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ABSTRACT 

Three hundred and thirty lines of guar (Cyamopsis tetragonoloba 

(L.) taub.) were planted in five locations throughout central and 

southwestern United States to find diverse photoperiod response types 

for closer physiological and genetic study. Dates of planting studies 

were done in 1982 and 1983 in hopes that the photoperiod responses 

would be obvious in field conditions but they were not. The 1982 dates 

of planting studies in Arizona, Kansas, and Texas indicated that the 

date of planting was more important than the selection of cultivar in 

expectations of high yield even though cultivar selection was very 

important. The 1983 dates of planting experiment in Tucson, Arizona 

showed suggestions that photoperiod existed in guar but it took 

controlled, greenhouse conditions to characterize photoperiodism in 

guar and to be able to conduct genetic analysis. 

In greenhouse studies, guar was found to be a quantitative 

short-day plant, the initiation of buds and floral development were 

accelerated under short-day conditions. Six guar lines were 

characterized for the critical photoperiod in days from first true leaf 

to the first floral bud and from first floral bud to the first flower. 

No effect of photoperiod on the growth and development from emergence 

to the first true leaf was observed. The critical photoperiod for days 

from first true leaf to first bud for the lines are as follows: 

PI217925-1-1, Mesa, and Mills are between 14 and 15 hours, Kinman and 

x 
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SEAH-90 are bett'1een 13 and 14 hours, and PI217925-2 is between 12 and 

13 hours. The critical photoperiod for days from first floral bud to 

first flower for the lines are: PI217925-1-1, Mesa, Kinman, and 

PI217925-2 are between 12 and 13 hours, SEAH-90 is between 13 and 14 

hours, and Mills is day-neutral. 

Different photoperiodic responses occur for days from first 

true leaf to first floral bud and days from first floral bud to first 

flower. This follows a proposed genetic system of photoperiodic 

actions that has genes for photoperiod sensitivity, short-day versus 

Ion g- day rea c t ion, c r i tic a I ph 0 top e rio d, and g e n e s for the am 0 u n t 0 f 

time delay for each developmental stage. The segregations of the guar 

crosses were explained by the model. 



INTRODUCTION 

Renewable natural resources, in the way of plant products, is 

big business. Guar, ~mopsis tetragonoloba (L.) Taub. is a semi-arid 

legume that is an excellent source for high quality galactomannan gum 

from the seed endosperm. In India and Pakistan, guar was historically 

used for human consumption, cattle feed, medicinal purposes and as a 

soi 1 i mproveme nt. I t became i mportan t in the Uni ted Sta te sat the 

beginning of World War II as a substitute for locust bean gum which is 

used as a starch in paper making. Other uses for guar gum today 

include explosives, mining, tobacco, cosmetics, pharmaceuticals, 

processed milk products, baked goods, pastry icing, meat binder, canned 

meat products, pet foods, dressings, sauces, and beverages. Guar is 

also used in medical research. In the United States the main use for 

guar gum is as a modified additive in deep oil well drilling. Guar gum 

is a high quality gum that does not break down under the high heat and 

pressure of the deep wells (Whistler and Hymowitz 1979). 

Today guar is produced mainly in India and Pakistan, with minor 

production occurring in Texas, Oklahoma, and Arizona. A domestic 

supply of guar beans is needed to lessen the cost of transportation and 

to give more stability and uniformity in the delivery of the crop to 

domestic processing plants. The primary thrust of the guar research at 

the University of Arizona has been to facilitate domestic production by 

increasing the yield per unit area. An increase in the yield per acre 

1 
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would enable the companies to offer less money per pound of beans and 

yet allow the farmer to receive a good return per acre. 

Another approach toward domestic production would be to extend 

the growing range of guar which would increase domestic production 

without necessarily changing the yield per unit area. This might 

especially help in areas which grow lower value crops, such as in 

western Kansas where farmers have few choices as to which crops to grow 

on their non-irrigated land. Presently, the ma.iority of the dry land 

crops are ~rasses such as sorghum and wheat; which besides being lower 

value crops, they afford little chance to effect a good crop rotation. 

At the time this research was begun it was believed by most 

guar researchers that the greatest problem in growing guar in more 

northerly latitudes was the non-suitable photoperiod (Ken Stephens, 

Celanese Corporation found that some guar cultivars did not flower in 

southern Kansas, personal communication). This problem was selected in 

order to (1) characterize the photoperiodic response in guar, and (2) 

to try and elucidate its inheritance 

programs. 

Guar 

for use in plant breeding 

Whistler and Hymowitz (1979) have an excellent review on guar 

through 1979. Ray and Stafford (1985a) have reviewed the genetics 0 f 

qualitative characters of guar along with their proposed nomenclature. 

Guar follows the same growth pattern as most legume crops. The seeds 

contain dicotyledonous embryos in addition to the economically 

important galactomannan containing endosperm. Individual plants have 
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two leaf shapes throughout development, unifoliate leaves that appear 

on the first two to three nodes above the cotyledons and trifoliate 

leaves throughout further development. Plant height ranges from 20 cm 

to 3 m according to the genotype and the growing environment. Growth 

habit can be branching or single stemmed with either glabrous or 

pubescent leaves. The flowers are typical legume flowers with 

standard, wing, and keel petals. There are 10 fertile anthers united 

to form a tube and the pollen is circular and 40-43 micrometers in 

diameter. The flower, usually purple, is about 8 mm long and born on 

axillary racemes. These racemes may be found at each node (continuous) 

or may skip nodes (discontinuous). Due to the small flower size and 

guar's cleistogamous nature, controlled crosses are very difficult. 

Guar is naturally self-fertilizing with up to 9% outcrossing depending 

on the environment and genotype. Hand crossing techniques provide only 

up to 7% cross pollinated seed (Whistler and Hymowitz 1979). 

There are only three species in the genus Cyamopsis. They are 

.0.. senegalensis,.0.. serrata, and.0.. tetragonoloba. The first t'wo are 

native to Africa. To date, guar, .0.. tetragonoloba, has not been 
o 

described in the wild and the center of origin has not been 

established. It has been suggested that guar is a transdomesticate, 

that is, it is from Africa but was domesticated in India. Guar has 7 

pairs of chromosomes and it is suspected to be derived from Indigofera 

which has species with both 7 and 8 pairs of chromosomes (Whistler and 

Hymowitz 1979). 
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Guar has been mentioned in the literature as a short-day plant with 

photoperiod sensitive and insensitive varieties (Singh, Mital, and 

Thomas 1962, Mal 1969, and Kachroo and Arif 1970). However, no data 

or citations were mentioned to confirm this statement. Work on 

temperature effects on guar has been done at the University of Arizona 

concurrently with this research (Forrest 1986). The relationship of 

flowering to heat accumulation was not established and one possible 

explanation for this was that photoperiodic responses caused the 

flowering time to change somewhat independently of temperature. 

Photoperiodism 

According to Salisbury and Ross (1985), photoperiodism has "no 

broad generalities, no sweeping laws". Photoperiodism is defined 

generally as a response of flowering or other biological proces8s to 

daylength. Photoperiodism reviews by Hillman (1969), Vince-Prue 

(1975), Wareing and Phillips (1978), Bidwell (1979), Bernier, Kinet, 

and Sachs (1981), Vince- Prue (1983), Thomas and Vince- Prue (1984), and 

Salisbury and Ross (1985) are all good. All of these reviews contain 

the same information with minor exceptions on emphasis, example, or 

detail. Vince-Prue, Thomas, and Cockshull (1984) is an excellent 

update without repeating much of the basic knowledge. This following 

review will allow this author the opportunity to place yet another 

interpretation to the data and unless otherwise stated, the following 

section is a compilation of these references. 

Julien Tournois (1912, 1914) and Hans Klebs (1913) both 

realized the importance of daylength as a major controlling factor in 
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flowering, but Garner and Allard (1920) established the significance of 

photoperiodism. They observed that a tobacco plant (Nicotiana tabacum 

cv Maryland Mammoth) did not flower in the summer as did other tobacco 

plants but it would flower in a greenhouse in the winter. They also 

observed that soybeans (Glycine max) tended to flower at the same time 

of year no matter when the seeqs were planted. Of the soybean 

cultivars compared, this tendency was most evident in 'Biloxi'. It was 

found that these plants flowered when the length of day was shorter 

than a distinct time and so they were termed short-day plants. This 

distinct time period was termed the critical photoperiod and was found .. 
to be different among botanical varieties as well as agronomic 

cultivars. Earlier observations had shown that increased daylength as 

well could accelerate flowering, but it 'vas thought at the time that 

this was due primarily to increased photosynthesis and secondarily to 

the increased temperatures that occur in conjunction with longer days. 

Garner and Allard later showed that longer daylength could accelerate 

flowering, and that this was due to only the duration of the day/night 

period, not to any other environmental factor. 

Generally plants have been shown to express two basic types of 

photoperiodic responses. Short-day plants are those in which some 

event such as flowering is accelerated by daylength shorter than the 

critical photoperiod. Long-day plants have accelerated flo, ... ering when 

the daylengths are longer than the critical photoperiod. The response 

can also be qualitative in that it will not occur without the correct 

photoperiod. Species 'vith this extreme response give a perfect step 
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function response and thereby 3re considered the easiest to study. 

Those plants with a quantitative response give an S-curve rather than a 

sharply stepped response. In defining either short-day or long-day 

plants, the relationship between the actual photoperiod and the 

critical photoperiod is the important criterion. The absolute value of 

the critical photoperiod is minor as is the amount of the delay or 

acceleration. For instance, a relatively long daylength such as 14 

hours can still be short enough to allow a short-day plant with a 

critical photoperiod of 14.5 hours to have its flowering accelerated. 

Many plants have flowering processes that are unaffected by 

day 1 eng t han dar e call e d d a y- n e u t r alp 1 ant s. I n add i t ion, t he rea r e 

other types of plants that have odd combinations of daylength 

requirements. These include those that need a short day followed by a 

long day or vice versa. These are called short-long-day plants or 

long-short-day plants, respectively. Others will flower if the 

daylength is intermediate and not flower during days that are too long 

or too short. Still others have accelerated flowering during long or 

short days but have delayed flowering in the intermediate range. 

The effect of photoperiodism on flowering was the first aspect 

of plant response to be noted, but photoperiodism affects almost every 

aspect of plant development. Most of the plant parts and reactions 

affected by photoperiodism are also affected by other environmental 

factors such as availability of nutrients and water as well as 

temperature. "Mineral nutrition and water stress are generally believed 

to be of secondary importance in flower initiation" (Bernier et a1. 
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1981). Temperature interaction with photoperiod response is well known 

as shown by Coyne in Phaseolus vulgaris (Coyne and Mattson 1964; and 

Coyne 1966,1967,1970). The relation of cold temperature with 

photoperiod in vernalization is also well established (Vince-Prue 1975; 

Bernier et a!., 1981). 

Photoperiodism may affect branching, abscission, tuberization, 

dormancy, seed germination, root growth, and pigment formation by 

affecting meristematic tissue. The effect of photoperiod on flowering 

was the focus of this study because guar gum comes from guar seeds 

which are the end product of reproduction. Photoperiodism may also 

affect each step in reproduction, including floral bud initiation, 

floral development, fruit development, and pollen fertility. 

Photoperiodism affects development so that the plant prepares for 

seasonal environments associated with daylength (Vince-Prue 1975). 

The meristem affected by the photoperiodic response changes 

developmental patterns in the case of flowering by evoking reproductive 

tissue from previously vegetative tissue. This is called evocation. 

The first stage in the photoperiod response is perception. Hamner and 

Bonner (1938) found that the plants actually respond to the length of 

the dark period. This was done with the use of light breaks in the 

middle of the dark period and dark breaks in the middle of the light 

period. Only the light breaks in the middle of the dark period caused 

any difference in the timing of flowering. The definition of 

photoperiod could then be changed to: the nightlength must be longer 

than a critical nightlength for short-day plants and the nightleng~h 
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must be shorter than the critical nightlength for long-day plants. A 

light break for short-day plants will delay flowering whereas a light 

break for long-day plants will accelerate flowering. 

With night breaks, Parker et al. (1946) established an action 

spectrum. It was found that red light from 600 to 680 nm was most 

effective with no effect beyond 720 nm. The action spectra in the 

range of maximum effectiveness were found to be equivalent for both 

short-day and long-day plants. This indicates that the same 

photoreceptor is used. In 1952, Borthwick, Hendricks, and Parker 

demonstrated that far-red light would reverse the effect of the red 

light. The maximum effectiveness was near 730 nm. This indicated a 

pigment that they called phytochrome that is interconvertible. One 

form of phytochrome (P r ) has maximum absorption at 660 nm and the 

altered pigment (Pfr ) absorbs at 730 nm to reverse the previous light 

treatment. 

Phytochrome is a chromoprotein with a molecular weight of 124 

kD; recently reported by Vierstra and Quail in 1983 for oats (Avena 

sativa L.) and by Kerscher and Nowitzky in 1982 for rye (Secale cerale 

1.). It is widely found in all plants but the highest concentrations 

are found in etiolated seedlings. It was first obtained from etiolated 

oat coleoptiles in 1959 by Butler et al. The action spectra of the two 

alternate forms of phytochrome, P and Pf ' overlap making total r r 

conversion to one form or the other impossible with a light treatment 

but, qualitative mixes of light can be used to insure a specific 

Pfr/Ptotal ratio from 75% with 'pure' 660 nm light to 3% with 'pure' 
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730 nm light. Pfr is considered physiologically active because 

relatively small amounts cause response. Besides photochemical 

conversions, Pfr can revert in the dark to Pr or simply decay. 

While phytochrome is the light receptor, it must be tied to a 

timing device. Two basic theories have been offered (Vince-Prue 1975). 

One uses an hour-glass type of timer and the other uses the circadian 

rhythm oscillator that, apparently, most living organisms possess. An 

hour-glass timer works on the principle of a material changing from one 

s ta te, chemical or phy sical, to anot he r as does t he sand in an hour­

glass in changing physical positional states. The circadian rhythm 

oscillator is a basic timing mechanism in many organisms that operates 

without any obvious external cue. There has been a lot of research on 

timing and the literature is very confusing. In photoperiodism, both 

theories appear to fit. The dark reversion of Pfr can be shown to 

function in the hour-glass mode early in the night, however it does not 

operate throughout the night as late night light breaks do not work. 

