
showed that partial root zone irrigation increased color (5.16%), and decreased fruit juice content (2%). The fruit yield
(fresh weight) in partial root zone irrigation treatment at the end of the experiment was lower (42%) than the control.
Conclusively, due to improving the quality of tomatoes under partial rootzone conditions, this method was
recommended for the dry zone. Since this test was performed in a greenhouse to prevent environmental factors such as
rain, field experiments are recommended, which means conditions where the root is more permeable and environmental
conditions are also effective. An investigation on the yield in this condition is recommended.
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Introduction

Tomato is one of the most widely planted vegetables around the world. Water is one of the essential requirements for its
growth and proper yield. Given the current climate changes and increasing water scarcity, the use of effective irrigation
methods is crucial to meet the water needs of tomatoes and improve their productivity. One such water-saving irrigation
technique is Alternate Partial root-zone drying (PRD). In PRD, irrigation water is supplied to only half of the root
system at a time, while the other half is allowed to dry. The next irrigation cycle then shifts to the previously dry side,
allowing the previously irrigated side to dry out. The objective of this study is to investigate the effect of local irrigation
reduction on physiological processes and quality traits of processed tomatoes (Lycopersicon esculentum Mill. cv.
Petopride).

Materials and Methods

This study was conducted in the research greenhouses of Massey University, New Zealand, in a completely randomized
design with 2 treatments, 6 replications, and 4 plants per replication. The aim was to compare the PRD method with the
usual irrigation approach. In the one-way local irrigation treatment, only one side of the root system was irrigated with 2
liters of water (50% of field capacity) in each irrigation cycle. The control treatment involved irrigating both sides of
the root system with 4 liters of water (100% of field capacity). To assess the post harvest factors, mature green fruits
were transferred to a temperature-controlled chamber with carefully monitored conditions. Various photosynthetic
characteristics were measured, including the rate of photosynthesis per unit of leaf area, stomatal conductance, internal
CO- of stomata, mesophyll conductance, photosynthetic water use efficiency, and changes in respiration. Additionally,
quantitative and qualitative fruit characteristics, such as fresh and dry weight, fruit juice content, number of fruits, color,
and total dissolved solids, were evaluated. The data analysis was performed using SAS and Statistix software, and the
comparison of means was conducted using the T-Test.
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Results and Discussion

In general, the rate of respiration, photosynthesis, and stomatal conductivity were lower under the PRD irrigation
treatment compared to the control. The reduction in photosynthesis in the PRD treatment can be attributed to a decrease
in the internal CO; levels within the leaves or potential damage to the photosynthetic systems in plants under the one-
way local irrigation regime compared to the control. The PRD irrigation method largely reduced stomatal conductance,
the ratio of internal to external CO, and consequently, photosynthesis through stomatal factors. The lower rate of
photosynthesis and CO; processing, despite the high internal CO, levels in the stomata, suggests a low level of
mesophyll conductivity and the inability of mesophyll cells to utilize the available CO; effectively. Decreasing the
amount of irrigation water improved the soluble solids (26%) and the levels of glucose, fructose, and sucrose sugars in
the tomato fruits. This increase was particularly significant for sucrose sugars. The increase in soluble solids in
tomatoes, considering the lower number of fruits under the PRD irrigation, suggests that the limited water supply
enhanced the distribution and accumulation of carbohydrates in a smaller number of fruits compared to the control.
Additionally, the lack of water likely increased the conversion of starch into sugars, leading to the observed increase in
sugar and soluble solids content. The PRD treatment resulted in a 5.16% increase in fruit color. This increase in fruit
color is believed to be linked to the concurrent rise in internal ethylene levels within the tomato fruits. Therefore, it can
be reasonably inferred that the PRD irrigation method, by inducing water stress in one half of the root zone, has
effectively stimulated the production of ethylene within the tomato plants. This ethylene-driven enhancement of the
ripening process, in turn, has manifested in the observed improvement of fruit color through the accumulation of
carotenoid pigments, especially lycopene.

Conclusions

The PRD irrigation method improved key tomato quality attributes critical for processing and paste production,
including increased color, soluble solids, and reduced juice content, despite lower overall yield. These quality
enhancements can optimize efficiency and reduce energy demands in tomato paste manufacturing, making PRD
irrigation a promising sustainable approach for this industry. By implementing this innovative irrigation technique,
tomato growers can achieve higher quality produce, improved processing outcomes, and enhanced sustainability in the
agricultural sector.
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Table 1: The photosynthesis changes, stomata conductance, and internal CO, of stomata in control and partial root-zoon
drying.
4 36 39 44 50 64 oilesl g5 5 5,

Day from the starting of the experiment

(48 )2 oo e 13 COz Jgag,Se) iimmgid
Photosynthesis (UMCO,.m2s?)

