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Good afternoon, welcome to today's webinar, title conservation innovation grants, container grown agriculture innovations been my name is been my and natural resource specialists for the natural resources conservation services national technology support Center and I will be your host. 


I want to take a moment to remind participants at the use of trade names during any of our webinars is for information purposes only and mention of a trade name does not constitute guaranty of the product by the U.S. Department of Agriculture nor does it invite endorsement by the department or national resource conservation service and comparable products not named. With that we will now begin. 

Please to announce the webinar over to Kipp Cherry, NRCS natural resource specialists on the conservation innovation grant team and national headquarters. He is responsible for the technology transfer of the new innovations gained from these projects. Kipp, you may now begin.  

Thank you, Jen. Hello, everyone. We started the CIG unit base webinar series in 2019 payment each of these webinars include one, three projects and if you missed any of the past webinars, you can view the recordings at the same place that you are viewing this webinar today. Some of the topic areas included in the past where environmental markets and conservation finance, water management, nutrient management, air-quality, grazing lands conservation and pollinators. The CIG awardee for the project being presented today is Tennessee State University, University which is 1890 land-grant institution located in Nashville, Tennessee. Now I want to introduce Joel Douglas was a regional plant material specialist at the NRCS central, national technology support Center in Fort Worth Texas. He was a technical contact for this project being highlighted today. Joe, I will hand it over. 

Thank you, kip. Good afternoon, welcome to today's webinar and as was said it is the container grown agriculture innovations that is being presented by Dr. Dharma Pitchay assistant professor at Tennessee State University in Nashville Tennessee. Dr. Dharma Pitchay educational background is in horticultural science and he will share the results of his work with developing best management practices for nursery production systems in the Midsouth region. Again my name is Joel Douglas and with that I will turn it over to Dr. Dharma Pitchay, thank you. 

Good afternoon, everyone. Thank you for taking the time to spend your valuable time for this webinar. Before we start I would like to thank the NRCS for funding this project, with that in mind, folks, let me start the presentation, topic of my presentation is the understanding right nitrogen form, nitrogen form, strictly speaking about ammonium versus nitrate. Okay? And then the source, the rate, timing and the placement of nutrients and how the conservation is tied to it in the container plant production. Why is it important for us choosing the right nitrogen source critical? Container production unlike other field productions, produce premium quality and premium quality means higher property margin and we expect we could turn around and conserve the sources and a lot of information about runoff, nutrient leachate and the container productions and it is our responsibility to protect the environment from these leachate and other greenhouse gases in terms of gases and so forth. At the same token conserve our resources and order to meet these sustainably and keep producing and expect premium quality to take care of the global hunger and also produce the right plan for us and the way the world wants to do it, okay? With that, we like the improvement before nutrient principles, in the nursery industry and the growing phase has a lot of challenges. One think we are very sure, there is no single set of correct practices that can be universally adopted across all the nurseries. Each grower has to make decisions based on their local resources that suit to the aquatic requirements and making the necessary adjustments for each species that could be a challenging task especially in these times, okay? The decisions have to be based on the field, the substrate type, the available water quality, the production targets, the local weather conditions, Intermec also the economic and environmental factors. So it is mind-boggling a bit to us to have appropriate practices for species and nursery conditions and at the same token to have managed and nutrient manage for the growth. 

And what is required for the optimum plant growth? We know that to make sure that the plan has a maximum nutrient uptake and planning to choose the right form of nitrogen on top of the right nitrogen source, right? Nitrogen form and at the same token nitrogen source and two different things. Nitrogen is one element that is applied to plant widely, okay? And it is also the fertilizer that in large quantities, the fertilizer -- when it is applied, should be the soluble form. It should be able to take it in by plants, and the ionic form, that is what I meant by the soluble form. Soluble form should be ionic form and so that it is been able to be taken in by the plants. We know that growing nursery plants in containers or in greenhouses is a unique production system, whereby plants are grown in soilless substrate and compared to field crops and soil and it is a totally different ballgame. 

In nursery or greenhouse operations, we see several millions of several species are grown in this highly intensive sort of production system. 

This is one example of pot-in-pot production system in a nursery, where the pots, socket Ponce and the plants in the substrate pots and it is referring to the pot-in-pot system. 

And the nursery, known as the greenhouse industry production system is highly intensive in concert. And small area, millions, millions of plants are being produced with a high intensive operation. 

Okay, just to give you some of the operation mind-boggling techniques that they practice in the industry, so with that you need to introduce these four nutrient store chips in order to introduce a premium crop and that crop needs optimum growth and at the same token we need to practice all the conservation practices, okay? That is the path assigned to all of us, to carry out. For that, we need to look into what are the required factors in container production and then take into consideration the BMP practices. 

There is no single production system, single species is grown in the production area. There are several different species. If one system like ammonium carbide, soil, corn, some flowers, canola, then it is much less challenging, than to be walking to the three miles in a nursery, some different species are being produced and [ Indiscernible - low volume ] nitrogen and some plan put nitrate nitrogen and we call it natural living plants or and and I living plants and they all have a different route system, different from species to species and that management also differs from different age and the stage of the plant. And the fertilizers and the type of substrate that we use, whether it is basic, and then the temperature is above and below round temperature and important factor that needs to be taken into consideration. 