Unnat'.lral light/dark cycles, oddly timed light-breaks, and skeleton 

photoperiods have been used to show the existence of an underlying 

circadian rhythm that is tied to flowering response. Both basic timers 

seem to be functional. 

At first it was assumed that short-day and long-day 

photoperiodism were mirror images. Although phytochrome is the receptor 

in both cases, short-day and long-day plants do not react in a mirror 

fashion ~lith the light ~reaks (Bernier et ale 1981). Long-day plants 
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may need longer night breaks as well as the need to occur for a longer 

duration than the light breaks for short-day plants. 

The light break also helped in the detection of the primary 

perceptor tissue, the leaves (Vince-Prue 1975 and Bernier et al. 1981). 

In almost every case, only the leaves were the perceptor tissue. 

Quantity and duration of light for the light break were also found to 

be different for most every species tested. Plants also have to be 

mature enough before perception occurs and this is called ripeness to 

flower. It is interesting that the level of phytochrome is relatively 

low in the perceptor tissue, the green leaves, compared to other 

tissues especially etiolated plants. This may be the cause of some 

research problems when working with phytochrome from other sources. 

Salisbury, in 1981, attempted to find in leaves the level of 

light considered dark or night and what level was considered light or 

day. Here again species reacted differently. Some were more sensitive 

at dusk and others were more sensitive at dawn. Irradiance sensitivity 

was between 0.2 mW m- 2 nm- l • The sensitivity at the light break was 

greater, 0.01 to 0.3 mW m- 2 nm- l • The timing of the light break to 

greatest sensitivity is related to when the dark period began but not 

to the total length of the dark period. 

All of this is not to say that light, during the normal cycle, 

does not playa role in the photoperiod response nor that the entire 

response occurs only at night. At the very least, the photoperiod 

response needs energy which comes from photosynthesis. Some short-day 
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species have flowered with no light but they all needed sucrose 

supplied for energy. 

The induction stage comes after the perception stage. Most 

research with induction and for that matter, transmission and evocation 

was done with short-day species that required only a few or a single 

induction cycle. Most species need to go through a light/dark cycle 

several times before reproduction is inltiated and will continue. It­

is much easier to work with species that requires only a single cycle 

but this may make the resulting information biased. The leaves 

perceive the light and then become induced to produce a material that 

will be transmitted to the apical and axillary meristems where 

evocation occurs. The unknown material, named florigen, may be 

promotive or inhibitive in different theories. Both positive and 

negative acting materials, at least circumstantially, appear to exist 

from the many experiments trying to detect florigen (Vince-Prue 1975). 

In the following stage, transmission, the unknown material 

moves to the meristematic regions. It is known from grafting 

experiments that the movement is by way of the phloem. The puzzle is 

that the unknown material does not move as fast as the photosynthate. 

In 1958, Zeevaart established the existence of 'more or less 

permanently induced state in leaves' of the short-day plant Perilla by 

grafting induced leaves to non-flowering plants gro\'lO in long-days 

which in turn flowered and then the leaf could be grafted onto other 

non-flowering plants grown in long-days which again induced flowering. 
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Evocation is the final stage in which the permanent 

developmental changes occur. As stated above, flowers are formed from 

previously vegetative meristematic tissue. This is the stage that is 

visibly evident and is measured by researchers. A number of ways to 

measure flowering have been used and many of these are open to 

criticism; however, most approaches can be useful if utilized properly. 

These include: the percentage of plants having flowered in a given time 

period; the length of time to the presence of macroscopically defined 

floral buds or some other reproductive stage; assigning a floral stage 

to plants upon reaching an arbitrary time; the number of flowers or 

floral buds; the number of nodes that are flowering; and the length of 

the flowering spike in some grasse~ Any measurement which expresses 

flowering as a function of time might be confounded with vegetative 

growth due to the potentiel effect of the environment on rate of 

vegetative growth which in turn affects the time to flowering. The 

events that effect the timing of floral initiation by affecting the 

vegetative growth rate, such as temperature, may be compensated by 

using a comparative vegetative measurement like the nodal position on 

the plant of the first floral bud or flower assuming that a delay would 

force the plant to initiate floral buds higher on the plant. The delay 

of floral initiation, for example, would force the plant to produce the 

first flower at a higher nodal position. Even so, it has been stated 

above that photoperiod can also affect vegetative processes, therefore 

this technique may be eliminating some of the responses of 
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photoperiodism that affect both vegetative growth and floral 

development. 

Genetics of Photoperiodism 

The literature on the genetics of photoperiodism contains 

reports of from one (Table 1) to many genes (Goodwin 1944; Rogers 1950; 

Cooper 1954; Barham and Rasmusson, 1981; and Rood and Major, 1981) 

segregating in the photoperiodic response. Superficially this makes 

sense because there are undoubtedly more than one gene affecting 

complex developmental processes such as the timing of floral bud 

initiation and floral development. These genes could be structural, 

enzymatic, or regulatory. It would also be assumed that there is a 

period of time from gene activation to floral expression, and that this 

period could be affected by environment. In the crosses that showed 

less than polygenic inheritance those parents were probably closely 

related and therefore fewer genes were segregating. 

In the above approach, photoperiodism is considered equal to 

the length of time from"emergence to flowering but I feel this is 

incorrect. The photoperiodic response should be defined as only the 

step response that occurs when moving from one side of the critical 

photoperiod to the other side; not the magnitude of the change 

itself. Thus a qualitative photoperiod response is only measuring 

whether or not a response occurred. This does not measure the absolute 

time between stages as is done in a quantitative photoperiod response 

where researchers are using the time difference to measure 

photoperiodism. Since these measurements are not the same, researchers 
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Table 1. Literature citations of articles describing crosses of day­
neutral plants in order to determine the genetics of 
photoperiodism. 

Allard, 1919. 

Langham, 1940. 

Little and Kantor, 1941. 

Quinby and Karper, 1945. 

Lewis and Richmond, 1959. 

Shifriss and George, 1965. 

Griese1, 1966. 

Ma, 1973. 

Lai, et. al., 1974. 

Swindell and Peoh1man,1978. 

Vechia and Peterson, 1984. 

Tripathi and Balakrishna 
Rao, 1984. 

gene ppd cross species 
If sense 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

rec SD X DN Nicotiana tabacum 

rec SD X DN Zea-Euchlaena 

dom LD X DN Pisum sativum 

dom SD X DN Sorghum bicolor 

dom SD X DN Gossypium barbadense 

dom SD X DN Cucumis sativa 

dom LSD X DN Cestrum 
rec LD X DN Cestrum 

rec SD X DN Zea mays 

dom SD X DN Salvia sp1endens 

dom SD X DN Vigna radiata 

dom SD X DN Cucumis sativa 

rec SD X DN Oryza sativa 

gene 11- number of genes found to be segregating for photoperiod 
sensitivity. 

ppd sens.- the dominance relationship of the photoperiod sensitivity 
allG1es in the cross. 

rec-photoperiod sensitive gene is recessive. 

dom-photoperiod sensitive gene is dominant. 

SD- short-day species. 

LD- long-day species. 

DN- day- neutral species. 

LSD-long- short-day specie s. 
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must be sure that the step change in the number of days to a 

reproductive stage, not the amount of difference in the number of days, 

is a photoperiod response. Crosses of day-neutral plants with either 

short- or long-day plants should give an estimate of the number of 

genes involved in photoperiod sensitivity if the light treatment is 

longer than the critical photoperiod of the short-day parent or shorter 

than the critical photoperiod of the long-day parent. Table 1 lists 

literature citations for crosses that each include a day-neutral 

parent. All of these show monogenic inheritance for photoperiod 

sensitivity. Most of this information is directly from the cited 

references, however, some were reinterpreted to note the inheritance of 

photoperiod sensitivity and not the inheritance of the number of days 

to flower. While Tripathi and Balakrishna Rao (1984) have shown only 

one major gene for the photoperiod sensitivity in rice (Table 1), they 

have also noted that the previous researchers who indicated polygenic 

inheritance were measuring the inheritance of days to heading or to 

other developmental stages. 

The following species have unique points that will be 

individually presented. Greisel (1966) lo]orked with Cestrum which is 

both a 10ng- short-day and a long-day plant. Apparently, each has its 

own gene for photoperiod sensitivity. Quinby and Karper (1945) working 

with sorghum are often quoted in support of polygenic inheritance of 

the photoperiod response. It appears that only one of the genes they 

found is the photoperiod. sensitivity gene, and two other genes are for 

the critical photoperiods or perhaps other genes not directly 
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associated with the photoperiod sensitivity. Klaimi and Qualset (1973) 

describe 2 loci in ~vheat, each with three alleles, for the 

photoperiodic response. They also report that photoperiod 

insensitivity was dominant in two crosses and recessive in another two 

crosses. Law and Scarth (1984) have shown in an elegant chromosomal 

substitution system with the Chinese Spring cultivar that wheat 

actually has three major photoperiod genes, but, since the genes are on 

homoeologs 2a, 2b, and 2d of the allohexaploid, photoperiod sensitivity 

would be monogenic in diploid species. Lewis and Richmond (1957) in 

Gossypium hirsutum found that although the data deviate from simple 

monogenic inheritance of days to squaring or anthesis there appears to 

be one major gene for photoperiod sensitivity with other factors 

involved in the timing of first square. This, with Lewis and Richmond 

(1959) in Gossypium barbadense, would indicate that even though cotton, 

an allotetraploid, is an allopolyploid like wheat, one of the ancestral 

parents must have been day-neutral. Coyne (1964, 1966, 1967, and 1970) 

measured the number of genes in photoperiod response of Phaseolus 

vulgaris and each experiment indicated different inheritance patterns. 

The first report indicated 2 genes, the second showed polygenic 

inheritance while the third and fourth displayed monogenic inheritance. 

The last t~vo showed that late flowering was dominant in one case but 

recessive in the other. This, with the exception of the last two 

experiments, in my opinion, is mainly due to the effect of the 

environment, other than the daylength itself, on plant growth and 

development. The last experiment obviously must have had a different 
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gene even though the cultivar was closely related to the cultivar used 

in the first three experiments. Murfet (1977) has observed that one 

gene was responsible for p~otoperiod sensitivity in peas but there were 

three other genes involved in the timing of flowering with one of those 

three having four alleles. 

Photoperiod sensitivity therefore is only a part of timing of 

flowering. Most research, however, does not give any real information 

on what else occurs during reproduction in a photoperiod sensitive 

plant because the time to flowering is measured as one step and not as 

the steps of flowering. One must further break the problem into parts 

such as is done with components of yield. First, since photoperiod can 

affect more than one reproductive event as stated above, plants could 

have different criteria for these different events and thereby 

different genes. Secondly, within each of these events, different 

occurrences are taking place including the photoperiod sensitivity 

response itself, the critical photoperiodism of the response, the 

nature of long-day and short-day, and the actual magnitude of delay 

moving across the critical photoperiod. As regards to the physiology 

of photoperiodism, other events are taking place that are included 

within the stages of perception, induction, transmission, and 

evocation. These occurrences should be studied in a genetic sense but 

they \o1ill not be touched upon in this study. In addition, these two 

sets of possible occurrences may overlap. 



MATERIALS AND HETHODS 

Studies in 1981 were conducted at five locations throughout the 

central and southwestern United States. The locations were the 

University of Arizona Agricultural Center at Yuma Mesa, Yuma, Arizona, 

Moran Seed Company at Davis, California, Kansas Agricultural 

Experiment Station at Colby, Kansas, Colorado State Experiment Station 

at Akron, Colorado, and the Randall Conner Farm, Winters, Texas. 

Seeds of 330 guar lines, cultivars, and plant introductions 

(Appendix A) were planted at each location. The plots were four meter 

single row observation plots with three replications except for the 

test in Texas which had only one set of observations and the test in 

Colorado Hhich had t~lO replications. Row width' was 1 m for all 

locations except for those in Colorado and Kansas where the row width 

was 0.75 m. The planting density was 26 seeds per meter of row to 

offset low germinability of seed. The tests were planted on: June 5, 

1981, Davis, California; June 5,1981, Colby, Kansas; June 10, 1981, 

Akron, Colorado; June 9, 1981, Winters, Texas; June 2, 1981, Yuma 

Mesa, Arizona. The purpose of the plantings was an initial screening 

to determine lines that would set pods at each location. At Colby, 

Kansas, lines were categorized as to maturity and data on flowering. 

The flowering data consisted of observing the plots that flowered 

during the first week of flowering and noting those that flowered in at 

least two replications. 

18 
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Studies in 1982 "1ere planted at the Texas Agricultural 

Experiment Station in Uvalde, Texas, the Kansas Agricultural Experiment 

Station in Colby, Kansas, the Marana Agricultural Center in Marana, 

Arizona, and the Tenneco West Farm in Sierra Vista, Arizona. Twenty­

two lines (Table 2) were selected from the 1981 results and were 

planted at different dates at each location. Since all lines set seed 

in 1981, criteria other than the presence or absence of seeds was 

decided upon to select a workable number of lines. The majority of 

selections were made on the following criteria: (1) the widest possible 

maturity range available; (2) different plant growth habits; and (3) 

potential high yielding lines. Each date of plantings was a randomized 

complete block design. Colby, Kansas dates of planting were May 5, 

June 10, and June 28, and the Marana, Arizona dates of planting were 

May 6, May 14, June 4, June 30, July 15 and August 3, with three 

replications of each line in each date of planting. Sierra Vista, 

Arizona dates of planting were April 27, May 20, June 11, and July 1. 

