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CHAPTER I 

INTRODUCTION 

An adequate understanding of the many physiological 

aspects of honey mesquite (Prosopis glandulosa var. gland-

ulosa) is lacking. Some research on root carbohydrate 

reserves of mesquite has been undertaken. However, research 

on the functions of metabolites is especially lacking. 

Vitamin response to environmental conditions and phenologi

cal development is not known. 

Niacin and thiamine are water soluble vitamins of the 

B-complex that are synthesized in the leaves and subse

quently translocated throughout the plant, especially the 

roots, where they are utilized in metabolism (Bonner and 

Bonner, 1948; Ziegler and Ziegler, 1962). Niacin, in the 

form of niacinamide, is an important part of the co-enzymes 

nicotinamide adenine dinucleotide (NAD) and nicotinamide 

adenine dinucleotide phosphate (NADP) (Goodwin, 1963). 

Thiamine, in the form of thiamine pyrophosphate (TPP) is an 

important component of the a-ketoacid dehydrogenase system 

(Lehninger, 1970). 

Niacin in the form of NAD and NADP are most often en

countered as acceptors of electrons from the substrate in 

the process of respiration (White et al., 1964; Salisbury 

and Ross, 1969; Lehninger, 1970). Thiamine in the form 
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of TPP is an important component of the a-ketoacid dehydro-

system that decarboxylates pyruvate and a-ketoglutarate 

(Lehninger, 1970). 

High and low soil temperatures apparently reduce syn

thesis and/or translocation of niacin and thiamine (Bonner 

and Bonner, 1940; Ketellaper, 1963; Muzik, 1967; Crafts and 

Crisp, 1971). It has been shown that root kill of honey 

mesquite with 2,4,5-trichlorophenoxyacetic acid (2,4,5,-'!) 

is directly related to the soil temperature (30 to 60 cm 

depth) at the time of herbicide application (Dahl et al., 

1971). Sites characterized by temperatures below 23 C and 

above 31 C had reduced mesquite root mortality when sprayed 

with 2,4,5-T. 

Phenological stages of development of mesquite have 

been found to also influence root kill (Dahl et al., 1971; 

Sosebee et al., 1973). Plants at phenological stages of 

development such as bud burst, leaf enlargement and plants 

without flowers were difficult to root kill when sprayed 

with 2,4,5-T or a mixture of picloram plus 2,4,5-T (Dahl 

et al., 1971; Sosebee et al., 1973). 

Bonner and Bonner (1940) and Ketellaper (1963) found 

that thiamine promoted growth of Cosmos when it was added 

to plants growing in sub-optimal temperatures. Foliar appli

cations of a B-vitamin solution containing niacin and 

thiamine also promoted growth of Vicia faba and Lupinus 
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nanu£ when these plants were grown in supra-optimal tempera

tures (Ketellaper, 1963). Muzik (1967) reported the promo

tion of growth of Amsinckia intermedia grown at sub-optimal 

temperatures when either niacin or thiamine was foliarly 

applied to the plant. The addition of these B-vitamins also 

increased response of Amsinckia to 2,4-dichlorophenoxyacetic 

acid (2,4-D), 

Niacin added to 2,4,5-T markedly increased root kills 

of mesquite when the herbicide was applied to trees growing 

on sites with soil temperatures of 21 C (at 45 cm depth) 

(Sosebee, 1972). Thiamine added to the herbicide solution 

enhanced root kills of mesquite when the soil temperatures 

were above 31 C at a depth of 45 cm (Sosebee, 1974) . 

Brumley and Sosebee (1978) reported that niacin and 

thiamine concentrations in roots of seedling honey mesquite 

were influenced by soil temperatures. Seedlings grown under 

21, 27, and 32 C soil temperature regimes exhibited differ

ent niacin and thiamine concentrations. The concentration 

of niacin in the roots of plants grown in the 21 C regime 

was lowest while the concentration of niacin in the roots 

of plants from the 27 C regime was highest. Roots of plants 

grown at 32 C had an intermediate niacin concentration. 

Thiamine concentrations in roots of the same seedlings were 

also influenced by soil temperatures. Thiamine concentra

tion was highest in the roots of seedlings grown in the 21 C 
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regime and lowest in the roots of seedlings grown in the 

32 C regime, while the thiamine concentration was interme

diate in roots of the seedlings grown at 27 C. 

It is difficult to associate data obtained from seed

ling honey mesquite grown under controlled conditions with 

mature mesquite growing under natural environmental condi

tions. Therefore, this study was designed to investigate 

the endogenous concentrations of niacin and thiamine in 

mature honey mesquite as influenced by soil temperature, 

soil water, and phenological stages of development. Spe-

ficially the objectives were to determine: 

1) Endogenous niacin and thiamine concentrations in 

phloem tissue collected from nature honey mesquite 

plants from various soil temperature and soil 

water regimes. 

2) Influence of phenological development on endogenous 

niacin and thiamine concentrations in 3 parts 

(twigs, phloem, and roots) of mature honey mesquite. 



CHAPTER II 

LITERATURE REVIEW 

Niacin and thiamine are essential for the growth of 

roots. Many have reported that niacin and thiamine are 

required growth factors for the elongation of roots of peas 

(Pisiim sativum) in excised root cultures (Addicott and. 

Bonner, 1938; Bonner and Devirian, 1939; Bonner, 194(Qla; amd 

Bonner and Bonner, 1948). Niacin is essential for the imi-

tiation of root laterals of peas and thiamine is necessary 

for overall growth of pea roots (Street, 1966). Bonner 

(1940a) reported that pea roots in excised root cultnire 

could utilize any substance that was convertible to niacin 

upon simple hydrolysis. Similarly, Bonner and Bonner {1.94^} 

reported that pea roots in excised root culture couild util

ize any substance that was convertible to thiamine upon 

simple hydrolysis. 

Alfalfa (Medicago sativa) and white clover {.Trifoli^ 

repens) roots were examined in excised root culture at 25 C 

by Bonner (1940b). The roots of both, species required 

niacin and thiamine for elongation. Bonner found that 

growth of alfalfa roots grown in culture without niacin and 

thiamine ceased after 2 or 3 weeks, but roots in cultures 

containing niacin and thiamine continued growing. White 

clover and alfalfa roots were able to continue limited qjcmeth. 
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when only niacin was added to the culture medium. However, 

when thiamine was added to the culture medium, the rate of 

root growth of both white clover and alfalfa increased six

fold in a period of 5 weeks. The roots of white clover 

stopped growing when only thiamine was present in the cul

ture medium. 

Bonner (1942) examined Acacia melanoxylon roots in 

isolated root culture (at 25 C) and found that niacin and 

thiamine were required for root growth in the woody species. 

He found a relatively stable, though limited, growth rate 

of the excised Acacia roots when the culture media was sup

plied with niacin, thiamine and pyridoxine. Growth of roots 

grown in a culture medixim containing niacin but not thiamine 

or pyridoxine ceased after 5 weeks. 

Excised root cultures of tomatoes (Lycopersicon 

esculentum) respond differently to addition of niacin (Bonner 

and Bonner, 1948). One strain of a commercial beefsteak 

tomato was reported to grow indefinitely at a slow rate with 

only thiamine present in the culture medium while other 

strains (beefsteak, red currant and a hybrid of red currant 

X Johannes feuer tomato) required thiamine and pyridoxine 

as growth factors in the culture medium (Bonner and Bonner, 

1948). An enhancement in root elongation was reported in 

the latter strains when niacin was added to the culture 

medium (Bonner, 1940b). 
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Cosmos and Brassica were grown in pots of washed sand 

in a greenhouse and treated with a nutrient solution and 

niacin (0.05 mg-1 ) and thiamine (0.01 mg-l"-*"). Dry weight 

measurements were made of shoots and roots at the end of 30 

days (Bonner and Bonner, 1940). The dry weights of niacin 

and thiamine treated plants were higher than the dry weight 

of the controls. Dry weights of the roots of treated plants 

increased markedly over the dry weights of the roots of the 

controls. The niacin and thiamine treatments promoted the 

growth of the roots more than they promoted shoot growth 

(Bonner and Bonner, 1940). 

