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Introduction 介紹
　　Welcome to the electronic handbook for the production of CEA hydroponic pak choi. This handbook is designed to be an introductory manual for the production of Nutrient Film (NFT) grown CEA (Controlled Environment Agriculture), or greenhouse, pak choi. More importantly, it is designed to be interactive. A few notes are in order about the extent of our experience in pak choi production. The reader should bear in mind that our experience is not unlimited; we therefore describe the extent of that experience. This handbook describes the procedures developed in the course of 23 trials at the Kenneth Post and Guterman Bioclimatic Laboratories at Cornell University. The procedures were initially based on findings in literature, our prior experience with leaf lettuce and spinach, and were modified as we gained experience. We found pak choi to be an easy crop to grow.

　　歡迎來到環控農業水耕小白菜量產的電子手冊，本手冊將介紹在環控設施內以營養液膜法栽培小白菜的量產方法。更重要的是本手冊還有互動式功能，讀者可依序了解我們生產小白菜的經驗，然而讀者必須知道我們的經驗是有條件限制的。本書記述康奈爾大學Kenneth Post和Guterman生物氣候實驗室課程中23個試驗的步驟，這些步驟依據文獻結果和過去我們種植萵苣與菠菜的經驗來修正，我們發現小白菜是容易栽培的作物。
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Greenhouse Hardware溫室硬體
　　The physical components of both the Germination Area and the NFT Area are of fundamental importance to hydroponic pak choi production. It is necessary to have an idea of the physical components associated with each area, as well as a good understanding of their purposes.

　　水耕小白菜的栽培主要在發芽區和營養液膜區兩個區域進行，除了需要瞭解兩大區域涉及的實體組成之外，還需要瞭解各自存在的目的。

Germination Area發芽區
　　The first 10 days of pak choi production take place in the Germination Area.
　　At any given time, a facility capable of producing e.g., 1000 plants per day, seven days per week, will have approximately 11,200 seedlings in the germination area. This allows for culling 20% of the seedling, before transplanting. This requires a Controlled Environment germination area of about 140 square feet (4 m2), not including aisles.

　　Seedlings develop best with closely controlled temperature, relative humidity, carbon dioxide, irrigation and lighting conditions. These conditions can best be met in an area with the following equipment:

　　最初十天，小白菜培植於發芽區。

　　工廠隨時都可以生產小白菜，假設一周七天，每天生產1000株小白菜，發芽區需有11200株幼苗。而在移植前有20%的種苗會被剃除掉，使得環控農業不包括走道的區域面積需要約140平方英呎(4平方公尺)。

　　種子在嚴格的溫度、相對濕度、二氧化碳濃度、灌溉和光照條件控制下，可達到最佳的生長條件，而要達到上述的各種條件，我們需要的設備有：
· Ebb and Flow Benches潮汐灌溉的植床

· Solution Tank and Plumbing養液槽和連接的管路

· Supplemental Lighting人工照明

· Aspirated Box通風的感測箱

· Sensors感測器
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Ebb and Flow Benches潮汐灌溉 (淹灌) 的植床
　　An empty Ebb and Flow bench. To uniformly supply the germinating seedlings with water and nutrients, Ebb and Flood benches (approximately 2.5 by 1.3 cm) are periodically (2 to 4 times per day for approximately 15 minutes) flooded. The ebb and flow benches were specifically designed to supply water and nutrients by sub-irrigation. Through a pump and piping, the fertilizer solution is pumped into the Ebb and Flow bench.  The solution is then automatically drained after a given time period.
　　This photo shows an Ebb and Flood bench while the bench is flooding for sub-irrigation.

　　一個空的潮汐灌溉植床。為了讓種苗都能均勻地吸收到養分和水分，潮汐灌溉式植床(長乘寬2.5 x 1.3 cm2)會定時升降水面高度(每天2到4次，每次上升15分鐘)來進行淹灌。養液[image: image13.jpg]


會透過幫浦和管路輸送到植床上，並在設定的時間之後自動排掉。
　　本照片顯示一個空的潮汐灌溉植床正在進水做淹灌的準備

Seedling Nutrient Solution育苗區的營養液
　　This nutrient solution is used only in the germination area. (A different nutrient solution, described later, is recommended for use in the NFT area with the more mature plants.) The solution is prepared by dissolving equal parts of Peter's HydroSol and calcium nitrate in Reverse Osmosis (RO) treated water. Peter's HydroSol is a commercially available water soluble nutrient mix commonly used in hydroponic nutrient solutions. One component must be dissolved in the RO water before the other component is added. If HydroSol and Ca(NO3)2 are added at the same time, these components will react and form a precipitate, and results in an inadequate fertilizer solution. Approximately 800 g of both HydroSol and Ca(NO3)2 are added to 1500 L of RO water to obtain an Electrical Conductivity equal to 1.2 mS/cm. Approximately 100 ml of 1 normal potassium hydroxide (1N KOH) will be required to raise the pH to 5.8. Larger volumes of fertilizer solution will require proportional increases of HydroSol, Ca(NO3)2 and KOH.

　　此營養液僅用於發芽區(晚點介紹的另一種營養液，建議在營養液膜法中相對較成熟的植株中使用)，由彼得氏肥料 (商品名稱為HydroSol) 與硝酸鈣以1:1(各800 g)的比例加入RO水(1500 L)中調配而成，彼得氏肥料在商業中常作為水耕植物的營養液使用。調配養液時，兩者需分別加入且須等第一種完全溶解後才加入第二種，如果同時加入會造成沉澱。依上述方法可調配出電導度為1.200 mS/cm的營養液，另外加入1 N KOH 100 ml可將酸鹼值調成5.8。
2. Solution Tank and Plumbing養液槽和連接的管路
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　　In our small test facility, a fiberglass tank (A) holds the nutrient solution used for sub-irrigating the seedlings. Approximately 250 L of nutrient solution is sufficient to prime th e system, fill the bench, and provide nutrient solution for the first 11 days of growth. A small (Teel Model 1P808A 1/50 h.p.) pump (B) is used to pump the solution to the bench. The piping (C) should be flexible to adjust to individual germination area needs. A throttling or gate valve (D) is included to control the flow of the nutrient solution to the Ebb and Flow bench. The bottom of the sub-irrigation bench (E) is visible in this photo.

　　In a commercial facility, a 2000 L tank could be used for storage of the nutrient solution; the pump would have to be scaled up. Two pumps in parallel are suggested to provide redundancy. Some means for checking the pumps to assure both are working should also be included.
　　在我們的植物工廠裡，灌溉種苗的養液儲存於玻璃纖維槽(A)。大約250升的養液即足以供應種子的預措、植床的灌溉，並提供最初11天栽培所需的養液。一個Teel公司量產(型號 1P808A，1/50馬力)的小幫浦(B)用來將這些溶液輸送到各植床。連接管路(C)必須要能靈活調整，方便養液供應到各發芽區。系統還須包含一個節流閥或水閘(D)，可用來控制灌溉植床的養液流量。上列照片顯示的是淹灌植床的底部(E)。

　　在工廠中一般使用2000公升的養液槽來儲存養液，而馬達則依需求來選擇，相同的馬達可互補，需要利用一些工具來確認馬達的運作。

3. Supplemental Lighting人工光源
Type種類
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　　Cool White Fluorescent (CWF) lamps (A) are recommended in the germination area, but High Pressure Sodium (HPS) can also be used. Heat generated by the lamps must be dissipated from the germination area in order to maintain the temperature set points. Use of incandescent lamps (B) is discouraged, because the red light emitted from these lamps causes the seedlings to etiolate ('stretch'). Fluorescent lamps are rich in blue light, which results in short, squat seedlings.