The first two dates of planting had three replications and the last two 

had five replications. The dates of planting at Uvalde, Texas were 

25, June 7 and June 29. This test contained four replications of each 

line. Some locations had limited space, and there was limited seed for 

some lines, so not all lines were planted at all locations. Table 2 

shows the lines planted at each of the four locations. Data gathered 

was (1) average date of plant emergence, (2) date of first flower, (3) 

date of 50% flowering, (4) daily maximum and minimum soil and air 

temperatures where possible, (5) yield, (6) plant height, (7) ,.,eight ·of 
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Table 2. The guar lines selected in 1981 and the date of planting 
locations planted in 1982. 

lines Elanted in each location 
Colby, Sierra Vista, Marana, Uvalde, 

Lines selected Kansas Arizona Arizona Texas 

1 PI217925-1-1 X X X X 

2 MESA X X X X 

3 KINMAN X X X X 

4 GROEHLER X X X X 

5 MILLS X X X X 

6 SEAH-90 X X X X 

7 TEXSEL-MESA 52 X X X 

8 TEXSEL- EARLY X X X 

9 FINE BRANCHING- 1 X X X 

10 S44- 2- 4-1,2,3 X X X 

11 PIl98297 X X X 

12 PI217925- 2 X X X 

13 AG111 X X X 

14 GROEHLER 2-X-2 X X X 

15 MILLS 5-1-B X X X 

16 PI164476-1 X X X 

17 TX78- 3726 X X X 

18 TX79-2741 X X X 

19 TX78- 3695 X X X 

20 TX78-3337 X X X 

21 TX77-3347 X X X 

22 T64001-3-1-28-2-B X X 
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100 seeds, and (8) seed discoloration. The flowering data was not 

taken at all locations. The tests were trimmed to protect against 

border effect and harvested. Plant height was taken just before 

harvest. Harvest occurred after the plants had died due to either a 

killing frost or senescence. A Hege plot combine was used for harvest 

in the Arizona locations but in Colby and Uvalde, the plants were 

harvested by hand and threshed in a stationary thresher. The harvest 

data for each of the planting dates at each location was analyzed using 

analysis of variance with LoS.D. mean separation after a signi ficant F­

test (Carmer and Walker,1982). Each location was analyzed with a 

'series of experiments' analysis of variance (Cochran and Cox, 1957). 

In 1983, a method used to describe the developmental stages of 

guar growth was adapted from the protocol developed by Fehr and 

Caviness (1977) for soybeans. In this protocol, development is broken 

into two stages, vegetative (V) and reproductive (R). Ve designates 

plant emergence (the showing of the hypocotyl hook above the soil 

surface). Vc designates the stage when the cotyledons pull apart after 

the hypocotyl hook has straightened. Further vegetative stages are 

designated V(n), with n equal to the number of the highest node above 

the cotyledonary node that has expanded leaves on the main stem. This 

method is also used to describe the vegetative node number of the first 

flower to avoid the confounding effects of earlier vegetative growth. 

At any given vegetative node the reproductive stages proceed from Rl to 

R7. Rl is when floral buds are visible, R2 is the first floral 

anthesis of the raceme, R3 is at the first pod reaching 0.5cm, R4 is 
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when the seeds are visible upon opening the first pod, R5 is reached 

when the seeds fill the pod cavity, R6 is a fully formed pod, and R7 is 

a mature harvestable pod. This method for describing growth and 

development has been useful in soybeans, but it may be affected by 

environment/genetic interaction. Many guar cultivars have an 

indeterminate growth habit and thus can go through the reproductive 

process from floral budding to a harvestable pod at a vegetative node 

with little relationship to the reproductive occurrences on the rest of 

the plant. Since these stages are useful only- when describing a 

particular node, another descriptive measurement was needed. This 

measurement was defined as R4V(n), the highest vegetative node at which 

R4 has occurred in 50% of the plants. Thus R4V(n) describes the 

development of the crop. For example, if 50% of the plants are at R4 

stage at vegetative node 29, then the crop development would be R4V29. 

If useful, the R4V(n) definition could be changed to a more appropriate 

reproductive stage. 

A date of planting study was performed in 1983 at the Campus 

Agricultural Center (CAC) in Tucson, Arizona. The test had six lines 

planted; PI217925-1-1, Mesa, Kinman, PI217925- 2, Mill s, and SEAH-90, 

with dates of planting on May 5, June 3, July 1, August 1, and 

September 1. Each CAC date of planting was a randomized complete block 

design with three replications of the lines within the block and three 

replications of the block. The dates were randomized within the plot 

area. Each plot was a single row that was 3.25 m long and 1 m wide. 

Data taken during the first two dates of planting included only those 



23 

plants that emerged during the first cycle of germination. This was 

done because guar emergence is periodic when planted early in the 

growing season. Data on the vegetative stage at first flower, the node 

number of the first flower, plant height in cm at first flower, and 

date of first flower were taken. Except for the date of first flower, 

each plot data point was taken by measuring the above parameters for 

each plant in a randomly selected meter of row and then using this mean 

value for the plot value. The date of 50% flowering for the plot was 

that date when half of the plants in the meter of row had passed or 

were at first flower. The number of days to 50% flowering was 

determined by subtracting the date of 50% flowering from the date of 

planting. The node number of the lowest pod was taken at maturity for 

the last three dates of planting. 

Since the timing for photoperiodic responses can not be 

accurately determined in the field experiments, a greenhouse study was 

begun in 1984. It was felt that a more distinct response could be 

measured under controlled envi ronmental condi tions. Six guar lines 

(PI217925-1-1, Mesa, Kinman, PI217925-2, Mills, and SEAR-90), each with 

ten replications were planted as a block in sterilized 4-liter pots. 

The plants were grown in a 1:1:1 mixture of sand, vermiculite, and peat 

moss. Each pot was overplanted with seed of a single line to assure 

two plants per pot. The treatments were 9, 10, 11, and 12 hours of 

light in one block of the experiment and 12, 13, 14, and 15 hours of 

light in the other block and each block of the photoperiod treatments 

had two replicates. Photoperiod cloth was used to insure the period of 
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darkness and a combination of incandescent and fluorescent lighting was 

used to insure the proper light period. The light intensity was 300 

foot-candles at the top of the pots which is more than adequate 

according to Hillman (1969). Daily minimum and maximum temperatures 

were recorded along wi th thermographs for each treatment block. The 

data from the plants in each pot were averaged together to get a value 

for the unit of replication. The dates of planting, emergence, 

cotyledon expansion, leaf expansion, macroscopic floral budding, and 

anthesis were noted along with node number of the first floral bud and 

the first flower and the vegetative stage of the plant at first flower. 

The plants were inspected every other day for macroscopic floral buds. 

All other notes were taken daily. The time of emergence and cotyledon 

opening were taken both morning and night. The plants were terminated 

one day after their first flower. Some plants were kept to confirm 

that none of the nodes beneath the node of first flower developed 

floral buds. Although this was observed in the field, it was not found 

in the greenhouse. Others were kept to make sure that the first flower 

was not an anomaly, and that flowering continued. Insec ticides we re 

used. but only when whitefly populations were epidemic in proportion. 

Peter's 20-20-20 fertilizer was used according to directions during 

watering approximately every two weeks. A micronutrient mix was also 

added during the first fertilization. Analysis of variance was 

performed on each of the treatment sets. An orthogonal polynomial 

analysis of variance was performed on each line to determine the 

critical photoperiod. 
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The six guar lines uGed in the determination of the 

photoperiodic response were crossed in 1983 in a natural crossing block 

as described by Stafford and Lewis (1975). Pubescence (G) is dominant 

to glabrous (g) in guar (Ray and Stafford, 1985). The lines PI217925-

1-1, Kinman, and Seah-90 are glabrous and are thereby recessive. 

PI217925-2, Mesa, and Mills are pubescent and thereby carry the 

dominant allele for the pubescence loci. The crossing blocks were 

grown over 500 meters from any other guar at the Maricopa Agricultural 

Center, Maricopa, Arizona. The Fl plants were selected in a field 

planting in 1984 by scoring for pubescence as per Stafford and Lewis 

(1975). Due to a very low crossing rate, it was not possible to test 

the Fl plants under any photoperiodic treatments. This field technique 

was used because there was no success with controlled crosses by hand 

in 1981 and 1982. Unfortunately, there was also no success in the 

natural crossing block for some of the attempted crosses. Seed was 

collected from the Fl plants and the F2 plants resulting from this seed 

were grown as described above. Additional precautions against disease 

w~re taken including sterilizing the seed coats, the sand, and the 

benches. Reciprocal crosses were not available due to the method of 

crossing. The successful crosses of glabrous 'females' X pubescent 

'males' were PI217925-1-1 X Mills, Seah-90 X Mesa, and Seah-90 X Mills. 

Each pot was planted with two seeds from each cross. The crosses and 

thereby the treatments were set by comparing the critical photoperiods 

of the two parents. If there was a difference between the critical 

photoperiods of the parent lines, these seeds were grown under a 
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photoperiod treatment intermediate between the critical photoperiods of 

the two parental lines. Individual crosses were moni tored to assure 

that the purported crosses were indeed crosses and all seed from each 

F1 plant w85 separately monitored. The unit of replication was the 

individual F2 plants. Data was taken as above and the treatments were 

terminated when all of the plants had flowered. The Castle-Wright 

formula (1921) was used to determine the number of segregating genes in 

the F2 populations. Visual review of the modal distribution of the F2 

populations was also done. 



RESULTS AND DISCUSSION 

In 1981, all lines at all locations produced pods with seeds. 

Initially, the 1981 screening was to find lines that would not set 

seeds for more complete testing against those lines that did set seeds. 

Because pod and seed development occurred in all lines, criteria other 

than the presence or absence of seeds was decided upon to select lines 

for further study. Table 2 shows the 22 lines selected. The majority 

of selections were made on the following criteria: (1) the widest 

possible maturity range available; (2) different plant growth habits; 

and (3) potential high yielding lines. These lines were selected from 

the data taken in Colby, Kansas; Akron, Colorado; and Winters, Texas. 

The data from Davis, California in 1981 showed that Groehler 

and lines related to it were consistently early flowering lines 

(personal communication, Mohammed Azhar, Harris-Moran Seed Co.). In 

Colby, Kansas, Mills, T64001-3-1-28-2-B, and T64001-7-10-1-1-B were 

consistently the early flowering lines. Mills, Groehler, and T64001-3-

1-28-2-B 'olere also listed because of their tendency to flower early. 

Even though T64001-7-1D-l-1- B appeared very similar to T64001- 3-1- 28- 2-

B, T64001-3-1-28-2-B was selected because it appeared to have higher 

yield potential. 

1982 Field Trials 

Tables 3 through 15 ShO\ol the L.S.D. mean separations for seed 

yield and discoloration, weight of 100 seeds, and plant height for each 

27 
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Table 3. May 14, 1982 Marana harvest data. L.S.D. mean separations of 
yield and seed discoloration of guar seed, weight of 100 guar 
seeds, and height of mature guar plants for the May 14, 1982 
date of planting in the Marana Agricultural Center, Marana, 
Arizona. 

Line: 

TX79--2741 
TX78- 3726 
TX78- 3695 
TX77- 3347 
Kinman 
TX78-3337 
Groehler 2- X- 2 
Mills 
SEAH-90 
T64001- 3-1- 28- 2-B 
Mills 5-1-B 
AG111 
Texsel-Mesa 52 
Groehler 
PI217925-2 
S 4 4- 2- 4- l, 2, 3 
PI198297 
Fine Branching-1 
Mesa 
PI217925-1-1 
Texsel-Early 
PI164476-1 

Mean Separation@ 

Yield 
(kg/ha) 

1663.8a 
1419.5ab 
1318.2abc 
1314.4abc 
1213.9bcd 
1162.7bcd 
1144.3bcd 
1041.1cde 
1005.3cde 
1004.6cde 

997.3cde 
887.1def 
771.7efg 
759.3efg 
641.3fgh 
620.6fgh 
605.8fghi 
588.9fghi 
549.4fghi 
442.5ghi 
377.9hi 
251.0i 

100 Seed 
* Score Weight 

2.7cd 
2.7cd 
2.2ab 
2.8cd 
4.2h 
2.0a 
2.8cd 
4.0gh 
2.2ab 
4.2h 
2.7cd 
3.7 fg 
2.5bc 
3.0de 
3.3ef 
3.0de 
3.3ef 
3.8gh 
3.0de 
3.0de 
2.5bc 
2.2ab 

(g) 

2.85de 
2.67bcd 
3.13fg 
2.57 ab 
3.02ef 
3.19fgh 
3.555k 
3.36hij 
2.41a 
3.12fg 
3.25fgh 
2.83cde 
2.61abc 
2.86de 
3.37hij 
3.6lk 
3.6Sk 
3.10fg 
3.60k 
3.48ijk 
2.60ab 
3.32ghi 

Height 
(cm) 

100bcd 
93abc 

113def 
l13def 
120efg 
105cde 
135ghi 

82a 
85ab 

127fghi 
123fgh 
137hij 
120efg 
113def 
137hij 
l52jk 
1S7k 
132ghi 
135ghi 
140ij 
120efg 
12Sfghi 

@ - Means followed by a common letter are not significantly different 
according an LoS.D. at the 0.05 level of a protected F- test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 4. June 4, 1982 Marana harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the June 4, 
1982 date of planting in the Marana Agricultural Center, 
Marana, Arizona. 

Line: 

TX78-3726 
TX78- 3337 
TX79-2741 
TX77- 3347 
T6400 1- 3-1- 28- 2- B 
SEAH-90 
Kinman 
Groehler 2-X-2 
TX78- 3695 
Mills 
Texsel-Mesa 52 
AG111 
Mills 5-1-B 
Groehler 
PI217925-2 
PI198297 
Texsel- Early 
S44-2-4-l,2,3 
Fine Branching-1 
PI217925-1-1 
Mesa 
PIl64476-1 

Yield 
(kg/ha) 

1460.8a 
1366.3ab 
1345.2abc 
1232.5abcd 
1082.3bcde 
1046.4cde 

968.1def 
941.0defg 
902.0efg 
892.3efg 
875.gefg 
807.8efgh 
777.8efghi 
689.6fghij 
626.4ghijk 
533.0hijkl 
481.1ijkl 
426.7 jkl 
385.1jkl 
357.8kl 
354.9kl 
218.91 

Mean Separation@ 

100 Seed 
* Score Weight Height 

2.7 abcd 
2.3ab 
2.3ab 
2.7 abcd 
4.3h 
2.2a 
3.8gh 
3.0cde 
2.5abc 
2.8bcde 
2.8bcde 
3.2def 
2.5abc 
2.8bcde 
3.7fg 
3.3efg 
2.7 abcd 
3.3efg 
3.8gh 
3.0cde 
3.0cde 
2.5abc 

(g) (cm) 

2.69bcd 
3.12fghi 
2.83cde 
2.54ab 
2.97defg 
2.39a 
3.01efg 
3.46jk 
2.92def 
3.22ghij 
2.62abc 
2.83cde 
3.0gefgh 
2.71 bcd 
3.34hijk 
3.53k 
2.58abc 
3.56k 
2.91def 
3.40ijk 
3.50jk 
3.14fghi 

98abc 
108bcde 
115bcdef 
110bcde 
112bcdef 
80a 

103bcd 
128efg 
115bcdef 
93ah 

122defg 
133fgh 
118cdefg 
113bcdef 
128e fg 
138gh 
120cdefg 
155h 
127efg 
122defg 
127efg 
117cdefg 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 5. June 30, 1982 Marana harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the June 30, 
1982 date of planting in the Marana Agricultural Center, 
Marana, Arizona. 

