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Problem and Objectives: 

During the mid 1980's molybdenum deficiency in alfalfa was identified in several 

intermountain valleys of Northern California by plant tissue analysis and the generally 

recommended pound of sodium or ammonium molybdate per acre (0.4 lbs Mo/A) based 

on earlier research gave adequate growth and high yields of alfalfa. Since the mid 

1990's numerous samples of alfalfa coming from the same areas have shown lower 

levels of molybdenum (<0.5 ppm). Over the past 10-15 years many laboratories have 

changed a number of analytical procedures and instruments which do not provide for 

reliable analyses of molybdenum at concentrations in the range of 0.1 - 2 ppm. Several 

surveys of alfalfa and other forage species as well as animal blood samples have 

indicated that copper concentrations are minimally adequate to deficient in many of the 

same locations where molybdenum is deficient. Hence if repeated applications of 

molybdenum were made even at the low rate of just 1 lb/A sodium molybdate (0.4 lb Mo/

A) the higher molybdenum would cause severe animal nutrition problems. The objectives 

of the project were: 

1) To characterize the relationship between plant tissue molybdenum , boron and copper 
concentrations and alfalfa yield response where molybdenum and boron are applied at 
several rates.

2) To develop a broader ranged diagnostic capability by assessing plant tissue 
molybdenum concentrations at different stages of alfalfa growth where several rates of 
molybdenum have been applied.

3) To provide standard forage samples for distribution to analytical laboratories by 
collecting large quantities (20-25 lbs) of two alfalfa samples having molybdenum 
concentrations in the range of 0.1-0.3 ppm and 0.5-0.7 ppm.

Abstract: 

Yields of alfalfa are often limited by inadequate supplies of molybdenum  (Mo) and boron 
(B) in the intermountain valleys of Northern California. The period of time during which 

plant tissue samples should be taken for diagnosing nutrient deficiencies for many plants 

is usually rather short . The upper 6 inch section of the alfalfa plant is usually sampled at 
1/10th bloom growth stage for the micronutrients molybdenum (Mo) and boron (B). To 
insure higher forage quality, growers often harvest before the 1/10th growth stage.  The 

first objective of this research was to characterize the relationship between plant tissue 
molybdenum, boron and copper concentrations and alfalfa yield response where 
molybdenum and boron are applied at several rates. A second objective was to develop a 
broader ranged diagnostic capability by assessing plant tissue molybdenum concentrations 
at different stages of alfalfa growth where several rates of molybdenum have been 
applied. A third objective was to provide standard forage samples for distribution to 
analytical laboratories by collecting large quantities (20-25 lbs) of two alfalfa samples 
having molybdenum concentrations in the range of 0.1-0.3 ppm and 0.5-0.7 ppm. Top 6 
inch samples of alfalfa plants were collected to locate two field sites, one deficient in 



3 

Mo (<0.2 ppm) and another in B (<10 ppm) as well as Mo (<0.2 ppm).  At the Mo 
deficient site; 0, 0.2, 0.3, 0.4, 0.6, 0.8, and 1.2 lb Mo/A plus a 2 ton/A lime treatment 
were applied on March 30, 2000 .   The second site was established March 9-10, 2001 
with Mo alone at 0.4 and 0.8 lb/A, B alone at 2 and 4 lb/A and the 4 lb/A rate along with 

the 6 rates of Mo above .   Lime alone and in combination with two rates of Mo (0.2 and  
0.4 lb/A) plus B (4 lb/A) were also included .   Alfalfa was harvested either 3 or 4 times 
each year at site # 1  during the four years 2000 -2003 and 3 or 4 times each year at site 
# 2 during the three years 2001-2003.  Early plant growth stage samples were taken at 6 
inches height, at 12 inches height, and pre-bud  (when only 2 - 5% of the plants have a 
small ball that can just be detected between the thumb and forefinger indicating the bud is 
developing) growth stage prior to each harvest as well as sampling at harvest .   In some 
cases, growers harvested prior to 1 / 101h bloom so samples taken at harvest were 
characterized as to stage of growth .   All of the plant material of the samples collected at 
the 6-inch growth stage and only the top 6 inches of the 12-inch high , pre-bud plants and 
at harvest plants were analyzed for molybdenum, boron and copper concentrations to 
develop the relationships between growth stage, alfalfa yield and molybdenum and boron 
concentrations .   Alfalfa was harvested either 3 or 4 times in 2000 -2003. Significant 
yield responses to Mo at site one were 1 out of 4 harvests in 2000, none of 4 in 2001, 
one of 3 in 2002, and one of 3 in 2003. Yield responses to Mo were generally of the 
magnitude of 0.15-0.4 ton/A with lime alone giving among the highest yields in the 
second and third years. At site two significant yield responses were recorded in none out 
of 4 harvests in 2001, 3 out of 4 during 2002 and 3 out of 3 during 2003. Boron alone 
gave slightly higher yield responses than Mo alone with the greatest yields when both 
were applied. Lime in combination with Mo and B also gave among the highest yields. 
Lime alone resulted in yields seldom better than the control. Both Mo and B 
concentrations remained nearly constant throughout each growth cycle and throughout 
the growing season when these nutrients are in the deficient range.  Higher 
concentrations resulting from applied nutrients declined during the growth cycle and later 
years. To achieve objective three, large bulk sized samples of top 1/3 of alfalfa plants 
were collected at or just prior to harvest from selected plots to acquire sufficient 
quantities for standard samples with known molybdenum and boron concentrations. 
Four samples have been prepared with the following concentrations: 1). Low Mo (0.1-0.4 
ppm)-low B (9-11 ppm)-about 12 lbs, 2). Low Mo (0.1-0.4 ppm)-intermediate B (15-25 
ppm)-about 8 lbs, 3). Low Mo (0.1-0.4 ppm)-high B (35+ ppm)-about 4 lbs, and 4). 
Intermediate Mo (0.5-0.7 ppm)-intermediate B (15-25 ppm)-about 16 lbs. 

Growers, advisors and researchers alike often raise the question of whether 

fertilizer nutrient additions influence the forage quality of alfalfa. One may suspect that 

molybdenum (Mo) an element closely associated with nitrogen fixation might influence 

the protein content of alfalfa.  The objective of this research was to evaluate the 

influence that applied molybdenum (Mo) and boron (B) have upon the forage quality of 

alfalfa.   Whole plant alfalfa samples were collected at each harvest either 3 or 4 times in 

2000-2003 at the two sites. Crude protein (CP), acid detergent 
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fiber (ADF) and neutral detergent fiber (NDF) analysis were conducted to assess forage 

quality from three replications of each treatment. No statistically significant differences in 

any of the three parameters were observed at site # 1 over the four years or at site # 2 

over the three years. In general there was a slight trend of increased crude protein with 

increasing rates of applied Mo. 

Introduction 

Molybdenum has two important roles or functions to establish it's essentiality in 

the growth of crop plants, nitrate reduction and biological nitrogen fixation'. Enzymes 

containing molybdenum needed by higher plants are nitrate reductase and sulfite 

oxidase, and in nodulated legumes, nitrogenase and xanthine dehydrogenase. 