　　一般發芽區建議使用冷白螢光燈管(A)，但是也可使用高壓鈉光。人工光源產生的熱量一定要移出發芽區，以利溫度設定點的維持。不鼓勵使用白熱燈泡(B)，因為這些燈泡散發出的紅光會導致種子突長。螢光燈管則富含藍光，可讓種苗較為矮壯。

Configuration配置
　　The lamps should be configured for uniform distribution of light over the entire growing area. During the first 24 hours the seeds are in the germination area no light is provided. For the remaining 10 days, light intensity is maintained at 250 micromol m-2s-1 of PAR (Photosynthetically Active Radiation). The photoperiod (or day length) is 24 hours. Shorter photoperiods are acceptable if the light intensity is increased to provide the same total daily accumulated light (~22 mol m-2d-1) Light output of CWF lamps decays over time and it is important to realize output of CWF lamps varies as a function of air temperature. Maintain a constant temperature in the lamp area and regularly measure light output of the lamps. When the light intensity drops below an acceptable level (e.g., 200 micromol m-2s-1), new lamps should be installed. A quantum sensor should be used to measure light intensity.

　　A lamp maintenance program can be employed to minimize fluctuations in light intensity. In this program, every ten weeks 25% of the lamps are replaced. CW fluorescent lamp life is about 7500 hours, and by 5000 hours about 50% of the light output is dissipated. If the lamps were replaced all at one time, there would be an enormous change in total light output between installation and replacement. Replacing only a portion of the total lamps means some lamps are working at their maximum light output and some are declining therefore, fluctuation in total light output is minimized. This exchange system improves uniform lighting, which is critical for uniform plant production.

　　這些燈管必須均勻地裝配在全部的生長區內。在最初的24小時，發芽區不提供任何的光照，而在接下來的十天內，其光照強度須控制在250 micromole/m2s的光合作用有效輻射，且光週期(每日照光時數)必須是24小時。而若是要縮短光週期，則我們必須將光照強度提升到和上述之累積能量相同才行(~22 mol/m2d)。冷白光燈管的光照強度將會持續地減衰，而改變光照強度就像是調控室溫，因此須將光照區控制在一定的溫度下，並規律地檢查光照強度。若是光照強度減衰至可接受的平均值以下(例如 200 micromoles/m2s)，則必須置換上新的燈管，可利用光量感測器來測得光合作用有效光的總量。

　　燈管控制可減少光照強度的波動，每十週須替換掉25%的燈管，冷白光燈管的使用週期約為7500小時，而大約在5000小時，光量就會衰減一半。如果一次替換掉全部的燈管，則在替換之後，光量會巨幅地增加。如果只替換一部分的燈管，則意味著某些燈管處於最大光量，而某些燈管其光量已有衰減，這麼做可讓總光量的變化較為緩和，在燈管替換的前後提供較為一致的光量，是維持穩定量產不可或缺的一項要素。
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4. Aspirated Box通風的感測箱
　　An example of an aspirated box, which houses and protects the computer sensors from light or localized temperature changes. The position of the box should be close to the plant canopy to measure the environmental parameters at plant level. This may not be possible in all germination areas. The box is equipped with a small fan (A) which draws air past the sensors (B). Sensors are located upstream from the fan.

　　此圖為通風的感測箱，其外箱可以保護裡面與電腦連線的感測器免於受到光照與鄰近空間熱浪或冷鋒的影響。感測箱的位置必須靠近葉冠，以利準確地測得植物附近的環境參數，但無法在所有發芽區都這麼做，因此感測箱內裝有一個小風扇(A)來將外部的空氣吸入並通過感測器(B)，但必須注意感測器需在風扇的上風處 (也就是風扇在感測器後吸風)。

5. Sensors感測器
　　See "Sensors" under Computer Technology for full details.

　　在“電腦科技”的篇幅中將會有更詳細的介紹。

NFT Area營養液膜法區域
　　Concepts involved in the Nutrient Film Technology (NFT) area are: 與此區相關的概念包括：

· NFT Area Size液膜法區域的大小

· Nutrient Solution營養液
· Construction建構

· Lighting照明

· Turbulator Fan渦流風扇

· Aspirated Box通風的感測箱

1. NFT Area Size液膜法區域的大小

　　The production of 1000 plants/day requires a NFT trough area of approximately 10,400 ft2 (980 m2). If NFT rolling benches 12.5 ft in length (4 m) are used, about 880 lineal feet of rolling bench will be required. Assuming 3 feet wide (1 m) are used between rows of benches and around benches, evaluation of several configuations indicate 12,600 to 14,400 ft2 (1,200 to 1,340 m2) will be required for aisles. The total glasshouse space required will be approximately 24,000 ft2 (2,200 m2). Pak choi plants are initally transplanted at a spacing of 14 * 3 inches (35.6 * 7.6 cm). This is a density of 13.8 plants/ft2 (37 plants/m2). The pak choi plants are grown at this spacing in the NFT area greenhouse for 10 days. On day 21 after seeding, the spacing is doubled by increasing the distance between each NFT trough by three inches (7.6 cm). The plants remain at this spacing for an additional 14 days. Final harvest takes place 35 days after seeding.

　　要每日產出1000株小白菜需要大約980平方公尺的生產區域，如果所使用的移動植床長4公尺，則水池栽培區需要約268公尺長的移動植床。假設每列植床的間距為1公尺寬，估計需要配置的走道大約為1200~1340平方公尺，而整個溫室的空間大約為2200平方公尺。小白菜最初移植到35.6公分*7.6公分的空間，平均密度為每平方公尺37株植栽，而這些小白菜必須要在這水池內栽培10天。在播種後第21天，小白菜彼此間的距離因成長而減少7.6公分，此後，小白菜持續在水池中生長發育14天，在播種後第35天收成。

2. Nutrient Solution養液
　　Set points for the macro and micro-nutrients in the nutrient solution for hydroponic pak choi grown in NFT are: 營養液膜法區域裡水耕小白菜養液中巨量營養素與微量營養素的設定如下：
	Macro-nutrients巨量營養素
	Micro-nutrients微量營養素

	N氮
	8.9
	millimol/L (125 ppm)
	Fe鐵
	16.8
	micromole/L (0.94 ppm)

	P磷
	1.0
	millimol/L (31 ppm)
	Mn錳
	2.5
	micromole/L (0.14 ppm)

	K鉀
	5.5
	millimol/L (215 ppm)
	B硼
	15.0
	micromole/L (0.16 ppm)

	Ca鈣
	2.1
	millimol/L (84 ppm)
	Cu銅
	0.4
	micromole/L (0.03 ppm)

	Mg鎂
	1.0
	millimol/L (24 ppm)
	Zn鋅
	2.0
	micromole/L (0.13 ppm)

	S硫
	1.1
	millimol/L (35 ppm)
	Mo鉬
	0.3
	micromole/L (0.03 ppm)


　　The desired Electrical Conductivity (EC) and pH of the nutrient solution are 1.2 mS/cm and 5.8, respectively. The EC can be adjusted by adding more concentrated nutrient solution or RO water. The first will increase the EC and the latter decrease it. The pH is maintained by adding an acid (1 N nitric acid) or a base (1 N potassium hydroxide). A concentrated nutrient solution formulation is shown in Stock Solutions A and B.