Here is the -- white we are brand the water management make up with the water. You will be able to deliver uniform so uniformity would be adequate amount of water, efficient for optimum plant growth is important. Love times the containers are in different geometry and can be anywhere from six inch [ Indiscernible - low volume ] or 20 gallon pots. Those pots, it is not well watered, and the water is not right at the right way. Substrate, on the top, here just give you an idea about substrate on the top, moist, however on the bottom it is dry. [ Indiscernible - low volume ] expecting the plants to grow in here would be one of the signs of plant growth, wilting with the plants, sign of lack of water delivery. So normally from delivery of water is what we are facing in the industry. 

At times we use sprinkler systems, just to meet the water demands. But the water is being provided to a non-product area, okay? Here the water is used for cooling the cropped and sometimes frost protections and at times to bring down the temperatures to flower. By overwatering, and nontargeted wiring, it results in increasing of leaching in the container production, especially in the spring push system. 

Micro irrigation is another way of looking into it, so drip irrigation is uniform delivery of target placement of water supply. That is what that is all about. So coming back to the challenges of nutrient and water management challenges and here we have several inputs that have been provided and what are the inputs? You can see it is fertilizer been applied at the top, substrate on the top even though the substrate is 10 gallon, if the root is only being growing on the lower bottom of the pot, the top part no roots, we are only taking advantage of almost one third, to 40% of the pot and the remaining water is not used for routine. It just here indicates the roots are there because the roots are taking up the water and get dried up. A plant like three, 4 inches of [ Indiscernible - low volume ] shows signs of lifting and that is Cumpton -- common symptom that we come across in container productions, okay? These are the inputs that we are putting in constantly and when is the water, fertilizer, and then sometimes pesticides and herbicides being applied, and that involves a lot of rich factors and also as a benefit to the grower. And then we have to find a solution to minimize those risks faster -- vectors and production system. Here the combination of the expensive resources to produce a premium plant in large number and small acreage, very highly intensive soilless system and hereby the conservation information it has to be played out very carefully in the container production. 

Okay. Selection of nitrogen fertilizer, and that is the focus here. The form and the source. Species specific requirement, so some species per for nitrate and some species per for ammonium nitrogen. And the accompanying letter in their I, [ Indiscernible - low volume ] for instance we would apply nitrate form and we would deliver calcium nitrate and the cat eye on here the accompanying cat ion that is being delivered in the nitrate been applied to the plants. 

And then the type of substrate that we are working on, the go with our working -- difference one hour to were and then the water quality, it can be acidic or alkaline. And then the cost factor, so we like to grow the best crop, but at the same time plan we also need to look into the cost of it. And all of these what will happen to the environment, potential losses to the environment. 

For that, let me show you some species that prefer ammonium nitrogen in the living plant and this comes under the meta-stoma species and more examples of plant refrain ammonium nitrogen and a lot of Jenna perms prefer ammonium nitrogen and more examples of junipers preferring ammonium nitrogen and here the broadleaf evergreens prefer ammonium nitrogen than the nitrate, boxwood, preferring ammonium nitrogen. Flowering plants, preferring ammonium nitrogen. Rhododendrons, really providing all these evergreen plants preferring ammonium nitrogen. Here I like to go and show you the -- some of the plants referring to nitrate nitrogen, nitro nitrogen living species and a good example would be roses, hibiscus, whole lot of bedding plants, cream idols, petunias, and so on and so forth. And all of the flowering varieties, crabapple, all need the nitrate form of nitrogen. All the food crops, all the feeling that is produced in the nursery, [ Indiscernible - low volume ] plums, peaches, all of them require a nitrate nitrogen solvent rather than ammonium nitrate source so that is what we are looking into and one way to categorize these plants, what makes it categorize -- ammonium living plants or nitrate living plants, so just to give you an idea of splitting the ammonium versus nitrate living plants in the case of the first column, ammonium nitrate plants most of them are evergreen. Next, a lot of them that have five and were well in the acidic environment. And a tolerate conditions [ Indiscernible - low volume ] they could tolerate. And generally they grow in the cooler claimants, rather than in a warmer climate. Most of the ammonium loving plants are [ Indiscernible - low volume ] nitrate implants most of them are deciduous, but some are annuals, annuals are green because a lot of them are brought from other parts of the world. The pH of the nitrate living plants are almost near the Chili's APH and prefer more aerobic condition so [ Indiscernible - low volume ] soil and left out of the substrate and they like to grow in a warmer environment and the growth habit is much more -- robust compared to ammonium nitrate preferred nitrogen. So this is the criteria we use to develop the ammonium nitrate preferred plant species. 

Here I will give you a good example of a flowchart and some of the plants are wilting and we see the water supply and it is in the main factor there, water is needed so they apply water but there is more to it and what is the process of wilting? You will know the substrate, it is wet, it could be root disease and it could be compaction, waters not available, easily available. That could be due to heavy clay soil and it could be selling it at factor or [ Indiscernible - low volume ] so on and so forth, okay? And some plants are much more sensitive [ Indiscernible - low volume ] because the plant robust plants require more water and because the waters that replace when needed. Often to to [ Indiscernible - low volume ] detector so this is just a simple checklist to give you and example of what is really happening when the plant is wilting because wilting is a physical factor because nutrients are being taken up by the water supply and the plants are wilting so you the wilting is happening so take them out and fertilize and start being used so we are wasting the resources in terms of time life. 

