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It is generally understood in horticulture that there are numerous microbial organisms that live in 
the root zone of plants. While some have deleterious effects on the plants, most do not. In fact, it 
has been shown that root zones devoid of all microbes present the plant with significant 
problems related to disease suppression and nutrient availability. A common practice in 
horticulture is to pasteurize the substrate before planting plants into it so as to eliminate any 
potential disease organism. This process leaves the substrate with few, if any, beneficial 
microbes. Products exist on the markets that are used as inoculums for such substrates. These 
products are used some time after pasteurization of substrates, but are expected to have efficacy 
in any sterile substrate, such as in hydroponic production of vegetables and ornamentals. The use 
of these types of materials has a significant scientific background and is taught in Plant Science 
Courses as part of accepted best management practices (BMPs).  
 
General Hydroponics (P. O. Box 1576, Sebastopol, CA 95473-1576) has developed a product, 
named “SubCulture” consisting of various beneficial microbes for use in hydroponic production 
of plants. This product, was formulated by the developers to consist of bacteria which colonize 
the root zone of plants with the expectation that the selected species of bacteria will enhance root 
growth, suppress root diseases and through this action enhance overall growth of plants and, in 
the case of crops, presumably increase crop productivity.  
 
As part of the labeling and registration process the specific claims that are to be made on the 
label need to be verified in independent testing. This report is of the trial and outcome of such 
testing.  
 
Pertinent to this testing is the proposed label hat General Hydroponics is formulating for this 
product. It is these claims that require independent testing. Included on the proposed label is the 
claim that SubCulture is suitable for use in soil and hydroponic applications and that it can be 
used throughout the growing cycle. With regard to efficacy, the interest is in identifying 
independently that the plants derived a significant benefit from the product through increased 
growth of all or part of the plant and/or through increases in harvestable yield.  Any benefits 
should not be at the expense of phytotoxicity; if phytotoxicity is present than it should be 
discussed in the context of any increases in productivity or other improvements. 
 
In the trial described here, the focus is on soilless production. The objective of this project was to 
test the claim by evaluating both efficacy and any potential phytotoxicity for Cucumis sativus L. 
“Camaro” growing in soilless production.   
 

                                                 
1 Acknowledgement: This work was supported by General Hydroponics through donations of funds and materials. 
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Materials and Methods 
 
Seeds of Cucumis sativus L. “Camaro” were obtained from De Ruiter Seeds Company and were 
planted in pasteurized UC mix consisting of 42% fir bark, 33% peat, and 25% sand, resulting in 
physical properties of the mix of: 84% total porosity, 73% volumetric moisture content at 
capacity, 10% air-filled porosity, 0.38 g cm-3 bulk density.  Plants were transplanted into 10 cm 
pots of the same substrate when the first true leaf was observed.  After four weeks of growth, 
plants were removed from these containers, all substrate was washed off the roots and the plants 
were transplanted into General Hydroponics “Ready to Grow” hydroponic pots and placed on 
ebb and flow trays.  
 
There were 12 Ebb-and-flow trays, each positioned above a tank containing the nutrient solution 
for that tray (Fig. 1). Each tray contained 4 plants, each in its own pot filled with expanded clay 
(“Hydroton”). In this report we refer to a combination of tray, nutrient tank, with connecting 
tubing, filter and pump as one hydroponic unit. Each such unit was independent of all others with 
no intermingling between units of nutrient solutions or root zones.  All plants within each unit 
shared the nutrient solution and tray; irrigation was from below by flooding the tray with 
irrigation solution from the unit’s tank using a submersible pump located in the tank. In addition 
to the submersible pump for moving the water to the plants, there was also a small submersible 
pump that circulated the air so as to aerate the solution in the tank. The 12 units were placed on 
two greenhouse benches, with 6 units per bench. Each bench served as one block for statistical 
purposes. 
 
The hydroponic units were operated as follows: At the start each tank contained nutrient solution 
plus any treatment materials (described below). A submerged pump within this tank pumped the 
solution into the tray, effectively submerging the bottom of each pot in that tray to a depth of 
approximately 15 cm. Once this condition had persisted for 15 minutes, the tray was allowed to 
drain into the tank by gravity. Then the pump was left off for 60 minutes at which time the cycle 
repeated. These timings were automatically set with a time clock from 6 am until 8 pm. 
 