Line: 

TX79-2741 
TX78-3726 
TX78-3695 
TX78-3337 
TX77-3347 
Groehler 2-X-2 
T64001- 3-1- 28- 2- B 
Kinman 
SEAH-90 
Mills 5-1- B 
PI217925-I-1 
PI217925-2 
Mills 
Fine Branching-1 
S 4 4- 2- 4- 1 , 2 , 3 
PII98297 
AGlll 
Groehler 
Texsel-Mesa 52 
Mesa 
Texsel-Early 
PI164476-1 

Yield 
(kg/ha) 

1439.6a 
I131.3b 
1070.6b 
988.9bc 
987.8bc 
943.5 bc 
888.5c 
857.7cd 
852.7cd 
645.4de 
611.7ef 
604.5ef 
545.gef 
525.4ef 
452.2efg 
392.2fgh 
388.9 fgh 
255.6ghi 
220.5hi 
205.0hi 
I97.6hi 
75.9i 

Mean Separation@ 

100 Seed 
* Score Weight 

2.7 a 
2.8a 
3.0ab 
3.0ab 
3.2abc 
3.5bcd 
4.3g 
4.3fg 
2.8a 
3.7cde 
4.0defg 
3.8def 
3.0ab 
3.8def 
3.7cde 
4.2efg 
3.7 cde 
2.7 a 
3.0ab 
3.5bcd 
3.2abc 
3.0ab 

(g) 

2.90cd 
2.55a 
3.I5fg 
3.I6fgh 
2.47a 
3.36hi 
3.I8fgh 
3.1Ief 
2.51.:1 
3.32ghi 
2.92cde 
3.35hi 
3.48i 
3.11ef 
3.41i 
3.28fghi 
2.80bc 
2.60ab 
2.56a 
3.09def 
2.50a 
3.34ghi 

Height 
(cm) 

92cde 
77b 
83bc 
87bcd 
87bcd 

107fgh 
90bcde 
92cde 
60a 
95cdef 

110ghi 
107fgh 

88bcd 
112hi 
l20i 
112hi 
II2hi 
97cdefg 

103efgh 
112hi 
107fghi 
102defgh 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 6. July 15, 1982 Marana harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the July 15, 
1982 date of planting in the Marana Agricultural Center, 
Marana, Arizona. 

Line: 

TX79-2741 
TX77-3347 
TX78-3726 
Groehler 2-X-2 
Mills 5-1-B 
TX78- 3337 
T64001- 3-1- 28- 2- B 
Fine Branching-1 
SEAR-90 
PI217925-1-1 
PI217925-2 
TX78- 3695 
PI198297 
Kinman 
Mills 
S44- 2- 4-1,2,3 
AG111 
Texsel-Mesa 52 
Mesa 
Groehler 
Texsel-Early 
PI164476-1 

Yield 
(kg/ha) 

1260.0a 
798.8b 
711.5bc 
620.9bcd 
577.7bcd 
559.3bcde 
509.1 cdef 
507.4cdef 
496.8cdef 
486.6cdef 
465.8cdef 
402.4defg 
382.9defg 
371.5defg 
296.6efgh 
291.3fgh 
168.8gh 

95.1 h 
78.1 h 
71.7h 
60.9h 
49.I.h 

Mean Separation@ 

100 Seed 
* Score Weight 

2.8abcd 
3.7 fghi 
2.5ab 
4.2ijkl 
3.8ghij 
3.0bcde 
4.2ijkl 
3.7 fghi 
2.3a 
4.71 
4.3jkl 
3.0bcde 
3.3defg 
3.2cdef 
3.2cdef 
4.5kl 
2.8abcd 
3.5efgh 
3.7 fghi 
2.7 abc 
3.0bcde 
4.0hijk 

(g) 

2.75bcd 
2.57ab 
2.54ab 
3.17gh 
3.22hi 
2.95defg 
3.09fgh 
2.93defg 
2.46a 
2.88cdef 
3.15gh 
3.02efgh 
3.54j k 
3.06efgh 
3.72k 
3.45ij 
2.84cde 
2.58ab 
3.20h 
2.72bcd 
2.66abc 
3.22hi 

Height 
(cm) 

83cde 
78bcd 
68ab 

103ij 
88cdefg 
80bcd 
90defgh 
93efghi 
58a 

102hij 
95efghi 
85cdef 

113j 
88cdefg 
78bcd 
98ghi 
83cde 
97fghi 
98ghi 
77bc 
88cdefg 
85cdef 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 7. August 3, 1982 Marana harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the August 
3, 1982 date of planting in the Marana Agricultural Center, 
Marana, Arizona. 

Line: 

TX79-2741 
Fine Branching-1 
TX78- 3726 
AG111 
Groehler 2-X-2 
Mills 5-1-B 
PI217925-1-1 
SEAH-90 
PI217925-2 
TX77-3347 
Mills 
PIl98297 
TX78-3337 
Kinman 
T64001- 3-1- 28- 2- B 
S44- 2-4-1,2,3 
TX78-3695 
Mesa 
Texsel-M esa 52 
Groehler 
Texsel-Early 
PI164476-1 

Mean Separation@ 

Yield 
(kg/ha) 

623.5a 
423.7b 
390.5bc 
296.2bcd 
292.0bcd 
283.0bcd 
280.5bcd 
272.1bcde 
251.1 bcde 
239.0cde 
227.8cdef 
220.4cdef 
217.9cdef 
203.7defg 
168.7defg 
142.9defg 
124.7defg 
119.4defg 
118.5defg 
89.5efg 
52.1fg 
24.1g 

100 Seed 
* Score Weight 

3.8cd 
4.5e 
3.7bc 
3.7bc 
4.3de 
4.5e 
4.2cde 
2.8a 
4.3de 
4.5e 
4.0cde 
3.7bc 
3.7bc 
3.8cd 
4.5e 
4.3de 
3.2ab 
4.3de 
4.0cde 
3.8cd 
4.2cde 
4.3de 

(g) 

2.71bcde 
2.87defg 
2.54abc 
2.82def 
2.90defgh 
3.09fgh 
3.08fgh 
2.42a 
2.95efgh 
2.51ab 
3.431 
3.411 
2.65abcd 
2.75bcde 
2.82def 
3.10gh 
2.64abcd 
3.11gh 
2.67 abed 
2.65abcd 
2.79cde 
3.16hi 

Height 
(em) 

63bcd 
87hi 
60bc 
72defg 
87hi 
68bcde 
73defg 
48a 
82gh 
58ab 
70cdef 
95i 
67bcde 
70cdef 
67bcde 
80fgh 
60bc 
85hi 
77efgh 
68bcde 
72defg 
63bcd 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 8. May 20, 1982 Sierra Vista harvest data. L.S.D. mean 
separations for yield and seed discoloration of guar seed, 
weight of 100 guar seeds, and height of mature guar plants 
for the May 20, 1982 date of planting in the Tenneco West 
Farm, Sierra Vista, Arizona. 

Mean Separation@ 

100 Seed 
Yield Score * Weight Height 

(kg/ha) (g) (cm) 

PI217925- 2 1354.9a 3.0bc 3.95j 83fg 
Groehler 2-X-2 1155.7ab 3.0bc 3.77hij 63cde 
PI217925-1-1 1129.2ab 2.8ab 3.58fgh 95g 
Mills 5-1-B 854.5abc 2.8ab 3.79hij 63cde 
TX77-3347 782.0bc 3.0bc 2.79a 57bcd 
TX79-2741 764.2bcd 2.8ab 3.22bcde 55bcd 
PIl98297 735.3bcde 4.0d 3.63fgh 93g 
Kinman 721.4bcde 3.3bc 3.47efg 58bcd 
Mesa 697.4bcde 3.0bc 3.64fghi 65cde 
TX78- 3695 672.2bcdef 2.3a 3.44defg 73ef 
S 4 4- 2- 4- 1 , 2 , 3 637.6bcdef 2.8ab 3.92ij 67de 
Groehler 588.4cdef 3.5cd 3.23cde 47abc 
Mills 558.1cdef 3.3bc 3.85hij 47abc 
TX7 8- 3726 537.7cdef 2.8ab 2.94ab 46ab 
Fine Branching-l 465.8cdef 3.0bc 3.36cdef 65de 
TX78-3337 459.9cdef 2.3a 3.42defg 67de 
SEAR-90 241.0def 3.0bc 2.80a 35a 
Texsel- Early 220.7 ef 3.5cd 3.19bcd 60bcde 
Texsel-Mesa 52 214.7ef 3.2bc 3.63fghi 53bcd 
AGl1l 211.0ef 3.2bc 3.12bc 50bc 
PIl64476-1 162.1 f 3.0bc 3.68ghij 65de 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 9. June 11, 1982 Sierra Vista harvest data. L.S.D. mean 
separations for yield and seed discoloration of guar seed, 
\'leight of 100 guar seeds, and height of m"ature guar plants 
for the June 11,1982 date of planting in the Tenneco West 
Farm, Sierra Vista, Arizona. 

Line: 

TX77-3347 
TX79-2741 
TX78- 3695 
TX78- 3726 
Groehler 2-X-2 
PI217925- 2 
Mills 5-1-B 
Fine Branching-l 
PI217925-1-1 
Kinman 
SEAH-90 
TX78-3337 
PI198297 
Mills 
Groehler 
Mesa 
AG111 
Texsel-Mesa 52 
S 4 4- 2- 4- 1 , 2 , 3 
PI164476-1 
Texsel- Early 

Yield 
(kg/ha) 

1004.0a 
939.7 a 
767.7ab 
736.1abc 
680.0abcd 
647.9bcd 
563.2bcde 
515.4bcdef 
509.9bcdefg 
480.2bcdefgh 
458.1 bcdefghi 
450.9bcdefghi 
407.9cdefghi 
381.5defghij 
273.8efghij 
207.4fghij 
152.0ghij 
143.5hij 

13l.2ij 
127.5ij 
55.0j 

Mean Separation@ 

* Score 

2.8bc 
2.6b 
2.0a 
2.6b 
2.8bc 
3.0bcd 
2.6b 
2.6b 
2.8bc 
2.8bc 
2.8bc 
2.5ab 
3.2cd 
2.8bc 
3.2cd 
3.0bcd 
3.0bcd 
3.2cd 
2.8bc 
2.8bc 
3.4d 

100 Seed 
Weight 

(g) 

2.83bcd 
3.07cdef 
3.49hijk 
2.83bcd 
3.40ghijk 
3.53ijk 
3.64k 
3.09def 
3.30fghij 
3.34fghij 
2.78ab 
3.26efghi 
3.64k 
3.56jk 
2.79abc 
3.16efg 
2.99bcde 
2.53a 
3.25efghi 
3.23efgh 
2.54a 

Height 
(cm) 

63cdef 
50ab 
76gh 
50ab 
73fg 
92ij 
77gh 
80gh 
87hi 
72efg 
39a 
67defg 

100j 
61bcde 
52bc 
76gh 
59bcd 
57bcd 
78gh 
56bcd 
53bc 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F- test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 10. July 7, 1982 Sierra Vista harvest data. L.S.D. mean 
separations for yield and seed discoloration of guar seed, 
weight of 100 guar seeds, and height of mature guar plants 
for the July 7, 1982 date of planting in the Tenneco West 
Farm, SierraVista,Arizona. 

Line: 

TX77- 3347 
Mills 5-1-B 
TX7&- 3726 
TX79-2741 
SEAR-90 
TX7&- 3695 
PIl98297 
PI217925-2 
Mills 
AG111 
Fine Branching-1 
Kinman 
Groehler 2- X- 2 
TX7&- 3337 
PI164476-1 
PI217925-1-1 
S44-2-4-l,2,3 
Groehler 
Texsel-M esa 52 
Texsel- Early 
Mesa 

Yield 
(kg/ha) 

518.1 a 
324.3b 
303.5bc 
271.6bcd 
244.1 bcd 
196.6 bcde 
169.2bcdef 
162.8cdefg 
146.9defgh 
140.8defgh 
129.7defgh 
84.5efgh 
61.7efgh 
56.6efgh 
55.7efgh 
54.7efgh 
35.5fgh 
27.0fgh 
18.9gh 
12.4h 

8.1 h 

Mean Separation@ 

* Score 

2.8ab 
2.9ab 
3.0abcd 
3.0abcd 
3.4de 
2.6a 
3.1 bcde 
3.3cde 
2.9abc 
3.0a bcd 
3.2bcde 
3.2bcde 
3.1 bcde 
2.8ab 
3.0abcd 
3.3cde 
3.lbcde 
3.4de 
3.5e 
3.3cde 
3.Se 

100 Seed 
Weight 
(g) 

2.99cdef 
3.73jk 
2.91cde 
2.95cde 
2.65abc 
3.6Sijk 
3.69jk 
3.64hijk 
3.90k 
2.80bcd 
3.09def 
3.13defg 
3.24efgh 
3.52ghijk 
3.25efghi 
3.38fghij 
3.l9defg 
2.42ab 
2.30a 
2.85cde 
2.65abc 

Height 
(cm) 

67cdef 
76fgh 
48ab 
48ab 
43a 
67cdef 

103i 
83h 
74efgh 
69defg 
77fgh 
66cdef 
67cdef 
68cdef 
61cd 
80gh 
7ldefg 
41a 
48ab 
56bc 
64cde 

@ - Means followed by a common letter are not significantly different 
according an LoS.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 11. May 5, 1982 Colby harvest data. L.S.D. mean separations for 
yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the May 5, 
1982 date of planting in the Kansas Branch Experiment 
Station, Colby, Kansas. 