So just to make you understand that conservation practice in the container production, it requires a precise and properly timed applications and quantities that result in maximum benefits and minimum resources risk. So in other words we first have to look into the species requirement, that is ammonium, or nitrate living species. Perhaps that species colonization of micro associations [ Indiscernible - low volume ] microbial or coryza what about the water quality, the water is alkaline or neutral or acidic. The type of fertilizer that are being applied, with acidic fertilizer or basic fertilizer, and then the substrate, some substrates are acidic and some are basic. The calcium source, line, as we know, is basic. While gypsum has no influence on the acidity of the alkaline of the substrates. The temperature plays in important role that comes to the Ammonite micro [ Indiscernible - low volume ] temperature the ammonium will convert into ammonium gas of these of the factors we need to look into when looking at conservation practice in container production. 

So we have to practice minimizing contaminant run off, harvesting and recycling rainwater and runoff water and also the disturbed -- some of the 4 R nutrient stewardship of applying the right source, rate, timing and method of application in the container production, okay? 

Why is it the [ Indiscernible - low volume ] because soil is highly complex and heterogeneity. You have no clue about the soil containment, clay content, the silts, the species, or the water billing capacity or even the soil physical chemical properties, mind-boggling, a lot of dynamic -- it changes. Nothing is fixed. But that is much more challenging for growing the different things in soil. Sold soilless, soilless substrate, insula substrate, what you know but soilless substrates? 

Two important factors for soilless substrate, physical and chemical processes of soilless substrate. Here the valuable [ Inaudible static ] part of a significant contribution in the soilless substrate that Spohn growth because it does not -- it doesn't support microbes, biological property so the mineralization or water mineralization is not a component in the soilless substrate. Excuse me. 

Most of the time soilless substrate and lower buffering capacity, and also at a low CAD ion and letter and I on stage capacity so it needs to say whenever we apply any fertilizer, it is not going to trap, hold, because there is no stage capacity [ Indiscernible - low volume ] so what is being apply, it is just going to be wash runoff, just the washing of the [ Indiscernible - low volume ] pipe molding the physical properties, and physical properties in the sense that water holding capacity so the right amount of water is being applied so that it does not exceed the water holding capacity of the substrate. What about the chemical properties? 

We need to know the chemical properties of the substrate, x-ray the interactions, the imbalance in the nutrients, subject of pH factor. So pH of several different substrates are being in the industry -- one is the coconut coil, pit, which is acidic, [ Indiscernible - low volume ] much more basic and two more important is pine bark, pine bark, also some growers that use fresh pine bark with age pine bark and there is a difference in fresh pine bark, pH is much lower compared to the age, 5.2 because you know it is just a difference of 5.2, the difference is holding difference. What about the total ferocity, age with the pine bark, difference of 15%. At pet decimate your capacity, 21% so age is much smaller aggregate so they are at capacity so that is ideal for nitrate loving plants. Air capacity -- sorry, that's capacity ideal for ammonium loving plants that higher capacity is ideal for the nitrate loving plant so that gives you a difference between fresh versus aged nine box. -- Bart? 

So some of the factors that are being influenced in the right pH so doing the process of putting the soil it will come across the right system pH depending on the substrate and coil tends to raise the pH value at Pete and pine box is lower pH value at generally calcium sources are added to the party so lining the material more or less, standard operating procedure, calcium hydroxide or calcium carbonate being added to the substrates, that generally goes with the pH at that is 102, Emma no nitrogen species which I will talk about later. 

And then some growers they add Jim some and if you want to avoid increased pH calcium sulfate will not ever increase in pH and will stay put where it is or some type at a very minimal effect of lowering the pH value. In addition to the reproduction we do two important things that is watering and the sources of nitrogen. So while watering we need to know the water quality, irrigation water quality, if the water is acidic, that it is going to lower the substrate pH. If the water is alkaline, is going to raise the substrate pH. So those two factors are important because it is acidic water and that we do not have to inject asset to the water for ammonium loving plants. If the waters alkaline we are growing ammonium loving plants that we have to inject asset in order to lower the water pH and that is all. The next is nitrogen sources, by application of ammonium form of nitrogen, 10 to lower substrate pH. Where as nitrate form of fertilizer, that will raise substrate pH or raise the pH and focusing on the right use of pH and one would apply the ammonium to the nitrogen and it tends to -- even though 121, 50 to 50%, but in ammonium has much more -- update -- increase uptake to the plant and it will lower the substrate pH and what we have come across in plant production. 

So just coming back to recap about the conservation practices in the container production, so we need to focus on the species reference that is ammonium, loving plants for nitrate loving plants, and it is microbial symbiotic plants like red box and excessive application of nitrogen will be able to [ Indiscernible - low volume ] and the irrigation water that is alkaline, acidic fertilizers, some fertilizer acidic in some fertilizer basic and substrates, as we just came across, it is core or peat or [ Indiscernible - low volume ] those of the factors that container production requires precise and properly timed applications, okay? 