Arnon and Stout2 first demonstrated the essentiality of molybdenum for higher 

plants in 1939 by growing tomatoes in six successive experiments. Recent reviews by 

Romheld and Marscher1 and Srivastava3 indicate a more complete picture of our 

knowledge of molybdenum and its various biochemical and physiological functions.   

Much of the early attention on molybdenum was focused on alfalfa and other legumes 

and the interaction with nodulation along with the increases in nitrogen content of the plant 
(4,5,6). From early on the effect of lime applications to acid soils where alfalfa was growing 

has been difficult to understand. Separating the effect of the improved growing 

environment for the rhizobia and the increased plant availability of molybdenum in the 

soil both contribute to make more nitrogen available to the alfalfa plant to improve its 

growth and yield(4'5'7'8,9,10) 

Visual symptoms of molybdenum deficiency in alfalfa appear as a general 

yellowing of the whole plant similar to that of nitrogen in a number of plant species 

(4,11) The deficient plants are stunted and show chlorotic spots in the interveinal tissue; 

these spread to include the entire leaf, which then dies and drops off. 

Applications of fertilizer molybdenum in the field have resulted in good yield and 

nitrogen content increases in alfalfa but usually not until the soil pH has been raised to 

6.0-6.3 with lime additions(4'7'10).  Unfortunately, if acid soils are limed and even 

moderate rates of molybdenum (>I lb Mo/A) are applied the molybdenum concentrations 

in alfalfa and other legumes can exceed 10 ppm. Molybdenum concentrations of greater 

than 10 ppm or even less, particularly if the copper concentration is not twice that of 

molybdenum may cause molybdenosis in ruminant animals or result in unthrifty 

performance(12'13'I4) Many ranchers, dairymen and animal nutritionists currently deal 

with the excessively high molybdenum (and sometimes low copper) concentrations in 

the San Joaquin Valley south of about Stockton and in Southern California. 

Since the geographical area where molybdenum deficiency may occur extends 

from the northern part of the Sacramento Valley north to the Oregon border and east to 

within 75-100 miles of the Nevada border, one site was located north of Burney, CA, and 

the second in Scott Valley. These two sites represent different soils and climatic 

regions. At each location treatments will be chosen with a range of applied molybdenum 

to result in forage concentrations from deficiency to toxicity (for animals). One of the 

sites has sufficiently acid soil so a lime treatment will be 
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included to assess the increase in molybdenum availability as the result of raising the 

soil pH. Each experiment will be established so that alfalfa forage yields can be collected 

throughout the season as well as sufficient treatment area to collect `stage of growth' 

plant tissue samples. Forage and plant tissue samples will be analyzed for molybdenum, 

copper, boron and other nutrients to ensure that only molybdenum is the nutrient limiting 

alfalfa growth. Data will be collected from the experiments for three years to measure 

molybdenum responses over time under different seasonal climatic and other 

environmental effects on crop growth. 

The current University of California guidelines for molybdenum concentrations in 

alfalfa are: deficient -- <0.3 ppm, critical - 0.3-0.9 ppm, adequate - 1-5 ppm, and high - 

5-10 ppm with the comment that concentrations in excess of 10 ppm may result in 

molybdenosis in ruminant animals. These are suitable for the 1/10th growth stage or 

when %2 to 1" regrowth from the crown appears. It has been observed on a number of 

occasions that alfalfa is severely stunted after the 1St, 2nd or even 3rd cutting has been 

harvested. Sampling this very short regrowth usually indicates very low molybdenum 

concentrations but foliar applications of molybdenum without rainfall or sprinkler 

irrigation may easily result in toxic forage. Plant concentrations are likely to be well in 

excess of 10 ppm even if considerable regrowth occurs. Our second objective is focused 

on this problem. When the first growth occurs in the spring and it begins to appear 

chlorotic or generally yellow in color at an early growth stage, the most likely nutrient 

deficiency is either sulfur or molybdenum. Sampling every 8 to 10 days during the 

development of the alfalfa plant prior to each harvest of the growing season will either 

substantiate current guideline concentrations or suggest new deficient and adequate 

levels be adopted for different growth stages. 

Results: 

Two sites were laid out in conjunction with this project, one in Shasta County 

several miles north of Burney, CA, and a second in Siskiyou County several miles 

northwest of Fort Jones, CA, in Scott Valley. The work description including the project 

activities identified by tasks and subtasks is incorporated into the presentation of the 

results.

Shasta County Site-2000-Site # 1 

The Shasta County Site was initiated on March 31, 2000 when the treatments 

listed in Table 1 were applied. Individual plots were 10 ft by 25 ft in size and the field trial 

design was a randomized complete block with 3 blocks or replications. Several alfalfa 

fields on the ranch were sampled in August 1999 and indicated top 1/3 of plant 

concentrations of molybdenum were in the 0.1 - 0.3 ppm range. Plant tissue samples 

also indicated that phosphorus, potassium, sulfur, and boron were in the adequate 

range. 

Early plant growth stage samples were taken at 6 inches height, at 12 inches height 

as well as at harvest. All of the plant material of the samples collected at the 6-inch 

growth stage and only the top 6 inches of the 12-inch high or taller plants
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were analyzed for molybdenum concentrations to develop the relationships between 

growth stage, yield and molybdenum concentration. The first harvest was collected at 

the early bud stage of plant development on May 25, 2000. Yield results given in Table 

1 indicate a small but significant yield increase in response to molybdenum additions for 

the first harvest with slight trends for response in the second and third harvests. 

Normally there would not be a response expected from a lime application during the first 

year after it is applied on the soil surface. 

Table 1. Alfalfa yield during 2000 as influenced by molybdenum and lime 
treatments applied on March 31, 2000. 

The molybdenum concentrations of the top 1/3 of plant samples taken at harvest 

(equivalent to the top 6 inches of the plant) are given for the four harvests in 2000 in 

Table 2. It can be noted that there is a significant increase in alfalfa yield (1st harvest-May 

25th in Table 1) and molybdenum concentration (Mo concentration-May 25th in Table 2) 

with the increase in the rate of molybdenum application but no response to lime. 

Maximum yield was achieved with 0.6 - 0.8 lbs Mo/A (Table 1). The 1.2 lbs Mo/A rate 

resulted in a rather high molybdenum concentration of just over 5 ppm in the plant 

(Table 2) which is well above the desired plant level for maximum yield and approaches 

the problem range for animals, particularly if copper concentrations are below the 8 - 10 

ppm range. Copper concentration in the top 1/3 of plant samples is given in Table 3. 

Note that all were in the normal range (8.3-15.1 ppm) and there were no significant 

differences in copper concentrations in the top 1/3 of the plant in response to either the 

molybdenum or lime treatments.
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Table 2. Alfalfa molybdenum concentration in the top 1/3 of plant samples taken at 

harvest during 2000 as influenced by molybdenum and lime treatments applied on 

March 31, 2000. 