Bonner and Bonner (1948) reported that niacin and 

thiamine treatments promoted growth of Cosmos roots under 

unfavorably low temperatures (20 C). Ketellaper (1963) 

found niacin treated tomato plants grown at the sub-optimal 

temperature of 20 C increased in dry weight compared to un

treated plants grown at the same temperature. Ketellaper 

also reported an increase in dry matter of Cosmos grown at 

a sub-optimal temperature when it was sprayed with a B-

vitamin mixture containing 30 mg-l of niacin and 20 

mg-l~ of thiamine. Further experiments by Ketellaper in

volving Vicia faba and Lupinus nanus revealed that adverse 

effects of supra-optimal temperatures were avoided when the 

plants were sprayed with the B-vitamin mixture and Vitamin C. 
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Muzik (1967) found essentially the same results with 

Amsinckia grown under sub-optimal temperatures. Plants 

sprayed with niacin (40 mg-l" ) and thiamine (20 mg-l""*") 

exhibited increases in shoot and root weights over controls. 

Response of Amsinckia grown under sub-optimal temperature 

conditions to 2,4-D was enhanced when 100 ug of niacin was 

added to the spray solution. Thiamine, however, caused 

the greatest response when 10 ug was added to the herbicide 

solution and sprayed on the plants grown at sub-optimal tem

peratures. To elucidate the role of thiamine in the metab

olism of Amsinckia, Muzik analyzed plants grown under three 

different temperature regimes; sub-optimal (10 C), optimal 

(18 C), and supra-optimal (27 C). He found the thiamine 

concentration was lowest in plants grown in the sub-optimal 

temperature regime, highest in the plants grown at optimal 

temperature and intermediate in plants grown in a supra-

optimal temperature regime. These results were similar to 

those reported by Brumley and Sosebee (1978) for niacin in 

honey mesquite seedlings grown in sub-optimal (21 C), optimal 

(27 C and supra-optimal (32 C) soil temperature regimes. 

However, the thiamine concentration of honey mesquite was 

highest in plants grown at the sub-optimal soil temperature, 

intermediate at the optimal temperature and lowest at the 

supra-optimal temperature (Brumley and Sosebee, 1978) . 



CHAPTER III 

METHODS 

Samples for determination of niacin and thiamine con

centrations in honey mesquite were collected from two loca

tions. One location was on the Texas Tech University campus. 

This site had level topography and an Amarillo fine sandy 

loam soil. Honey mesquite density was 1800 trees per hec

tare with an understory of buffalograss (Buchloe dactyloides) 

blue grama (Bouteloua gracilis), three-awns (Aristida sp.), 

annual forbs and yucca (Yucca sp.). Samples were collected 

bi-weekly during the 1975 growing season following bud break 

and monthly during September, October, and December. Sam

pling was discontinued after December, 1975 and resumed 

March 29, 1976 (2 weeks prior to bud break which occurred 

April 14, 1976) and continued bi-weekly until the end of 

May, 1976. 

Samples consisted of twig tissue (from the tip basip-

etally to 10 cm in length including leaf tissue when present), 

phloem tissue (from the basal bud crown area at or just 

above the soil surface) and small lateral roots. The sample 

size was large enough to insure at least 1.5 g ground mate

rial. Samples were collected from 4 different trees for 

each of 16 sampling dates. 
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The second location was on the Post-Montgomery Estate 

ranch in Lynn County, Texas 19 km east of Tahoka, Texas. 

Four sites differing in soil temperature and soil water were 

chosen. 

The first site was a relatively narrow, gently sloping 

drainage area characterized by an Acuff loam soil. Vegeta

tion consisted of honey mesquite, hackberry (Celtis 

reticulata) and catclaw (Mimosa biuncifera) in the over-

story (65% canopy cover) and an understory of buffalograss, 

blue grama, vine mesquite (Panicum obtusum), western ragweed 

(Ambrosia psilostachya), and annual forbs. The honey mes

quite on this site was taller and more robust(3.6 m average 

height and 35 cm average basal circumference) than mesquite 

on the other sites chosen. Tree density was 2750 trees per 

hectare. 

The second site was an east facing slope (3% slope) 

with an Acuff loam soil. This site was consistently dry 

during the study because of surface run-off. Mesquite (1700 

trees per hectare) averaged 2.7 m in height and 30 cm basal 

circumference with a 31% canopy cover. The understory veg

etation was primarily buffalograss, blue grama, yucca, 

cholla cactus (Opuntia imbricata), tasajillo (Opuntia 

leptocaulis), plains prickly pear (Opuntia polyacantha) 

and perennial broomweed (Xanthocepha1um sarothrae). 
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The third site was a shaded depression with an Acuff 

loam soil. This site had sufficient slope above it to have 

extra water drain onto it. Because of the run-on water, 

the site was densely populated with mesquite (2120 trees per 

hectare with a 31% canopy cover) that average 2.7 m in 

height and 34 cm basal circumference. Tasajillo and lote-

bush (Condalia sp.) were also associated with mesquite in 

the overstory. The understory was buffalograss, blue grama, 

and annual forbs. 

The fourth site was a nearly level upland site with an 

Amarillo fine sandy loam soil. The mesquite were smaller 

on this site (1.8 m in height and 21 cm in basal circumfer

ence) than on the other sites at this location. The site 

was similar to the one located on the Texas Tech University 

campus. The overstory was composed of mesquite, lotebush, 

and algerita (Berberis trifoliolata). The understory was 

buffalograss, blue grama, three-awns and annual forbs. 

Density was 1340 trees per hectare with a 21% canopy cover. 

Samples from the phloem (from the stem of each tree at 

or just above the soil surface) of 7 trees were collected 

from each of the 4 sites monthly December, 1975 through 

November, 1976 with the exception of August and October, 

1976. All samples from both locations were collected, iden

tified, placed in individual paper bags and placed on dry 

ice until they could be dried. The samples were dryed for 
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at least 1 week at 51 C in a forced air oven. The samples 

were removed from the oven, ground in a Wiley mill to pass 

a 40'mesh screen (0.65 mm) and stored in amber vials until 

chemical analyses could be performed. 

The soil temperatures were measured on each harvest 

date using mercury filled thermometers placed in the soil 

at depths of 15, 30, 45, aiid 60 cm. Soil water was deter

mined gravimetrically from samples taken in 15 cm increments 

to a depth of 60 cm. The samples were collected using a 

Lutz sampler. Subsequently, soil water content (%) was con

verted to cm of water per each 15 cm increment of soil 

according to equation (1): 

Where 

Soil water (cm) = w X p, X depth of the soil column (15cm) 

03 = gravimeteric water content (%) and 

p, = bulk density of the soil 

Phenological stage of development was assessed according 

to a phenological index (Table 1). Reproductive potential 

(relative number of flowers per tree) was estimated as either 

zero, low, medium or high. 

