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1. Kjeldahl Nitrogen and Phosphorous

Reagents and Apparatus

1. Concentrated Sulfuric Acid (H2SO4) reagent grade.

2. Digestion tablets (Kjeltab).

3. Glass boiling beads.

4. Aluminum digestion block with temperature controller.

5. Kimax glass tubes with 50-ml graduation mark.

6. TKN Standards.

7. Carries Solution

Procedure

1. Weigh out 0.150g of ground plant material into each 50 ml digestion tube.

2. Add one digestion tablet (Kjeltab 1.72g) and two glass boiling beads to each tube.

3. Under hood, add 3.5 ml of concentrated sulfuric acid (H>SO4) using an acid
resistant 5-ml repipet device.

4. Include at least one blank and one check for each run.

5. Preheat aluminum digester to 180 °C. It takes one half to one hour to reach this
temperature.

6. Place tubes in block digester which has been preheated, and continue to heat to 390
+/-5°C. Digest for two hours.

7. Remove the tubes from the heating block and allow about 20 minutes for cooling.

8. Add 10 - 15 ml of distilled water to the digestion tubes while they are still warm.

Mix them to dissolve any crystals that may have formed.



9.

Dilute to the 50-ml mark with distilled water and mix thoroughly after capping.

10. Filter this solution with # 2 filter paper.

11. Analyze ammonium for TKN on a Flow Injection Analyzer based on the Lachat

Method No 13-107-06-2-D.

Calculations

1.

To get plant TKN %, N % = reading (mg/1) x 50/ 0.150 / 10000
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2. Dry Ashing Procedure for Plant Materials

Reagents and Apparatus

1. Hydrochloric Acid, 6N HCI.

2. Muffle furnace.

3. 15 ml crucibles.

4. Kimax glass tubes with 50 ml graduation mark.

5. Dilutor.

Procedure

1. Weigh out 0.500g of ground and dried (75°C) plant material into each 10 ml
crucible.

2. Place the crucibles in a cool muffle furnace. Set furnace temperature to reach 500°C
(about 2-3 hours).

3. After 5 hours of muffling at 500°C, turn off the furnace and let it cool. Do not open
the door of the furnace during the ashing and cooling.

4. Add 10 ml of 6N HCl into each crucible to dissolve the ash.

5. Transfer all of the staff in the crucible to a Kimax glass tube, and dilute to the 50 ml
mark with distilled water, and mix thoroughly.

6. Allow suspended materials to settle to the bottom of the tube, or filter with
Whatman #42 filter paper.

7. The filtered solution is ready to determine K, B, Ca, Mg, Zn, Fe, Mn, and Cu, with

or without further dilution.
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3. Total K, Na, Ca and Mg

Equipment

1.

Adjustable pipette

2. 20-ml glass beaker

3. Atomic Absorption Spectrophotometer
Reagents

1. 1.2 N HCI solution Add 103.7 ml of hydrochloric acid (sp. Gr. 1.19, 37.5%) into 1
liter bottle. Dilute with distilled water and mix well.

2. 0.105 % Lanthanum diluent Place 1.2314 g lanthanum oxide (La203), low calcium
grade, in a one liter volumetric flask. Add 4 ml of 6 N HCI to dissolve the La;O3
and then dilute to one liter with demineralized water.

Procedure

1. Transfer filtrate from the dry ashing procedure into 20-ml beaker.

2. Dilute 1.0 ml of the filtrate with 9.0 ml of the 1.2 N HCI solutions. This is a 10 time
diluted filtrate.

3. Dilute 0.5 ml of the diluted filtrate with 9.5 ml of the Lanthanum diluent.

4. Read samples on atomic absorption spectrophotometer using appropriate standards
and instrument settings for Ca and Mg.

5. Flame emission spectrometers may be used for determination of K directly in the
diluted filtrate.

6. This diluted filtrate is also used for determination of P.



Calibration and Standards

1000 ppm K, Na, Ca and Mg stock solution

Working standards

Pipette the following volumes of 1000 ppm stock solution into 1000 ml volumetric
flasks and dilute to volume with 1.2 N HCI solutions for Ca and Mg, and with 0.12

N HCI solutions for K and Na:

ml of 1000 ppm stock Final working Standards

K Na Ca | Mg K Na Ca | Mg

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20.0 15.0 50 5.0 20.0 15.0 50 5.0

40.0 30.0 100 10.0 40.0 30.0 100 10.0

Store in plastic bottles and keep in the refrigerator until ready to use.