Table 3. Alfalfa copper concentration in the top 1/3 of plant samples taken at harvest 

during 2000 as influenced by molybdenum and lime treatments applied on March 31, 

2000. 

The plant tissue samples taken at harvest (May 25 , 2000) indicated that phosphorus 
(P04- P), potassium , sulfur and boron were all in the adequate range. Zinc ( 19-33 ppm), 
manganese (24-47 ppm), iron (62-104 ppm), copper (6.1-10.2 ppm ) and cobalt (0.1-0.2 
ppm ) would be considered to be adequate while selenium for animals would be slightly 
in the deficient range, 0.023 - 0.145 ppm. 
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Shasta County Site-2001 

Early plant growth stage samples were taken at 6 inches height,  at 12 inches 
height, and pre-bud (when only 2 - 5% of the plants have a small ball that can just be 
detected between the thumb and forefinger indicating the bud is developing)  growth 
stage prior to each harvest as well as sampling at harvest .  In some cases,  growers 
harvest prior to 1/10 bloom so samples taken at harvest will be characterized as to 
stage of growth.  All of the plant material of the samples collected at the 6-inch growth 
stage and only the top 6 inches of the 12-inch high, pre-bud plants and at harvest 
plants were analyzed for molybdenum, boron and copper concentrations to develop the 
relationships between growth stage, alfalfa yield and molybdenum and boron 
concentrations. 

The first harvest for the second year of this trial was collected at the early bud 
stage of plant development on May 25, 2001. Yield results given in Table 4 indicate a 
small but significant yield increase in response to molybdenum additions for the first and 
fourth harvests but growth responses were inconsistent for both the 2'd and 3rd harvests .   
As is often the case during the second year, the application of lime at the rate of 2 tons/A 
gave a slightly higher alfalfa yield response to that of most of the applied molybdenum 
treatments for the four harvests. The plant tissue samples taken at the 1st and 3rd harvests 
(May 25th and August 13th) indicated that phosphorus (P04-P ), potassium , sulfur and 
boron were all in the adequate range while selenium for animals would be slightly in the 
deficient range, all below 0.10 ppm. 

Table 4. Alfalfa yield during 2001 as influenced by molybdenum and lime 

treatments applied on March 31, 2000. 

The molybdenum concentrations in the top 1/3 of plant samples (equivalent to 

the top 6 inches of the plant) are given for the four harvests in 2001 in Table 5. The 

yields during 2001 reached near maximum with 0.3 to 0.6 lbs applied Mo per acre. 

This is also where the molybdenum concentration in the top 1/3 of the plant reaches 

approximately 0.5 to slightly over 1  ppm. It is interesting to note that the 
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molybdenum concentration decreased throughout the season, particularly for the 

treatments having the higher rates of applied Mo. As is often the case during the 

second year, the application of lime gave a higher molybdenum concentration than the 

control.  The 1.2 lbs Mo/A rate resulted in a molybdenum concentration of 2.47 ppm 

compared to just over 5 ppm in the plant last year. 

Table 5. Alfalfa molybdenum  concentration in the top  1/3 of plant samples taken at 
harvest during 2001 as influenced by molybdenum and lime treatments applied on 
March 31, 2000. 

Table 6. Alfalfa copper concentration in the top 1/3 of plant samples taken at harvest 
during 2001 as influenced by molybdenum and lime treatments applied on March 31, 
2000. 

Copper concentrations in the top 1/3 of plant samples taken at harvest for the four 

harvests in 2001 are given in Table 6. Note that all were in the normal range of 10-

13 ppm. Note as well that there were no significant differences in copper 

concentrations in the top 1/3 of the plant in response to either the molybdenum or 

lime treatments. 
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Shasta County Site-2002 

To reduce the number of samples and thus the cost of laboratory analyses, early 

plant growth stage samples were only taken prior to the first and third cuttings of alfalfa 

during 2002 and 2003. They were taken at 6 inches height, at 12 inches height, prebud 

and at harvest. All of the plant material of the samples collected at the 6-inch growth 

stage and only the top 6 inches of the 12-inch high plants, prebud and harvest time 

samples were analyzed for molybdenum, boron and copper concentrations to develop 

the relationships between growth stage, alfalfa yield and molybdenum and boron 

concentrations. 

The first harvest for 2002 was collected at 1/10th bloom stage of plant 

development on June 14th. The considerably later harvest was a result of herbicide 

damage to early season growth of the alfalfa. No significant yield responses were 

observed from the application of molybdenum in the first harvest results (Table 7). 

Alfalfa yield responses to molybdenum and lime applications in the second harvest on 

July 19th were significant but somewhat erratic. As in the first harvest, there were no 

significant yield responses to molybdenum or lime treatments in the 3rd harvest on 

September 3rd. There is a trend for increased yield as the rate of applied molybdenum 

increases in all three cuttings. Note as well that the lime alone treatment resulted in 

equally as high a yield as the molybdenum treatments. This is often the case since 

raising the soil pH increases the availability of molybdenum to plants.  Maximum yield 

was often achieved with as little as 0.2 lbs Mo/A up to the higher rates of 0.8 lbs Mo/A. 

Phosphorus (P04-P), potassium, sulfate-sulfur (S04-S) and boron were all in the 

adequate range based on midstem, midstem leaf and top 1/3 of plant samples taken on 

June 14th and September 3, 2002. 

Table 7. Alfalfa yield during 2002 as influenced by molybdenum and lime 
treatments applied on March 31, 2000. 

The molybdenum concentrations in the top 1/3 of plant samples taken at 
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harvest (equivalent to the top 6 inches of the plant) are given for the three harvests in 

2002 in Table 8. It can be noted that yields during 2002 (Table 7) reached near 

maximum with 0.2 to 0.8 lbs applied Mo per acre. This is also where the molybdenum 

concentration in the top 1/3 of the plant reaches approximately 0.17 to slightly over 1.7 

ppm. It is interesting to note that the molybdenum concentration decreased dramatically 

throughout the season for most treatments. Concentrations of molybdenum may be no 

more than '/4 to 1 /3 in the 3rd harvest of the level observed in the 15` harvest. As is often 

the case during the second or later years, the application of lime gave a higher 

molybdenum concentration than the control. The 1.2 lbs Mo/A rate resulted in a 

molybdenum concentration of 2.80 ppm in the first harvest compared to just over 5 ppm 

in the plant two years ago. Copper concentrations in the top 1/3 of plant samples for the 

Table 8. Alfalfa molybdenum concentration in the top 1/3 of plant samples taken at 

harvest during 2002 as influenced by molybdenum and lime treatments 

applied on March 31, 2000. 

Table 9. Alfalfa copper concentration in the top 1/3 of plant samples taken at harvest 

during 2002 as influenced by molybdenum and lime treatments applied on 

March 31, 2000. 
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three harvests in 2002 are given in Table 9. Note that all were in the normal range of 

10-12 ppm. Note as well that there were no significant differences in copper 
concentrations in the top 1/3 of the plant in response to either the molybdenum or lime 

treatments.