The niacin concentration of the mesquite samples was 

determined by the cyanogen bromide—sulfanilic acid method 

(Sweeney, 1951) which is accepted as a standard method of 

analysis by the Association of Official Analytical Chemists 

(AOAC) (Horwitz, 1970). The AOAC methods were modified to 

accommodate 1 g rather than 28 g (1 oz) samples. Niacin was 
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TABLE 1. PHENOLOGICAL INDEX USED TO CLASSIFY HONEY MESQUITE 
PLANTS AS TO PHENOLOGICAL STAGE OF GROWTH 

Phenology Class Description 

1 trees dormant 

2 buds visible, not swollen 

3 buds swollen (50% or more) 

4 buds broken (0.6 to 1.3 cm long) (<50%) 

5 buds broken (0.6 to 1.3 cm long) (<50%) 

6 spikes closed to 1/2 extending with 
expanding light green leaves 

7 spikes 1/2 to fully extended with light 
green leaves fully unfurled 

8 spikes fully extended with fully un
furled light green leaves 

9 spikes fully extended with dark green 

leaves 

10 white flowers 

11 yellow flowers 

12 flowers completely aborted, no pods 

13 green pods 0.6 to 2.5 cm long, flat 

14 green pods 2.6 to 8.0 cm long, flat 

15 green pods 8.1 cm long to fully extended, 

flat 

16 green pods, fully extended, filled 

17 pods with a red tint 

18 red pods 

19 reddish-brown pods 

20 brown pods 

21 pods dropped from the plant 

22 leaves starting to fall (<50%) 

23 leaves fallen (>50%) 
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extracted by hydrolysis in 20 ml I N H2S0^ for 3 0 min in a 

steam autoclave at 1.06 kg-cm . The pH of the samples was 

then adjusted to 4.5 and the samples filtered. Ten ml of 

filtrate from each sample was mixed with (NH.)2S0. to pre

cipitate proteinaceous material. The samples were again 

filtered and 1 ml aliquots of the filtrate used for color 

development using 5 ml of 10% BrCN and 2 ml of 10% 

NH2CgH,S0T'H-O (sulfanilic acid). Niacin concentration was 

measured spectrophotometrically using absorbance (A) values 

ft 

measured at a wavelength of 450 nm Beckman Model 2 4 double-

beam spectrophotometer. Niacin concentration was propor

tional to the absorbance reading if the concentration of 

the sample solution was in the range of 0.02 to 100.0 ppm 

2 (R = 0.95). Hence, niacin was calculated according to 

equation (2): 

CA"-^ = XA "-̂  (2) 
s 

Where: 

C = the niacin concentration of the standard solution 

(3.2 ppm), 

A = the absorbance reading of the standard solution, 

X = the niacin concentration (ppm) of the sample solu

tion, and 

A = the absorbance reading of the sample solution. 

The thiamine concentration of the honey mesquite sam

ples was determined by the thiochrome method (Freed, 1966) . 
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Preliminary analysis indicated that only 0.2 g of plant 

tissue was required for analysis. Thiamine was extracted 

by heating the sample (0.2 g) in 75 ml of 0.1 N HCl con

tained in 100 ml volumetric flasks in a boiling water bath 

for 30 min. The extract was cooled below 50 C and 5 ml of 

phosphatase enzyme suspension was added. The extract plus 

the phosphatase enzyme was then incubated at 40 C overnight 

and diluted to 100 ml volume with water, mixed thoroughly 

and filtered. A 25 ml aliquot of the filtrate was purified 

by passing it through a chromatographic column of activated 

thiochrome decalso. The column was washed and eluted in 25 

ml of acid KCl. A standard solution containing 0.2 ppm of 

thiamine was passed through the decalso column for reference. 

The samples and the standard were oxidized to thiochrome by 

adding 3 ml of 1% alkaline K2Fe(CN)g solution to a 5 ml 

aliquot of the eluate. The oxidized thiochrome was dis

solved in 15 ml of redistilled isobutyl alcohol and the 

water decanted. Anhydrous Na2S0. was added to the solution 

to facilitate the drying procedure. The samples were cen-

trifuged and the fluorescence intensity of the colorless 

isobutyl alcohol solutions were measured with a Farrand 

Mark I spectrofluorometer using No. 10 slits for excitation 

and emmission wavelengths of 365 nm for excitation and 445 

nm for emmission). A blank was prepared by adding 2 drops 
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of concentrated HCl to the sample in the cuvette to quench 

the fluorescence of the thiochrome. 

Procedures for thiamine analysis of samples from the 

Post-Montgomery Estate ranch were modified to omit the 

chromatographic step, according to Freed (1966). The modifi

cation was done to save time as preliminary analysis showed 

no difference in the thiamine concentration of phloem sam

ples analyzed by either method. 

Thiamine concentration of the samples (ppm) was calcu

lated according to equation (2): 

Thiamine (ppm) = U - UB) (S -SB)"-*- X (5)~-'- X 100 X 

(0.2)"^ (2) 

Where: 

U = micro-voltmeter deflections of the sample 

UB = micro-voltmeter deflections of the sample blank, 

S = micro-voltmeter deflections of the standard 

(0.2 ppm), 

SB = Micro-voltmeter deflections of the standard blank. 

Results of the samples taken from the Texas Tech Uni

versity campus were analyzed utilizing a Completely Random

ized Design with 16 treatments (harvest dates) and 4 

replications (individual trees). Results from samples 

collected on the Post-Montgomery Estate ranch were analyzed 

using a Randomized Block Design with 10 treatments (harvest 
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dates), 7 sub-samples (individual trees) and 4 blocks. Sig

nificant means were separated by using Duncan's New Multiple 

Range Test. Edaphic and phenological effects from both 
2 

locations were analyzed by using a Maximum R procedure from 

Statistical Analysis Systems (SAS). 



CHAPTER IV 

RESULTS AND DISCUSSION 

Endogenous concentrations of niacin and thiamine were 

significantly affected by both phenological development and 

edaphic factors. 

The stages of growth were quite varied among individual 

plants of honey mequite found on a particular site at a 

particular time. That is, it was often difficult to find 

all plants on a particular site in the same phenological 

stage at any one time. However, when plants exhibiting the 

same phenological stage were grouped together similarities 

in concentrations of the respective vitamins in the various 

parts of the plants were evident. When soil temperature 

and soil water were adequate for growth and development, 

phenology of the plants exhibited a strong influence upon 

niacin and thiamine concentrations in honey mesquite. 

Effect of Phenology 

Concentrations of niacin and thiamine fluctuated in 

the plants as they developed phenologically (Figure 1). 

Following bud break there was a trend of steady increase in 

niacin and thiamine concentrations as the photosynthetic 

tissue of the plants matured. The first major peak in 

niacin and thiamine concentrations in the phloem and roots 

18 
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Figure 1. Mean niacin and thiamine 
concentrations (ppm) in twigs, phloem and 
root tissue of plants collected from the 
Texas Tech University campus in 1975 and 
1976 arranged by phenological stage of 
growth. 
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occurred at the time the leaves had become fully expanded 

but had not turned dark green. The lack of a significant 

peak in the vitamins in the twigs seems to indicate meta

bolic activity either as mobilization of stored carbohydrate 

or root growth since the leaves were not believed to be 

exporting matabolites at this stage. The possibility of 

mobilization and utilization of stored carbohydrate for 

metabolic activity corresponded to a decreasing amount of 

total non-structural carbohydrates (TNC) in the roots of 

honey mesquite exhibiting this phenological stage of 

development (Wilson et al., 1975). 

A major peak in thiamine occurred at the stage of pheno

logical development when white flowers were evident. This 

peak in thiamine was evident in the twigs and in the phloem 

but not in the roots. This seemed to indicate the high 

level of metabolic activity and the high demand for meta

bolites in the aerial portions of the plants. The peak in 

niacin in the roots at this stage indicates a mobilization 

of stored carbohydrates for use by the plants elsewhere in 

the roots, possibly for root growth. The decrease in niacin 

in the twigs at flowering could be attributed to rapid trans

port of niacin out of the twigs or a rapid consumption of 

the niacin in the metabolic activity of the twigs. 