　　養液的電導度和Ph值分別為1.2Ms/cm和5.8，加入濃縮養液可增加電導度，若加入RO水則可以減少電導度，此外可以鹽酸或氫氧化鉀來調整溶液酸鹼性，濃縮養液主要以母液A和母液B調合而成。
Stock Solutions母液
　　Two concentrated stock mixtures are prepared and added to RO water to produce concentrated, full strength, stock solutions. Two separate stock solutions are prepared to prevent precipitation of solids from the solution.

　　將兩種混合物分別以逆滲透(RO)水調和成母液，以供應水池區中作物所需養分，分為兩種母液可避免因化學元素起反應而造成沉澱情形。

Stock A母液/濃縮液A
	These chemicals are added to 300 L of RO water(300 公升RO水)

	Potassium Nitrate
	6,132.0 g

	Calcium Nitrate*4H2O
	29,160.0 g

	Ammonium Nitrate
	840.0 g

	Sprint 330 Iron - DTPA (10% Iron)
	562.0 g


Stock B母液/濃縮液 B
These chemicals are added to 300 L of RO water. 將此化學物質加入300公升的逆滲透水。
	Potassium Nitrate
	20,378.0 g

	Monopotassium Phosphate
	8,160.0 g

	Potassium Sulfate
	655.0 g

	Magnesium Sulfate*7H2O
	7,380.0 g

	Manganese Sulfate*H2O
	33.5 g

	Zinc Sulfate*7H2O
	21.5 g

	Boric Acid
	55.8 g

	Copper Sulfate*5H2O
	5.6 g

	Sodium Molybdate*2H2O
	3.6 g


　　The nutrient solution used to grow the hydroponic pak choi was derived from the above listed full strength stock solutions. Equal volume parts of stock A and B solutions were diluted 200 times with RO water before the mixture was delivered to the plant roots. Estimated EC and pH of the dilted nutrient solution are 1.2 mS/cm and 5.8, respectively.

　　用來種植水耕小白菜的養液是以上述母液所調配，種植前將相同體積的母液A和母液B混合並以200倍的逆滲透水稀釋，溶液的電導度為1.2 mS/cm，酸鹼值為5.8。
[image: image17.jpg]



3. Construction水池的建構
　　Some of the details of the NFT troughs placed on rolling benches. Typically the troughs are 12 feet long. The bench is a few inches longer to accommodate plumbing and 5 feet wide. This makes it possible for most people to work of the center of the bench.

　　部分液膜養液槽放置於滾動式的工作台上，一般養液槽長12英呎，工作台寬5英呎，較養液槽多出的長度可進行配管，使得人們得以在工作台中間工作。

4. Lighting燈光
　　Uniform light distribution is required in the NFT Growing Area. Supplemental lighting is added to achieve approximately 200 micromol/m2s at the plant level is recommended. High pressure sodium (HPS) lamps are used to supply supplemental light. These lamps are the most efficient, have a long life, and have only limited decay in output over time. Independent lighting consultants (architects and some CEA specialists, for example) have specialized software to determine proper number and placement of lamps needed for a specific and uniform light intensity. It is critical to have the correct lighting system installation that has both a high level of uniformity over the growing area.

　　Because the CEA pak choi program is production-intensive, lighting and electrical power usage is high. Local utility companies have information on special rates and rebate programs for new industries and Controlled Environment Agriculture facilities.

養液生長區中需要均勻的燈光分布，建議將燈光強度設定在200 umole/m2s，因為高壓鈉燈管有生命週期長、燈光照度減衰慢的優點，可利用其作為光源。獨立的燈光顧問（如建築師或養液專家）有專門的軟體來決定要在哪裡加裝多少燈管才會達到有效且均勻的燈光強度，正確的安裝均勻燈光系統是很重要的。

　　因為環控農業所栽植的小白菜是高集約性的，所以在燈光和電能方面的需求也非常大，當地的公營事業應該對新興產業和環控農業的設備供以特殊的稅率和退稅方案。
Lighting Configuration and High Pressure Sodium (HPS) Lamps燈光配置和高壓鈉燈管
　　The number and position of the lamps were determined using a specialized lighting configuration computer program.
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　　The photo below shows a high pressure sodium (HPS) luminaire used for supplemental lighting. These lamps provide the recommended Photosynthetically Active Radiation (PAR) needed to supplement natural light. The computer control program measures the solar irradiance at the plant canopy surface and adjusts (on and off) the supplementary lighting system to achieve a pre-determined total light level each day. For the pak choi production the recommended level is 17 mol m-2d-1.

　　燈管的數目和位置由特殊燈光配置的電腦軟體來決定，下圖為高壓鈉作用的光源，此燈管在日照下可提供光合作用有效輻射，電腦控制軟體可量測每日葉冠的太陽輻射照度，並經由供應光源與否來校正達到每日總光量，小白菜的建議光量為17 mol/m2d。
5. Turbulator Fan渦流風扇
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　　It is necessary to provide adequate air flow into the pak choi leaf canopy. The airflow is needed to increase plant transpiration. This increases the transport of nutrients from the roots to the young, fast-growing pak choi leaves. The greater rate of nutrient transport provides sufficient amounts of calcium to the leaves and, therefore, prevents tipburn.

　　Without this airflow, pak choi must be grown under reduced light levels, which slows the rate of growth. One method to achieve this is to blow air vertically down onto the pak choi plants by means of a Turbulator Fan. An alternative approach is to provide horizontal air flow with some method to force the air through the plant canopy. Two opposing air streams will create enough turbulence to provide this effect. Careful sizing and placement of the fans and measurement of the air velocity and turbulence is necessary if tipburn is to be avoided.

　　提供小白菜適當的氣流是必要的，氣流可以加速植物的蒸散作用，使植物加速從根部運送養分到葉片，養分加速運輸可提供葉片足夠的鈣離子，預防葉燒。

　　沒有氣流時必須減少小白菜的光照量，而此法會降低生長速率，可用高架風扇將空氣垂直地吹向下方的小白菜，再利用某些方法提供水平的氣流，使氣流產生足夠的擾動來加速蒸散作用，若要避免葉燒需要仔細的估算風扇、氣流風速和擾動。
Tipburn葉燒
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　　Tipburn is a browning of the edges or tips of leaves. It is a physiological response to a lack of calcium. Adding calcium to the solution will not alleviate the problem. The lack of calcium is actually a result of the leaves growing at a faster rate than the rate of calcium translocation to these growing points. To increase the translocation of calcium, the rate of transpiration, and thus, the movement of water from the roots through the plant and out of the leaves, is increased. Increasing the rate of transpiration can be accomplished by increasing air movement over the surface of the leaves and the entire pond. A turbulator fan increases air movement, thus increasing the rate of transpiration.

　　葉燒是指葉片邊緣或尖端出現褐斑，當植物缺乏鈣即會出現此現象，然而在養液中加入鈣並無法緩和這個問題。實際上當植物缺乏鈣時，葉片會加快生長速度來加速鈣質在生長點的交換速度，進而加速葉片的呼吸作用，使從根部到從葉片的水分逸散速率增加。透過加快葉片表面或整個水池的空氣流動可增加植物的呼吸作用，因此使用渦輪風扇增加氣流擾動可加速植物呼吸作用。
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Aspirated Box通風的感測箱
　　The aspirated box is located in the growing area and has the same function as the aspirated box in the germination area.

　　水耕栽培區的通風感測箱和發芽區的相同。
Computer Technology電腦科技
　　Computer technology is an integral part in the production of hydroponic pak choi. Different sensors are used to monitor greenhouse environment parameters. These parameters include temperature of greenhouse air and nutrient solution, relative humidity and carbon dioxide concentration of greenhouse air, light intensities from both sunlight and supplemental lighting, pH, dissolved oxygen (DO), and Electrical Conductivity (EC) of the nutrient solution.