Shasta County Site-2003 

Alfalfa yield results for 2003 are given in Table 10. No significant yield responses 

to molybdenum or lime treatments were observed during the year. The strongest trend 

for a yield response was observed in the second harvest with little if any trend indicated 

in the first or third harvests.  Note that the lime alone treatment resulted in equally as 

high a yield as the molybdenum treatments in the second and third harvest but not in the 

first harvest. This is often the case since raising the soil pH increases the availability of 

molybdenum to plants.   Maximum yield was often achieved with as little as 0.2 lbs Mo/A 

up to the higher rates of 0.8 lbs Mo/A. Phosphorus (P04-P), potassium, sulfate-sulfur 

(S04-S) and boron were all in the adequate range. 

Table 10. Alfalfa yield during 2003 as influenced by molybdenum and lime 

treatments applied on March 31, 2000. 



13 

Plant growth stage samples were taken at 6 inches height, 12 inches height, 

prebud (only a small ball was formed to indicate the new bud) and at harvest (early bud 

to 1/10th bloom) for the first and third harvests in 2003. All of the plant material of the 

samples collected at the 6- inch growth stage and only the top 6 inches of the 12-inch 

high or older plants were analyzed for molybdenum concentrations to develop the 

relationships between growth stage and molybdenum concentration.

The molybdenum concentrations in the top 1/3 of plant samples (equivalent to the 

top 6 inches of the plant) are given for the three harvests in 2003 in Table 11. In general, 

yields during 2003 (Table 10) reached near maximum with 0.2 to 0.8 lbs applied Mo per 

acre. This is also where the molybdenum concentration in the top 1/3 of the plant 

reaches approximately 0.10 to 1.7 ppm. As in pass years, the molybdenum 

concentration decreased dramatically throughout the season for most treatments. 

Concentrations of molybdenum may be no more than 1/8 to 1/3 in the 3rd harvest of the 

level observed in the 1St harvest. As is often the case during the second or later years, 

the application of lime gave a higher molybdenum concentration than the control. The 1.2 

lbs Mo/A rate resulted in a molybdenum concentration of 2.63 ppm compared to just 

over 5 ppm in the plant three years ago. The over 5 ppm level which is well above the 

desired plant level for maximum alfalfa yield, approaches the problem range for animals, 

particularly if copper concentrations are below the 8 - 10 ppm range. Copper 

concentrations in the top 1/3 of plant samples for the three harvests in 2002 are given in 

Table 12. Note that most were in the normal range of 10-12 ppm or higher. Note as well 

that there were no significant differences in copper concentrations in the top 1/3 of the 

plant in response to either the molybdenum or lime treatments. 

Table 11. Alfalfa molybdenum concentration in the top 1/3 of plant samples taken at 

harvest during 2003 as influenced by molybdenum and lime treatments 

applied on March 31, 2000. 
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Table 12. Alfalfa copper concentration in the top 1/3 of plant samples taken at 

harvest during 2003 as influenced by molybdenum and lime treatments 

applied on March 31, 2000. 

Shasta County Site-2000-2003-Four Year Yield Totals for Site # 1 

Yield results for the four-year period 2000-2003 are given in Table 13. Even 

though there were no significant yield responses to molybdenum or lime treatments, 

slight trends did exist during 2000 (Probability=13.8%), 2002 (Probability=11.9%), and for 

the four year total yields (Probability=21.3%). One individual harvest in 2000 and one in 

2002 had highly significant yield responses to molybdenum. Note that the lime alone 

treatment resulted in equally as high a yield as the molybdenum treatments in the 

second, third and fourth years but  not in the first year. This is often the case since 

raising the soil pH increases the availability of molybdenum to plants but some period of 

time is necessary to effect yields if no incorporation of the lime occurs.  Maximum yield 

was often achieved with as little as 0.2 lbs Mo/A up to the higher rates of 0.8 lbs Mo/A. 

Rates greater than 0.6 - 0.8 lbs Mo/A however often increase molybdenum 

concentrations in the forage to undesirable levels the first year or two after application 

considering the needs of animals, particularly if copper concentrations are below the 8 - 

10 ppm range (See Figure 4). Phosphorus 

(midstem P04-P), potassium (midstem K), and sulfate-sulfur (midstem leaf S04-S) and 

boron were all maintained in the adequate range. 
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Table 13. Alfalfa yields (100% dry matter basis) during the four-year period 2000-

2003 as influenced by molybdenum and lime treatments applied on March 

31, 2000. Four harvests were made in 2000 and 2001 while three were 

made in 2002 and 2003. 

Plant growth stage samples were taken at 6 inches height, 12 inches height, 

prebud (only a small ball was formed to indicate the new bud) and at harvest (early bud 

to 1/10th bloom) for three harvests in 2001 and one each in 2000, 2002 and 2003. All of 

the plant material of the samples collected at the 6-inch growth stage and only the top 6 

inches of the 12-inch high or older plants were analyzed for molybdenum, boron and 

copper concentrations to develop the relationships between growth stage and 

molybdenum, boron and copper concentrations. 
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Shasta County Site-2001-Site # 1-Forage Quality 

To evaluate the effect of molybdenum and lime upon alfalfa forage quality during 

2001, the analysis for crude protein was conducted. Table 14 gives the changes in crude 

protein (total N x 6.25) associated with the increased rate of applied molybdenum and 

lime. There were no statistically significant differences in crude protein as a result of the 

treatments. There seems to be a rather consistent trend for the crude protein to be slightly 

higher for most of the molybdenum and lime treatments. Acid detergent fiber (ADF) 

analysis was also conducted on all whole plant samples during 2001 to determine total 

digestible nutrient (TDN) levels. No statistically significant differences in total digestible 

nutrient (TDN) levels were observed in any of the four harvests as a result of the 

molybdenum, boron or lime treatments. 

Table 14. Alfalfa crude protein during 2001 as influenced by molybdenum and lime 

treatments applied on March 31, 2000. 

Shasta County Site-2000 -2003- Four Year Forage Quality Summary -Site # 1 

To evaluate the effect of molybdenum and lime treatments on alfalfa forage quality, 

chemical analyses for crude protein and acid detergent fiber (ADF) to determine total 

digestible nutrients (TDN) were conducted on four harvests in 2001 and three harvests in 

2002 and 2003. There were no statistically significant differences in crude protein as a 

result of the treatments. There did seem to be a rather consistent trend for the crude 

protein to be slightly higher for most of the molybdenum and lime treatments however. 

Acid detergent fiber (ADF) analysis on whole plant samples to determine total digestible 

nutrient (TDN) levels also showed no statistically significant differences in total digestible 

nutrient (TDN) levels as a result of the molybdenum or lime treatments. 
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Siskiyou County Site-2001-Site # 2 

The Siskiyou County site was initiated when the treatments given in Table 15 

were applied, lime on March 9, 2001 and boron and molybdenum on March 10, 2001. 

Individual plots were 10 ft by 25 ft in size and the field trial design was a randomized 

complete block with 3 blocks or replications. The alfalfa field proposed for a trial was 

sampled on June 21, 2000 and found to have low concentrations of molybdenum (0.2 - 

0.3 ppm) and boron (6 ppm). Plant tissue samples also indicated that phosphorus 

(>2700 ppm midstem P04-P), potassium (>4.5 % midstem total K), and sulfur (>1250 

ppm midstem leaf S04-S) were in the above adequate range. 