Other peaks in thiamine concentration occurred at 

flower abortion and onset of pod maturation. The peaks in 
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thiamine concentration at flower abortion in the phloem and 

roots possibly indicates downward translocation and storage 

of metabolites following the attempt at reproduction. The 

lack of a major peak in the twigs indicates that following 

flower abortion there is not a large demand for metabolites 

in the twigs. The dramatic peak in thiamine concentration 

that occurred at the time of pod maturation (Figure 1) indi

cated the large amount of metabolic activity required for 

seed pod production. The peak in thiamine concentrations 

in all of the plant parts sampled indicated that at the time 

of pod maturation there is considerable energy expended. 

The concomitant peak in thiamine concentration in all parts 

of the plants sampled indicated that environmental factors 

being adequate, the main influence on metabolic activity in 

the plants was reproduction. 

Although the thiamine concentration patterns exhibited 

in the plants analyzed from the Post-Montgomery Estate 

ranch were similar to those from the Texas Tech University 

campus, they reflected the effects of lower amounts of soil 

water. These plants also exhibited less reproductive activ

ity than those from the Texas Tech University campus. 

These factors influenced the decline in the thiamine con

centrations in the plants from the Post-Montgomery Estate 

ranch. Peaks in thiamine concentrations occurred at flower

ing and pod maturity as well as at the time of pod drop from 
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the plants (Figure 2). This indicated that even under con

ditions of possibly unfavorable soil water conditions, 

reproduction was the chief influence on the concentration 

of thiamine in honey mesquite (r = 0.89). 

Effect of Edaphic Factors 

Edaphic factors affected the concentration of niacin 

and thiamine differently depending upon the phenological 

stage of mesquite. At bud break soil temperature at 15 cm 
2 

(R =0.70 for niacin and 0.53 for thiamine) influenced the 

concentrations of vitamins in mesquite. As photosynthetic 

tissues of the plant matured soil water became increasingly 

more important to the concentrations of niacin and tMamine 

in the aerial portions of the plants (Table 2). Soil tem

perature and soil water affected the concentrations of 

thiamine more than the concentrations of niacin (Figures 3, 

4, and 5). As the influence of soil water decreased (r = 

0.69) and soil temperature increased there was a trend of 

decreasing thiamine concentrations in the twigs of the honey 

mesquite plants. Although the niacin concentrations were 

affected by the soil temperature and soil water, the effects 

were not as dramatic as those of thiamine (Figures 3, 4, and 

5). Soil temperature became more important than soil water 

as the plants approached the dormant season (Table 2). 
2 

Soil temperature (45 cm depth) (R = 0.79) was the dom

inant factor in niacin concentrations in the phloem when 
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soil water was adequate during the reproductive stages of 

growth (Table 2) (Figures 3 and 5). Niacin concentrations 

remained relatively constant in the phloem through the grow

ing season, exhibiting a decline as the dormant season 

approached and soil temperatures declined (Figure 3-6) 

(Table 3). Thiamine exhibited a more drastic response to 

soil water and soil temperature during the growing season. 

As soil temperatures above 27 C (15 cm depth) and soil 

water decreased below 2.0 cm (total soil water in the 15 cm 

increment, 30-45 cm), thiamine concentrations in the phloem 

fluctuated (Figures 3-6) (Tables 2 and 3). The concentra

tions of thiamine decreased with soil water content and 

showed a decrease with an increase in soil temperature. 

Soil water was the dominant factor affecting niacin 

concentrations in the roots of the honey mesquite after the 

soil temperature was above 23 C (45 cm depth) (Figures 3, 4, 

and 5). Soil water and soil temperature affected the con

centrations of thiamine in the roots of the mesquite in the 

same manner as they did in the phloem (Figures 3, 4, and 5). 

Thiamine concentrations decreased with decreasing soil water 

and decreased with increasing soil temperature, above 27 C. 

The observed lag in response to soil water (Figures 3 and 4) 

was approximately 2 weeks. This is probably the length of 

time it took the tissues of the plants to respond to the 

stimulus of increased soil water and decreased soil temper

ature at this time during the growing season. 



aof-

70 

40' 

30 

I 0 

\ 5 

i \ 

• NIACIN 

• THIAMINE 

\ y^y 

29 

70 

6 0 t - \ SITE 2 

30 

2C 

H 

so 

L , 

- - - — "KlAKl'«E 

if — ; 

' i l ltli i u z X 2: r > 2 J ' l - > 

-APVE3T ; A ^ E 

Figure 6. Niacin and thiamine 
concentrations (ppm) in phloem tissue 
collected from plants on four sites 
on the Post-Montgomery Estate ranch 
arranged by harvest data. 



30 

u 
Hi • 
H 

o 
CO w 

E H 

E H 
cn 

CO w 

pL4 

o 

S o 
u o 
s en 
H 13 

o 
O I 

EH 
i n CO 
H O 

W 

EH 1^ 
O 

!B 
U CO 
< 

o 
Pi Pi 

CO 
EH 

O 

W 
K 

« EH 

§3 
D O 
CO « 

w 
S Q 

W 
U H 
H U 

CO 

(-1 

O 

o 

a 

O 00 O f- i OO 0 \ - C 0^ O 

v O P M i - f C M ^ - ^ C M O i - ' - ^ e M 

o o o o o o v e o c n o f n o o o N 

O i n « » i n c c m o o o « o 

c n n i - ( p ^ C i - < f - i o , ^ f H c M 

p ^ - f f c M r i n m r * » c n « T o s 

C M < - ^ e n c M O ^ • * ^ C M f M 

o o o in CT> »n 
o^ -H m m CT* 

CO o •« tn 
en 0^ f^ CM 
CM CM CM r J 

0 o 
0 9i 

r» m 

o 

o 

o 

-a* 

o 

in 

Ĥ 
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Phenology X Edaphic Factor Interaction 

Phenological development and edaphic factors greatly 

influenced niacin and thiamine concentrations in honey mes

quite. When soil temperatures were adequate (23 to 27 C) 

and soil water was sufficient (2.3 cm or more in the upper 

60 cm of soil) to support rapid growth, phenological devel

opment was the main factor affecting the concentration of 

thiamine and niacin. Reproduction was the stage of pheno

logical development that influenced niacin and thiamine 

concentrations most. Thiamine concentrations at this time 

were affected more than niacin. Niacin concentrations were 

affected earlier in the reproductive stages of growth than 

thiamine. 

When soil temperatures and soil water are not optimum 

(soil temperature <23 C and >27 C and soil water <2.0 cm) 

niacin and thiamine concentrations are affected despite the 

phenological stages of growth. Non-optimal soil temperature 

and soil water conditions reduced the concentration of 

thiamine and niacin (Figures 3 - 6 ) (Table 3). Niacin 

appeared to be reduced in concentration by the effects of 

soil temperature, but it was relatively unaffected by soil 

water if the soil temperature was above 23 C. Thiamine 

seemed relatively unaffected by soil temperatures below 27 C. 

Soil water, however, drastically reduced thiamine concentra

tions when it was below 2.0 cm in the upper 60 cm of the 
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soil. Despite the reduced concentrations in thiamine due to 

less than optimum edaphic factors, the same peaks in concen

tration of thiamine occurred at the same phenological stages 

of development in honey mesquite as occurred when the 

edaphic factors were more optimal. That is, the trends in 

thiamine and niacin were the same although not as dramatic 

in plants growing under conditions of less than optimum 

soil water and soil temperature conditions. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Concentrations of niacin and thiamine in honey mesquite 

seedlings have been found to be influenced by soil tempera

ture. Phenological stage of development and soil tempera

ture have been found to influence the effectiveness of 

2,4,5-T or a picloram plus 2,4,5-T mixture on root kill of 

honey mesquite. The addition of niacin and thiamine in 

small amounts to the herbicide solutions have been found to 

enhance mesquite root kill when the herbicide solutions were 

sprayed on mesquite growing on sites where soil temperatures 

were below 23 C and above 31 C, respectively. Therefore, 

this study was initiated to investigate the influence of 

edaphic factors and phenological development on the endogenous 

amounts of niacin and thiamine in mature honey mesquite. This 

information would allow the herbicide applicator to assess 

the potential for root kill with the addition of either of 

these vitamins to the herbicide to be used. 