　　電腦科技對於生產水耕小白菜而言是重要的，可透過不同感測器來監測不同的環境參數，包括溫室內的大氣溫度、養液溫度、相對溼度、二氧化碳濃度、陽光和人工光源的合計光量、pH值、溶氧量和養液電導度等。
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Biological Significance對生物具顯著影響的環境參數
Temperature溫度
　　Temperature is one of the factors controlling plant growth. Generally, as temperatures increase, chemical processes proceed at faster rates. The temperature of the plant environment should be kept at optimum levels for fast and successful maturation.
　　溫度會影響植物生長的速率，一般來說，溫度上升會加速化學變化的反應速率，因此將溫度控制在最適當的範圍可以使植物快速熟成。

Relative Humidity相對溼度
　　The relative humidity (RH) of the greenhouse air influences the transpiration rate of plants. High RH of the greenhouse air causes less water to transpire, which causes less transport of nutrients from roots to leaves and less cooling of the leaf surfaces. High humidities can also cause disease problems in some cases. For example, high relative humidity encourages the growth of botrytis and mildew.

　　溫室空氣中的相對濕度會影響植物的蒸散速率，高相對濕度使得較少的水分從植物蒸散出去，導致從根部輸送到葉片的養分減少，同時減少葉片表面的降溫效果。高濕度在某些狀況下也可能使植物生病，例如：高相對濕度將會促使灰霉病病原體和黴菌相對活躍。

CO2二氧化碳
　　CO2 concentration of the greenhouse air directly influences the amount of photosynthesis (growth) of plants. Normal outdoor CO2 concentration is around 350 parts per million (ppm). Plants in a closed greenhouse, during a bright day, can deplete the CO2 concentration to 100 ppm, which severely reduces the rate of photosynthesis. In greenhouses, increasing CO2 concentrations to 900-1500 ppm speeds growth. CO2 is commonly supplied to the greenhouse by vaporizing liquid CO2.

　　溫室中的二氧化碳濃度將直接影響植物進行光合作用的效率，一般戶外的二氧化碳濃度大約為350ppm。在日光充足的密閉溫室中，植物一天可消耗約100ppm的二氧化碳，這將會嚴重降低光合作用速率，可透過添加液態二氧化碳的形式將二氧化碳濃度提升至1000-1500ppm來加速植物生長。

Lights光量
　　Light measurements should be taken with a quantum sensor, which measures Photosynthetically Active Radiation (PAR, 400-700 mm wavelength) in the units micromol m-2s-1. PAR is used by plants for photosynthesis. Measurements of PAR give an indication of the possible amount of photosynthesis and growth being performed by the plant. Foot-candle sensors and lux meters are inappropriate, because they do not directly measure light used for photosynthesis.


　　燈光是由光量感測器來測量光合作用有效光，其測量單位為umole/m2s。測量光合作用有效光對於了解光合作用的過程是非常有效的，測量光合作用有效光可作為光合作用總量和植物生長的指標，而英尺燭光感測器和光通量量測法並不適用於此，因為它們無法直接量測有多少光量被用來進行光合作用。

Dissolved Oxygen溶氧量
　　Dissolved oxygen (DO) measurements indicate the amount of oxygen available in the nutrient solution for the roots to use in respiration. Pak choi grows satisfactorily at a DO level between 4 and 16 ppm.

　　量測溶氧量可作為池中有多少養液可以用來供給植物根部呼吸的指標，小白菜需要的養液溶氧量介於4到16 ppm。

Respiration呼吸作用
　　Respiration is the biochemical process by which oxygen and carbohydrates, or sugars, are assimilated in the plant. The sugars produced by the plant during photosynthesis are incorporated into the growing plant at this time. The process of respiration requires oxygen to act as an electron acceptor in the energy-producing processes. This is known as aerobic respiration. Without the presence of oxygen, anaerobic respiration occurs. In many plants, anaerobic respiration takes the form of ethanol fermentation. This can lead to the accumulation of ethanol reaching toxic levels.

　　呼吸作用是植物體內進行氧氣、碳水化合物、醣的同化與轉化的生化反應，在光合作用所產生的醣經此作用轉化為植物體的一部分。呼吸作用需要氧氣在能量的製造過程中作為電子的受體，這就是所謂的有氧呼吸。如果缺乏氧氣，就會進行無氧呼吸，形成乙醇，導致對植物體的毒害。

pH酸鹼度
　　The pH of a solution is a measure of the number of hydrogen ions. The pH of a solution can range between 0 and 14. A neutral solution has a pH of 7. That is, there are an equal number of hydrogen ions (H+) and hydroxide ions (OH-). Solutions ranging from pH 0-6.9 are considered acidic and have a greater concentration of H+. Solutions with pH 7.1-14 are basic or alkaline and have a greater concentration of OH-.

　　The pH of a solution is important because it controls the availability of the fertilizer salts. A pH of 5.8 was found best for pak choi, however a range of 5.6-6.0 is acceptable. Nutrient deficiencies may occur at ranges above or below the acceptable range.

　　溶液中的酸鹼度是由氫離子數目而測定，酸鹼度的範圍在0到14之間。7代表酸鹼度為中性，意即溶液中的氫離子和氫氧根離子數目相等。酸鹼度在0到6.9的區間表示溶液中的氫離子濃度較高，溶液呈酸性；而酸鹼度在7.1到14的區間表示溶液中的氫氧根離子濃度較高，溶液呈鹼性。

　　溶液的酸鹼度是很重要的，因為它控制著化肥鹽的有效性。小白菜可生長的酸鹼度範圍為5.6到6.0，5.8被認為最適合小白菜生長，若是酸鹼度偏離了範圍，則可能導致小白菜營養缺乏。

Electrical Conductivity電導度
　　Electrical conductivity (EC) is a measure of the dissolved salts in a solution. As nutrients are taken up by a plant, the EC level is lowered since there are fewer salts in the solution. Alternately, the EC of the solution is increased when water is removed from the solution through the processes of evaporation. If the EC of the solution increases, it can be lowered by adding RO water. If the EC decreases, it can be increased by adding a small quantity of a stock solution.

　　電導度可測量養液中的鹽溶解度，當養分被植物吸收後，溶液中的電導度會因為鹽分減少而降低，相對地，溶液中的電導度也會因水分蒸發而提高。若溶液的電導度增加，可以加入RO水來將它稀釋；若是導電度減少，可以添加少量的濃縮母液將它還原成原先的設定值。
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Sensors感測器

Temperature溫度
Recommended Sensor : Resistance Temperature Detector (RTD) located in an Aspirated Box.

建議的感測器：位於通風感測箱內的電阻式溫度感測器。
Listing of system components and their manufacturers: 下表為系統設備和廠商：
Note: References to company and brand names are used for identification purposes only and do not necessarily constitute endorsements over similar products made by other companies.