Early plant growth stage samples were taken at 6 inches height (May 4, 2001), at 

12 inches height (May 14, 2001), and pre-bud (when only 2 - 5% of the plants have a 

small ball that can just be detected between the thumb and forefinger indicating the bud 

is developing) growth stage prior to each harvest as well as sampling at harvest. In 

some cases, growers harvest prior to 1/10 bloom so samples taken at harvest were 

characterized as to stage of growth. All of the 

plant material of the samples collected at the 6-inch growth stage and only the top 6 

inches of the 12-inch high, pre-bud plants and at harvest plants were analyzed for 

molybdenum, boron and copper concentrations to develop the relationships between 

growth stage, alfalfa yield and molybdenum and boron concentrations. 

Table 15. Alfalfa yield during 2001 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 

The first harvest was collected at the pre-bud stage of plant development on May 18, 

2001. The yield results are given in Table 15. It can be noted that there is a slight 

trend for molybdenum, boron or a combination of molybdenum and boron to increase 
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the first harvest alfalfa yields.  Observations of the trial just prior to harvest indicated the 

control plots as well as those receiving molybdenum alone had slightly chlorotic tops of 

the plants because of boron deficiency.  This slightly chlorotic appearance of the tops of 

the plants caused by boron deficiency seldom results in vegetative yield decreases but 

could reduce seed yields by 25 to 50% or more. Second harvest (July 2) yields show a 

somewhat similar trend but with slightly less response from boron or lime alone 

treatments. Third harvest (August 13) yields show only a slight trend for improvement 

from applied treatments. Fourth harvest (September 28) yields also show a slight trend 

but significant increase to molybdenum and boron at the higher rates of application.

The molybdenum concentrations in the top 1/3 of plant samples taken at harvest 

(equivalent to the top 6 inches of the plant) are given for the four harvests in 2001 in 

Table 16. Note first of all that molybdenum concentrations in the top 1/3 of the plant were 

much higher than in site #1, reaching well over 1 ppm and up to 3 ppm or above (7.17 

ppm in the first harvest at the 0.6 lbs applied Mo per acre). As was the case at site #1, 

yields during 2001 reached near maximum with 0.3 to 0.6 lbs applied Mo per acre and 

this is also where the molybdenum concentration in the top 1/3 of the plant reaches 

approximately 0.5 to well over 1 ppm. Similar to site #1, the molybdenum concentrations 

decreased throughout the season, particularly for the treatments receiving the higher 

rates of applied Mo. The application of lime resulted in no change in the molybdenum 

concentration as compared to the control. 

Table 16. Alfalfa molybdenum concentration in the top 1/3 of plant samples taken at 

harvest during 2001 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 
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The 1.2 lbs Mo/A rate resulted in a molybdenum concentration of nearly 15 ppm 

compared to 3.70 and 5.50 ppm in the 3rd and 4th harvests. The 3 to over 5 ppm level 

and certainly the 15 ppm concentration is well above the desired plant level for maximum 

alfalfa yield, and the 15 ppm level is in the problem range for animals, particularly if 

copper concentrations are below the 8 - 10 ppm range. Note that all were in the low 

range of 5 -7 ppm (Table 17). 

Copper concentrations in the top 1/3 of plant samples for the four harvests in 

2001 are given in Table 17. Note that all concentrations are well below the levels 

observed in site #1 and could therefore become more of an animal health problem if 

molybdenum concentrations exceed 5 ppm. Note that there were no significant 

differences in copper concentrations in the top 1/3 of the plant in response to either the 

molybdenum, boron or lime treatments. 

Table 17. Alfalfa copper concentration in the top 1/3 of plant samples taken at 

harvest during 2001 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 

Boron concentrations in the top 1/3 of plant samples for the four harvests in 2001 

are given in Table 18. Boron concentrations are significantly higher in all of the 

treatments receiving boron. The control and all treatments not receiving applied boron 

had concentration in the 11-16 ppm range throughout 2001. Treatment #10 which 

received 2 lbs B/A had concentrations in the 36 to 42 ppm range while treatments 

receiving 4 lbs B/A were somewhat higher, 40-60 ppm. The first harvest had somewhat 

lower boron concentrations (40-47 ppm) than the 2n' through 4th harvests (52-60 ppm) 

in 2001. 
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The plant tissue samples taken at the 1st and 3`a harvests (May 18th and August 
13th) indicated that phosphorus (PO4-P), potassium and sulfate - sulfur 
(S04-S) were all in the adequate range while selenium for animals would be slightly in 
the deficient range, all below 0.10 ppm. 

Table 18. Alfalfa boron concentration in the top 1/3 of plant samples taken at 
harvest during 2001 as influenced by molybdenum, boron and lime 
treatments applied on March 9-10, 2001. 

Siskiyou County Site-2002 

To reduce the number of samples and thus the cost of laboratory analyses early 
plant growth stage samples were only taken prior to the first and third cuttings of alfalfa 
during 2002 and 2003. They were taken at 6 inches height, at 12 inches height , prebud 
and at harvest. All of the plant material of the samples collected at the 6-inch growth 
stage and only the top 6 inches of the 12-inch high plants , prebud and harvest time 
samples were analyzed for molybdenum, boron and copper concentrations to develop 
the relationships between growth stage and molybdenum and boron concentration 

Yield results for the four harvests for 2002 are given in Table 19.  Molybdenum 
and boron in combination or with lime usually resulted in higher yields than the control .   
Selected treatments resulted in significantly higher yields over the control in the first and 
second harvests. It can be noted that neither molybdenum, boron nor lime alone resulted 
in as consistently high yields as when 
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at least molybdenum and boron were applied.  As was observed in site 1, near maximum 
yield was often achieved with as little as 0.2 to 0.4 lbs Mo/A. Observations of the trial 
just prior to harvest (all four harvests ) indicated the control plots as well as those 
receiving molybdenum alone had slightly chlorotic tops of the plants because of boron 

deficiency. This slightly chlorotic appearance of the tops of the plants caused by boron 

deficiency usually does not result in vegetative yield decreases but could reduce seed 

yields by 25 to 50% or more. Phosphorus 

(P04-P), potassium and sulfate-sulfur (S04-S) were all in the adequate range based on 

midstem, midstem leaf and top 1/3 of plant samples taken on May 28th and August 8, 

2002. 

Table 19. Alfalfa yield during 2002 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 

The molybdenum concentrations in the top 1/3 of plant samples taken at harvest 

(equivalent to the top 6 inches of the plant) are given for the four harvests in 2002 in 

Table 20. Molybdenum concentration in alfalfa was increased significantly with applied 

molybdenum. As was the case at site #1, yields during 2002 reached near maximum 

with 0.3 to 0.8 lbs applied Mo per acre.  Molybdenum concentrations in the top 1/3 of 

the plant were much higher than in site #1, reaching well over 1 ppm and up to 3 ppm 

or above (4.67 ppm in the second harvest). 