Twig, phloem and root samples were collected from mature 

mesquite plants from a location on the Texas Tech University 

campus, Lubbock, Texas and analyzed for niacin and thiamine 

concentrations to test the influence of phenological develop

ment on these vitamins. Phloem samples were collected from 

mature mesquite plants growing on 4 sites chosen for 

33 
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differences in soil temperature and soil water regimes. 

These sites were on the Post-Montgomery Estate ranch located 

19 km east of Tahoka, Lynn County, Texas. The phloem sam

ples were analyzed for niacin and thiamine concentrations to 

test the influence of soil temperature and soil water on 

the concentrations of the vitamins. 

Phenological development and edaphic factors greatly 

influenced niacin and thiamine concentrations in mature 

honey mesquite. Niacin concentrations were affected by 

early seasonal stages of growth and by soil temperatures 

below 23 C. Thiamine concentrations were affected by repro

ductive activity of the honey mesquite, decreases in soil 

water (below 2.0 cm in a 60 cm column of soil) and increases 

in soil temperature (above 27 C). Although edaphic factors 

greatly affected niacin and thiamine concentrations in the 

mature mesquite, phenological development v;as the major 

factor affecting niacin and thiamine concentrations in the 

plants. 

Niacin and thiamine concentrations in mesquite probably 

are never low enough to hinder growth and development of 

mature plants. However, periods of sufficiently low concen

trations or high demand for these vitamins within the plants 

apparently hinder downward translocation or activity of herbi

cides applied to the plants. These periods are those of less 

than optimum soil temperature and soil water during 
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reproduction of the plants. These periods correspond to 

the period in which most herbicide applications are applied 

to mesquite. This is after the new leaves of the plants 

have become fully expanded and are dark green. During this 

period metabolic activity in the plants is to support repro

duction and replace depleted reserves used during initiation 

of the new season's growth. 

Addition of niacin to a herbicide application on mes

quite seems warranted under conditions of adequate soil 

moisture to promote rapid growth of the plants at soil tem

peratures below 23 C at the 30 to 60 cm depth in the soil. 

Results of addition of niacin to 2,4,5-T applications to 

control mesquite have been promising. The difference in the 

quantity of niacin (1.6 ppm) in the herbicide and the quan

tity that occurs in the plant is of such a large magnitude 

(10 ) that it is doubtful that the exogenous application of 

niacin at 1.6 ppm is enhancing metabolic activity of the 

plants. Translocation or absorbtion of the herbicide by the 

plant may be enhanced by those vitamins but determination of 

this was beyond the scope of this study-

Addition of thiamine to herbicide applications under 

conditions of high soil temperature (above 27 C at the 30 to 

60 cm depth) and heavy reproductive conditions seems war

ranted. These conditions apparently place a high demand on 

thiamine in the plants. Additional thiamine in the herbicide 
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solution could enhance the downward translocation or activ

ity of the herbicides in the below ground parts of the 

plants and enhance root kill of the mesquite. 
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APPENDIX A: PROCEDURES FOR NIACIN CONCENTRATION 

DETERMINATION 

Reagents: 

1. Niacin standard 

Stock solution—100 ug ml" . 

Dissolve 50 mg niacin in 25% ethanol to make 500 ml. 

Store at about 10 C. 

Working solution—4 ug ml" . 

Dilute 2 ml of stock solution, allowed to come to room 

temperature, to 50 ml with H„0. 

2. Dilute ammonium hydroxide 

Dilute 5 ml of concentrated NH.OH to 250 ml with H^O. 
4 2 

This is used in color development. 

3. Dilute hydrochloric acid 

a. Dilute one part concentrated HCl with 5 parts H2O. 

This is used in color development 

b. Dilute one part concentrated HCl to one part H2O. 

This is used in preparation of the sulfanilic acid 

solution. 

4. Cyanogen bromide—10% solution 

Prepare under the hoodl 

Warm 370 ml H2O to 40 C in a large flask and add 400 g 

BrCN. 
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Shake until dissolved, cool and dilute to 4 00 ml. D£ not 

allow BrCN or the solution to come in contact with the 

skinl 

Store in a refrigerator. 

5. I N H2S0^ 

Mix 25.7 ml concentrated H SO. (95-98% in enough H2O 

to make 1000 ml of solution. 

6. Sulfanilic acid—10% solution 

Add concentrated NH.OH (about 15 ml total) in 1 ml por

tions to a mixture of 40 g sulfanilic acid and 350 ml 

H2O until the acid dissolves. Adjust to pH 4.5 with 

dilute (1+1) HCl (about 30 drops), using bromocresol 

green (7 drops) as an outside indicator. Dilute to 400 

ml. The solution should be almost colorless; it will 

have a yellowish-green cast. 

7. Bromocresol green 

Dissolve 0.1 g bromocresol green in 14.3 ml of 100 N 

NaOH and 237.5 ml of H2O. 

Bromocresol green changes from light yellow to a light 

blue color about pH 4.3. The solution should have a 

very slight yellowish-green cast at pH 4.5. 

8. 10 N NaOH 

Add 40 g of NaOH pellets in enough H2O to make 100 ml 

of solution. 
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Sample preparation 

1. Weigh out 1 g of sample ground fine enough to pass a 40 

mesh screen (0.65 mm) into a special culture tube grad

uated for dilutions to 25 ml. 

2. Add 20 ml of 1 N H2SO4 to the 1 g sample. 
-2 

3. Mix and heat 30 minutes in an autoclave at 1.06 kg-cm 

4. Cool to room temperature and adjust to Ph 4.5 with 10 N 

NaOH, using bromocresol green as an outside indicator. 

Add 3 drops of bromocresol green to each cooled sample. 

Then add 10 N NaOH and shake vigorously. About 30 

drops of 10 N NaOH are required. 

5. Dilue the solution to 25 ml with'H2O and filter with 

Whatman 2v folded circle filter paper (18.5 cm). 

6. Weigh 4.25 g of (NH.)2S0« into a culture tube graduated 

for dilutions to 12.5 ml. 

7. Carefully pipet a 10 ml aliquot of the sample solution 

into the test tube containing {1<IE^) 2^0^. Stopper the 

culture tube with a No. 4 stopper and shake vigorously. 

8. Dilute the solution with Whatman 2v filter paper. 

10. Use a 1 ml aliquot of the filtered solution for color 

development. 

Standard preparation: 

1. Pipet a 40 ml aliquot of the working solution (nicacin 

4 jag ml""*") into 17 g (NH^)2S0^ in a 50 ml volumetric 

flask and shake vigorously. 
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2. Dilute to volume (50 ml) with H2O. 

Color development: 

MUST BE DONE UNDER A HOOD! 

USE LATEX SURGICAL GLOVES 1 

A. Niacin determination of the standard solution: 

1. Carefully pipet a 1 ml aliquot of the prepared stan

dard solution into each of six 15 X 150 mm test 

tubes, three marked for sample and three marked for 

blank. 

2. Add 5 ml H2O to the blanks and then add 0.5 ml dilute 

NH.OH to the samples. 

3. Add 0.5 ml dilute NH.OH to the blank and stopper all 

samples and blanks. Move the tubes to the fume hood 

for further color development. 

4. Under the hood add 2 ml of 10% sulfanilic acid from 

a buret filled by mechanical means to the blank and 

shake. 

5. Immediately add 0.5 ml dilute HCl (1 part acid to 5 

parts H2O, 1-1-5) and shake. 