註：公司和廠牌的資料僅用來辨識，無法替其他廠牌的相同產品背書。
	Dissolved Oxygen Sensor溶氧感測器

	Model模型
	Orion 820, hand held, battery operated

	Manufacturer製造商
	Orion Research, Inc., Boston , MA

	Specifications規格
	Output: 10 mV per mg/l 
Response time: 99% of final value in less than 40 sec at 20C
Min. sample flow: 15 cm/sec
Temp. range: 0 - 50oC
Membrane: TeflonÆ FEP, thickness: 12.5 microm


	Compact Submersible Centrifugal Pump離心幫浦

	Model模型
	1P808A

	Manufacturer製造商
	Teel

	Distributor經銷商
	Dayton Electric Mfg. Co., Chicago, IL

	Specifications規格
	0.02 HP, 75 W, max 1.5 Amps
flow rate versus pressure head:

rate

head

(l/min)

(kPa)

25.2

3.0

21.4

9.0

18.9

14.9

11.4

26.9

max head: 32.9 kPa




	Solenoid Valve螺線閥

	Model模型
	U8225A3V: Brass solenoid valve (normally closed)

	Manufacturer製造商
	Automatic Switch Co., Florham Park, NJ


	Temperature Sensor (for temperature of nutrient solution)
溫度感測器 (養液溫度)

	Model模型
	PR-11-2-100-(1/4)-6-E

	Manufacturer製造商
	OMEGA Engineering, Inc., Stamford, CT

	Specifications規格
	100 Ohm resistance temperature probe with 2 lead wires


Relative Humidity相對溼度
Recommended Sensor : Accuracy and stability of the sensor are important for reliable performance in the relatively harsh greenhouse environment.

建議的感測器：在溫室這種相對嚴苛的環境內，能準確且穩定的提供可靠數據是選擇的標準。

Carbon Dioxide Concentration二氧化碳濃度
Recommended Sensor : Infra Red Carbon Dioxide Sensor

建議的感測器：紅外線二氧化碳感測器
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Light光量
Recommended Sensor : Quantum Sensor measuring Photosynthetically Active Radiation (PAR, 400-700 nm wave band). Foot candle sensors and lux meters are inappropriate, because they are used to quantify the sensitivity of the human eye and do not necessaily measure light used for photosynthesis.

建議的感測器：測量光合作用有效光的量子感測器(PAR在400-700 nm)，呎燭光感測器和照度感測器並不適用，因為它們是在測量人類所能看見的可見光，與植物用於光合作用的光量並不直接相關。
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Dissolved Oxygen (DO)溶氧量
Recommended Sensor : Reliability and easy maintenance are important for this delicate sensor.
建議的感測器：要選擇可信賴且易於保養的感測器。
pH酸鹼度
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Recommended Sensor : Reliability and easy maintenance are important for this delicate sensor.

建議的感測器：要選擇可信賴且易於保養的感測器。
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Electrical Conductivity (EC)電導度
Recommended Sensor : Reliability and easy maintenance are important for this delicate sensor. This sensor is sometimes combined with a pH sensor in one unit.

建議的感測器：要選擇可信賴且易於保養的感測器，此感測器有時可與酸鹼檢測器結合使用。
Back to Greenhouse Hardware_PAR
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Set-Points設定值
Temperature溫度
Recommended Set-Point: 24oC (75oF) Daytime 18.8oC(65oF) Nighttime

建議的設定值：白天攝氏24度(華氏75度)，夜晚攝氏18.8度(華氏65度)

Relative Humidity相對溼度
Recommended Set-Point: 30% to 70%

建議的設定值：30到70%

Carbon Dioxide Concentration二氧化碳濃度
Recommended Set-Point: 900 ppm when light is available for photosynthesis and ambient levels during dark hours

建議的設定值：當燈光照明足以讓植物進行光合作用時，設定至1000ppm；而若是在無燈時段，維持一般大氣的濃度。
Light光量
Recommended Set-Point: Up to 17 moles/m2/day as a combination of solar and supplemental light (see photoperiod)

建議的設定值：自然光和人工光源的日累積總光量需17 moles/m2d
Dissolved Oxygen (DO)溶氧量
Recommended Set-Point: above 4 mg/L or 4 ppm in the nutrient solution

建議的設定值：養液溶氧量4 mg/L或4 ppm以上

pH酸鹼度
Recommended Set-Point: 5.8

建議的設定值：5.8

Electrical Conductivity (EC)電導度

Recommended Set-Point: 1.2 milliSiemens/cm

建議的設定值：1.2 Ms/cm

Photoperiod照光週期
Recommended Set-Point: a minimum of 16 hrs of light per day. Some varieties may bolt in 24 hrs photoperiod.

建議的設定值：每天最少照光16小時，有些種類需要暴露在24小時的光週期下。
Back to Computer Technology_Sensors




Pak Choi Production小白菜生產
　　This handbook is directed toward the production of 1 pound (450 grams) pak choi plants. The crop used in our experiments was Brassica campestris L., cv. Hypro. Seven other cultivars were also initially evaluated.

　　The production of the pak choi crop is separated into two growing areas. Seeds are started in a germination area where they germinate and grow for 10 days. On Day 10 the plants are transported to the greenhouse and transplanted in to the Nutrient Film Technology (NFT) troughs where they are grown until harvest on Day 35.

本手冊所述每日收穫的標的物為一磅（450公克）重的小白菜，作物品種分別為Brassica campestris L., cv. Hypro，最初亦估計其餘七種培育轉變而來之植物品種。

　　這些小白菜在兩個區域分兩個階段生產。首先，種子在發芽區經播種、發芽、成長為期10天，在第10天，小白菜種苗被移到溫室內，經移植後改在水耕液膜栽培區內繼續成長至第35天收穫。

Germination Area Stage發芽區栽培階段

　　The Germination Area stage is scheduled for Production Days 0-10. 在發芽區栽培的階段為生產期內的第0天至第10天。

Day 0 – Sowing第0天－播種

　　Production begins with the making of the germination media. The media fills 12 plug trays of 128 plugs each. The media can be moistened with RO water so as to increase the mass of the media a little. One pak choi seed is placed into each plug. This can be done with an automated seeding machine. The trays are then misted with RO water to soak the media thoroughly which settles the seeds into the media. The 12 trays are placed in the Ebb and Flood bench within the germination area. The trays are sub-irrigated with RO water for 1/4 hour every 12 hours. For the initial 24 hours lighting is maintained at 50 micromoles/m2s with a photoperiod (day length) of 24 hours to ensure good germination. The temperature is set for 20C (68F). The seed trays are covered with plastic humidity covers to ensure a high relative humidity which prevents desiccation.

　　生產作業由發芽介質的調製開始，首先以介質填滿12個穴盤(育苗盤)，每個穴盤內有128個穴格，可用逆滲透水將介質浸濕來增加一點介質的重量。每個育苗盤內的穴格都置入一顆種子，此步驟可用自動播種機來運作，接著再以逆滲透水進行噴灑，讓種子能夠安置於介質獲得浸潤。將12個穴盤放置在發芽區的一個淹灌植床內，使用逆滲透水進行淹灌，頻度為每12小時淹灌15分鐘。在最初的24小時內，燈光控制在50 (mole/m2s且光週期為24小時以確保發芽率，環境溫度設定在攝氏20度（華氏68度）。育苗盤覆蓋著保濕的塑料上蓋，以確保盤內可維持高濕度避免乾燥。

Germination Media育苗介質
　　A formulation of Peat-Lite is the media in which the pak choi seeds are sown. The ingredients are as follows: 小白菜育苗使用的介質配方如下：

· Sphagnum Peat Moss 水草 = 15.5 liter (1/2 bushel) 

· Horticultural Vermiculite 蛭石- fine grade = 15.5 liter (1/2 bushel) 

· Dolomitic Limestone 石灰 = 65 ml (5 Tablespoons) 

　No other ingredients are recommended.

　　The media can be prepared using a mixing device such as a clean cement mixer. If the media is made manually, care should be taken to ensure thorough mixing. 