Similar to site #1, the molybdenum concentrations decreased throughout the season 

after the 2nd harvest, with the 1st and 3rd harvests having similar concentrations. The 

application of lime resulted in no change in the molybdenum concentration as 
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compared to the control. The 1.2 lbs Mo/A rate resulted in a molybdenum concentration 

of 3 to 5 ppm which is well above the desired plant level for maximum alfalfa yield, and 

levels above 5 ppm may present increasing problems for animals, particularly if copper 

concentrations are below the 8 - 10 ppm range. 

Table 20. Alfalfa molybdenum concentration in the top 1/3 of plant samples taken at 

harvest during 2002 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 

Copper concentrations in the top 1/3 of plant samples for the four harvests in 

2002 are given in Table 21. Note that all concentrations are well below the desired 

levels of 10-12 ppm and those observed in site #1. These low concentrations and 

therefore become more of an animal health problem if molybdenum concentrations 

exceed 5 ppm. Note that there were no significant differences in copper concentrations 

in the top 1/3 of the plant in response to either the molybdenum, boron or lime 

treatments. 

Boron concentrations in the top 1/3 of plant samples for the four harvests in 2002 

are given in Table 22. Boron concentrations are significantly higher in all of the 

treatments receiving boron. The control and all treatments not receiving applied boron 

had concentration in the 7-12 ppm range throughout 2002. Treatment #10 which 

received 2 lbs B/A had concentrations in the 20 to 26 ppm range while treatments 

receiving 4 lbs B/A were somewhat higher, 39-49 ppm. Boron concentrations during 

2002 were somewhat below those in 2001 when first harvest concentrations were 

between 40-47 ppm and 2nd through 4th harvests were 52- 60 ppm. 



24 

Table 21. Alfalfa copper concentration in the top 1/3 of plant samples taken at 

harvest during 2002 as influenced by molybdenum, boron and lime 

treatments applied on March 9- 10, 2001. 

Table 22.  Alfalfa boron concentration in the top 1/3 of plant samples taken at 
harvest during 2002 as influenced by molybdenum, boron and lime 
treatments applied on March 9- 10, 2001. 
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Siskiyou County Site-2003 

Yield results of the three harvests for 2003 are given in Table 23. Selected 
treatments of molybdenum and boron resulted in significantly higher yields over the 
control in the three harvests. It can be noted that neither molybdenum, boron nor lime 
alone resulted in as consistently high yields as when at least molybdenum and boron 
were applied.  As was observed at site # 1, near maximum yield was often achieved 
with as little as 0.2 lbs Mo/A. Visual observations of the trial just prior to harvest (all three 
harvests) indicated the control plots as well as those receiving molybdenum alone had 
slightly chlorotic tops of the plants because of boron deficiency.  This slightly chlorotic 
appearance of the tops of the plants caused by boron deficiency seldom results in large 
vegetative yield decreases but could reduce seed yields by 25 to 50% or more. 

Table 23. Alfalfa yield during 2003 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 

The molybdenum concentrations in the top 1/3 of plant samples taken at harvest 
(equivalent to the top 6 inches of the plant) are given for the four harvests in 2003 in 
Table 24. Molybdenum concentration in alfalfa was increased significantly with applied 
molybdenum. As was the case at site #1 , yields during 2003 reached near maximum 
with 0.3 to 0.8 lbs applied Mo per acre.  Molybdenum concentrations in the top 1/3 of 
the plant were much higher than in site # 1, reaching well over 1 ppm and up to 3 ppm or 
above  (4.67 ppm in the first harvest). Molybdenum concentrations were highest in the 
2d harvest , second highest in the 1St and lowest in the 3rd harvest. The application of 

lime resulted in only small changes in 
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the molybdenum concentration as compared to the control. The 1.2 lbs Mo/A rate 

resulted in a molybdenum concentration of 3 to 5 ppm which is well above the desired 

plant level for maximum alfalfa yield, and levels above 5 ppm may present increasing 

problems for animals, particularly if copper concentrations are below the 8 - 10 ppm 

range.

Table 24. Alfalfa molybdenum concentration in the top 1/3 of plant samples taken at 

harvest during 2003 as influenced by molybdenum, boron and lime treatments 

applied on March 9-10, 2001. 

Copper concentrations in the top 1/3 of plant samples for the three harvests in 

2003 are given in Table 25. Note that all concentrations are similar to those during 2002 

(4-8 ppm) and could therefore become more of an animal health problem if molybdenum 

concentrations exceed 5 ppm. Note that there were no significant differences in copper 

concentrations in the top 1/3 of the plant in response to either the molybdenum, boron or 

lime treatments. 

Boron concentrations in the top 1/3 of plant samples for the three harvests in 

2003 are given in Table 26. Boron concentrations are significantly higher in all of the 

treatments receiving boron. The control and all treatments not receiving applied boron 

had concentrations in the 6-9 ppm range throughout 2003. Treatment #10 which 

received 2 lbs B/A had concentrations in the 12 to 17 ppm range while treatments 

receiving 4 lbs B/A were somewhat higher, 21-32 ppm. Boron concentrations during 

2003 were considerably below those in 2002 and 2001 when first harvest concentrations 

were between 40-47 ppm and 2 nd through 4`h harvests were 52-60 ppm. 
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Table 25. Alfalfa copper concentration in the top 1/3 of plant samples taken at 

harvest during 2003 as influenced by molybdenum, boron and lime 

treatments applied on March 9-10, 2001. 

Table 26. Alfalfa boron concentration in the top 1/3 of plant samples taken at 

harvest during 2003 as influenced by molybdenum, boron and lime 

treatments applied on March 9- 10, 2001. 
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Siskiyou County Site-2001-2003-Three Year Yield Totals for Site # 2 

Yield results of the three year period 2001-2003 are given in Table 27. Selected 

treatments of molybdenum and boron resulted in significantly higher yields over the 

control during 2002 and for the three-year totals. Three individual harvests, two in 2002 

and one in 2003, showed significant yield responses to molybdenum plus boron 

treatments. It can be noted that neither molybdenum, boron nor lime alone resulted in as 

consistently high yields as when at least molybdenum and boron were applied. As was 

observed at site # 1, near maximum yield was often achieved with as little as 0.2 lbs Mo/

A. Visual observations of the trial just prior to most harvests indicated the control plots 

as well as those receiving molybdenum alone had slightly chlorotic tops of the plants 

because of boron deficiency. This slightly chlorotic appearance of the tops of the plants 

caused by boron deficiency generally does not result in large vegetative yield decreases 

but could reduce seed yields by 25 to 50% or more. 

Table 27. Alfalfa yield (100% dry matter basis) during the three-year period 2001-

2003 as influenced by molybdenum, boron and lime treatments applied on 

March 9-10, 2001. 

Siskiyou County Site -2001 -Site # 2-Forage Quality 

Alfalfa forage quality analysis for crude protein was conducted on all samples 
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from all four harvests during 2001. Table 28 gives the changes in crude protein (total N x 

6.25) associated with the increased rate of applied molybdenum, boron and lime. There 

were not statistically significant differences in crude protein as a result of the treatments. 