6. Pour the prepared blank solution into each of the 

spectrophotometer cuvettes and adjust the spectro

photometer to zero at 450 nm. 

7. Add 5.0 ml BrCN to the sample, stopper and shake. 

8. Exactly 30 seconds after the addition of the BrCN 

add 2 ml of 10% sulfanilic acid and shake. 
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9. Immediately add 0.5 ml H2O, shake and pour the solu

tion into a spectrophotometer cuvette and read the 

absorbance (A). The color develops in about 1 min 

after the addition of the sulfanilic acid and the 

intensity remains at its peak for about a minute 

and then fades. Time is important in the color 

development! 

B. Niacin determination of the sample solution: 

1. Carefully pipet a 1 ml aliquot of the sample solu

tion into each of six test tubes (15 X 150 mm), 

three marked for sample and three marked for blank. 

A blank is run' for every sample that is tested. 

2. Add 5.0 ml H2° ^° ̂ ^® blank and 0.5 ml dilute NH^OH 

to the sample. 

3. Add 0.5 ml dilute NH^OH to the blank and shake. 

Stopper all sample and blank tubes. 

4. Add 2 ml of 10% sulfanilic acid to the blank solu

tion from a buret and shake 

5. Immediately add 0.5 ml HCl (1-1-5) to the blank and 

shake. 

6. Pour the solution into the spectrophotometer cuvettes 

and adjust the absorbance to zero. 

7. Add 5.0 ml BrCN to the sample solution from a buret 

filled by mechanical means (BrCN is highly toxic on 
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contact and through inhalation of fumes) and stopper 

and shake. 

8. Exactly 30 seconds after the addition of the BrCN 

add 2 ml of 10% sulfanilic acid from a buret filled 

by mechanical means. Stopper and shake. 

9. After shaking well, immediately add 0.5 ml H2O, 

stopper and shake again. 

10. Immediately pour the solution into a spectrophoto

meter cuvette. With the machine adjusted to zero 

A place the sample in the spectrophotometer and 

read A. The color reaches maximum in about 1 min 

after the addition of the sulfanilic acid. It 

remains at maximum intensity about a minute and then 

fades. 

Niacin is proportional to A if the standard solution 

and sample solutions contain about the same concentration. 

The standard solution when developed for color contains 

3.2 ;ag ml" of niacin. Niacin concentration can be computed 

according to the following equation: 

3.2 ;ig ml~"'"A"-'" = XA""*" 

where: 

A = the absorbance reading of the standard, 

X = the concentration of the sample, and 

A = the absorbance reading of the sample. 
—s 



46 

NOTE: It is a great convenience both for time and accuracy 

to use 1 CC syringes to add the 0.5 ml reagents to 

the solutions during color development. 

The above procedures have to be modified slightly in 

the event the sample to be tested contains chlorophyll 

or some other compound that will interfere with the 

bromocresol green color change. In this analysis 

the cooled freshly autoclaved sample was filtered into 

a 50 ml beaker to facilitate the use of a pH meter to 

adjust the pH of the sample to 4.5. 

The filter paper used was Whatman 2v folded circles 

(18.5 cm). This paper was used because the folded 

circles would hold all of the 25 ml sample at one 

time for speed and convenience. When analyzing the 

niacin of shoots of honey mesquite with cholorophyll 

present, a very fine precipitate develops at pH 4.5 

which filter paper with larger pores will not remove. 
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APPENDIX B: PROCEDURES FOR THIAMINE CONCENTRATION 

DETERMINATION 

Reagents: 

1. Anhydrous sodiiom sulfate, granular 

2. Sodium hydroxide—15% solution 

Dissolve 15 g NaOH in H2O and dilute to 100 ml. 

3. Potassium ferricyanide—1.0% solution 

Dissolve 1.0 g of K2Fe(CN)g in H2O and dilute to 100 ml. 

This reagent is stable indefinitely if kept cool and in 

the dark, preferably in a brown bottle. 

4. Alkaline potassium ferricyanide solution 

Dilute 3 ml of 1.0% K2FE(CN)g to 100 ml with cool 15% 

NaoH solution. 

Prepare fresh daily and keep out of the sunlight. 

5. Hydrochloric acid—0.1 N 

Dilute 8.5 ml of concentrated HCl to 1 liter with HpO. 

6. Sulfuric acid—0.1 N 

Dilute 2.8 ml of concentrated H2S0^ to 1 liter with H2O. 

7. Sodium acetate—4 M solution 

Dissolve 328 g of anhydrous NaC2H202 in H2O and dilute 

to 100 ml. 

8. Isobutyl alcohol—purified 

The purification of isobutyl alcohol is best effected by 

use of an all-glass distillation apparatus. 
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Collect for immediate use that portion which distills 

between 105 and 108 C. 

9. Enzym.e suspension 

Prepare fresh daily, using Taka-diastase (Parke Davis 

and Co., Detroit, Mich.) or Clarase (Takamine Labora

tories, Clifton, N. J.) or other suitable phosphatase. 

Suspend, with thorough shaking, 6 g of the enzyme in 

4 M NaC2H202 and dilute to 100 ml with additional 

NaC2H202 solution. 

10. Potassium chloride—25% solution 

Dissolve 250 g of KCl in H2O and dilute to 1 liter. 

This reagent is stable indefinitely. 

11. Acid potassium chloride—25% solution 

Dilute 8.5 ml of concentrated HCl to 1 liter with 25% 

KCl solution. 

This reagent is stable indefinitely-

12. Thiochrome Decalso (Fisher Scientific Products Co., 

Inc., Houston, Tex.) 

This should be a 60 to 80 mesh product. 

13. Stock thiamine solution 

Dry thiamine hydrochloride over P2O5 iri a desiccator 

for at least 24 hr. 

Dissolve 100 mg in 25% ethanol and dilute to 1 liter 

with the same solvent. 

This solution is stable for several months if kept at 

or below 5 C. 
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14. Intermediate thiamine solution 

Dilute 5.0 ml of stock thiamine solution, warmed to 

room temperature, to 100 ml with H2O. 

15. Working thiamine solution 

Transfer 4.0 ml of the intermediate thiamine solution 

to a flask containing 75 ml of 0.1 N H2SO. and 5 ml of 

4 M NaC2H202 and adjust to 100 ml volume with H2O. 

16. Stock quinine sulfate solution 

Dissolve 100 mg of U. S. P- quinine sulfate in 0.1 

— ^2^^4 ^^^ dilute to 1 liter with the same solvent. 

This solution is stable indefinitely if stored in a 

dark bottle. 

CAUTION! If the solution becomes turbid, discard and 

prepare anew. 

1'7. Working quinine sulfate solution 

Dilute 3 ml of stock quinine sulfate solution to 1 

liter with 0.1 N H2SO. to give a final concentration 

of 0.3 mg-1 

18. Ethanol—95* 

Sample preparation: 

1. Accurately weigh into a 100 ml volumetric flask 0.2 g of 

sample ground fine enough to pass a 40 mesh (0.65 mm) 

screen. 

Add 75 ml of 0.1 N HCl and heat for 30 min in a boiling 

water bath with occasional shaking. 
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2. Cool the extract to 50 C or lower and add 5 ml of freshly 

prepared enzyme suspension. Incubate at 40 C overnight. 

3. Cool to room temperature and dilute with H2O to 100 ml 

volume. Mix thoroughly and filter, discarding the first 

few ml of filtrate. 

Purification: 

1. Fill each thiamine adsorption tube with water, then 

allow Thiochrome Decalso to fall in place by gravity 

until a layer 4-8 mm deep is present in the reservoir 

above the column. Allow the tube to drain until no 

water is visible above the Thiochrome Decalso. 