Here just to give you and example of would grow and development and different ratios of ammonium to the nitrate. Here in this case it just simply indicates these plants prefer the nitrate -- nitrogen preferred species compared to I I got. Presented [ Indiscernible - low volume ] the roots are poor development compared to receiving higher potential nitrate payment this is to demonstrate that depending on the species, nitrate with the species prefer nitrate form of nitrogen, where as if you are happy to apply ammonium nitrogen, then the plant is not going to perform better. 

Here is just a guideline to monitor and manage, pH e c and container production and that is especially for roses or the nitrate loving plants and because he ate is that nitrogen loving plants and these will provide easy solutions to go and monitor or console monitor and to manage the pH CDR and two important facts in terms of availability of nutrients for plant updates and produce a premium crop at the same time minimize any pH in the production system, okay? Here are more examples of plants just to demonstrate the plant that responds to different ammonium to nitrate ratios and on the left-hand side it is more of a percentage nitrate and on the right-hand side is the high percentage of ammonium and hear the common thing preferred any thing above 20% nitrate, any time the nitrate percentage drops to below 50%, 25 or 100, the plant fails to go and fails to produce fruit and this is not a marketable nursery crop in container productions, okay? 

More examples and roses, which is nitrate loving plants, prefer anywhere more than 35% of nitrate nitrogen, rather than higher percentage of the ammonium nitrogen and 100% ammonium nitrogen and planned literally have any growth at all and it is just to trash the plant and these are generally it happens in the production system. Here more examples of how pH plays and important factor by not monitoring the pH so the plant can be a more -- it is not a marketable compared if you maintain the pH so the plant has at least a marketable -- so that is a response to the first species to species just to give you an example. 

Here is a pansy and excessive iron deficiency symptoms, lack of iron, they just pick up and you prefer the cool season crop and prefer ammonium nitrogen so two compounding factors of wet, too much water then resulting in ammonium -- iron deficiency [ Indiscernible - low volume ] okay? 

This is a normal plant, where we are growing the well great aerobic condition plant, plants are being grown in roses. Nitrate preferred plants and for nitrate preferred plants, they require more iron, because iron is required in conversion of the nitrate to ammonium acids and proteins. For that reason, these plants tend to have nitrogen deficiency and at the same time they become sensitive to iron deficiency. Saw any iron loving need to apply extra cautions to apply sufficient iron so that nitrate that is being supplied is available and being converted to proteins and open to see more robust growth in the Rose family or nitro loving plants oh more than one factor involved in growing a plant. This will give you a guideline about the 4R stewardship for the nitrate loving plants, [ Indiscernible - low volume ] so talking about the nitrogen form, for the nitrogen form, nitrate loving plants, the ammonium nitrate form should be less than 20%. In terms of -- depending on the source, it happens to be ammonium sulfate should not be graded at 30% okay pet -- and if the nitrate should be greater than 30% and failure to provide then you will have nitrogen deficiency even though you provide nitrogen but if it happens to be the ammonium nitrate form, the plant has lack of certain proteins for updates of that ensures symptoms of nitrogen deficiency. When it comes to calcium, equally important because calcium being applied in the calcium sulfate and that means it will affect or influence the subsequent pH. So for nitrate loving plants, the preferred calcium should be calcium hydroxide and calcium carbonate, and not calcium sulfate or calcium chloride. 

Applying calcium sulfate and chlorate results in calcium deficiency. Water is another important factor. If the water is alkaline, the affected level because the pH factor would be the -- critical to monitor and that nitrate loving plants, due to the nitrate, the pH is going to be excessively high on top of that, the alkaline water is going to be increasing the pH and for that reason edification is a critical factor if you are using an alkaline water. Failure to do that -- so it will result in iron deficiency. 

By following the right protocol, the checklist, you should be able to update premium quality plants for nitrate loving soil so more than one factor is involved when choosing the right form of nitrogen in order to produce a premium quality [ Indiscernible - low volume ] production system. Just to give you and idea of what it takes to produce a premium quality plant, okay? Light, temperature, temperature also influences a great significant influence on ammonium, to the ammonium water utilization. So for here just focusing on the 4R nutrient and the source and rate and delivery, critical factor that the use the nurturing and the container production and does not matter if they are using ammonium is a positive, cat ion, nitrate, negative so nitrogen is only nutrient element that is being provided to plants in the positive instead of negative. And that will have a significant effect on the micro micronutrients and they could and I on OrCAD ion and they could uptake or substation or fueling to a fully grown plant so here we need to emphasize the right form and source, sitting at the same token we need to monitor the pH on the literacy of the nutrient solution. With the appropriate water supply, and failure to do that, the uptake will be [ Indiscernible - low volume ] result either toxicity or deficiency. If not, the nutrient that is been taken up, you will be able to accumulate use for plant growth and development producing a healthy plant, producing premium crop. And if the plant is premium crop, it will have I appropriate margin and at the same time have at least [ Indiscernible - low volume ] issues as a result of that -- these are just to show you the difference between the ammonium versus nitrate loving plant and the pH influence, okay? 

Back to some of the practices in the container production and just to recap against the ammonium versus nitrate resources. The microbial colonization in certain species, indicating the water, fertilizer, substrate, calcium source, and the temperature factor. 