Calculations

Ca and Mg % in plant = ppm in reading x 10 x 50 / 0.500 / 10000

K and Na % in plant = ppm in reading x 10 x 50 / 0.500 / 10000
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4. Micronutrient Analysis
Equipment

1. Adjustable pipette.

2. 20-ml glass beaker.

3. Atomic Absorption Spectrophotometer.

Reagents

1. 1.2 N HCI solution
Add 103.7 ml of hydrochloric acid (sp. Gr. 1.19, 37.5%) into 1 liter bottle. Dilute
with Distilled water and mix well.

Procedure

1. Transfer filtrate from the dry ashing procedure into 20-ml beaker.

2. Read samples with atomic absorption spectrophotometer using appropriate
standards and instrument settings. Set zero with reagent blank, which is 1.2 N HCI
solutions.

3. Report as ppm Zn, Fe, Mn or Cu in the plant.

Calibration and Standards

1. 1000 ppm Zn, Fe, Mn, and Cu stock solution

2. 100 ppm Zn, Fe, Mn, and Cu working stock solution Dilute 10 ml of 1000 ppm
stock solution each to 100 ml with deionized water, respectively.

Working standards
1. Pipette the following volumes of 100 ppm working stock solution into 500 ml

volumetric flasks and dilute to volume with 1.2 N HCI solution:



ml of 100 ppm stock Final working Standards

/n Fe Mn Cu /n Fe Mn Cu

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.50 | 15.00 | 5.00 2.50 0.50 3.00 1.00 0.50

5.00 | 30.00 | 10.00 | 5.00 1.00 6.00 2.00 1.00

2. Store in plastic bottles and keep in the refrigerator until ready to use.

Calculations

Micronutrient ppm in plant = ppm in reading x 100
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5. BORON
Equipment
1. Adjustable pipette.
2. 10-ml test tubes.
3. Spectrophotometer with 420 nm of wavelength.
Preparation of Glassware
1. Boil all Pyrex glassware with a mixture of 3:1 concentrated HNO3 and concentrated
HCIOg4 at 225°C for two hours.
2. Soak them in a 2M HCI acid bath overnight.
3. Rinse thoroughly with deionized water.
Reagents
1. Buffer-masking solution
Dissolve 250 g of ammonium acetate and 15 g of ethylendiamine-tetraacetic acid
disodium salt in 400-ml high quality distilled water and slowly add 125-ml of
glacial acetic acid.
2. Azomethine-H solution
Dissolve 0.45 g of azomethine-H in 100-ml of 1% (1 g/100 ml water) L-ascorbic
acid solution. Let stand 24 hours prior to suing. This reagent will keep in
refrigerator at 40°F for two weeks. This reagent is light sensitive and should be kept

in a brown plastic bottle or a plastic bottle wrapped in aluminum foil.

10



Procedure

1. Pipette 1.0 ml of filtrate from the dry ashing procedure into a test tube and add 2-ml
buffer-masking solution and 2 ml of azomethine-H solution. Thoroughly mix by
swirling.

2. Allow the mixture to stand for 30 minutes and read on spectrophotometer at
wavelength of 420 nm. Set 100% T with reagent blank, which is a 1.0 ml 1.2 N HCI
solution with reagent.

3. All working standards should follow steps 1 and 2.

Calibration and Standards

1. 1000 mg B/L stock solution
Weigh 0.5716 g of boric acid and dilute to 100 ml with deionized water.

2. 10 mg B/L working stock solution
Dilute 1 ml of 1000 mg B/L stock solution to 100 ml with deionized water.

3. Working standards
Pipette the following volumes of 10 mg B/L working stock solution into 50 ml

Volumetric flasks and dilute to volume with 1.2 N HCI solution:

ml of 10 mg B/L mg B/L in solution mg B/L in plant
0.0 0.0 0
2.5 0.5 50
5.0 1.0 100

Store in plastic bottles and keep in the refrigerator until ready to use.

Calculations
1. mg B/L in plant = mg B/L in reading x final volume / plant weight
2. mg B/L in plant = mg B/L in reading x 50 / 0.5

3. mg B/L in plant = mg B/L in reading x 100
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6. Extractable Nitrates

Reagents and Apparatus

1. Extracting solution:
Add about 600 ml of distilled water to a 1 liter volumetric flask. Add 20.0 ml of
glacial acid in the same flask. Bring to final volume with distilled water. Mix and
transfer to a plastic storage bottle

2. Nitrate standard Stock Solution:
Dry the potassium nitrate in the oven for 2 hours. Weigh 0.722 g of potassium
nitrate and transfer to a 1000-ml volumetric flask. Bring to volume with the
extracting solution. Label “100 ppm NOs-N in 2 % acetic acid extracting solution.”