2. Pipet 25 ml of the filtrate into the reservoir of the 

prepared thiamine adsorption tube, and allow it to pass 

slowly through the Thiochrome Decalso column. Discard 

the filtrate. Wash the reservoir and column with three 

successive portions (about 10 ml each) of hot water, 

discarding the washings. 

3. After washing, place 25 ml of acid KCl in the reservoir, 

collecting the eluate in a container large enough to 

contain the eluate. 

4. Repeat the purification steps with a new column using 25 

ml of working thiamine solution containing 0.2 jag-ml 

in place of the sample aliquot. 
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Conversion to thiochrome: 

1. Pipet 5 ml of the acid KCl sluate into a reaction vessel. 

2. Add 3 ml of alkaline K3Fe(CN)g solution to the aliquot 

in the reaction vessel, mix gently, then add 15 ml of 

purified isobutyl alcohol. Shake vigorously for 90 

seconds. 

3. Repeat the steps using 5 ml of the working thiamine 

solution eluate. 

Separation of the thiochrome solution: 

1. Centrifuge the reaction vessels 3 min. 

Do not centrifuge the glass reaction vessels over 1200 

rpm! 

2. Siphon out the aqueous layers (lower cloudy layer) and 

add 2-3 g (approximately 0.25 teaspoon) of anhydrous 

Na^SO. to the alcohol solution. Shake 30 sec. 

3. Centrifuge for 1 min. 

Do not centrifuge the glass reaction vessels over 1200 

rpm! 

Measurement of thiochrome: 

1. Decant the colorless isobutyl alcohol solutions into a 

cuvette. 

2. Place the cuvette in a spectroflourometer adjusted to 

365 nm excitation frequency and 445 nm emmission 

frequency. 
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3. Read the voltmeter deflections for the sample and the 

standard. 

Preparation of the blank: 

To the cuvette containing the isobutyl alcohol solution 

of thiochrome whose flourescence has been measured, add 

2 drops of concentrated HCl. Mix and determine the 

flourescence again as in the previous steps. 

Thiamine content of the sample in ppm = 

(U - UB) (S - SB)"-"- X 5~-'- X (500) 

where: 

U = deflections of the unknown, 

UB = deflections of the unknown blank, 

S = deflections of the standard and 

SB = deflections of the standard blank. 

NOTE: The purification procedures may be omitted providing 

the solutions are clear and the blanks are low (not 

more than 1.5 times the blank for the standard 

thiamine solution). Preliminary determinations should 

be run on a few samples to determine whether purifica

tion is necessary. If the step is omitted, the 

thiamine standard solution is used directly without 

adsorption and elution. 
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All apparatus must be of glass or clear plastic 

tubing (Tygon tubing) as rubber and some plastics 

are flourescent under ultra-violet light. 

The use of all glass syringes is convenient for 

accuracy and speed. 
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APPENDIX C : INTERACTION OF EDAPHIC AND PHENOLOGICAL STAGES 
OF GROWTH ON N I A C I N AND THIAMINE CONCENTRATION 
I N HONEY MESQUITE 

PHENOLOGICAL STAGE—buds v i s i b l e , n o t s w o l l e n (2) 

E n v i r o n m e n t a l 
Parameter n R Prediction Equation 

2 0.0 Y = 8.58 -1- 0.86CSW30) - 1.07 (SW 45) 
NIACIN 
twigs 

phloem 

THIAMINE 
twigs 

phloem 

roots 

SW 30 
SW 45 

SW 30 
SW 45 

SW 30 
SW 45 

SW 30 
SW 45 

SW 30 
SW 45 

2 0 . 0 Y = 0.21CSW 30) + 0.86CSW 45) -i- 2 . 8 4 

2 0 . 0 Y = 0.86(SW 30) - 1.07CSW 45) -H 9 . 3 6 

2 0 . 0 Y = 3.43(SW 45 - 1.14(SW 30) -I- 0 . 8 2 

2 0 . 0 Y = 1.86CSW 45) - 0.29(SW 30) - 5 . 1 9 

NIACIN 
twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

roots 

buds swollen (50%) (3) 

ST** 15 3 0.70 Y = 0.2(ST 15) - 1.2 

ST 60 3 0.61 Y = 1.09CST 60) - 12.81 

SW 60 3 0.98 Y = 1.06(SW 60) - 8.19 

SW 15 3 0.53 Y = 1.02(SW 15) - 1.88 

SW 45 3 0.001 Y = 0.38(SW 45) -H 14.99 

SW 15 3 0.20 Y = 13.9 - 1.08(SW 15) 

NIACIN 
twigs 

phloem 

roots 

buds broken (0.6 to 1.3 cm long) (50%) (4) 

ST 15 2 0.0 Y = 6.4(ST 15) - 115.2 

SW 30 2 0.0 Y = 11.74(SW 30) - 209.2 

SW 60 2 0.0 Y = 169.4 - 8.1(SW 60) 
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PHENOLOGICAL STAGE— buds broken (0.6 to 1.3 cm long) (50%) (4) 

Environmental 
Parameter n R Prediction Equation 

THIAMINE 

twigs SW 15 2 0.0 Y = 0.1 (SW 60) -1-1.8 

phloem ST 15 2 0.0 Y = 141.3 - 6.4CST 15) 

roots ST 15 2 0.0 Y = 7.3(ST 15) - 129.4 

spikes closed to 1/2 extended with expanding light 
light green leaves (6) 

NIACIN 

twigs SW 60 2 0.0 Y = 0.1(SW 60) +1.8 

phloem SW 45 2 0.0 Y = 2.2CSW 45) - 10.2 

roots SW 45 2 0.0 Y = 8.6 - 0.3(SW 45) 

THIAMINE 

twigs SW 45 2 0.0 Y = 8.8 - 0.3(SW 45) 

phloem SW 15 2 0.0 Y = SW 15 + 21.4 

roots SW 45 2 0.0 Y = 7-7 - 0.3(SW 45) 

spikes 1/2 to fully extended with light green leaves 
fully unfurled (7) 

NIACIN 
twigs SW 15 2 0.0 Y = 0.5(SW 30) - 0.3(SW 15) + 3.7 

SW 30 

phloem SW 45 2 0.0 Y = SW 45 - 0.1(SW 60) - 2.4 
SW 60 

roots SW 45 2 0.0 Y = 1.2(SW 45) - 0.4(SW 60) - 2.4 

2 0.0 Y = 1.5(SW 30) - 1.4(SW 15) -1- 6.8 

2 0.0 Y = SW 15 + 2.1 

2 0.0 Y = 1.5(SW 15) - 0.5(SW 30) - 2.8 

THIAMINE 
twigs 

phloem 

roots 

SW 15 
SW 30 

SW 15 

SW 15 
SW 30 
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PHENOLOGICAL STAGE—spikes fully extended with fully unfurled light 
green leaves (8) 

Environmental 
Parameter n K Prediction Equation 

twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

roots 

SW 45 

ST 15 

ST 60 

ST 45 

SW 45 

ST 60 

4 

4 

4 

4 

4 

4 

0.99 

0.75 

0.21 

0.74 

0.59 

0.99 

Y = 25.7 - 1.9(SW 15) 

Y = 1.5(ST 15) - 23.7 

Y = 2.1(ST 60) - 30.8 

Y = 22.4 - 0.8(ST 45) 