15.55+1.10 15.29+0.75 5.93+1.86 11.93+1.21 9.28+1.75 9.88+ 1.44 el
Control
15.48+1.33  11.71+1.84 2.16+1.71 2.36£0.54 3.2241.22 5.98+1.46 Byl Sy rdge 551
Partial root-zoon drying
0.96 0.093 0.15 0.00 0.01 0.06 T-Test
(450 50 @ peyie ;0 H202 Jgo loo) slij9, colon
Stomata conductance (mM H,0, m%s™)
4.500.45 2.090.24 0.8420.23 2.3420.32 0.780.19 1.40£0.29 2als
Control
5.630.88 1.13+0.28 0.6620.23 0.50+0.09 0.32£0.11 0.42+0.10 “’l_’ St e 6)_9'
Partial root-zoon drying
0.26 0.01 0.59 0.00 0.05 0.00 T-Test
(s 2 J909,500) I &y i35, slo b ) alahone ()8 enSles Coond
Internal CO, of stomata (umol mol?)
0.71+0.03 0.53+0.038 0.63+0.065 0.68+0.032 0.37+0.65 0.52+0.064 aals
Control
0.73+0.034 0.38+0.046 0.87+0.043 0.70+0.058 0.48+0.093 0.36+0.085 Q)J_D&"' Ca 5’%‘
Partial root-zoon drying
0.81 0.01 0.00 0.77 0.31 0.12 T-Test
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Table 2: Changes in mesophyll conductivity and photosynthetic water use efficiency in control treatment and partial
root-zoon drying

4 36 39 44 50 64 olesl €952 5l 5s,
Day from the starting of the experiment

(436 apeyie 13 COp Jgo o) (hidgie Culio
Mesophyll conductance (UmolCO,m?s)

0.04+0.00 0.08+0.10 0.03+0.00 0.04+0.00 0.06+0.01  0.05+0.09 el
Control
0.05+0.00 0.10+0.02 0.00+0.00 0.01+0.07 0.03+0.18  0.04+0.01 ‘BJJ_’ S smse “5{L'°*|
Partial root-zoon drying
0.91 0.33 0.01 0.00 0.04 0.33 T-Test
(H20 Jse 5 COz Jag,Se) (g yimosid ol Brae T8
Photosynthetic water use efficiency (umolCO,molH,0)
0.03+0.00 0.01+0.01 0.08+0.01 0.05+0.00 0.14+0.02  0.01+0.01 el
Control
0.03+0.00 0.14+0.01 0.02+0.00 000£0.01 0.01+0.04 0.14+0.02 b S ri9e )l
Partial root-zoon drying
0.67 0.00 0.00 0.38 0.44 0.07 T-Test
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Table 3: The changes of respiration (umol kg s*) tomato fruit in 8 consecutive days

67 68 69 72 73 74 ool e9,5 55,
Day from the starting of the experiment
0.161 0.121 0.085 0.047 0.042 0.058 aals
Control
0.415 0.326 0.029 0.054 0.00 0.147 4‘5’% R Canta ‘5)_L’*‘
Partial root-zoon drying
0.00 0.00 0.01 0.56 0.01 0.00 T-Test
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Table 4: The number, color, soluble solids percentage, fresh weight and dry weight of tomato fruit under partial root-
zoon drying

) 5o ogee LS ()3 B ol dlge duo o
£S) S -&))5 ) (22,0) 090 il (glgiome a0 Sl 5, ’ Slows
Fresh weight it Water content fruit (%) Number fruit Col St Treatment
fruit (g) Dry wezg)ht fruit ater content fruit (%) umber frui olor Soluble solids (%) reatmen
g
2949.94a" 206.308a 93.06a 640a 61.02a 5.9b el
Control
1267.52b 111.95b 91.21b 538a 57.87b 7.44a “)J_“@ s 6)‘7*'
Partial root-zoon drying
0.00 0.00 0.00 0.08 0.000 0.000 S gl
Significantly level
A3 o lid et o o |, T-Test 93] g 1 telive (5)lo sine mlaw LSS g >
t Similar letters show in each column significantly the same according T-Test
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