3. Working solution:
Set of four working NO3~ Standards: 20.0, 10.0, 5.0, 1.0 mg N/L by volume:
To four 100 ml volumetric flasks add, respectively, 20.0, 10.0, 5.0, and 1.0 ml of
the nitrate standard stock solution. Dilute each to the mark with the working
solution and invert to mix.

4. 125 ml shaking bottles.

5. 10 ml testing tubes

6. Whatman #2 filter paper without nitrates.

Procedure

1. Weigh out 0.100 g of dry ground plant material into each 125 ml shaking bottle.

2. Add 25 ml of extracting solution into each flask, insuring that all plant material has
been wetted.

3. Include at least one Blank and one Check sample per run.
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4. Shake vigorously for 15 minutes.
5. Filter into 30 ml of beaker using Whatman #2 filter paper without nitrates.
6. Transfer clear filtrate into 10 ml test tubes.
7. Analyze for nitrate on a Flow Injection Analyzer.
Calculations

1. NO3-N ppm in plant = reading (ppm) x 25/ 0.100
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7. Extractable Chloride

Reagents and Apparatus

1. Extracting solution
Add about 600 ml of distilled water to a 1 liter volumetric flask. Add 20.0 ml of
glacial acid in the same flask. Bring to final volume with distilled water. Mix and
transfer to a plastic storage bottle

2. Chloride Standard Stock Solution
Dissolve 0.2103 g of regain grade potassium chloride in approximately 50 ml of
extracting solution. Bring up to 100-ml volume with extracting solution and label
“1000 ppm Cl in 2% acetic acid extracting solution.”

3. Working standards for chloride.
Set of five working CI- standards: 200, 160, 120, 80, and 40 mg CI/L by volume:
To five 100 ml volumetric flasks add, respectively, 20, 16, 12, 8, and 4 ml of chloride
standard stock solution. Dilute each to the mark with the extracting solution and invert
to mix.

4. 125 ml shaking bottles.

5. 10 ml testing tubes

6. Whatman #2 filter paper.

Procedure

1. Weigh out 0.100g of dry ground plant material into each 125 ml shaking bottle.
2. Add 25 ml of extracting solution into each flask, insuring that all plant material

has been wetted.

3. Include at least one Blank and one Check sample per run.
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4. Shake vigorously for 30 minutes.
5. Filter into 30 ml of beaker using Whatman #2 filter paper.
6. Transfer clear filtrate into 10 ml test tubes.
7. Analyze for chloride on a Flow Injection Analyzer.
Calculation
Cl ppm in plant = reading (ppm) x 25/ 0.100
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8. Total Sulfur

Equipment
1. Funnels
2. Whatman No. 2 filter paper.
3. 125-ml beakers.
4. Spectrophotometer with 420 nm wavelength setting.
5. 10 ml pipette.
6. 50-ml Erlenmeyer flasks.
Reagents
1. Buffer and BaCl: solution:
2. Dissolve 5 g of gum arabic in about 500 ml of hot, D. I. Water and filter if cloudy.
3. Add 50 g of BaCl22H>0 and 450 ml of glacial acetic acid and dilute to 1 liter.
Procedure

1. Pipette 10 ml of filtrate from ashing procedure into a 50 ml Erlenmeyer flask.
2. Add 10 ml of the gum arabic-BaClx-acetic acid solution.

3. Shake for 10 minutes.

4. Read samples on spectrophotometer with 420 nm wavelength using appropriate

standards.

Calibration and Standards
1. 100 ppm S standard solution

Dissolve 0.544 g of oven dried (105°C) K2SOy4 in about 500 ml of D. I. Water, add 10

ml of acetic acid as a preservative, and dilute to 1 liter with D. 1. Water.
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2. Working standards

Pipette 0, 4, and 8 ml of 100 ppm standard solution into 100 ml volumetric flasks. Add
25 ml of a 2000 ppm-P and 8N acetic acid solution (8.12 g of Ca(H2PO4)2H20 plus
460 ml of glacial acetic acid diluted to 1 liter) and dilute to volume with D. I water.

Store in plastic bottles and keep in the refrigerator until ready to use.
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