Line: 

Groehler 2-X-2 
TX78- 3695 
Mills 5-1-B 
TX79-2741 
PI217925-1-1 
SEAH-90 
TX77-3347 
PIl98297 
S44- 2- 4-1,2,3 
Mesa 
Fine Branching-1 
T6400 1- 3-1- 28- 2- B 
PI217925-2 
TX78- 3337 
PIl64476-1 
Groehler 
AG111 
Texsel-Mesa 52 
Texsel-Early 
TX78- 3726 
Kinman 
Mills 

Yield 
(kg/ha) 

621.0a 
480.8ab 
411.3abc 
290.4 bcd 
276.3bcde 
271.2bcde 
267.9bcde 
258.2bcdef 
223.6cdef 
193.0cdef 
175.7def 
157.1def 
155.3def 
1l0.2def 

78.7def 
76.5def 
76.2def 
72.9def 
66.3def 
63.3def 
49.0ef 
1.3f 

Mean Separation@ 

100 Seed 
* Score l-leight 

3.7de 
2.8ab 
2.8ab 
3.2abcd 
4.0e 
3.0abc 
3.2abcd 
3.0abc 
3.5cde 
3.2abcd 
3.2abcd 
3.2abcd 
3.5cde 
3.3bcd 
2.7 a 
3.2abcd 
3.0abc 
2.8ab 
2.8ab 
3.2abcd 
3.0abc 
2.5a 

(g) 

3.74def 
3.39abcde 
3.23abc 
3.47 abcde 
3.41Cibcde 
3.16a!:: 
3.03a 
3.87ef 
3.70cdef 
3.68cdef 
3.37 abcd 
3.57bcde 
3.69cdef 
3.51abcde 
3.77def 
3.l3ab 
3.31abcd 
3.06a 
3.17ab 
3.19ab 
3.38abcd 
4.28f 

Height 
(cm) 

55cde 
50bcd 
61efg 
51bcd 
58ef 
36a 
49bc 
79h 
64fg 
60efg 
60efg 
50bcd 
66g 
50bcd 
63fg 
46b 
5gefg. 
5gefg 
55de 
36a 
49bcd 
39a 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 12. June 10,1982 Colby harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, \-1eight of 
100 guar seeds, and height of mature guar plants for the 
June 10, 1982 date of planting in the Kansas. Branch 
Experiment Station, Colby, Kansas. 

Line: 

TX77-3347 
TX79-2741 
Kinman 
Mills 5-1-B 
Groehler 2- X- 2 
T64001- 3-1- 28- 2- B 
TX78- 3726 
TX78- 3695 
SEAH-90 
PI217925-2 
Mesa 
Mills 
PIl98297 
AGlll 
S44-2-4-1,2,3 
PI217925-1-1 
Fine Branching-l 
TX78-3337 
PIl64476-1 
Groehler 
Texsel-Early 
Texsel-Mesa 52 

Yield 
(kg/ha) 

1226.0a 
924.9b 
807.1bc 
797.2bc 
729.6bc 
710.6bc 
686.5c 
686.2c 
585.9cd 
557.2de 
424.6def 
424.1def 
350.0efg 
331.4fg 
300.1fgh 
297.2fgh 
292.6fgh 
262.8fgh 
203.3fgh 
139.7gh 

86.9h 
83.9h 

Mean Separation@ 

100 Seed 
* Score Weight 

2.8bc 
3.2cd 
2.7b 
3.2cd 
3.8e 
3.8e 
3.0bcd 
3.0bcd 
2.8bc 
4.2e 
3.2cd 
2.2a 
3.0bcd 
3.0bcd 
4.2e 
4.0e 
3.3d 
2.8bc 
2.8bc 
3.0bcd 
3.0bcd 
3.3d 

(g) 

2.77 a 
3.23cdef 
3.31efgh 
3.55hijk 
3.51ghijk 
3.50ghijk 
2.95ab 
3.25defg 
2.86ab 
3.42fghij 
3.58ijk1 
3.841 
3.72kl 
2.98abc 
3.65jkl 
3.32efghi 
3.12bcde 
3.42fghij 
3.45fghijk 
3.01abcd 
2.89ab 
2.82a 

Height 
(cm) 

50bc 
49bc 
51bcd 
60defg 
60defg 
52bcde 
45ab 
51bcd 
37a 
64ghi 
61efgh 
50bc 
90j 
65ghi 
70i 
66ghi 
63ghi 
54cdef 
69hi 
49bc 
63fghi 
61efgh 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of aprotected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 13. June 28, 1982 Colby harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, w'eight of 
100 guar seeds, and height of mature guar plants for the 
June 28, 1982 date of planting in the Kansas Branch 
Experiment Station, Colby, Kansas. 

Line: 

TX77-3347 
SEAR-90 
Mills 
Groehler 
Fine Branching- 1 
AGlll 
Mills 5-1-B 
Kinman 
TX79-2741 
PI217925-2 
T6400 1- 3-1- 28- 2- B 
TX78-3726 
Texsel-Early 
PIl64476-1 
PIl98297 
TX78- 3695 
Mesa 
S44-2-4-l,2~3 

Texsel-Mesa 52 
PI217925-1-1 
Groehler 2- X- 2 
TX78- 3337 

Hean Separation@ 

100 Seed 
Yield 

(kg/ha) 
* Score Weight 

233.8ab 4.0 
269.0a 4.5 
190.8abc 3.5 
184.1abcd '4.3 
181.7 abcde 4.5 
147.5abcdef 4.0 
117.7cdefg 4.2 
98.1 bcdefg 3.7 
96.2cdefg 4.5 
88.6cdefg 4.3 
79.0cdefg 4.0 
61.4cdefg 3.7 
52.3de fg 3.5 
47.3fg 4.3 
45.gefg 4.5 
39.3fg 4.0 
39.2fg 4.3 

37.9fg 4.0 
25.4fg 4.3 
19.7fg 4.7 
15.5fg 3.7 
13.0g 3.7 

(g) 

2.86abc 
2.92abcde 
4.00i 
2.89abcd 
3.11bcdefg 
2.82ab 
3.55h 
3.31efgh 
2.82ab 
3.28defgh 
3.42gh 
2.90abcd 
2.82ab 
3.58h 
3.32efgh 
3.34fgh 
3.56h 
2.97abcdef 
2.58a 
3.18bcdefg 
3.23cdefgh 
3.17cdefg 

Height 
(cm) 

40bcdef 
26a 
44def 
45ef 
47f 
52f 
49f 
27ab 
22a 
49f 
33abcde 
21a 
45def 
47f 
47f 
32abcd 
44def 
32abcd 
41cdef 
44def 
29abc 
21a 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 14. June 7, 1982 Uvalde harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the June 7, 
1982 date of planting in the Texas Agricultural Experiment 
Station, Uvalde, Texas. 

Mean Separation@ 

100 Seed 
Yield Score * Weight Height 

(kg/ha) (g) (cm) 

Line: 

Mills 1121.3a 3.0 3.00a 127c 

Kinman 998.7 a 3.0 2.66bc 145h 

Mesa 858.5a 3.0 3.01a 175a 

Groehler 858.5a 3.0 2.58c 145b 

SEAR-90 841.0ab 3.0 2.36d 1l0d 

PI217925-1-1 560.6b 3.0 2.83ab 180a 

@ - Means followed by a common letter are not significantly different 
according an L.S.D. at the 0.05 level of a protected F-test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 
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Table 15. June 29, 1982 Uvalde harvest data. L.S.D. mean separations 
for yield and seed discoloration of guar seed, weight of 100 
guar seeds, and height of mature guar plants for the June 
29, 1982 date of planting in the Texas Agricultural 
Experiment Station, Uvalde, Texas. 

Mean Separation@ 

100 Seed 
Yield Score * Weight Height 

(kg/ha) (g) (cm) 

Line: 

Mills 1191.4a 3.0 3.19a 116b 

Kinman 1173.9a 3.0 2.75b l25b 

Mesa 1103.8a 3.0 3.15a 155a 

Groehler 1051.2ab 3.0 2.68bc 120b 

SEAR-90 788.4bc 3.0 2.46c 83c 

PI217925-1-1 700.9c 3.0 2.88b 157a 

@ - Means followed by a common letter are not significantly different 
according an 1.S.D. at the 0.05 level of a protected F- test. 

* - Seed discoloration score from 1 (no discoloration) to 5 (black). 

o 
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date of planting at each location for seed yield and discoloration, 

weight of 100 seeds, and plant height in 1982. Mean separations were 

done only if the analysis of variance indicated significance at the 

0.05 level. If the analysis of variance showed no difference then the 

means were followed by the same letter. The first date of planting in 

both Marana and Sierra Vista were abandoned due to poor stand and are 

not in the report. 

The high yielders in the second date of planting at the MAC in 

1982 (Table 3) included four of the five germplasm lines that were 

released in 1983; TX79-2741, TX78-3726, TX78-3695, and TX77-3347 

(Stafford et a!. 1983). Two of these, TX79-2741 and TX78-3695, were 

later released as the cultivars, Lewis and Santa Cruz, respectively 

(Stafford and Ray 1985 and Ray and Stafford 1985b). The other 

germplasm line, TX78-3337, yieldec well but not equal to the best, 

Lewis, but it did have the least discolored seed. Lewis was the top 

yielding line at MAC for all of the dates of planting except for the 

June 4th date (Tables 3-7). Even at this date it was not significantly 

d iff ere n t fro m the be s t lin e, T X 7 8- 3 7 2 6. The 0 the r f 0 u r g e r m p I a s m 

lines did not perform as well as Lewis and yielded less relative to the 

other lines in the test as the season progressed. PI164476-1, a late 

maturity plant introduction, was the lowest yielding line for all dates 

of pI anting. 

T64001-3-1-28-2-B ranked lowest of the lines in the lowest mean 

separation grouping for seed discoloration for all dates of planting in 

Mar a n a (T a b 1 e s 3- 7). For the fir s t t h r e ere p 0 r ted d ate s (T a b 1 e s 3- 5) , 
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Kinman either tied T64001-3-1-28-2-B or was a close second. Kinman 

performed much better in the last two dates (Tables 6-7). PI217925-1-1 

was the most discolored in the fifth date (Table 6) while T64001-3-1-

28-2-B tied with Fine Branching-I, Mills 5-1-B, and TX78-3347 for 

most discoloration in the sixth date (Table 7). SEAR-90 was the least 

discolored seed overall in the test (Tables 3-7). TX78-3337 was the 

brightest seed in the second date (Table 3) while SEAR-90 was the best 

in all other dates including the fourth date where it tied with 

Groehler, TX78-3726, and TX79-2741 (Table 5). 

PI198297 had the highest 100 seed weights throughout the season 

at MAC (Tables 3-7). It was only the absolute heavies t in the second 

date (Table 3). S44-2-4-1,2,3 was the heaviest for the third date 

(Table 4) and Hills was the heaviest for the other dates (Tables 5-7). 

SEAR-90 had the lightest seed for all dates (Tables 3-7). Only TX77-

3347 had lighter seed in the fourth date of planting (Table 5). 

PI198297 had the greatest height of mature plants throughout 

the season at MAC (Tables 3-7). Only S44-2-4-1 ,2,3 was taller in the 

third and fourth dates of planting (Tables 4-5). SEAR-90 was the 

shortest line (Tables 3-7). Mills was shorter in the second date of 

planting (Table 3) but much of this was due to the viny nature that 

Mills sometimes takes when planted early in the season. 

At the Tenneco West Farm in Sierra Vista, Arizona, TX77-3347 

was the highest overall yielding line (Tables 8-10) even though 

PI217925-1-1 "las the highest yielding line in the second date (Table 

8). Texsel-Early was the 10lolest yielder for all dates (Tables 8-10) 
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except for PI164476-1 which had the lo\.;rest yield in the second date 

(Table 8) though not significantly less than Texsel-Earlyo 

TX78-3695 had the least seed discoloration for all dates of 

planting in Sierra Vista (Tables 8-10). TX78- 3337 tied with TX78- 3695 

in the second date (Table 8). Texsel-Early had the most discolored 

seed throughout the season (Tables 8-10). PI198297 was the most 

discolored in the second date (Table 8) while Texsel-Mesa 52 and Mesa 

were tied for the most discolored seed in the fourth date of planting 

(Table 10). 

SEAR-90 had the lightest seed overall the dates of planting at 

Sierra Vista even though it was not the absolute lightest at any date 

(Tables 8-10). TX77-3347 was the lightest in the second date (Table 8) 

and Texsel-Mesa 52 was the lightest for the other two reported dates of 

planting (Tables 9-10). PI217925-2 was the heaviest throughout the 

season (Tables 8-10). PIl98297 and Mills 5-1-B tied for the heaviest 

in the third date (Table 9) and Mills was the heaviest in the fourth 

date of planting (Table 10). 

SEAR-90 had the shortest stature for mature plants in all dates 

o f pIa n tin gat S i err a Vis t a (T a b 1 e s 8- 1 0) • PI 1 98 2 9 7 was the tall est 

line throughout the season (Tables 8-10) but PI217925-1-1 was the 

tallest for the second date of planting (Table 8). 

At the Kansas Agricultural Experiment Station in Colby, Kansas, 

TX77-3347 was the best yielding line overall (Tables 11-13) even though 

it did not rank in the top mean separation grouping in the first date 

(Table 11). Groehler 2-X-2 was the top yielding line in the first date 
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(Table 11) and SEAH-90 t-las the top yielding line in the third date of 

p 1 ant i n g (T a b 1 e 1 3) • T ex s e 1- M e s a 52, P I 1 644 7 6- 1, and T X 7 8- 3 3 3 7 we r e 

the lowest yielding lines overall (Tables 11-13). Mills yielded least 

in the first date (Table 11), Texsel-Mesa 52 yielded least in the 

sec 0 n d d ate (T a b 1 e 1 2), and T X 7 8- 3 3 3 7 y i e 1 d e d 1 e a s tin the t h i r d d ate 

of planting (Table 13). 

Mills had the least discolored seed in all the dates of 

planting in Colby (Tables 11-13). PI217925-1-1 had the most discolored 

seed throughout the season (Tables 11-13) while S44-2-4-1,2,3 and 

PI217925-2 tied for the most discolored seed in the second date of 

planting (Table 12). 

Mills was the heaviest seeded line in Colby (Tables 11-13). 

Texse1-Mesa 52 is the lightest overa11(Tab1es 11-13) even though TX77-

3347 was the lightest seeded line for both the first and second date of 

planting (Tables 11-12). 

PI198297 is the tallest line over all the dates of planting in 

Colby (Tables 11-13) with AGlll the tallest line in the third date 

(Table 13). SEAH-90 is shortest overall (Tables 11-13) but TX78-3726 

tied with SEAH-90 in the first date (Table 11)whi1e TX78-3337 and TX78-

3726 were shorter in the third date of planting (Table 13). 

At the Texas Agricultural Experiment Station in Uvalde, Texas, 

Mills yielded best and PI217925-1-1 yielded the least in 1982. There 

were no differences between lines for seed discoloration. SEAH-90 had 

the lowest 100 seed weight and Mesa and Mills both had the heaviest 100 
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seed weights. PI217925-1-1 was the tallest line and SEAH- 90 had the 

shortest stature for mature plants (Tables 14-15). 