There was a trend for crude protein to be slightly higher in the l st, 2nd and 4th harvests 

as a result of combinations of molybdenum and boron treatments. Acid detergent fiber 

(ADF) analysis was also conducted on all whole plant samples to determine total 

digestible nutrient (TDN) levels. No statistically significant differences in total digestible 

nutrient (TDN) levels were observed in any of the four harvests as a result of the 

molybdenum, boron or lime treatments. 

Table 28. Alfalfa crude protein during 2001 as influenced by molybdenum, boron 

and lime treatments applied on March 9-10, 2001. 

Siskiyou County Site-2001-2003- Three Year Forage Quality Summary-Site # 2 

Alfalfa forage quality was evaluated by conducting chemical analyses for crude 

protein and acid detergent fiber (ADF) on whole plant samples to determine total 

digestible nutrients (TDN). These analyses were conducted on all samples from four 

harvests in 2001 and 2002 as well as the three harvests in 2003. There were no 

statistically significant differences in crude protein as a result of the molybdenum, boron 

and lime treatments. There appeared to be a trend for crude protein to be slightly higher 

in several harvests as a result of combinations of molybdenum and boron treatments. No 

statistically significant differences in total digestible nutrient (TDN) levels were observed 

in any of the harvests as a result of the molybdenum, boron or lime treatments. 



30 

To achieve objective three, the residual plant material from each plot for each 

harvest resulting after samples were submitted to the laboratory for chemical analyses 

was retained. After the results of chemical analysis of the samples were known, the residual 

plant materials from these samples were grouped into four bulk samples having the 

following concentrations: 1). low Mo (0.1-0.4 ppm)-low B (9-11 ppm), 2). low Mo (0.1-0.4 

ppm)-intermediate B (15-25 ppm), 3). low Mo (0.1-0.4 ppm)-high B (35+ ppm), and 4). 

intermediate Mo (0.5-0.7 ppm)- intermediate B (15-25 ppm). Even after combining the 

plant material from selected plots for all of the alfalfa harvests there was less than 2-3 

pounds of total material in each of the four samples and unfortunately, nearly all of the 

sample material was destroyed by a fire. Therefore, several large bulk sized samples of 

the top 1/3 of alfalfa plants were collected at or just prior to harvest from selected plots 

to acquire sufficient quantities for the standard samples with known molybdenum and 

boron concentrations. After the large bulk samples were dried and ground, subsamples 

were taken from each to submit to the laboratory for chemical analysis to learn the Mo 

and B concentrations. The total amounts of the four samples that have been prepared 

are as follows: 1). Low Mo (0.1-0.4 ppm)-low B (9-11 ppm)-about 12 lbs, 2). Low Mo 

(0.1-0.4 ppm)- intermediate B (15-25 ppm)-about 8 ibs, 3). Low Mo (0.1-0.4 ppm)-high B 

(35+ ppm)-about 4 lbs, and 4). Intermediate Mo (0.5-0.7 ppm)-intermediate B (15-25 

ppm)-about 16 lbs. 

Discussion and Conclusions 

The results of the chemical analyses of early plant growth stage samples that were 

taken at 6 inches height, at 12 inches height, and pre-bud (when only 2 - 5% of the 

plants have a small ball that can just be detected between the thumb and forefinger 

indicating the bud is developing) growth stage prior to each harvest as well as sampling 

at harvest are presented in Figures 1-4. These figures include only the results from site or 

experiment # 2 for the year 2001 since  samples were taken 2-3 times prior to each of 

the four harvests. During 2002 and 2003 sampling prior to only the 1st and 3rd harvests 

was carried out at both sites and the results have similar trends. In some cases, the 

growers harvested prior to 1/10 bloom so samples taken at harvest were characterized 

as to stage of growth but plotted on the calendar day basis. All of the plant material of 

the samples collected at the 6-inch growth stage and only the top 6 inches of the 12- 

inch high, pre-bud plants and at harvest plants were analyzed for molybdenum, boron 

and copper concentrations to develop the relationships between growth stage, alfalfa 

yield and molybdenum and boron concentrations. 

Figure 1 gives the molybdenum concentration in the top 1/3 of the plant samples 

taken two times prior to the first harvest and three times prior to the 2nd, 3rd and 4th 

harvests as well as at each harvest at site or experiment # 2 during 2001. These data 

indicate that molybdenum concentrations in the top 1/3 of the plant, 
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when they are in the deficient range (<0.9 ppm), remain fairly constant during the early 

growth stages through the harvest growth period for each of the four harvests during the 

year. This becomes particularly desirable for diagnostic purposes 

if plant samples can be taken anytime during the growth of the crop, not just at a defined 

stage of growth such as 1/10th bloom stage. Of particular interest is the fact that if the 

molybdenum concentration is in the adequate range, that is above 1 ppm, it generally 

decreased as the alfalfa matured and was harvested. Note as well that the 0.2 lb/A rate 

of molybdenum plus the 4 lbs/A rate of boron had approximately one-half the 

concentration of molybdenum as did the 0.4 lb/A rate of molybdenum plus the 4 lbs/A rate 

of boron. Also note that the 0.4 lb/A rate of molybdenum plus the 4 lbs/A rate of boron had 

a higher molybdenum concentration than did the 0.4 lb/A rate of molybdenum alone for 

much of the first year after application. The control, boron alone at the 4 lbs/A rate and 

the lime alone treatments had nearly the same low molybdenum concentration of 0.2 to 

0.9 ppm throughout the year. A single application of the 0.4 lb/A rate of molybdenum is 

expected to last approximately 10 years based on a number of fields that have been 

sampled over time. Fields having a history of molybdenum concentrations less than 1 

ppm should be resampled at least every 3 years at the early bud to 1/10th bloom growth 

stage to monitor the molybdenum status for maintaining high alfalfa yields. 

The boron concentration in the top 1/3 of the alfalfa plant for several treatments 

during the 2001 growing season at site or experiment # 2 is given in Figure 2. The boron 

concentrations are fairly consistent when no boron is applied (control and molybdenum 

alone treatment) but vary considerably when boron is applied at either the 2 or 4 pound 

per acre rates. The 2-pound rate of boron had only slightly lower boron concentration in 

the top 1/3 of the plant than the 4- pound rate. The top 1/3 of the plant samples from the 

second and third harvests in 2003 have approximately half the boron concentrations for 

the 2 and 4-pound rates as compared to the 2001 results.  This would suggest that the 2-

pound rate of boron should be applied every other year and the 4-pound rate should be 

applied every 4 years. Fields having a history of boron concentrations less than 15 ppm 

should be resampled at least every 2 years to monitor the boron status for maintaining 

high alfalfa yields. Fields used for alfalfa seed production should be maintained at a 

somewhat higher boron concentration of 20-25 ppm and sampled annually to adjust the 

rate of boron application to maintain the >25 ppm concentration in the top 1/3 of plant 

samples at the early bud to 1/10th bloom growth stage. 