SubCulture is a product of General Hydroponics (P. O. Box 1576, Sebastopol, CA 95473-1576) 
that is a dry product made up of number of natural occurring microorganisms and various other 
unspecified materials.  The analysis the company provided for the product used in this trial was 
as follows (CFU/cc = colony forming units per cubic centimeter): 

B Root colonizing microorganisms include: 
$ Bacillus subtilis   87 x 106 CFU / cc 
$ Bacillus licheniformis   21 x 106 CFU / cc 
$ Bacillus megaterium   24 x 106 CFU / cc 
$ Bacillus pumulis   24 x 106 CFU / cc 
$ Paenibacillus polymyxa  24 x 106 CFU / cc 
$ Streptomyces lydicus   24 x 106 CFU / cc 
$ Streptomyces griseus   24 x 106 CFU / cc 
$ Pseudomonas fluorescence  24 x 106 CFU / cc 
$ Trichoderma harzianum  24 x 106 CFU / cc 

SubCulture also contains a substrate that includes “natural sugar derived from glucose”. The 
resulting product can also be analyzed for content of nitrogen, phosphorous and potassium, some 
of which is available to the plant in the same way as fertilizer.  These amounts are as follows: 
0.1% total Nitrogen (N) as water soluble Nitrogen, 0.02% soluble Potash (K2O), and 0.04% 
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available Phosphorus (P2O5). The fertilizer analysis on the proposed label shows  N-P-K to be 
0.0-3.6-8.5. No attempt was made to verify this analysis.  However, when testing products that 
include fertilizer value, it is important to identify whether any beneficial effects are solely due to 
this fertilizer or whether other factors persist.  
 
Completely randomized block design (2 blocks x 6 treatments x 4 replications = 48 plants total) 
was used. The treatments were as follows: 

Treatment Composition of nutrient solution used as treatment 

UCD Control  Standard half-strength Hoagland solution 

GH Control GH nutrient solution with no additions 

0.5X GH nutrient solution with 4.9 g dry SubCulture product per 66-liter tank 

1X GH nutrient solution with 9.8 g dry SubCulture product per 66-liter tank 

2X GH nutrient solution with 19.6 g dry SubCulture product per 66-liter tank 

4X GH nutrient solution with 39.2 g dry SubCulture product per 66-liter tank 
It was not an objective of this project to assess whether the base nutrient solution was adequate 
or inadequate, but clearly any product with measurable N-P-K analysis, added to a suboptimal 
nutrient solution could show a positive effect due to the fertilizer in the material, rather that the 
beneficial effect due to microbes. To allow determination as to which cause is relevant in such 
situations, a comparison control was used, consisting of half-strength Hoagland solution. While 
this type of solution is known to not be an ideal nutrient solution under most circumstances, it is 
widely used as a reference, providing a complete nutrient solution which is as a worst case 
scenario at least always “adequate” to sustain moderate levels of biomass accumulation.  
 
The General Hyrdoponics (GH) nutrient solution was created by mixing  262 ml General 
Hydroponics Flora Grow, 174 ml General Hydroponics Flora Micro, and 87 ml General 
Hydroponics Flora Bloom into 66 liters of de-ionized water. This resulted in pH of 
approximately 5.0 and an EC value of 3.0 dS/m). The nutrient analysis performed by the 
University of California DANR Analytical Lab on the resulting solution was: 

Nutrients Concentration (ppm)  
Nitrogen - Nitrate 151 
Nitrogen – Ammonia 16 
Phosphate 40 
Potassium 209 
Calcium 102 
Magnesium 30 
Sulpher 41 
Iron 2.4 
Manganese 1.0 
Zinc 0.3 
Copper 0.2 
Boron 0.1 
Molybdenum 0.01 
Cobalt 0.01 
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We inspected the plants daily for any occurrence of 
phytotoxicity.  Variability in pH and in electrical 
conductivity (EC) were tracked with daily pH and EC 
readings starting 7th February 2006 until the 
conclusion of the experiment.  
 
We monitored the amount of cucumber production on 
selected harvest dates. The harvest dates were 
selected based on availability of labor and 
harvestable cucumbers. A growing cucumber was 
deemed to be harvestable when it reached the 
standard marketable length of 30 cm.  
 
The duration of the trial was not locked in at the start. 
Instead the end of the trial was to be identified after 
the first large flush of cucumbers had been harvested.  
Evaluations would be based on cumulative 
productivity by a date at which the cucumbers from 
this flush had all been harvested. The total duration of 
the experiment, i.e. from transplanting into the 
hydroponic solutions (with or without SubCulture 
treatments) was one hundred and nine days 
(11/22/2005 to 3/11/2006). 