A 'series of experiments' analysis of variance (Cochran and 

Cox, 1957) was performed on each location for the dates of planting 

experiments. Cochran and Cox also indicated the inherent criticisms 

for this type of analysis. Heterogeneity of the error variance can 

cause an overestimation of significance of the interaction term while 

heterogeneity of the interaction variance can cause an overestimation 

of the significance of the term for the genetic lines. Table 16 shows 

the significance of the differences both as a best case versus worst 

case concept. If the F-value is either above or below this range then 

the criticisms have no bearing but if they are within the range then 

the true significance is not known. To elaborate, the true significance 

is between the significance levels shown as the best case and the worst 

cas e. For e x amp 1 e, i f bot h w 0 r s tea sea nd be s tea sea res i g n if i can t , 

then the true significance is greater than the 0.05 level and if the 

worst case and the best case are both insignificant, then the true 

significance is less than the 0.05 level. If, however, the best case 

is significant and the worst case is not then one can not know for 

certain the significance of the test. Bartlett's test for homogeneity 

of variances was performed on the error variances to eliminate the 

worst case concept vlhere possible. In cases such as this, Bartlett's 

sometimes overestimates the significance of heterogeneity so a 0.01 

level of ~cceptance was used instead of the normal 0.05 level of 

acceptance. Mean separation of the main effects, even when no 
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Table 16. Analysis of variance of 1982 harvest data. Yield and 
discoloration of guar seed, ~'leight of 100 guar seeds, and 
height of mature guar plants in 1982 at Marana Agricultural 
Center, Marana, Arizona; Tenneco West Farm, Sierra Vista, 
Arizona; Kansas Agricultural Experiment Station, Colby, 
Kansas; and Texas Agricultural Experiment Station, Uvalde, 
Texas analyzed by a 'series of experiments' analysis of 
variance@ showing possible ranges of significance levels. 

Marana 
best worst 
case case 
sig. sig. 

Seed Yield 

Date ** 
Lines ** * 
Int. ** ** 

Seed Discoloration 

Date ** 
Lines ** 
Int. ** $$ 

Weight of 100 Seeds ---
Date 
Lines ** 
Int. ** $$ 

Mature Plant Height 

Date ** 
Lines ** * 
Int. * 

Sierra 
Vista 

best 
case 
sig. 

* 
** 
** 

** 

** 
** 

** 

worst 
case 
sig. 

'I: 

$$ 

$$ 

* 
$$ 

Colby 
best 
case 
sig. 

** 
* 

** 

** 
** 
* 

** 
** 

worst 
case 
sig. 

$$ 

** 

** 
** 

** 

** 
** 

Uvalde 
best \.,ors t 
case case 
sig. sig. 

$$ 

$$ 

$$ 

$$ 

@ With this test, a lack of homogeneity of variances can affect from 
\.,here on the F-table the significance is read, therefore Cochran and 
Cox (1957) present a best versus worst case concept if the variances 
are not homogeneous. This concept is not usable for the 'Date' 
effect. 

$$ No significance was given because Bartlett's test of homogeneity of 
variances at the 0.01 level indicated no 'worst case'. 

sig.- significance. 
Test performed but no significance at the 0.05 level. 
Significant at the 0.05 level. 

** Significant at the 0.01 level. 
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interaction was present, is not shown because the true significance of 

the F-value is not known. The significance is known only to be wi thin 

a range limited by a best and a worst case concept. 

The date of planting has significant effects on yield at all 

locations and all of the locations have date by line interactions 

except for Uvalde. This may be because the Uvalde test had only six 

lines and two dates of planting and thus may not be fully 

representative. Uvalde and Marana have significant line effects and in 

Marana, these effects exist above and beyond the interaction affects. 

The lines have significant effects on 100 seed weights at all 

locations but the date of planting has no effect except in Colby. 

Marana and Sierra Vista have line by date interactions on weight of 100 

seeds. 

The lines have significant effects on the height of the plants 

at all locations. The date of planting has significant effects on 

height except in Sierra Vista, while all locations have interactions 

except Col by. 

The line effect on seed discoloration is not easy to interpret. 

The effect at Marana is probably significant, but probably not at 

Sierra Vista and Colby because Marana is the only location with 

significant interactions. At Uvalde there is definitely not a positive 

effect of line on seed discoloration. Marana along with Colby also 

have significant date of planting effects on seed discoloration. 

In summary, to get the best yield, planting at the right time 

is more important than finding the best cultivar. The selection of 
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cultivar is, however, not unimportant. In getting particular desired 

seed size and plant height, the cultivar selection is most important. 

The dates of emergence and thus the data dependent upon it were not 

successfully taken due to the variable nature of field emergence of 

guar. Besides being an agronomic problem, any plot based data taken on 

the timing of growth and development would be valueless because of the 

variable emergence. In the 1983 studies, this was found to be a 

problem only in the early dates of planting. It thus appears that the 

soil temperature has a large effect upon uniform emergence in guar. 

Yields are probably affected by the lack of emergence. In general, 

guar seed yield appears to be best at the earlier planting dates 

(Tables 3-15). In Colby (Tables 11-13), most lines yielded better with 

the second planting date and it was my observation that this was due to 

the lack of adequate plant density in the earlier, colder plantings. 

1983 Field Trials 

The following figures sho\ .. changes of: (Figure 1), the number 

of days from planting to 50% flowering; (Figure 2), node number of the 

first flower; (Figure 3), vegetative stage (V-stage) at first flo\ .. er; 

and (Figure 4), the plant height at first flower across the dates of 

planting at the Campus Agricultural Center. Appendix B has temperature 

and daylength data for this experiment. 

Figure 1 shows an overall decrease in the d~ys from planting to 

50% flowering from the first date of planting to the last date. 

Between date 2 and date 3 as well as between date 4 and 5, there is not 

an obvious decrease in days to flower. This leaves a step appearance 
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Figure l. The number of days to 50% flowering for five dates of 
planting of six guar lines at the Campus Agricultural 
Center, Tucson, Arizona in 1983. 
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Figure 2. The vegetative node number of the first flower with the 
cotyledonary node as zero for five dates of planting of 
six guar lines at the Campus Agricultural Center, Tucson, 
Arizona, in 1983. 
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Figure 3. The vegetative stage of the plant at first flower for 
five dates of planting of six guar lines at the Campus 
Agricultural Center, Tucson, Arizona in 1983. 
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Figure 4. The height of the plant at first flower for five dates of 
planting of six guar lines at the Campus Agricultural 
Center, Tucson, Arizona in 1983. 
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between dates 3 and 4 which would fit an expected photoperiod switch 

around the critical photoperiod.' The cultivar Mills does not show the 

obvious step as do the other lines. This may be an indication that 

Mills is photoperiod insensitive as ~uggested by Kachroo and Arif 

(1970). As stated above, measuring the node of first flower instead of 

the actual time to flowering should remove much of the effect of the 

environment on speed of earlier growth which in turn affects the time 

of flowering. The delay of flowering within the first date of planting 

(Figure 1) is not seen as a high nodal position of the first flower for 

any of the lines (Figure 2), therefore the delay caused within the 

first date of planting was likely part of the speed of earlier growth 

and probably not affected by the photoperiod. 

Figure 2 shows what would be expected for the vegetative node 

number of the first flower of a short-day plant as the days get longer 

and then shorten as the summer proceeds. It would be expected to have 

the highest node number in June with the longest day instead of in 

July. Mills again does not follow the expected trend and therefore may 

be photoperiod insensitive. 

The vegetative stage in Figure 3 follows the same pattern as 

the node number in Figure 2. This is most likely due to an association 

with higher soil and air temperatures of the summer months since it is 

vegetative growth not a measure of reproductive growth as is node 

number. Mills, however, follows the previous pattern (Figure 2), so 

there must be an association between vegetative stage at first flower 

and the node number of first flower. It would follow that if a plant 
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flowers earlier and lower on the main stem then that plant would also 

have fewer vegetative nodes with open leaves at the time of first 

flowering. 

The height of the plants in Figure 4 follows the trend of V­

stage in Figure 3 except for a large dip in the middle of the line 

graph. This is most likely due to an irrigation problem that occurred 

during the flowering of the third date of planting. 

The days from planting to flowering (Figure 1) and the node of 

the first flower (Figure 2) both show the effect of photoperiod, and it 

is apparent with the measurement of the days from planting to flowering 

that the critical photoperiod is between the third and the fourth date 

of planting. The critical photoperiod is not apparent when measuring 

the node of the first flower. Overall, plant height, measured as a V­

stage (the number of nodes on the main axis)(Figure 3) and measured in 

cm (Figure 4), appears to be mostly related to temperature with a 

lesser relationship of V-stage at flowering to vegetative node number 

at first flower. 

The 'series of experiments' analysis of variance for the date 

of planting data in Figures 1 to 4 is presented in Table 17 in like 

manner to Table 16. Days from planting to flowering is significantly 

different among dates of planting and among the lines. There are not 

any interactions which indicates that none of the lines reacted 

differently to the different environments of the dates of planting of 

which photoperiodism is a part. With no differentially reacting 

parents then no genetic work can be done on photoperiod response. The 
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Table 17. Analysis of variance for 1983 flo~olering data. Days from 
planting to flowering, nodal position of the first flower, 
v-stage at first flower, and plant height at first flower 
of guar in 1983 at the Campus Agricultural Center, Tucson, 
Arizona analyzed by a series of experiment analysis of 
variance@ showing possible ranges of significance levels. 

Days from Node number V-stage Plant height 
planting to of the first at first at first 
flowering flower flower flower 

best worst best worst best worst best worst 
case case case case case case case case 
sig. sig. sig. sig. sig. sig. sig. sig. 

Date ** ** ** ** 

Lines ** ** ** * ** * * 

Int. ** * ** ** ** 

@ With this test, a lack of homogeneity of variances can affect from 
where on the F-table the significance is read, therefore Cochran 
and Cox (1957) present a best versus worst case concept if the 
variances are not homogeneous. This concept is not usable for the 
'Date' effect. 

Test performed but no significance at the 0.05 level. 

* Significant at the 0.05 level. 

** Significant at the 0.01 leveL 
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dates, lines, and interaction components are significant for the node 

number of the first flower and so, since this is a measure of 

photoperiod response, this could be used. But since there was not any 

observable break point as with Figure 1, this was not acceptable 

either. Even though dates, lines, and interaction are significant for 

the V-stage at first flower, it does not measure a photoperiod response 

directly and neither would plant height. Plant height mayor may not 

be significant and probably due to both problems of irrigation timing 

and missing data that occurred during the third date of planting. 

Determining the photoperiod of the lines from this data was 

felt not to be accurate for two reasons: (1) the point at which guar 

becomes ripe to flower is unknown; and (2) the amount of twilight that 

is judged as light or darkness by the plant is also unknown. It was 

felt, at this time, that direct control of the daylength in a 

greenhouse or other controlled environment was required to determine 

the characteristics and then the genetics of guar photoperiodism. 

Greenhouse Trials 

Six guar lines (PI217925-1-1, Mesa, Kinman, PI217925-2, 

Mills, and SEAH-90), each with ten replications were planted as a 

block. Each block had a photoperiod treatment of 9, 10 ,11, and 12 

hours of light as one set, and 12, 13, 14, and 15 hours of light as 

another with each block replicated twice. Photoperiod cloth was used 

to insure the period of darkness and a combination of incandescent and 

fluorescent lighting was used to insure the proper light period. Data 

was gathered on a daily basis. Figures 5 to 7 presents the 
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Figure 5. Days from first true leaf to first bud at five different 
photoperiods of six guar lines under greenhouse conditions. 
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Figure 6. Days from first bud to first flower at five different photo­
periods of s i x guar lines under greenhouse conditions. 
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photoperiods of six guar lines under greenhouse conditions. 
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relationship of days to first ~ld, days from first bud to first flower, 

and the days to first flower, respectively, to photoperiod from 11 to 

15 hours. Since there was no difference in days to first floral bud, 

days from first floral bud to first flo\qer, and days to first flower 

from 9 hours to 12 hours of light (Table 18), the photoperiod change 

from 11 to 12 hours is represented in Figures 5 to 7 as a straight 

horizontal line. Figures 5 and 6 show that for days to first bud and 

days from first bud to first flower, guar is a quantitative short-day 

plant. Since Figure 7 includes both short-day responses of Figures 5 

and 6, it should and does show that days to first flower is a short-day 

res p 0 n s e • A n art i fa c t 0 c cur sin Fig u r e 6 0 f PI 2 1 7 925- 1- 1, M e sa, and 

PI217925-2 decreasing in the number of days from first bud to first 

flower which is due to the termination of the experiment caused by a 

disease problem late in the test. The other three cultivars were not 

affected by the termination because they had mostly already finished 

flowering. Since there are only four treatment points in the analysis, 

orthogonal polynomial contrasts were used to show if there was a 

critical photoperiod and, along with an examination of the line graphs 

of each of the cultivars (Figures 5-7), where it is. 

Tables 18 and 19 show a split block analysis of variance of the 

experiment in the greenhouse during 1984-1986. As shown in Table 18, 

treatment, cultivar, and treatment X cultivar interaction of the set 

with 9, 10, 11, and 12 hour photoperiods were all non-significant 

except.for the treatment X cultivar interaction of the days from first 

floral bud to first flower, the days from Vc to first flower, and the 
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Table 18. Analysis of variance for the first set of greenhouse 
flowering data. Split block design analysis of variance of 
photoperiod treatments of 9, 10, 11, and 12 hours and 
cultivars for specific reproductive growth periods in a 
controlled, greenhouse experiment. 

Source 

BLOCK 

TRT 

BLOCK*TRT 

CULTIVAR 

BLOCK*CULTIVAR 

TRT*CULTIVAR 

Days to 
first 

bud 
from 

vI vc ve 

* ns ns 

ns ns ns 

ns ns ns 

ns ns ns 

BLOCK*TRT*CULTIVAR 

ns - no significance. 

Days from 
first bud 
to first 

flower 

** 

ns 

ns 

* 

* - significant at the 0.05 level. 

** - significant at the 0.01 level. 

Days to 
first 
flower 

from 
vI vc ve 

** ** ** 
ns ns ns 

ns ns ns 

ns * * 

Ve - vegetative stage of the emergence of seedling. 