This volume of media will fill the 12 plug trays (128 cells) produced each day. Large batches should not be stored. No more than one week supply of media should be prepared at a time. Poor results have been obtained with 'old' germination media.
上述介質可以使用類似水泥預拌的攪拌設備來混合，如果是使用手動的設備，要確保能夠充分均勻的混合。
以上所述的數量可以供應每天育苗需要使用的12個128格的穴盤使用，每次作業不應該準備太多的介質，以一週內用完為限。過去的經驗顯示使用老的介質沒有好的育苗結果。
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Plug Trays穴盤
　　Plug trays contain 128 (11 ml volume) plugs and are approximately 0.3 by 0.6 m. A 2.5 by 1.3 m Ebb and Flood bench will hold 16 plug trays. Plug trays can be obtained from greenhouse suppliers.
　　使用的穴盤尺寸為 30 cm x 60 cm，有128 個穴格，每個 11 ml 容積。一個 2.5 m x 1.3 m 的淹灌植床可以擺放 16 個穴盤。穴盤可以找溫室資材供應商採購。
RO Water逆滲透水
　　Reverse Osmosis (RO) water contains virtually no nutrients or contaminants. Tap water can be used to make the nutrient solution; however, the nutrients in the tap water must be taken into consideration when adding the fertilizer. Tap water may contain chlorine or other contaminants, which may cause problems for the growth of hydroponic pak choi. Bicarbonates present in tap water can make pH adjustment of the nutrient solution difficult. Use of RO water eliminates these problems.
　　逆滲透水中沒有養分或污染物質，雖然可以使用自來水來調配營養液，但是自來水中原本就存在的營養成分要先扣除，此外，自來水多半含氯或其他污染物，這可能對小白菜造成傷害。自來水中存在的碳酸鹽類也會讓養液的酸鹼值調整更顯困難，直接選擇使用RO水可免除這些麻煩。
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Seeding Machine播種機
　　A vacuum seeding machine can be used for automatic seeding of the pak choi seeds into the media. Automated seeding saves time and labor. Other seeding equipment can also work well. Automatic seeding machines are tempermental and require special care as they are affected by relative humidity, temperatures, and need to be adjusted each day to ensure proper operation.
　　可用真空自動播種機將種子播到基質中，以節省所需時間與人力。播種機有多種形式，都需要好好維護，儀器的精度會受到濕度及溫度的影響，因此需要每天校正。

Sub-irrigation淹灌



　　The sub-irrigation of the seedlings allows for water uptake through the bottom of the plugs. Sub-irrigating for 1/4 hour every 6 to 12 hours will supply the plant with the water and nutrients it needs for growth.
　　種苗的淹灌允許水分由穴盤底部被植物吸收，每6 ~ 12 小時淹灌 15 分鐘可提供足量的水分與營養來供應植物成長。

Day 0 Temperature溫度
　　The temperature within the germination area is maintained at 20oC (68oF) during the first 24 hours. It is imperative to keep the seed moist. A lower temperature, in conjunction with lower light levels and a high humidity, help prevent the seed from drying during the critical germination period.
　　After 24 hours the seedling has begun to germinate and the temperature is raised to 25oC during the 24 hour photoperiod.
　　發芽區內播種後24小時溫度須維持攝氏20度，發芽時種子必須保持潮濕，因此低溫、低光量和高濕度可以避免種子在發芽期間乾燥。

　　24小時後種子開始萌芽，在光合週期時溫度升高至攝氏25度。
Day 1 - Environmental Adjustment第1天－環境調節
　　A fertilizer solution is added to the sub-irrigation water 24 hours after sowing. The EC of the water is maintained at 1200 microS cm-1. The pH of the solution is adjusted to 5.8 with possible addition of the base, potassium hydroxide (KOH).

　　The temperature is raised to 25oC and the lights increased to 250 micromol m-2s-1. These environmental factors are maintained for the remainder of the crops' time in the germination area. Sub-irrigation continues for 1/4 hour every 12 hours until Day 6. The photoperiod remains at 24 hours.

　　在播種後的24小時，我們會將肥料溶液添加到次級灌溉的水槽中，此時水中的電導度須保持在1200 microS/ cm，且溶液的酸鹼值需以氫氧化鉀調到5.8。

　　此外，溫度須調升至攝氏25度，燈光也須調高到250 micromol/ m2s，這些萌芽區的環境因子需一直保持到作物被採收時。次級灌溉是以每12小時持續15分鐘的週期來進行到第6天為止，而這段時間內的光照時數皆為24小時。
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Day 2第2天
成長中
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Day 3 - Decreasing Humidity第3天－降低溼度
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　　The humidity covers in place on Days 0 , 1 and 2 are removed on Day 3. At this time, the seed has germinated and the radicle has started to penetrate into the soil. High humidity levels during the first two days of germination are to ensure the seed does not desiccate. Low lights levels during the first 24 hours work in conjunction with the high humidity to prevent excessive seed drying.
　　See Computer Technology for more information on relative humidity.
　　從第0天開始附蓋的保濕塑膠布將在第3天移開，此時，種子已發芽，且幼根也開始穿入土壤之中。在萌芽期的前兩天，我們增加相對濕度和降低照度來確保種子不會處於乾燥狀態。

　　若想了解更多關於相對濕度的資訊，請參閱「電腦科技」章節


Humidity Covers保濕蓋
　　Here the ebb and flow bench is being flooded for sub-irrigation of the plug trays. The water level is approximately 1.5 inches (4 cm) deep and submerges the bottom half of the plug tray.

此處的潮汐灌溉植床正在進水做灌溉的準備，水深大約1.5英呎並淹過穴盤底部的一半。
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Day 4 - Removing Double Seedlings第4天－移除穴格中多餘的幼苗
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　　Any double seedlings should be removed from the plugs on Days 4 or 5 to ensure a uniform crop. Also, germination percentage can be determined to monitor seed quality and proper growing conditions at this stage. It is critical to have consistent environmental conditions and consistent plant growth during this stage.
　　我們必須在第4到5天時移除單一小育盤中的雙幼苗，並藉由種子的品質和適當的生長條件來測得發芽率，在這個時期，維持一致的環境條件和生長條件是非常重要的。
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Day 5第5天

成長中
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Day 6 - Seedling Selection第六天－幼苗篩選
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　　Seedlings are selected on Day 6, depending on the size and expansion of their first true leaf (~ 1 cm diameter). Seedlings which have unacceptable growth are discarded. Expect to discard 20-30% of the seedlings.

　　Any seedlings with good growth at this time will be acceptable at the time of transplanting. Seedling selection is a vital process for the uniformity of the crop.

　　幼苗在第6天依據它們第一片子葉展開的大小 (約直徑一公分)進行選別，若幼苗的生長不合格，則直接淘汰，一般會有20至30%的幼苗被淘汰。
　　此階段成長良好的幼苗，都會通過移植時的篩選，幼苗的選別對於作物的均一性來說是非常重要的。
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Day 7 - Increasing Watering Frequency第7天－增加澆水頻度

　　The pak choi seedlings have grown to such a size that they now require watering more frequently. The sub-irrigation system is scheduled for flooding four times per day, or every six hours, for 1/4 hr (15 min). 此時小白菜的幼苗已經成長到需要更頻繁地澆水，淹灌系統可設定為一天灌溉四次，或是每六小時淹灌15分鐘。

　　The following is a series of photos showing the growth of an individual pak choi seedling over a 3 day period. 以下為一系列小白菜幼苗在接下來三天成長過程之照片。

	DAY 8
	DAY 9
	DAY 10
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　　At this time, the leavs are beginning to overlap. The roots of the seedlings have grown through the bottom of the plug tray. When transporting the plugs to the NFT area, avoid damaging these exposed roots.