Here this gives you and example of ammonium nitrogen preferred species. This demonstrates that species that prefer ammonium applied with the -- all plants that apply the nitrogen with the same grade, 100% ammonium, ammonium nitrogen have a new Routes where 50, 50 have some root, applied from the ammonium, and absence of ammonium nitrogen in the 100% nitrogen, hardly any growth in ammonium loving plants. 

That is an important factor so in this way we can almost eliminate nitrate leachate, because we know the plants prefer ammonium nitrogen so it is a waste stage and not only wasting in terms of cost so also bad for the environment. So we could eliminate -- no need to apply for nitrate in -- for the ammonium loving plant species so that is a good example to demonstrate why this is. 

This is the blueberry production, in Texas, production system, where blueberries plants ammonium loving specious and not nitrate loving species. We would apply it nitrate and they would be highly [ Indiscernible - low volume ]. 

Here in the case of the checking for 4R night -- nutrient species, we have to minimize the application of the nitrate form. It should be less than 20%, if at all, okay? Then increase the ammonium form of nitrogen and that could be ammonium nitrate, it could be ammonium sulfate, the sources. If your applying ammonium nitrate it should be less than 50% because it comes with the nitrate. If you are applying ammonium sulfate, it should be greater than 75%. So you make a decision here and the decision here is 75%, then you can go ahead and apply it. So ultimately you're getting at least 75% ammonium and 25% nitrate. Failure to produce that, if you just apply nitrate nitrogen for ammonium loving species, you ended up with nitrogen deficiency and some plans, some species, will show here the deficiency of ammonium deficiency and some of the -- to show you how a plant responds by using the wrong form of nitrogen. [ Indiscernible - low volume ] this is where hundred Burchett ammonium nitrogen and this is almost 0% [ Indiscernible - low volume ] ammonium nitrogen. 

Same thing with the water. The calcium source in the calcium source has to be from calcium sulfate because calcium hydroxide will raise the pH reason the pH is detrimental for ammonium loving species, and water has to be acidified and failure to be acidified and iron deficiency, so quilting is comment so we can produce the plant that is a premium crop where the fruits and yield -- essentially producing all fruits, vegetables, not soil -- excuse me. Soil and all the plants across all species being grown in the greenhouse sent nothing -- now lately with the COVID, they are introducing -- vegetables are being produced [ Indiscernible - low volume ] industry. 

Okay so here I went over to the disruption of nitrogen supply and uptake at initial stage and all the plant appears to be [ Indiscernible - low volume ] read his pigmentation up there on the older leaf. Extended, [ Indiscernible - low volume ] nitrogen supply, you see more symptoms of entirely leaf turn into reddest mentation included the PTO and the stem will affect -- tend to see more of a nitro -- indicating that nitrogen supplies has stopped, okay? The plants may be sitting at nitrates but that is what the I Michael species prefers that form of nitrogen. 

So on the information, the form of nitrogen supply, critical so unlike other plans, when example would be a blueberry, which is ammonium loving plans, in the form of nitrogen should be ammonium and not nitrate form, okay? And the source -- ammonium source should be greater than 50% at least you want to see a plant that is going, okay? With the calcium nitrate source or potassium nitrate source, unique to avoid using them so we have to apply or look for the fertilizer bag, before applying the fertilizer. It is critical. So we need to emphasize to the gross to look for what are the listing of the nitrogen sources, with a form, ratios, concentrations, it will help you in delivering the right form at the right way, to the species of concern. 

And also minimizing the application of fertilized [ Indiscernible - low volume ] and also sodium nitrate, used in some -- like some other growers. Liming is not recommended for ammonium loving plants, unless it is recommended by field staff or some extension specialists. 

Here is just a good example of a selection of nitrogen form, critical for ammonium nitrogen preferred species. Failure to deliver the appropriate nitrogen form, ammonium nitrate form resulting in nitrogen deficiency or showing symptoms of ammonium nitrogen in the [ Indiscernible - low volume ] family and most of the ammonium loving species. 