Vc - vegetative stage of the opening of cotyledons. 

Ve 
to 
Vc 

ns 

ns 

ns 

ns 

VI - vegetative stage of the opening of first true leaf. 

Vc 
to 
VI 

** 

ns 

ns 

ns 
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Table 19. Analysis of variance for the second set of greenhouse 
flo~-lering data. Split block design analysis of variance of 
photoperiod treatments of 12, 13, 14, and 15 hours and 
cultivars for specific reproductive growth periods in a 
controlled, greenhouse experiment. 

Days to Days from Days to 
first first bud first Ve Vc 
bud to first flower to to 
from flol-ler from Vc VI 

vI vc ve vI vc ve 

Source 

BLOCK ns ns ns ns ns ns ns ** ** 

TRT ** ** ** ns * * * ns ns 

BLOCK*TRT 

CULTIVAR ** ** ** * ** ** ** ** ** 

BL OCK*CULTIV AR 

TRT*CULTIVAR '* ** ** ** ** ** *,~ ns ns 

BLOCK*TRT*CULTIVAR 

ns - no significance. 

* - significant at the 0.05 level. 

** - significant at the 0.01 level. 

Ve - vegetative stage of the emergence of seedling. 

Vc - vegetative stage of the opening of cotyledons. 

VI - vegetative stage of the opening of first true leaf. 
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days from Ve to first flower. This difference is not biologically 

significant. The differences that are being pointed out by this 

interaction are on the order of a single day. The differences that are 

seen as actual photoperiod responses are on the order of two weeks. 

Therefore, the tr.eatments from 9 to 12 hours do not contain the 

critical photoperiods for the cultivars tested. The experiment was 

analyzed in two sets in hopes that one of the sets could be eliminated 

and thus allow less chance for added extra environmental variance. 

Table 19 includes the set of photoperiod treatments of 12, 13, 14, and 

15 hours. The days to first floral bud and the days to first flower 

show significance for treatment, cultivar, and treatment X cultivar 

interaction regardless of the beginning measurement point. The days 

from first floral bud to first flower have highly significant 

interaction effects. \Hth interaction effects, photoperiod is 

differentially affecting the length of the reproductive events between 

lines and therefore each cultivar must be analyzed separately. Tables 

18 and 19 also show that there is no photoperiodic effect between 

emergence and the VI stage, therefore the reproductive stages to be 

analyzed are, days from VI to first floral bud, and days from first 

floral bud to first flower. Days from VI to first floral bud will be 

reported as days to first bud and days from first floral bud to first 

flower will be reported as days from first bud to first flower. 

A critical photoperiod will be shown by a significant quadratic 

or cubic treatment component. A linear component may show a change in 

the length of a reproductive stage but also shows no critical 
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photoperiod that keys that change. This ~.;rould indicate day- neutrali ty. 

There is one point, however, in this particular analysis from which one 

can get a linear response and have a critical photoperiod. If the 

critical photoperiod occurred at or very near 12 hours then the 

response would not be seen except as a line with a slope comparable to 

the slope of other cultivars and lines that have passed their own 

critical photoperiod. 

A quadratic component indicates that there is a critical 

photoperiod and that it is either, in this case, between 12 and 13 

hours or greater than 14 hours. An examination of a line graph of the 

cultivars and the treatments (Figures 5-7) will show which of these 

possibilities is correct. Since we have no information above 15 hours, 

it can not be shown conclusively that the critical photoperiod is 

between 14 and 15 hours. However, since the amount of floral budding 

and flowering delay is approximately the same for those cultivars with 

the critical photoperiod 'greater than 14 hours' as compared to the 

other cultivars with a shorter critical photoperiod, I think that it is 

very likely that those critical photoperiods are actually between 14 

and 15 hours. Also, Cregan and Hartwig (1984) had soybeans in which 

their critical photoperiod was considered as the point at which the 

photoperiod (in hours) and days to flowering relationship curve began a 

fast rise. If guar follows the same pattern, it is probable that the 

critical photoperiods are between 14 and 15 hours. A cubic component 

will indicate the critical photoperiod being between 13 and 14 hours, 

the only way a cubic component can exist with only four treatment 
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the only way a cubic component can exist with only four treatment 

points. 

Table 20 shows the orthogonal polynomial analysis of variance 

contrasts for the set of treatments shown in Table 19 and Table 21 

shows in summary the conclusions of the critical photoperiods of each 

of the cuI tivars for each of the reproductive stages measured. 

PI217925-1-1, Mesa, Kinman, and Mills all have different critical 

photoperiods for the days to first bud and the days from first bud to 

first flower and PI217925-2 and SEAR-90 have the same critical 

photoperiod for those two reproductive events. Within each 

reproductive stage there are different critical photoperiods: within 

days to first floral bud, PI217925-2 is between 12 and 13 hours, Kinman 

and SEAR-90 are between 13 and 14 hours, and PI217925-1-1, Mesa, and 

Mills are between 14 and 15 hours; within days from first floral bud to 

first flower, PI217925-1-1, Mesa, Kinman, and PI217925-2 are between 12 

and 13 hours, SEAR-90 is between 13 and 14 hours, and Mills is day­

neutral. Thus, it appears that guar has two different photoperiodic 

responses, one for days to first floral bud and days from first floral 

bud to first flower. Days to first flower must then be a combination 

of the other two stages. 

With this information, crosses and treatment times were chosen 

to test for the number of genes segregating for photoperiod response. 

The crosses were selected to include a difference of critical 

photoperiod in days from first bud to first flower (SEAR-90 X Mesa and 

PI217925-1-1 X Mills), and in days to first bud and days from bud to 



66 

Table 20. Orthogonal polynomial contrasts for the second set of 
greenhouse data. Analysis of variance orthogonal 
polynomial contrasts, significance at least at the 0.05 
level, for the changing length of time of specific 
developmental stages with 12, 13, 14 and 15 hour 
photoperiods of a controlled, greenhouse experiment. 

Source 

PI217925-1-1 

Mesa 

Kinman 

PI217925- 2 

Mills 

SEAH- 90 

Days from 
first true 

leaf to first 
floral bud 

Q 

Q 

C 

L 

Q 

C 

Days from 
first floral 

bud to 
fi rst flower 

Q 

Q 

Q 

Q 

L 

C 

Days from 
first true 

leaf to first 
flower 

Q 

C 

Q 

Q 

L 

C 

L - linear component of orthogonal polynomial contrasts is the highest 
si gn i ficant order. 

Q - quadratic component of orthogonal polynomial contrasts is the 
highest significant order. 

C - cubic component of orthogonal polynomial contrasts is the highest 
significant order. 
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Table 21. Summary of the critical photoperiods measured in hours of 
light. 

Genetic Line 

PI217925-1-1 

Mesa 

Kinman 

PI217925-2 

Mills 

SEAH-90 

Days from 
first true 

leaf to first 
floral bud 

(bud 
ini tiation) 

14-15 

14-15 

13-14 

12-13 

14-15 

13-14 

Days from 
first floral 

bud to 
first flower 
(floral 
development) 

12-13 

12-13 

12-13 

12-13 

none 

13-14 

Days from 
first true 

leaf to first 
flower 

12-13 

13-14 

12-13 

12-13 

none 

13-14 
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first flol-ler (SEAR-90 X Mills). The treatments lolere selected as a 

photoperiod between the two critical photoperiods for the parents. The 

treatments are: for SEAR-90 X Mesa, 13 hours; for PI217925-1-1 X Mills, 

13 hours; and for SEAR-90 X Mills, 14 hours. There were five actual 

crosses measured with one example of the SEAR-90 X Mesa cross and two 

examples of the other two crosses, PI217925-1-1 X Mills and SEAR-90 X 

Mills. 

The Cas tle- Wrigh t formula to d etermi ne the numbe r of gene s 

segregating for a trait in a cross was used and it indicated that from 

zero genes to a negative number of genes were segregating in these 

crosses for days to first floral bud and days from first floral bud to 

fir s t flo we r. Sin ceo n e can not h a vel e sst han 0 neg e n e, the Cas t I e­

Wright formula is inappropriate for these distributions. This problem 

arose because the measured parental variances were larger than the F2 

variances. Looking at the cultivars in the regional guar yield tests 

since 1980, I believe that I can see a series of homozygous families 

within many of the cultivars. This means that the parents of the 

crosses could have been selected from anywhere within the range of the 

differing critical photoperiods of the families within the 

heterogeneous cultivars. If the parents were genotypically 

homogeneous, then the F2 variances would not have been smaller than the 

homozygous pa rent s. I t could possi bly give parents t ha t have 

photoperiod responses totally atypical of the populatio~ This could 

explain any departure of the parental types. This eliminates any other 

genetic descriptions that compare parental and F2 variance differences. 
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Figures 8, 11, and 14 ShO\ol the F 2 frequency distributions of 

the crosses for days to first bud, Figures 9, 12, and 15 display for 

days from first bud to first flower, and Figures 10, 13, and 16 present 

the frequency distributions for days to first flower. Tables 22 to 24 

show the F2 distributions and the specific methods employed to 

determine the number of genes that were segregating in the crosses. In 

these three crosses, segregations are not expected for SEAR-90 X Mesa 

and PI217925-1-1 X Mills at a photoperiod treatment of 13 hours for 

days to first bud because the treatment level is outside the critical 

photoperiod range of the parents. The distributions of the parents did 

not match the F2 distributions even in the distributions that were not 

segregating. This is most likely caused by the parents not being pure 

line cultivars or selections as suggested above. Figure 8 presents a 

distribution for days to first floral bud of SEAH- 90 X Mesa that is not 

expected to segregate for photoperiod. This variability is from either 

the environment or developmental genes outside the photoperiod pathway. 

Figure 9 should have a segregation but does not have any obvious 

groupings. In Table 22, using a formula where the end classes of the 

segregation divided by the total equal (1/4n) where n is the number of 

genes segregating (Strickberger, 1976), estimates are approximately two 

to three genes segregating in this cross. This method is admittedly 

not exact but it does give a general estimation of the number of 

segregating genes. Figure 10 does show the same curve and number of 

genes as in Figure 9, as was expected. 



70 

Table 22. SEAH-90 X Mesa F2 distribution data. The F2 distribution of 
three reproductive stages of SEAH-90 X Mesa and an estimate 
of the number of genes segregating according to the O/4n) 
formula (Strickberger 1976). 

Reproductive stage 

Days to first 
floral bud 
plant frequency 

3 4 5 6 7 8 9 10 
1 2 3 29 15 25 2 3 

no ratio expected 

Days from first floral bud 
to first flower 8 9 10 11 

21 31 
12 
16 

13 
3 plant frequency 2 7 

Days to first flower 
plant frequency 

no ratio apparent 

two to three genes are 
segregating 

using the (1/4 n) formula 

15 16 17 18 19 20 21 
3 10 21 29 12 3 2 

no ratio apparent 

two to three genes are 
segregating 

using the (1/4 n) formula 
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Table 23. PI217925-1-1 X Mills F2 distribution data. The F2 
distribution of three reproductive stages of PI217925-1-1 X 
Mills with the ratios of best fit, Chi-square values, and 
probability. 

Reproductive stage 

Days to first 
floral bud: 3 4 5 6 7 R 

cross 1 freq. 4 11 11 17 4 

cross 2 freq. 2 1 2 13 1 
no ratios expected 

Days from first 
floral bud 

to first flower: 10 11 12 13 14 15 16 

cross 1 freq. 1 2 9 18 12 4 

cross 2 freq. 4 7 4 2 2 

Days to first 
flower: 16 17 18 19 20 21 22 23 

cross 1 freq.4 13 10 11 6 2 

cross 2 freq. 2 4 6 3 4 

9 

1 

17 

1 

24 

1 

18 

1 

ratio 
Chi­
square p 

15:1 3.8391 0.2>p>0.1 
early:very late 

15: 1 0.0658 0.9>p>0.7 
early:very late 

25 

15: 1 3.8391 0.2>p>0.1 
early:very late 

1 15: 1 0.0658 0.9>p>0.7 
early:very late 
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Table 24. SEAH-90 X Mills F2 distribution data. The F2 distribution of 
different reproductive stages of SEAH-90 X Mills \dth the 
ratios of best fit, Chi-square, and probability. 

Early Late Very Late ratio 
Chi­
square 

Reproductive stage 

Days to first floral bud 

cross 1 (4-7.5) (7.5-11) 9:7 0.0004 
freq. 25 32 1ate:ear1y 

cross 2 (5-8.5) (8.5-9) 3:1 0.9697 
freq. 18.5 3.5 ear1y:1ate 

Days from first floral bud to first flower 

cross 1 
freq. 

cross 2 
freq. 

freq. 

( 7---------- 13) 
50 

( 11--------- 18) 
21 

(11-15) (17-18) 
19 2 

Days to first flower 

cross 1 
freq. 