The same samples collected during 2001 for molybdenum and boron analyses 

were also analyzed for copper concentrations. Figure 3 illustrates the copper 

concentrations for the same treatments that are given in Figure 1 for molybdenum 

treatments. The copper concentrations decrease to nearly one-half from the early 

growth to the harvest time sampling. This is nearly the same pattern exhibited for the 

molybdenum concentrations. Since the harvest concentrations of copper are only 
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slightly above 5 ppm, to maintain the desired ratio of 2:1 for copper: 

molybdenum, the molybdenum concentration should not exceed 2.5 ppm. Figure 1 

indicates that the first harvest molybdenum concentration at approximately 5 ppm is well 

in excess of the desired 2.5 ppm but the 2°d, 3rd and 4th harvests are in the desired 

range of 2-2.5 ppm. This  would certainly suggest that when molybdenum is applied it 

should not be applied in excess of the 0.4 lb/A rate of molybdenum or 1 lb/A rate of 

sodium molybdate. 

Figure 4 gives a comparison between the whole plant (harvested hay) 

molybdenum concentrations and the top 1/3 of the alfalfa plant concentrations for four 

harvests in 2001 and 2002. It can be observed that even though these two plant parts 

are much different they have the same molybdenum concentrations and can therefore 

be used equally well for diagnosing molybdenum deficiencies. Since this procedure has 

not been tested on very many locations and production seasons, use of the top 1/3 of 

the alfalfa plant concentrations would still be the preferred sampling and monitoring 

approach. 
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Recommendations 

Molybdenum: Plant tissue testing was confirmed by this research study to be the most 

desirable way of diagnosing molybdenum and boron deficiency and copper analysis to 

diagnose potential animal health problems. The current University of California 

guidelines for molybdenum concentrations in alfalfa are: deficient -- <0.3 ppm, critical - 

0.3-0.9 ppm, adequate - 1-5 ppm, and high - 5-10 ppm with the comment that 

concentrations in excess of 10 ppm may result in molybdenosis in ruminant animals. 

These are suitable for the 1/10th growth stage or when V2 to 1" regrowth from the crown 

appears. First, these molybdenum concentrations would not be changed based on the 

results from the 3 to 4 years research at the two sites studied. Second, these 

concentrations can be extended beyond the "1/10th growth stage or when V2 to 1" 

regrowth from the crown appears" to include "sampling anytime when 4-6 inches of 

growth can be collected" and analyzed. As Figure 1 indicates, if the molybdenum 

concentration is below 1 ppm it will be at that level regardless of the stage of growth 

when the samples are taken. Concentrations greater than 1 ppm would be adequate for 

maximum alfalfa production. It should be kept in mind however that the molybdenum 

concentration will reach its lowest point just before the alfalfa is harvested. 

Regarding the current recommendation for the application of one pound of 

sodium or ammonium molybdate to supply 0.4 lb Mo per acre applied during the dormant 

season or before regrowth has occurred after cutting for at least a 3-5 year time period 

seems realistic. It should be pointed out that the same application rate may produce 

greatly different molybdenum concentrations in alfalfa as indicated by the two sites on 

which the research was conducted in this study. Thus the caution for not applying any 

higher rate than the 0.4 Mo/acre is emphasized. It would be particularly important when 

copper concentrations are below the 10-12 ppm range not to have molybdenum 

concentrations any higher than V2 of the copper concentrations for animal health 

considerations. Fields having a history of molybdenum concentrations less than 1 ppm 

should be resampled at least every 3 years at the early bud to 1/10th bloom growth stage 

to monitor the molybdenum status for maintaining high alfalfa yields. Also, it should be 

emphasized that foliar applications should never be made to the leaves of alfalfa or other 

legume forages because most of the material would be harvested with the next cutting of 

hay leaving very little molybdenum for the long term benefit and even worse, the hay 

would have extremely high concentrations of molybdenum which would be very toxic to 

animals. 

Boron: Plant tissue testing was confirmed by this research study to be the most 

desirable way of diagnosing boron and molybdenum deficiency and copper analysis to 

diagnose potential animal health problems. The current University of California 

guidelines for boron concentrations in alfalfa are: deficient -- <15 ppm, critical - 15-20 

ppm, adequate - 20-40 ppm, and high - over 200 ppm with the comment that 
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concentrations in excess of 200 ppm may result in reduced growth and vigor. Although 

not as reliable to detect boron deficiency, the saturated paste concentration of boron 

below 0.1 ppm would suggest that plant tissue samples should be taken to assess 

potential deficiency. Like molybdenum, boron deficiencies can be detected using the 

above concentrations and can be extended beyond the 

"1/10th growth stage or when %2 to 1" regrowth from the crown appears" to include 

"sampling anytime when 4-6 inches of growth can be collected" and analyzed. As Figure 

2 indicates, if the boron concentration is below 15 ppm it will be at that level regardless 

of the stage of growth when the samples are taken. Concentrations greater than 15 ppm 

would be adequate for maximum alfalfa production. It should be kept in mind however 

that the boron concentration will reach its lowest point just after regrowth begins and 

increase slightly as the alfalfa matures before harvest. 

The current recommendations for the application of boron seem realistic. When 

tissue tests indicate boron is deficient and boron-sensitive crops such as cereals are 

likely to be planted in the field within 12 months, apply 1 to 3 pounds boron per acre to 

the soil surface. Use 3.5 to 7 pounds per acre if boron-tolerant crops such as alfalfa, 

sugarbeets, or onions will be grown for the next 24 months. Use the lower rates on sandy 

soils; the higher rates are suggested for fine- textured soils.  Higher rates of boron will 

often last 5 to 7 years. Fields having a history of boron concentrations less than 15 ppm 

should be resampled at least every 2 years to monitor the boron status for maintaining 

high alfalfa yields. Fields used for alfalfa seed production should be maintained at a 

somewhat higher boron concentration of 20-25 ppm and sampled annually to adjust the 

rate of boron application to maintain the >25 ppm concentration in the top 1/3 of plant 

samples at the early bud to 1/10th bloom growth stage.
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Outreach Activities 

The following is a listing of the meetings and conferences at which the results of 

the research have been presented.   Many individuals present at these meetings were 

alfalfa growers but a number of Certified Crop Advisors, Pest Control Advisors, fertilizer 

dealer representatives and plant and animal nutrition consultants were present as well. 

If the audience was different from above it is noted. 
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Figure 1. Alfalfa-top 1/3 of plant-molybdenum concentrations during the 

2001 growing season as influenced by applied treatments. Expt #2 

 
 

Figure 2. Alfalfa-top 1/3 of plant-boron concentrations during the 2001 

growing season as influenced by applied treatments. Expt #2 
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Figure 3. Alfalfa-top 1/3 of plant-copper concentrations during the 2001 growing season 

as influenced by applied treatments. Expt #2 

 

 

Figure 4. Alfalfa molybdenum concentrations, whole plant (WP) versus top 1/3 of plant 

(Top) during 2001-2002 as influenced by applied treatments. Expt #2 
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