So what are the fundamental requirements of ammonium loving species and it is the substrate pH should be acidic and roots and knowing that the roots are sensitive to a high pH and most of the data require a chilling period and sensitive to drought salinity, waterlogged conditions, liming, nitrate form of fertilizer and alkyne water so knowing that requirements of the crop, specific requirements then we should be able to make the next best changes to practice the BSP's for the species, okay? What about urea? I know it is in everyone's mind, but what about urea, another form of nitrogen but then that is not a source for Ericaceae species. First urea, not only able to take up by plants, but it has to be converted to ammonium form. Before it could be converted to the ammonium form, the substrate pH has to be monitored and a high pH above 6.8 will result in ammonium less, ammonium to ammonium gas. Ammonium gas is toxic to most plant species so you need to monitor the pH, critical factor. If not it will result in ammonium toxicity -- even though we have line,converted to ammonium, that ammonium could be converted into a Moni are just because of the pH factor and it is biological -- is a chemistry pH influence of the urea to ammonium and then the higher pH would become ammonia gas another important factor. So sometimes nitrogen form has no effect on slower variety. Either we have seen hydrangea, hydrangea being one of the color that we could manipulate the flower color or some areas it will network but for some hydrangea flowers, color can be manipulated by applying the ammonium nitrogen because ammonium nitrogen will lower the pH so it will increase the ammonium update so we ended up producing the outcome of the blue flowers. Nitrogen will lower the ammonium uptake and raise the pH and we ended up producing pink flower so a form of nitrogen can be used for producing color manipulations. It is a critical factor so so nitrate will lower that so you start produce the pink flowers and this is -- this is aluminum -- ammonium or nitrate can be used for manipulating flowers and that is what I want to bring to your attention and just coming back to the categorization of ammonium versus nitrate loving species, just to recap, Marceau the ammonium loving species [ Indiscernible - low volume ] junipers shrubs, broadly, good example would be English Laurel, [ Indiscernible - low volume ] family, box route, cadmium, those are evergreen plants, okay? And they prefer acidic environment, okay? And they tolerate aerobic conditions, tolerate red substrate and they thrive in a cooler climate, Kelly environment. On the whole their growth habit is slow, compared to nitrate loving plan, the growth habit is more rigorous and robust because most of them are deciduous but in the greenhouse industry allow plants that are nitrogen loving because they are introduced from the tropic -- tropical and subtropical plants. A lot of plants are being introduced from different parts of origin and area and they prefer neutralize pH and aerobic conditions and they are less tolerant of what substrate -- substrate needs to be a good training system. Amended peat, perlite something that imprisoned and agenda grows well in the warmer environmental these are frankly to be used to categorize the ammonium versus nitrate loving species. 

With that, I would like to say thank you to NRCS for funding the project and also the planting materials provided by the narco company start and some provided by the sun group and the talented nursing group Association and also the students and the co-PIs involved in this project, I would like to take the opportunity to everyone for dissipating in this project and it is been a wonderful journey for us to come back and study these projects and demonstrate to the growers the precise and critical importance, emphasize in the form of nitrogen to be included, incorporated in the BMPs of container production. Thank you for spending your time and now I would like to take any questions from some of you. I know there are a lot of questions waiting and do not be afraid to ask any questions because I more than happy to share [ Indiscernible - low volume ] some of the questions that you ask for, okay? Once again, thank you, everyone. 

Okay, thank you, Dharma Pitchay , for sharing with us your knowledge and expanse with fertility requirements for optimal plant growth and the importance of choosing the appropriate nitrogen source and form and pH balance for nursery grown planting stock so again thank you very much, very educational. We do have some questions and I will ask those questions or tell you those questions, Dharma, you can answer them. First question, two part question, I will just go ahead and give you the first part of the question and you could provide the answer and that we will go to the next part and then the third part of the question. Would go, it says, it seems that nitrogen preference of plant seems to relate to soil environment they prefer, so Dharma, can you answer that question ? 

Nitrogen preference -- thank you for the wonderful questions. So classification of the nitrogen preference is to make to genetic -- the plants have lacking a certain transport of proteins to transport the nitrate versus ammonium nitrogen. So it is the genetic factor and plants that evolve over millennium so some plants or colonize the cooler environments so they perform ammonium nitrogen and plants that are earlier in the origin, Jenna perform, they perform ammonium nitrogen compared to the nitrate loving plants. Nitrate loving plants are more robust, fast-growing, and nitrate is something that is not emulated immediately after uptake but it is being upload into the vacuum, in the root system or in the shoot and it is being used for the entire cycle, day and at night, used to produced. Ammonium nitrogen has to be a simulated immediately upon uptake and that will be a trade of the plant has to channel all of the energy, 80 peas, in terms of a simulation to the expense of other activities in plant growth and development. For that reason, the ammoniacal nitrogen species are slow-growing, but deeper green, and they always have -- the activity would be the microbial activities, meaning other than [ Indiscernible - low volume ] and I hope I answer the question. I'm sorry. Hearing container production, soil, with the picture, because most of the container production is soilless media and soilless media, anticipate a medium of microbial activity and part of the reason the decision to soil is free from pathogens and consistent, uniform in that, and low density and could be transported from distant places. If the soil is heavy, high above density, so not feasible to grow them in soil. I hope I answered that. If you need more, I more than happy to answer more information on that, okay? 

Okay, Dharma. As implants in the acidic environments preferred the acidic ammonia, and the less the civic plants prefer their nitrogen and the more basic nitrate, can you answer that question? 

Okay. Specific environment, each time -- for the ammonium loving species, ammoniacal nitrogen, they cannot -- protons being influx, you know, sent out, so there is increase in protons. Hydrogen ions in the right atmosphere. That results in lowering the pH. In nitrate loving plans, nitrate is being influx to, taken into nitrate transporter or the hydrogen transport is, so nitrogen moves in. So there is the kind in the protons in the right atmosphere so that results in increased -- decline in the protons, hydrogen ion condensation -- concentration, without the increase in the soil pH or the substrate pH, I would say so, substrate pH, increase in substrate pH. And nitrate is one which can be taken up, easily, and it is water-soluble. Well ammoniacal nitrogen is not, a lot of times it is being kept in the [ Indiscernible - low volume ] capacity, okay? So that is another thing, another shortcoming of ammoniacal nitrogen , did that answer that? 

Sounds very good. What is the better approach for nutrient application? Is it for maximum or minimum growth, knowing that most container crops grown are intended to be replanted later? 

What is the better approach? 