Y = 14.7 (SW 45) - 125.8 

Y = 9.2(ST 60) - 171.4 

spikes fully extended with dark green leaves (9) 

twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

SW 

ST 
ST 

ST 

ST 
ST 

SW 

SW 
SW 

SW 

SW 
ST 

SW 

SW 
SW 

15 

15 
30 

15 

30 
45 

15 

45 
45 

45 

60 
30 

15 

30 
60 

8 

8 

8 

8 

8 

0.88 

0.48 

0.30 

0.88 

0.30 

8 0 . 8 8 Y = 1 6 . 2 ( S T 15) - 1 2 . 7 ( S T 30) 
- 1.4(SW 15) - 9 4 . 4 

Y = 0 . 7 ( S T 15) + O . K S T 30) 
- 1 .5 (ST 45) + 2 4 . 4 

Y = 1.5(SW 45) + 0 . 6 ( S T 45) 
- O.KSW 15) -t- 9 . 7 

r o o t s SW 30 

8 0 . 8 8 Y = 2.2(SW 45) + 0 . 2 ( S T 30) 
- 1.9(SW 60) - 2 . 4 

Y = l . K S W 15) + 1.4(SW 30) 
- 1.2(SW 60) - 7 9 . 3 

8 0 . 7 5 Y = 23.1(SW 60) - 5 . 7 ( S T 15) 
- 3 . i (SW 30) - 4 3 . 8 
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PHENOLOGICAL STAGE —yellow flowers (11) 

Environmental 
Parameter n R Prediction Equation 

4 0 . 8 5 Y = O . K S T 60) - 6.6(SW 15) -I- 5 4 . 6 

4 0 . 7 9 Y = 2 . 3 ( S T 45) - 5 . 0 ( S T 15) -I- 8 2 . 5 

4 0 . 9 9 Y = l . K S W 45) - 5.8(SW 60) + 5 4 . 5 

4 0 . 9 6 Y = 2.0(SW 60) - 4.5(SW 15) + 2 0 . 1 

4 0 . 3 2 Y = 3 6 4 . 2 - 2 2 . 3 ( S T 15) + 9.8CST 45) 

4 0 . 9 9 Y = 4 .3(SW-30) - 2.9(SW 45) + 1 . 1 

flowers completely aborted, no flowers (12) 

NIACIN 
t w i g s SW 30 7 0 . 9 2 Y = 1 2 9 . 6 - 5.6CST 15) - 2.2(SW 30) 

+ 4.0(SW 60) 
SW 60 
ST 15 

ph loem SW 45 7 0 . 3 0 Y = l O . K S T 45) - 6 . 9 (ST 30) 
- 0.2(SW 45) - 77 

ST 30 
ST 45 

r o o t s SW 45 7 0 . 1 2 Y = 1 7 . 1 - 1.7CSW 60) + 0 . 3 ( S T 30) 
+ 0.6(SW 45) 

SW 60 
ST 30 

NIACIN 
twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

roots 

SW 15 
SW 60 

ST 15 
ST 45 

SW 45 
SW 60 

SW 15 
SW 60 

ST 15 
ST 45 

SW 30 
SW 45 
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PHENOLOGICAL STAGE—flowers completely aborted, no flowers (12) 

Environmental _ 
Parameter n R Prediction Equation 

THIAMINE 
twigs 

roots ST 15 

ST 45 
ST 60 

7 0.76 Y = SW 15 

SW 30 
SW 45 

phloem SW 45 7 0.75 Y = 

ST 15 
ST 30 

2.3(SW 45) + 0.9(SW 30) 
- 2.9(SW 15) - 3.4 

78.9(ST 15) -I- 8.5(SW 45) 
- 40.2 (ST 30 - 1093.6 

7 0.93 Y = 27.6(ST 15 -f- 15.5(ST 60) 
- 32.6(ST 45) - 247.2 

NIACIN 
twigs 

phloem 

roots 

SW 15 
SW 45 

SW 45 
SW 60 

SW 45 
SW 60 

green pods 2.6 to 8.0 cm long, flat (14) 

Y = 3 . 3 - O.KSW 15) 

Y = 1 .8 (ST 30) - 3 3 . 1 

Y = 1 0 1 . 4 - 3 . 6 ( S T 60) 

Y = 5 2 . 8 . - 1.8CST 15) 

Y = 0.6(SW 45) + 3 4 . 6 

Y = 2 . 9 ( S T 30) - 5 7 . 7 

g r e e n p o d s 8 . 1 cm l o n g t o f u l l y e x t e n d e d , f l a t (15) 

4 0 . 3 8 Y = 0.2(SW 45) - 0.1(SW 15) + 1 .4 

4 0 . 5 3 Y = 0.2(SW 60) - 0.5CSW 45) + 9 . 4 

4 0 . 4 6 Y = 2 . 5 ( S T 60) + 0.2(SW 45) 

NIACIN 
twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

roots 

SW 15 

ST 30 

ST 60 

ST 15 

SW 45 

ST 30 

2 

2 

2 

2 

2 

2 

0.0 

o.O 

0.0 

0,0 

0.0 

0.0 
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PHENOLOGICAL STAGE—green pods 8.1 cm long to fully extended, flat (15) 

Environmental 
Parameter n R Prediction Equation 

THIAMINE 
twigs 

phloem 

roots 

SW 15 
SW 60 

SW 15 

SW 60 

SW 30 

4 

4 

4 

0.94 

0.74 

0.99 

Y = 3 9 0 . 9 - 1 4 . 7 ( S T 60) - 0.8(SW 15) 

Y = 9.5(SW 15) + 1 6 1 . 9 ( S T 60) 
- 4 , 2 1 5 . 5 

Y = 2.4(SW 45) - 2 . K S W 30) + 1 2 . 9 

NIACIN 
twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

roots 

ST 

ST 

ST 

ST 

ST 

ST 

45 

30 

30 

45 

30 

30 

r e d p o d s C18) 

4 0 . 5 8 Y = 2 . 2 ( S T 45) - 54 

4 0 . 9 7 Y = 4 . 3 ( S T 30) - 1 0 1 . 6 

4 0 . 1 0 Y = 6 2 . 0 - 2 . 0 ( S T 30) 

4 0 . 0 1 Y = O . K S T 45) -I- 8 . 6 

4 0 . 9 9 Y = 5 0 1 1 . 9 - 1 9 1 . K S T 30) 

4 0 . 7 0 Y = 4 6 1 . 4 - 1 6 . 5 ( S T 30) 

NIACIN 
twigs 

phloem 

roots 

THIAMINE 
twigs 

phloem 

roots 

pods dropped from the plant (21) 

ST 45 6 0.54 Y = 1.8(ST 45) - 33.6 

ST 45 6 0.27 Y = 0.6(ST 45) - 5.5 

SW 60 6 0.43 Y = 2.0(SW 60) -10.3 

ST 45 6 0 . 7 5 Y = 4 . K S T 45) - 8 0 . 3 

SW 45 6 0 . 8 6 Y = 17.0CSW 45) - 8 0 . 7 

SW 45 6 0 . 2 0 Y = 2.2(SW 45) + 2 
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PHENOLOGICAL STAGE—leaves fallen (23) 

Environmental „ 
Parameter n R Prediction Equation 

NIACIN 
t w i g s SW 60 

ST 45 
10 0.14 Y = 0.6(SW 60) - 0.04(ST 45) - 0.8 

phloem ST 15 10 0.10 Y = 7.0 - 0.6 (ST 15) -I- 0.4 (ST 45) 
ST 45 

roots ST 15 10 0.49 Y = 1.2(ST 15) - 0.9(ST 60) + 3.1 
ST 60 

THIAMINE 
twigs ST 15 10 0.23 Y = 14.3 - 1.1(ST 15) + 0,5(ST 60) 

ST 60 

phloem ST 15 10 0.26 Y = 118.3 - 17.KST 15) -l- 11.7 (ST 30) 
ST 30 

roots SW 30 10 0.37 Y = 2.KSW 30) + O.KST 60) - 2.2 
ST 60 

NOTE: Phenological stages 5, 10, 17, and 19 were not included in the 
regression analysis because these stages of development were 
represented by only one sample 

*Represents soil water at the indicated depth in the soil in cm. 

**Represents soil temperature at the indicated depth in the soil. 




