


MATERIALS AND METHODS 

An experiment was conducted in 2004 at the US Salinity Laboratory in Riverside, CA using 
large outdoor sand tanks to determine the interactive effects of salinity, boron and pH on the 
performance of cucumber (Cucumis sativus L. cv. Seminis Turbo hybrid). Twenty-four sand 
tanks, arranged in a randomized complete block design, were irrigated from individual 
reservoirs containing a modified half-strength Hoagland’s nutrient solution combined with 
various salinity, boron, and pH treatments.  Solutions were pumped to the outside sand tanks 
from reservoirs below several times daily and allowed to drain back to the reservoirs. pH 
adjustments on the reservoirs were performed most week days and salinity and boron  
concentrations were periodically monitored. Crop water use was determined volumetrically 
by reservoir water depletion. 
 
Treatments included two salinity levels, 3 and 8 dS/m; three boron concentrations of 0.7, 5, 
and 8 mg/L; and two pH levels where solutions were frequently adjusted to 6.5 and 8.  
Treatments were replicated twice.  Plants were routinely observed for foliar injury and fruit 
development.  Data collected included fresh and dry weights of plants, leaves, stems, and 
roots as well as cucumber fruit weight and quantity.  Collected tissues will be analyzed for 
various ions to determine their distributions within the plant and ion interactions. Boron 
isotope analysis will be performed on the solutions and fruit tissue to determine if isotopic 
composition (i.e.11B/12B) influences plant uptake.  Data will be analyzed by analysis of 
variance using the 2 x 3 x 2 factorial design. 

RESULTS AND DISCUSSION 

Results of the experiment to date include statistical analyses of fresh and dry weights of 
plants, leaves, stems, fruits, and number of fruit, on the harvest dates of September 3, and 
September 17, 2004.  Future analyses are to include ion partitioning patterns, boron isotope 
composition, and evapotranspiration.  Table 1 presents the ANOVA analyses and 
corresponding probability levels performed on the data from the final harvest.  
 
 
Table 1. ANOVA summary and probability values for the September 17, 2004 harvest. 
 

Source Total Fresh 
Biomass (kg) 

Fresh Vine  
Weight (kg) 

Fresh Fruit 
Weight (kg) 

Number of Fruit  
per Plant 

Salinity < 0.001 < 0.001 0.0002 0.0004 
Boron  0.0406 0.1100 0.0385 0.0717 
Salinity-Boron 0.2503 0.6039 0.1721 0.2178 
pH < 0.001 < 0.001 < 0.001 0.0001 
Salinity-pH 0.4657 0.1769 0.7994 0.9453 
Boron-pH 0.0383 0.0468 0.0596 0.2053 
Salinity-Boron-pH 0.9219 0.6942 0.9289 0.8302 

 
These results indicate that salinity and pH were the most influential factors, both of which 
were highly significant (P< 0.01). Both increased salinity and increased pH reduced yield and 
plant biomass (Figures 1 and 2). Increased boron also reduced total biomass and fresh fruit 
weights (P<0.05). Most interactions among the variables, however, were not significant. The 
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only exception was a significant boron-pH interaction affecting the biomass and vegetative 
growth (P<0.05). The effect was nearly significant for the fresh fruit as well. These data 
indicate that under slightly acidic conditions, increased B had a much more dramatic 
reduction in plant biomass and yield than did the same increase under slightly alkaline 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 

These preliminary data suggest that pH has a large affect on cucumber sensitivity to B. This 
is an important finding for crops grown in the slightly alkaline conditions of California’s San 
Joaquin Valley. 
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Figure 1. Predicted fresh yield 
(kg/plot) in relation to salinity and 
boron in the soil solution. 

Figure 2. Predicted fresh fruit yields 
(kg/plot) in relation to pH and boron 
in the soil solution. 
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