　　此時，相鄰小白菜的葉片開始交疊，且幼苗的根部也由穴盤中穿透出來，在搬運穴盤到水耕液膜栽培區時，要注意不可傷到這些暴露在育苗盤底部的根系。
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Day 11 - Seedling Roots種苗的根系
This photo shows the roots extending from the bottom of the seed plugs. The roots are delicate and easily broken. Care should be taken to protect these roots during transplanting. 

　　這張照片顯示萵苣的根由穴盤的底部伸出。在這個階段，萵苣的根是很脆弱很容易斷裂的，在移植時需要小心處理。

Transplanting移植
　　On Day 10, the seedlings are transported to the greenhouse and transplanted into the NFT. Prior to transplanting, the seedlings are thoroughly sub-irrigated. Transplanting can be scheduled to follow normal sub-irrigation periods in order to prevent desiccation during transfer.
　　幼苗第十天會被移到溫室中的水耕液膜栽培區，而移植前應徹底的灌溉幼苗。移植作業可安排在例行的淹灌作業之後，以避免移植期間搬運與等待過程造成植株發生缺水的現象。
　　Continue on to NFT Area Stage - Pak choi Production Days 10-35. 小白菜第10天到第35天的生長在水耕液膜栽培區內進行。

Nutrient Film Stage營養液膜階段
Environmental Set Points環境設定值

Day 10 – Transplanting第10天－移植
　　On the tenth day after sowing the pak choi, the seedlings are transplanted from the germination area to the glasshouse. Each seedling is manually transplanted into a Nutrient Film Technique (NFT) trough. The troughs, which are 3 inches (7.6 cm) wide, are set adjacent to each other with no space between the troughs. Holes for setting the plants into are 14 inches (35.6 cm) along the length of the trough. Therefore, each plant occupies 42 square inches (270 cm 2) and have a density of 3.45 plants per square foot or 37 plants per square meter.

　　小白菜播種後第10天，將植株從發芽區移植至溫室中的營養液膜槽栽培，每個栽植小白菜的養液槽3英吋（7.6公分）寬，深14英吋（35.6公分），相互毗連，因此密度大約為每英尺3.45株小白菜或每平方公尺37株小白菜。
Environmental Set Points環境設定值

	· Day Temperature - 25 oC (77o F)

· Night Temperature - 20oC (68o F)

· pH - 5.8

· EC - 1200 (S/cm

· DO - 4 ppm or greater

· Accumulated Light - 17 moles/m2/d

· Relative Humidity - less than 70%
	日溫

夜溫

酸鹼值

電導度

溶氧量

日累積光量

相對濕度



　　Growing conditions remain at these set-points during the entire nutrient film growth stage. 生長環境在整個生長期都維持上述的設定值。

Day 16第16天
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　　On day 16 the pak choi seedlings are beginning to fill the canopy. They must be spaced further apart, before the leaves become tightly entangled with each other and cause damage to the plants during respacing.

The photo above shows empty troughs between plant-carrying ones. This is due to spacing experiment arrangement. In production conditions each trough carries plants spaced twice as far as in above photograph.

　　在第16天時，小白菜的幼苗逐漸覆蓋棚架，然而在其因葉子交纏而影響疏植期以前，小白菜之間必須間隔一定空間。

　　上述照片是位於植物槽之間的空槽，此空槽主要應用於疏植試驗，在生產的條件下，每個空槽的間隔比照片上的大兩倍。
Day 17 – Respacing第17天－重複疏植
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　　Leaves of the growing pak choi plants are beginning to interfere with the growth of adjacent plants. Every other trough is removed and respaced to achieve a three inches (7.6 cm) space. The space occupied by each plant will double and the density reduced in half. This spacing is maintained for the remainder of the plants stay in the glasshouse.

　　生長中的小白菜葉子開始干擾鄰近植物的生長，因此每兩個槽就須移走一個，並重新排列至一個間隔3英吋（7.6公分）。每一株植物占據的空間變為兩倍，而密度則減少一半，溫室中剩下的植物將維持這個間隙。

Note: The photo above shows empty troughs between plant-carrying ones. This is due to spacing experiment arrangement. In production conditions these empty troughs would be removed as described in the paragraph above.
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附註：上述照片為攜帶植物的空槽，此空槽主要應用於疏植試驗，在生產的條件下，這些空槽將如上段文字說明般移除。

Day 21第21天
　　Growth chamber pak choi grown in relatively low light conditions (200 micromole m-2s-1). 生長箱中的小白菜在相對光源稀少（200 micromole/ m2s）的地方生長發育
Day 24第24天
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Day 27第27天
　　Growth chamber pak choi plants grown in relatively high light conditions (400 micromole m-2s-1) 生長箱中的小白菜在相對光源充足（400 micromole/ m2s1）的地方生長發育。
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Day 29第29天
　　Rapidly, the canopy is completely filled. The plants are continuing to add weight. 小白菜迅速覆蓋住棚架，並持續增長。
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Day 35 – Harvest第35天 －收成
　　Five weeks from sowing pak NFT-grown pak choi plants are ready for harvest. 播種後的第五週可以準備收成水耕小白菜。

Crop Health作物健康
Disease疾病
　　Maintaining a healthy crop is vital. Hydroponic pak choi production has not had major problems with disease outbreaks, but proper care of the crop must be undertaken to ensure good health. The following are suggestions for maintaining a healthy greenhouse environment: 
　維持作物的健康是必要的，雖然疾病爆發並非生產水耕小白菜的主要問題，然而仍須給予作物適當的照護來確保作物健康，以下為幾個溫室環境調控的建議：
1. Keep the crop rapidly growing by providing adequate light, nutrients, and other environmental conditions at all times. 隨時給予作物充足的光線、養分和其他環境條件，使作物得以快速生長。
2. If disease does occur, solution tanks should be drained and the crop sacrificed. The tanks should be cleaned with a 2% bleach solution. If it is possible that the disease started in the Germination Area, that area, including the benches and solution tanks, should be cleaned as well. 需將生病的作物丟棄，並清空水池和儲存槽中的溶液，此外，以2%的漂白水溶液清洗水池和養液槽。最初可能染病的植物區域為萌芽區域，因此該區的工作台和養液槽也要清洗。
3. Wash the troughs, trays, and other equipment with a 2% bleach solution. The equipment should be washed beween each use, to prevent the spread of disease. 為避免疾病散播，每次使用工具前需以2%的漂白水溶液清洗泡沫塑料、托盤和其他裝置。
4. Do not bring other plant material or soil into the greenhouse. This material may contain pests and pathogens likely to infect your crop. 為避免害蟲或病原的感染，不可以將其他植物或泥土帶入溫室中。
5. Keep the solution tanks shaded in some manner. Algae flourish in wet, well-lit locations, and the solution tank is ideal for algal growth. Shading the tanks, input and output pipes, and other "wet" equipment will inhibit algal growth. The algae will not harm the crop directly, but may act to weaken the crop to potential disease. 為避免藻類孳生，需將養液槽、進水管、出水管及其他潮濕裝置放置於陰涼處，藻類雖不會直接傷害作物，但會降低作物對於疾病的免疫力。
Pests害蟲
　　Pests in hydroponic production have not been a major problem. Fast plant growth rates make pest population establishment difficult. With continuous crop production, pest populations may have the opportunity to establish themselves. Precautions can be taken to exclude pests from the facility, such as screening potential entry points (fans). Few pesticides have been labelled for use on greenhouse vegetables. Biological insect control is a viable alternative.
　　蟲害並非生產水耕萵苣的主要問題，害蟲無法在快速生長的植物中繁衍，但重複的生產作物卻有可能孳生害蟲。若是小心的隔離出入口(風扇口)可隔絕害蟲，亦可在溫室作物中使用少量的殺蟲劑，生物防治是有用但較少使用的替代方案。
Post Harvest Procedures收穫後的處理程序
Harvest收成
　　The pak choi crop is harvested on Day 35. The individual pak choi plants should weigh 1 pound (~450 grams) at this point in the production cycle. It is easy to damage harvested plants with rough handling. Pak choi is very turgid and brittle, and careful handling of the crop should be of high priority to the grower.