 



 

Page 5 of 10 

Leaf area measurement:  We scanned a few leaves on a Li-Cor 3000 leaf area meter to measure 
leaf area. Leaf width and leaf length (from the tip of the leaf to the base of the petiole) were also 
measured and an equation was developed to allow us to estimate leaf area by measuring just the 
leaf length and/or width. 
 
At the conclusion of the experiment this model was used to estimate the leaf areas of all leaves 
on each plant. A General Linear Models procedure was used to determine if the total leaf area of 
the plants in the various treatments were different.  
 
 
Results 
 
The plants grew and started to gradually produce fruit so that by mid January 2006 all treatments 
had plants that were bearing harvestable cucumbers. About the same time flowering increased, 
resulting in a pronounced flush of cucumbers during the second half of February. By February 24 
most of this flush of cucumbers were harvested with very little additional biomass being 
harvested by March 6. At that date and subsequent to it, any growing cucumbers were not part of 
this initial flush. Thus the cumulative harvest data at Feb 24 was used as an indicator of crop 
productivity. In the figures in this report we report this data point in addition to the Mar 6 data 
point; the latter is included to show that the plants continued to progress even after the 
experimental period. 
 
During the course of the experiment the pH and EC changed somewhat as the plants used 
nutrients and water and probably also through the microbes that are a part of the subculture. 
Figure 1 (next page) shows this progression over the period from Feb 2 to Mar 1.  Over this 
period of time the nutrient solution was replaced 3 times (arrows in Fig 1) so as to adjust the pH 
and EC to set values of 5.5 and 3 dS/m, respectively. Rising EC values represent situations 
where water is taken up more rapidly than nutrients and pH fluctuates with the effect of nutrient 
uptake on ion exchange. The reason that the UCD Control solution shows completely different 
trajectories from the GH Control is due to the relative compositions of the various particular ions 
and the differing plant growth. 
 
In general, pH levels in the GH control treatment were below the target level (Fig 1). The same 
was true for the 0.5X, 1X and 2X treatments; the 4X treatment had a different pH behavior, 
probably due to the poor growth of plants in this treatment.  
 
While the plants in the GH control, 0.5X, 1X, and 2X treatments had similar trajectories for pH 
and EC, the 4X treatment had a completely different pattern (Fig 1). It is not clear why this is, 
but it became apparent early in the experiment that using 4 times the recommended rate of 
SubCulture resulted in strange fungal/bacterial growth in the system with significant build up of 
a grey substance in the filters and on various surfaces within the hydroponic unit (Figure 2). 
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Figure 1. The pH and EC levels of nutrient solution during the trial 
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Figure 2 Build-up of grey material in pumps and filters due to SubCulture 

 
This same accumulation occurred in all SubCulture treatments to some extent, but was so severe 
in the 4X treatment that it may have interfered with the functioning of the pump that was pulling 
water through the filter element.  The trays in which the containerized plants were located and 
pump filters needed to be serviced every week to remove a buildup of this tan-colored substance. 
The material was not analyzed to determine its composition or origin. 
 
Some plant damage resulted to 3 plants as a result of mechanical injury. Once this damage 
occurred no further data from these plants was included in the experimental results since this 
invariable affected nodes that had flowers and/or developing fruit. For this reason all data are 
reported on a per-plant basis, so as to exclude any effect from damaged plants. 
 
All evaluations for phytotoxicity showed none that could be attributed to SubCulture. 
 
We observed that plants subjected to the SubCulture inoculations at 2X had increased yields as 
compared to the GH control. The plant receiving the 4X dosage (Table 1, Fig. 3) had 
significantly lower production than the 2X treatment.  The average productivity levels in 0.5X, 
1.0X and 2.0X were not significantly different from each other; these cumulative yields were 
76%, 69% and 64% higher than the GH control on March 6. 
 
The cumulative harvest data for 2/24/2006 were treated as the data that were most representative 
of the cumulative productivity from the first flush of cucumbers. Thus these data were analyzed 
for differences between mean cumulative productivity per plant. The results were significant at 
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the 10% level. The probability level was 0.062 indicating lack of a significant effect if 95% 
confidence (i.e. 5%- level) is desired. The mean cumulative productivity in the 0.5X, 1X and 2X 
treatments were not significantly different from each other (as quantified with t-tests). The means 
for the GH control and 4X treatments were not significantly different from each other.  While the 
difference between mean productivity of the GH control and the 0.5X and 1X treatments were 
not significant; the difference between the GH control and the 2X treatment was statistically 
significant at the 95% level. Thus we conclude that SubCulture increased productivity in the 2X 
treatment. 
 
