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Effects of different drip irrigation methods under plastic film on physiological
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Abstract; In order to explain the water-saving effect of the alternative partial root-zone drip irrigation ( APDI) and provide
a theoretical basis and technical parameters for water-saving in protected culture cucumber cultivation, we studied the
effects of APDI, fixed partial root-zone drip irrigation ( FPDI) and conventional drip irrigation ( CDI), on cucumber
growth, physiological characteristics, yield, quality and water use efficiency ( Jinyou No. 3). The trial was a completely
randomized design with 65% of the soil field capacity set as irrigation lower limit, and 90% of field capacity set as irrigation
higher limit. The results showed that; (1) With extension of the treatment time, stem diameter and leaf number did not
show any significant difference, while the difference in leaf area and plant height of cucumber seedlings among the three
irrigation patterns became more prominent. This proved that drought stress can significantly affect the relative leaf area

expansion rate of greenhouse cucumber, because cell elongation is more sensitive to water stress than cell division. Under
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APDI treatment, cucumber root systems alternately subjected to water stress stimulated root growth, which promoted
assimilation products in the root system, and then improved the root-shoot ratio, thus enhancing the water and nutrient
uptake ability of the root system. (2) There was no significant difference in chlorophyll content in cucumber leaves between
the APDI and CDI, but chlorophyll content decreased significantly under FPDI when compared with CDI. This was probably
due to long-period drought stress in one side of its root system, resulting in greater suppression of root growth, the
absorption ability of water and nutrients was decreased and the chlorophyll synthesis finally declined. Compared with CDI,
the net photosynthetic rate of leaves declined slightly and the transpiration rate was significantly reduced under APDI, which
resulted in a significant increase of leaf water use efficiency ( WUE). Under FPDI treatment, the photosynthetic carbon
assimilation rate decreased, meaning excessive excitation energy could not dissipate promptly, electron transport was then
blocked, which resulted in a significant decrease of the actual photochemical efficiency and a significant increase of non-
photochemical quenching. (3) Under the APDI pattern, there were no significant differences in soluble protein and soluble
sugar content of the cucumber compared with CDI, but vitamin C content increased significantly; soluble sugar and soluble
protein content of cucumber fruit were higher under FPDI than those of CDI and APDI, however, vitamin C content
decreased significantly. (4) Compared with CDI, the irrigation quantity decreased by 28.3% and water use efficiency
increased by 32% under FPDI, which indicated that FPDI can save a significant amount of water with only an 8%
decreaseinyield. Compared with CDI, APDI decreased the yield by 1.5%, but reduced the irrigation amount by 17%, and
increased water use efficiency by 18.6%, which means that the APDI pattern has a remarkable water-saving effect.
Therefore, APDI can optimize the allocation of photosynthetic products, reducing growth redundancy and adjusting the
allocation ratio between vegetative and reproductive growth. In conclusion, use of the APDI pattern can significantly improve
the quality of cucumber fruit as well as increasing water use efficiency without a significant decrease in yield, so it can be
applied in protected horticulture for water-saving irrigation, improving quality as well as irrigation efficiency, and has broad

application prospects in arid and semi-arid regions.

Key Words: alternate partial root-zone drip irrigation; cucumber ( Cucumis sativus 1..) ; physiological characteristics;
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Fig.1 Layout of different drip irrigation methods of cucumber under plastic film
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Fig.2 Variation of environmental factors in plastic-covered tunnel during treatments
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Table 1 Effects of different irrigation pattern on root/top rate of cucumber

G OB Hb AR/ g M BT/ g A/ g RTH/g M L
Treatments Shoot fresh mass Shoot dry mass Root fresh mass Root dry mass Root-shoot ratio
AT XA EHHHE APDI 828 b 93.6 b 42.8 a 3.04 a 0.0325 a
[ 172 #RIX i FPDI 750 ¢ 89.3b 34.0b 2.56 b 0.0287 b
&G0 CDI 1033 a 110.5 a 46.7 a 3.41 a 0.0309 ab

ZH APDI 4 Alternate partial root-zone drip irrigation, FPDI A Fixed partial root-zone drip irrigation, CDI >N Conventional drip irrigation BRI /N

A AR ALEEA] Duncan 2 8 LAY 25 55 8.3 M («=0.05)
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Table 2 Effects of different irrigation pattern on chlorophyll content of cucumber leaves

Ab M4 a M4k E b M43 a+h M43 a/b FHAE MR
Treatments Chl a/(mg/g) Chl b/ (mg/g) Chl a+b/(mg/g) Chl a/b Carotenoid/ ( mg/g)
MR 43 X AZ R 1 APDI 1.167a 0.289 a 1.455 a 4.04 b 0.314 a

2 1/2 HIX T FPDI 1.061 b 0.246 b 1.307 b 432 a 0.298 a

TR SEE CDI 1.196 a 0.295 a 1.491 a 4.06 b 0.329 a
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Table 3 Effects of different irrigation pattern on parameters of photosynthetic gas exchange of cucumber leaves

ahs HOt A AR AR MlE] CO, MR FE I % IR A3 FH A%
Pn Gs Ci Tr WUE,
Treatments I " -2 -1
/(pmol m™ s7") /(mmol m™ s7") / ( pmol/mol ) /(mmol m™ s7") / ( mol/mol )
MR FR 5 X AR HE APDI 17.5 ab 201 b 203 a 3.45 ab 5.07 a
&5 1/2 H X FPDI 159 b 181 b 179 b 3.13 b 5.08 a
55 #E CDI 189 a 236 a 210 a 3.99 a 474 b
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Table 4 Effects of different irrigation pattern on chlorophyll fluorescence parameters of cucumber leaves
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Table 5 Effects of different irrigation pattern on yield and water use efficiency of cucumber
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