　　The pak choi plants are removed from NFT troughs and are either packaged directly or placed in a cooler for packaging later. Packaging is determined by the grower and the consumer. A number of different forms of packaging are available. The technical details of harvesting depend on the type of packaging used.

　　小白菜在第35天收成，此時每個小白菜重1磅（450克）。小白菜是脆弱易壞的，如果管理太過粗糙會傷害收成，因此生長需要優先考量小心的照顧
　　小白菜自養液槽移出即馬上包裝或先暫時放進冰箱冷藏，包裝由種菜者和消費者決定。小白菜有許多種的包裝方式，因此收成的技術細節取決於其包裝的形式。
Storage儲藏
　　Proper post-harvest storage is vital in pak choi production. Damage to the crop at this stage can easily occur if the product is not placed directly into the cooler after harvest to remove the heat from the crop. Ideal conditions for storage are in a 1oC (34oF) cooler. With daily transport of the product to market, the pak choi may remain in the cooler for less than one day, but should be cooled for at least 12 hours to remove the heat from the crop. For highest quality, the pak choi should be moved to market almost immediately. Unfortunately, market conditions are often not optimum for pak choi. Properly refrigerated pak choi will retain high quality for at least 7 days. The cooler should be kept at a high humidity level to avoid desiccation of the crop.

　　生產小白菜時，適當地儲藏收成來的小白菜是很重要的。若收成後未直接冷藏，小白菜容易損壞，理想的冷藏溫度為攝氏1度（華氏34度）。由於每天運送產品去市場販售，因此小白菜冷藏的時間皆低於一天，但至少要12小時才能移除作物上的熱度。小白菜要馬上送往市場才能維持最佳品質，但市場環境卻無法保鮮，因此適當的冷藏可以使小白菜的鮮度至少維持7天，此外冰櫃須維持較高的溼度來避免作物乾燥。
Transportation運輸
　　The harvested product should be cooled before shipping. To ensure a high quality product upon arrival at the market, the product must be transported in a refrigerated vehicle.

　　收成後的小白菜需冷藏保鮮，在運送過程中，為了確保小白菜的高品質，皆以低溫運送。
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ABS: The PPFi (instantaneous photosynthetic photon flux, in micromol m-2 s-1) output and electric energy consumption of nine different 400 watt high pressure sodium (HPS) luminaires were measured at six mounting heights from 0.5 to 3.0 m in 0.5 m increments. Differences in luminaire efficacy and PPFi distribution patterns were found, but too few luminaires were tested to reach statistically valid conclusions. The most efficient luminaire proved 25% more energy efficient than the least efficient luminaire. PPFi data from one of the luminaires tested was used to design a research greenhouse which required uniform PPFi distribution patterns at various PPFi levels.

Both, A.J.; Albright, L.D.; Langhans, R.W.; Reiser, R.A.; Vinzant, B.G. 1996 
Hydroponic lettuce production influenced by integrated supplemental light levels in a controlled environment agriculture facility: Experimental results 
WHERE: Acta Horticulturae 418: 000-000. In press. 7 p 
ABS: Bibb lettuce (Lactuca sativa L., cv. Ostinata) was grown in peat-vermiculite plugs placed in a recirculating hydroponic (NFT) system. Supplemental lighting was used to reach different PPFtarget levels in each of 35 treatments. A second order exponential polynomial was developed to predict DW accumulation for PPFtarget levels between 8 and 22 mol m-2 d-1. Little difference in DW production was noted between lettuce grown under daytime and nighttime lighting. Tipburn was prevented using a fan blowing greenhouse air vertically down onto the lettuce plants. Marketable (150 g FW) lettuce heads were produced in 24 days after transplant while receiving an average PPFintegral of 17 mol m-2 d-1.

Both, A.J.; Goto, E.; Albright, L.D.; Langhans, R.W.; Leed, A.R. 1996
Controlling dissolved oxygen and temperature in floating hydroponics 
WHERE: submitted for publication in Transactions of the ASAE 
ABS: A control system for the dissolved oxygen (DO) concentration and temperature of the nutrient solution for floating hydroponic lettuce production is described. Sub-saturated, saturated and super-saturated DO concentrations are maintained continuously during a 24 day period the lettuce plants remain in a greenhouse to reach a fresh weight of 150 grams. Oxygen and nitrogen gas are used to increase or decrease the DO concentration in the nutrient solution respectively. Computer software is used to maintain the DO concentration to within plus or minus 0.1 mg/liter for set points between 2 and 16 mg/liter. A soil heating cable and a copper pipe filled with recirculating cold water are used to maintain a constant temperature of the nutrient solution. A separate computer control algorithm maintains the nutrient solution temperature within plus or minus 0.5C from the set point for solution temperatures between 15 and 30C. Controlling DO concentration and temperature of the nutrient solution while using a floating hydroponic system has both commercial and research applications.

Goto, E.; Both, A.J.; Albright, L.D.; Langhans, R.W.; Leed, A.R. 1996
Effect of dissolved oxygen concentration on lettuce growth in floating hydroponics
WHERE: Acta Horticulturae 440:205-210 
ABS: Lettuce (Lactuca sativa L., cv. Ostinata) growth experiments were carried out to study the effect of dissolved oxygen (DO) concentration on plant growth in a floating hydroponic system. Pure O2 and N2 gas were supplied to the hydroponic system for precise DO control. The system allowed for DO concentrations above the maximum possible saturation concentration attainable when using compressed air. Eleven day old lettuce seedlings were grown for 24 days under various DO concentrations: sub-saturated, saturated, and super-saturated. There was no significant difference in fresh weight, shoot and root dry weight among the following DO concentrations: 2.1 (25% of saturated at 24C), 4.2 (50%), 8.4 (saturated), and 16.8 (200%) mg/L. The critical DO concentration for vigorous lettuce growth was considered to be lower than 2.1 mg/L. Neither root damage nor delay of shoot growth was observed at any of the studied DO concentrations.

Goto, E.; Albright, L.D.; Langhans, R.W.; Leed, A.R. 1994
Plant spacing management in hydroponic lettuce production
WHERE: ASAE paper 944574. ASAE, 2950 Niles Road, St. Joseph, MI 49085-9659. 13 p. 
ABS: Three different spacing options were tested in a hydroponic lettuce production system. Two kinds of productivity and a growing area utilization efficiency factor were introduced to compare practical spacing management with idealized spacing management for individual days during a production period, and over the entire production.

Both, A.J.; Leed, A.R; Goto, E.; Albright, L.D.; Langhans, R.W. 1996
Greenhouse spinach production in a NFT system
WHERE: Acta Horticulturae 440: 187-192
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