The leaf area estimation showed the same pattern. Means of the total leaf area were significantly 
different between the GH control (which had the smallest average total leaf area per plant) and 
the 2X treatment (which had the greatest); no significant differences were noted between the GH 
control and the other treatments. The means of all the treatments that included SubCulture were 
not significantly different. 
 
 
Discussion: 
 
The conclusions that can be drawn from these results is that SubCulture significantly (at the 10% 
level) enhances productivity of cucumber growing in hydroponics. This occurred in this study 
despite the fact that the “GH control” nutrient solution was quite rich (high EC; more than 
enough fertilizer) so that the fertilizer value of the treatment solution was not responsible for this 
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Figure 3 Cumulative harvest data over the course of the experiment 
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increase, supporting the claim that the bacteria included in this product are having a beneficial 
effect. 
 
The results indicate that including SubCulture in a hydroponic system can have beneficial 
effects. At the 0.5X, 1X and 2X rates the plants benefited from SubCulture. However, at all 
dosages, a significant amount of material was trapped in the filters of the pumps leading to the 
need for frequent service. In the case of the 4X treatment, the solution chemistry behaved very 
differently and the plant clearly did not benefit from this very high application rate. 
 
It should be noted that the differences between some treatment means are quite large, suggesting 
a very dramatic productivity difference between some of the treatments. The fact that only the 
GH Control and 2X treatments are significantly different is likely to be due to the variability in 
the observations and the relatively small sample size. Further work should include greater sample 
size for each treatment so as to assure that conclusions can be draw with greater resolution. 
 
Based on the differences that are statistically significant, it is our finding that the proposed 
labeled rate is appropriate but that in the case of cucumber in this particular set-up, the lowest 
rate (half the proposed rate) is as effective as the 1X rate. Given the fact that filter clogging 
seems to be proportional with dose, it is worthwhile to find the lowest possible dose that can 
accomplish the observed beneficial effect. This rate may well be even lower than the 0.5X rate 
since there is no evidence of any decline in beneficial effect between the 1X and 0.5X rate. 
 
Future test should also be conducted to see whether the initial application rate should be different 
from application rates at times when the nutrient solution is replaced. The reason for this is that if 
the bacteria are indeed “root colonizing” then the ones that are having the desired effect in the 
system may well persist in the root zone even when the solution is drained and discarded. It may 
even be possible that an initial inoculation is entirely adequate. It would be interesting to find out 
if the filter clogging occurs only subsequent to an inoculation or whether it occurs always when 
the organisms in SubCulture are present. 
 
It should be noted that the GH Control base nutrient solution, which was the basis for all the 
SubCulture treatments, showed some disturbing trends with regard to EC (salinity) and pH. EC 
levels were much higher than is typically recommended for soilless crop production and the 
chosen balance of N, P, and K is somewhat lopsided (very high on K). The pH routinely fell 
below 5.0; that is generally undesirable as it affects nutrient availability of some micronutrients. 
Such dynamics are common if nitrate and ammonium are unbalanced, but that seems to not be 
the case in this study.  Thus we do not know what could be causing this except that the solution 
probably had poor buffering capacity. The reference control (UCD Control) was included as a 
reference treatment since it is a compromise nutrient solution that is routinely used in scientific 
studies on plant growth. As such it is hardly ever optimal but usually adequate for excellent plant 
health, without any nutrient deficiency symptoms. By comparing the productivity of cucumber in 
the UCD Control and GH Control it is clear that the composition of the GH Control was not an 
optimal mixture of nutrients for this particular crop in this particular hydroponic system.  
 
Thus it is particularly striking that the SubCulture treatments are able to generate such a striking 
productivity increase. It should be noted that this increase is not related to the N-P-K content of 
the SubCulture as added fertilizer since the GH Control solution is already a very strong nutrient 
solution. 
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Summary: 
 
SubCulture did produce a significant increase in cucumber yield in soilless production at the 2X 
rate of application. Further work should be done to determine if lower rates are equally effective 
as is suggested by the lack of significant differences between the mean yields of the 0.5X, 1X 
and 2X treatments. Even at the 0.5X rate the filters were clogging, but the degree of clogging 
seemed to degrease with reduced application rate.  
 
It may well be that the problem of clogging of filters problem can be overcome by using a 
substrate that can also act as a filter (potting mix) and applying the nutrient solution and 
SubCulture directly to it, rather than into the holding tanks. This also merits testing. 
 
In this study we also found that SubCulture was able to raise crop productivity in a setting where 
the base nutrient solution, although very strong, was suboptimal. This ability to rectify a bad 
situation is a remarkable characteristic of this product and this should be studied further. 