That is interesting, depending on the stage. For ammoniacal nitrogen, the rate should be lower. You can apply however high the application -- your growth will be lest -- less robust so that is one of the reasons we follow the guidelines that are developed by us, in terms of monitoring the pH and if you're Ericaceae is the result of the in tire total ions then you know ion is accepted and too much ion and the ammoniacal nitrogen loving species, most sensitive to the nitrate loving species so you need to cut down the weight so you have to go for a minimum. Cut down so that wait we can save the input I minimizing best for the -- not just one -- light comes in, there should be enough light and temperature should be optimum and soil -- we talk about end form of nitrate, which is focusing on the nitrogen form, in these situations, but there are more to it implants and going back to the chart, the complicated flowchart on evolving the required environmental factors and plant growth and development and water plays an important part and if you put more input and if there is not enough water that it defeats the purpose. Spring, when growing plants in the outdoor, if you're putting a lot of fertilizer, maximum or minimum [ Indiscernible - low volume ] reference to time. So a lot of factors you need to take into consideration, whether putting maximum or minimum fertilizer. Growing valuable, and they know a good sound knowledge of that what you try to do is try to inculcate the nitrogen form which is equally important and growing crops. That way they can -- they can identify the species, select the species, group the species, and display in the production side based on ammoniacal nitrogen loving species versus nitrate loving species and that way we can more or less tackle a lot of problems that stay in the leaching, okay? But no one form in [ Indiscernible - low volume ] they deliver standard nutrient formulation in that aspect of the crop specific requirements and that is a challenge we are facing and under this project, being funded by NRCS, they are using this information, sharing and demonstrated with the growers white it is important that the maximum or minimum ammonium versus nitrate so that is what we are trying to do. 

Very good. Dharma, there is a question about the index of ornamental plants that characterizes them by genus as opposed to whether they are ammonium or nitrate plants. Is there an ornamental index out there that someone can access or get a hold of? 

Not that I'm aware of. No index that is easily accessible. We left general guidelines and this is the guideline that I would use for whoever wants to use the guideline -- Evergreen, during winter months, it is outside, sill Evergreen that prefers ammoniacal nitrogen end of the substrate, if it is acidified [ Indiscernible - low volume ] than it is preferring ammoniacal nitrogen. If it is tolerant of another condition and it can taken water substrate, read substrate, grows in the cooler environment like like the Holly, that is preferred ammoniacal nitrogen and then you talk about ammoniacal nitrogen, just apply 75, to 100 ETM of total nitrogen, apply more than that, for Nike plans we can apply anywhere between 200, 250 and the rate -- you can observe that, forms much quicker because nitrate loving plants have a much larger need that the nitrate is actually behaving, responding like that, slowly fertilized within the plant. Within the vacuum. But nitrate is not acting like a slow release [ Indiscernible - low volume ] it has to be estimated right away, and failure to do so turns into a toxic compound. So you do not want that. And that explains all of the activities stopped, hard, and focusing on the uptake of the ammoniacal nitrogen . 

Okay -- 

[ Indiscernible - overlapping speakers ] 

Okay. 

Sorry, there is a question on do you slow release nutrients in your containers? 

Yes, you can use so release fertilizer, but in slow release fertilizer, most of the fertilizer [ Indiscernible - low volume ] not many fertilizers are designed for the nitrate loving plants. Also [ Indiscernible - low volume ] fertilizer, designed for the ammoniacal nitrogen fertilized one because of the complexity of formulating a fertilizer for nitrate loving versus ammoniacal. Because if you put nitrate after adding calcium nitrate, calcium nitrate will precipitate the phosphorus rather than in the fertilizer. So not much -- we really have to look into the fertilizer, all having slow release fertilizer leads us to straight fertilizer, mixing it so that it is not an easy solution for getting fertilizer out there that fixes your nitrate loving plants or that feeds your ammonium loving plants. Ammonium loving plant species, yes, [ Indiscernible - low volume ] because you keep it it is because it is more ammonium based. [ Indiscernible - low volume ] base that is what it is all about, okay? 

Very good. All the concepts that you talked about today, how do they apply to roots bound in this? 

Route bound, -- route bound excellent question because when you place a plant for too long in the container, you can grow a plant -- root bound is just another factor that is being emphasized as a detrimental [ Indiscernible - low volume ] plants, if you start to produce root bound, you supply the concentration less and less and the plant would keep growing. It is not -- the root bound nest, substrates I, it is delivery of nutrients, frequency and the concentration has to be manipulated. It is not -- since it is root bound, definitely increase the water supply, and increasing water supply -- not this way you will increase the nutrients because during summer months, you apply lower concentration of fertilizer, compared to winter months. That is another think that I did not say. The weather is different here, just focusing -- I don't know if I answered that for the root bound, actually you can have the root bound by [ Indiscernible - low volume ] manage the water management and see the WIC of application for the fertilizer [ Indiscernible - low volume ] because a lot of roots, if the roots are functional than the lower rates, sufficient to make the plant keep growing, okay? 

Okay, by utilizing the correct form of nitrogen, is there any estimate how much less nitrogen could be used or money saved? 

Okay, by grouping them in the production site, when you walk into any nurseries or that type of industry, there are more, I would say, estimate under 50 -- more than 100 species are grown in the [ Indiscernible - low volume ] some prefer a medium -- if they could group them, select them, identify them, select them and then grouping them and then delivering a nutrient, specific to the species, that way they can have improved -- runoff, okay? Why must we apply nitrate to ammonium loving plants? Immediately you are reducing the runoff and then applying nitrates to yes, nitrate loving plants so they response is going to be quick, so the production cycle will be shortened so you could market the product, so you are saving the input and if not you keep producing the ammoniacal form of nitrogen that is for the plants and that will take it up and cannot utilize it and that is going to be a waste to the industry, for the environment. And ammonium or nitrate, they all undergo nitrogen mineral cycle. So one way or the other, we are actually polluting the environment. So selecting the appropriate, just like the human being, if it is a vegan, we should not be giving the person melt, how could they consume the melt? Even melt nowadays has no heart but then milk will ferment and give bad odor and similar to that, okay? I don't know if that's a good analogy on that, okay? 

You mentioned solidity earlier in your presentation and how does increasing solidity levels in container media affect nutrient and water uptake? 

Okay, good question. Increasing salinity is going to affect the functional routes and the uptake of nutrients, uptake of water. Period. We need to monitor the salinity in terms of monitoring the electrical conductivity. So if you want a high tabled system, we need to have a low easy level or low salinity. Higher salinity in the lot -- water or fertilizer, especially a good example, I would say, I have for the -- where we demonstrated the -- I will just give you and example here. The root system. Here ammonium loving -- ammonium supplied with the chloride. It has a higher easy salinity value compared to substrate. Compared to higher salinity factor, the ammonium supplied -- whether it is nitro loving [ Indiscernible - low volume ] on the root system and whether the sulfate which is the lower salinity factor even though it is nitrate loving plants, it is not that drastic in terms of the affecting the root growth and this just indicates salinity is an important factor. You can take into consideration they salinity in the water and the fertilizer and also the plants form. Some plants are more sensitive than the others, okay? So that needs to be into consideration. If the final -- roots of the final root system, [ Indiscernible - low volume ] larger for the area, then the roots are exposed to high salt, they get burned, [ Indiscernible - low volume ] dehydrated and water uptake, it is not taken place, just to give you the water, the slides on the water -- that is too far. 

Water uptake slides on wilting, causes of lifting, [ Indiscernible - low volume ] original water because salinity is and important factor and it causes wilting. 

It is later, okay. 

I hope the slight -- I put in the slide, the flowchart, the causes of wilting. Wilting is not necessarily because of no water but wilting also to make to port development and also salinity factor. 

Great. 

Here is the flowchart that you can use, as a guidance. What is really happening? Just because the plant is wilting, what do we do? Okay, apply water. No, it could be more than that. The process would be more than that and I would say at least six causes and then the remedies for that. 

Okay. The question is, can you suggest an introductory text or leaflet that provides a good starter for understanding nutrients? 

Understanding nutrients that are for vegetables and available? Very scarce text. They publish the book on the new [ Indiscernible - low volume ] bedding plants, that is available at Amazon.com. I'm one of the authors, [ Indiscernible - low volume ] a lot of work done on that. There are books on mineral nutrition by Marsha, that is a good, I would say, plant nutrition Bible that everyone should have it and now -- we edited it -- by his daughter and father of plant institution. That is provided by John Nelson, I Professor, greenhouse management in the Trent management, best book. Those books should be able to give you some guidelines and then feel free to call me and my phone number is there. There is a lot of information out there by the international plant Institute which was slapped -- slightly -- sadly shut down, but they could provide your information. But our information and please do not look at the companies, fertilizer companies attend to promote their product [Laughter] just to give you a warning, the morning, okay? 

Very good. Okay, if I'm understanding this correctly, this is the question, that the protein on the ammonium loving plants are specific to the plants that you pointed out and vice versa for nitrogen loving plants, I understand correctly [ Inaudible static ] on the ammonium loving plants, are specific to those plants and vice versa for nitrate loving plants -- 

[ Indiscernible - overlapping speakers ] 

That's right. 

The -- 

[ Indiscernible - overlapping speakers ] 

That is a very specific -- high salinity ammonium transport those at low salinity transport -- transporters. The transporters are very specific to this nitrate and ammonium and all taken up to the [ Indiscernible - low volume ] distributed across all the plants, okay? Transport [ Indiscernible - low volume ] [ Inaudible static ] taken up. 

Very good. 

Well, that concludes our questions for today's webinar. And for Dharma. There are a few -- if you have other questions and would like to reach out to Dharma, there is some information about his telephone number and his email address. If you have other questions, please reach out to him and you can see that Dharma is very well educated in the area of plant production especially with the nitrogen forms and sources. And how important they are for the production of those container grown plants. With that, I turned back over to Jeannie for final information. 

Thank you, bill payment on behalf of the USDA and Natural Resources Conservation Service, I want to say thank you to 10, Joel and Kip are providing excellent presentation today about conservation innovation grant in container grown agriculture innovation. And thank you again to everyone for attending today's webinar, participants do not forget to provide your feedback about the webinar. If you selected to earn CEU's please return to your open browser window and continue the process offered by step two conservation webinars.net and this concludes our webinar presentation. Thank you. 
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