(13--------- 21) 
50 

(24- 31) 15:1 3.5830 
8 ear1y:very late 

(32) 15:1 0.1091 
1 ear1y:very late 

(32) 12:3:1 1. 5758 
1 ear1y:1ate:very late 

(32- 38) 
8 

15:1 3.5830 
ear1y:very late 

(13-17.5) (17.7- 21) 9:7 0.0114 
freq. 21.5 28.5 early:late 

cross 2 (17--------- 25) (37) 15:1 0.1091 
freq. 21 1 ear1y:very late 

(17-22) (24- 25) (37) 12:3:1 0.5455 
freq. 18 3 1 ear1y:late:very late 

(17- 20. 5) (20.5-22) (24@) 9:6:1 0.1506 
freq. 11.5 6.5 1 early:medium:1ate 

p 

p>0.95 

0.5>p>0.3 

0.1>p>0.05 

0.9>p>0.7 

0.5>p>0.3 

0.1>p>0.05 

0.95>p>0.90 

0.9>p>0.7 

0.9>p>0.7 

0.95>p>0.9 

@ - The one extra plant that is not in this group in the distribution 
of days from first floral bud to first flower. 
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25 

561 Q 

DAVS 10 ARST fLO~Al ~UD 

Figure 8. The distribution of days from first true leaf to first bud 
for the F2 generation of SEAR-gO x Mesa under greenhouse 
conditions. 
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&1 ~ U» 11 12 13 

DAYS f~Ot1 r.mST flO~AL BUD TO fiRST rLOt'JER 

Figure 9. The distribution of days from first bud to first flOt-ler 
for the F2 generation of SEAR-90 x Mesa under greenhouse 
conditions. 
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25 

15 17 10 1~ 21 

DAVS 10 rl~Sl rlOt~ER 

Figure 10. The distribution of days from first true leaf to first 
flmver for the F2 generation of SEAH-90 x Mesa under 
greenhouse conditions. 
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20 ~ cro331 

~~2 

15 

4 5 5 7 ~ 

DAVS TO FIRST FLORAL BUD 

Figure 11. The distribution of days from first true leaf to first 
floral bud for the F2 generation of PI217925-1-1 x Mills 
under greenhouse conaitions. 
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~ crooo 1 

~~2 

10 11 12 1~ 14 15 1G 17 19 

DAVS mot1 fIRST flO~Al ~UD 10 FI~ST flOtllJER 

Figure 12. The distribution of days from first floral bud to first 
flower for the F2 generation of PI2l7925-1-1 }{ Mills 
under greenhouse conditions. 
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~ CroBl) 1 

~ 0jC::n 2 

Figure 13. The distribution of days from first true leaf to first 
flower for the F2 generation of PI217925-1-1 Jt lUlls 
under greenhouse conditions. 
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~ cross 1 

Hi 

5 6 7 B !l 10 11 

DAYS 10 fiRST fLORAL BUD 

Figure 14. The distribution of days from first true leaf to first 
floral bud for the F2 generation of SEAR-90 x Mills 
under greenhouse conaitions. 
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Figure 15. The distrjbution of days from first floral bud to first flower for the F2 
generation of SEAR-gO x Mills under greenhouse conditions. 
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Figure 16. The distribution of days from first true leaf to first flower for the F2 
generation of SEAR-gO x Mills under greenhouse conditions. 
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A segregation for days to first floral bud in Figure 11 was not 

expected. The second example of PI217925-1-1 X Mills (Figure 11) shows 

a pattern similar to SEAR-90 X Mesa (Figure 8) in that the outside two 

or three classes in the distribution are equally small. This 

distribution is most likely the result of environmental heterogeni ty. 

Figures 8 and 11, thus give an estimate of the amount of variabili ty 

not due to the segregation of photoperiod genes. In Figure 12, both 

distributions have a small group that flowers much later and is 

separated from the main group by a day. Table 23 show the distribution 

and the Chi-square values with probability for the ratios with the best 

fit and these segregations fit a 15:1 ratio. The 15:1 ratios occur 

again in Figure 13 in the segregation of days to first flower and the 

late flowering group has an even greater separation from the main 

group. 

In Figure 14, which shows the days to first bud distribution of 

SEAR-90 X Mills, no segregation is immediately apparent. Figure 15 

presents the days from first bud to first flower distribution and shows 

a group of plants that were very late in flowering by 11 to 18 days in 

cross 1 and by 14 days in cross 2. Table 24 presents the F2 

distribution, as in Table 23, with both of these segregations fitting a 

15:1 ratio. There is also a group of plants in cross 2 that are 

separated from the larger early group by only two days and with this 

regarded as a late grouping, the early, late and very late groups fit a 

12:3:1 ratio (Table 24). In Figure 16, these segregations are still 

evident. The larger groups of the previous figure are now however 
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obviously two groups. These two groups of the first cross fit a 9:7 

ratio (Table 24) with the '7' group flowering earlier than the '9' 

group. Also, in Figure 14 (days to first bud), the two groups 

separated by the small decrease at the seventh day also segregate 9:7 

(Table 24) with the '7' group budding earlier than the '9' group. The 

two groups of the second cross, early and medium, actually show a third 

group because another plant shows in the 'late' group of the earlier 

12:3:1 ratio and this fits a 9:6:1 ratio (Table 24). Looking back at 

Figure 14 again, there is a grouping that does fit a 3:1 ratio (Table 

24) with the separation at the eighth day. I feel that it actually is 

a two gene segregation but it can not be seen until later when the 

plants flower. In this last cross, the segregating genes from days to 

first bud and days from first bud to first flower both show in the days 

to first flower distribution. This points out that looking at smaller 

segments of a problem can help in elucidation and that the following 

system for photoperiodic response is different for each reproductive 

stage. 

Figure 17 shows a speculative general genetic model which I am 

proposing as a photoperiodic system in guar plants. These proposed 

genes are most likely regulatory along the same lines as the homeotic 

genes described by Gehring and Hiromi (1986). Homeotic gene regulation 

is the change from one developmental state to another. These homeotic 

genes to date have been found to associate mainly with genes related to 

segmentation with few exceptions such as the sea urchin. The analogous 

structures in plants are the node/internode series on stems. As the 



Ppd----->Sol----->Cpd----->~l-----> floral budding 
\ / 
\ / 
\ / 
\---->---->---->~2---->---->----> / 

flowering(----~l (----Cpd(----SoL(----Ppd(---_1 
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\ / 
\ / 
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Figure 17. A speculative genetic model proposed as a photoperiodic 
system in guar. 
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homeotic genes of Drosophila control developmental change of the 

appendages from the segments, so these proposed photoperiod genes may 

control the change from vegetative to reproductive development. 

The reproductive events of floral budding and flowering are 

shown as independent yet related examples since photoperiodism affects 

different reproductive events independently as stated above. Vince­

Prue (1975), in Chapter Eight, has many examples of plants that have 

different photoperiod requirements to continue floral development once 

floral initiation has occurred. The proposed system is therefore 

complete unto itself, leaving it open so that each photoperiod event 

within the organism can have its own unique response although it would 

be likely that the systems within the plant would be similar due to a 

common evolutionary past. 

The first gene within this system would be for photoperiod 

sensitivity,~. This defines that photoperiod sensitivity is a step 

response to daylength occurring at the critical photoperiod. 

Therefore, the photoperiod sensitivity gene functions like a switch, on 

or off. In photoperiod species, the S-shaped or step change is the 

action of the ~ gene. Figure 18 shows examples of photoperiod 

sensitivity and insensitivity. Both the short-day and long-day examples 

show differences in critical photoperiod and in the amount of delay on 

the improper side of the critical photoperiod as well as the 

characteristic step function. The number of days to a reproductive 

stage is not affected in the day-neutral plant and is represented by a 

straight line. The other straight line does show a change in the days 
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of time delay. 
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to a reproductive stage but it does not show the step function 96 in 

the observed time period therefore some 'other factor' such as 

temperature is involved and not photoperiodism. 

This system can also explain why in Table 1 there are recessive 

and dominant genes for photoperiodism. If a mutation blocks the 

photoperiodic pathway, then that mutation would be dominant in relation 

to photoperiod sensitivity. This means that, by way of elimination, 

the photoperiod sensitivity gene itself must be recess:i,ve for 

photoperiod sensitivity. 

In the model vlith the switch in the 'on' position, genes for 

long- day ve r sus short- day (SoL), the c ri ti cal photope riod (~), and 

the amount of delay <'!~..!X-l) are utilized. The SoL gene determines the 

direction of the ~ switch. Figure 19 contrasts a short-day response 

with a long-day response. Nicotiana tabacum has cultivars that are 

short-day and long-day (Salisbury and Ross, 1985) which could be tested 

to determine if these responses are due to different genes or different 

alleles of the same gene. 

Cpd would likely have a series of alleles within the population 

as shown in Figure 20. An example of a plant system to test would be 

soybeans with its many maturity groupings. The distinct effect of 

photoperiodism on soybeans in the United States keeps the cultivars 

restricted to within four degrees latitude of their adapted area 

(Summerfield and tHen 1979). ~ must be related to the timing 

phenomena. 
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Figure 18 shows photoperiod responses but the amount of 

difference in the days to a reproductive stage is not in the definition 

of any of the previous proposed genes. Since Ppd measures photoperiod 

sensitivity, SoL directs the short- or long-day response, an~ ~ 

measures the timing of the critical photoperiod,. then another gene or 

genes, Qlzl' must give the amount of delay~ It is possible, however, 

that instead of a different gene the delay may be due to environmental 

effects within~, SoL, and~. Murfet (1971a, 1971b, and 1973) in 

peas and Bernard (1971) in soybeans have shown the existence of genes 

within a photoperiod sensitive species equivalent to the DlY2 gene of 

this photoperiodic system. The ~2 gene or genes allow the plant to 

flower under improper photoperiods, as evidenced by quantitative 

photoperiod responses. 

In the cross SEAR-90 X Mesa, there are two or three genes 

segregating for days from first bud to first flower. These genes would 

be equal to ~ and the other one or two would be equivalent to DIl.1 

since both parents are short-day photoperiodic plants. The system for 

the days to first bud can not be elucidated with a 13 hour photoperiod 

treatment so support in this cross for having systems for each 

reproductive stage is unobtainable. 

For the crosses with Mills, one of the two genes segregating in 

the days from first bud to first flower must be ~ because Mills 

appears to photoperiod insensitive from budding to flowering while the 

other gene could be a gene for delay, DlYl. In the crosses with Mills, 

measuring days from first floral bud to first flower, there is a class 
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that has a very large delay of flowering. The effect of DlY1 would not 

be seen in Mills because the photoperiod gene is not operational. 

Within the cross, Q.!x1 from Mills could be functional with the 

photoperiod gene from the other parent and thereby cause the very large 

delay in flowering. This segregation in the Mills crosses also means 

that the photoperiod sensitivity allele must be recessive to the 

insensitive allele. ~ would probably not be seen in the F2 at this 

treatment level because it is likely, looking at Table 21, that the 

critical photoperiod gene for days from first bud to first flower would 

be between 12 and 13 hours. Any difference would not be seen at the 

treatment levels of 13 or 14 hours. Of the classes that are possible 

with a two gene segregation with complete dominance (9:3:3:1), they 

could be arranged in almost any number of ways and mimic epistatic 

ratios because of the interaction of the critical photoperiod gene and 

the delay gene. Overlapping times could easily occur. 

Since the parents were selected from lines that are likely to 

be a series of homozygous families, a statement of fact on the outcome 

of these crosses is perhaps premature. To provide more evidence for 

the model, this experiment should be done again with parents that are 

homogeneous as well as homozygous. The crosses that had differing 

critical photoperiods for each of the stages would need ~o be analyzed 

under treatments that were appropriate to each stage. The crosses that 

had a photoperiod insensitive parent should be analyzed under a series 

of treatment photoperiods to see if any critical photoperiod 

differences can be found. Crosses with the same critical photoperiod 
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but different times to flower should be checked to find the nature of 

the delay gene. It is likely that this gene could be actually a series 

of genes like the delay genes described for peas by I. C. Murfet 

(1977 a , 1977 b, and 1973). Also, as in any crossing program, an 

increase in the numbers of F2 plants per cross would be very, very 

helpful. 



SUMMARY 

Guar is a quantitative short-day plant, that is the initiation 

of buds and floral development is accelerated under short-day 

conditions. Six guar lines were characterized for the critical 

photoperiod in days from first true leaf to the first floral bud and 

from first floral bud to the first flower. No effect of photoperiod on 

the growth and development from emergence to the first true leaf was 

observed. The critical photoperiod for days from first true leaf to 

first bud for lines PI217925-1-1, Mesa, and Mills is between 14 and 15 

hours, Kinman and SEAR-90 between 13 and 14 hours, and PI217925-2 

between 12 and 13 hours. The critical photoperiod for days from first 

flo r alb u d t 0 fir s t flo w e r for the lin e s PI 2 1 7 92 5- 1- 1, M e sa, Kin man, 

and PI217925-2 is between 12 and 13 hours, SEAR-90 between 13 and 14 

hours, and Mills is day-neutral. The reproductive events of days from 

first true leaf to first floral bud and days from first floral bud to 

first flower have different photoperiodic responses. The critical 

photoperiods can be different from one develomental stage to another 

within a plant or one stage can have photoperiod sensitivity and 

another stage within the same plant be photoperiod insensitive. This 

follows the proposed system of photoperiodic actions that has 

interacting genes for photoperiod sensitivity (~), short-day versus 

long-day reaction (SoL), critical photoperiod (~), and other genes 
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(Q.!.ll) that delay bud initiation. The proposed model also has a path 

with gene, (.Q!y2)' that affects flol'lering in an improper photoperiod. 

The cross SEAR-90 X Mesa showed 2 to 3 genes segregating for 

days from first floral bud to first flower. This is explained by the 

use of the gene for critical photoperiod and the delay genes. The 

parents are both short-day plants so they would have the same 

photoperiod sensitivity allele (~) and the short-day allele of SoL. 

PI2l7925-l-l X Mills and SEAR-90 X Mills both show 2 genes segregating 

for days from first true leaf to first floral bud. Again this is 

explained by the critical photoperiod gene (~) and a delay gene 

(Q!.yl). In the days from first floral bud to first flower, there are 

two genes segregating, however since Mills is photoperiod insensitive 

in this reproductive stage, the genes are for photoperiod sensitivity 

(Ppd) and delay (DlYl~. This also nicely explains a class of very late 

flowering plants because DlYl would not show in Mills because there is 

not any photoperiod response but it would when it was combined with ~ 

of the other parent. This model may have merit, but it will need to be 

tested more extensively in this and other plant experimental systems. 



APPENDIX A 

GUAR GERMPLASM LINES PLANTED IN 1981. GUAR GERM PLASM LINES PLANTED AT 
UNIVERSITY OF ARIZONA AGRICULTURAL CENTER AT YUMA MESA, YUMA, ARIZONA, 
MORAN SEED COMPANY AT DAVIS, CALIFORNIA, KANSAS AGRICULTURAL EXPERIMENT 
STATION AT COLBY, KANSAS, COLORADO STATE EXPERIMENT STATION AT AKRON, 
COLORADO, AND THE RANDALL CONNER FARM, \HNTERS, TEXAS IN ORDER TO 
SELECT GENETIC LINES FOR FURTHER PHOTOPERIODIC STUDY. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Texsel 
Texsel(Mesa 52) 
Okla Gl- 2 
Okla G1- 3 
Okla G1-4 
Okla G1-5 
Okla Gl- 6 
Okla G1-7 
Texsel(Early) 
Groehler 
Groehler-l-1 
Groehler-l- 2 
Groehler-1- 3 
Groehler- 2( Okla G- 2) 

15 Mesa 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Mesa 
Lasbella 
Punjab 
Punjab-1,2 
Fine branching-1 
Fine branching 
S-44-1-4 
S-44- 2-1- 2 
S-44-2-1-2 
S-44-2-1-2-1 
S-44-2-1 
S-44-2-1-1 
S-44- 2-4 
S-44- 2- 4-1,2,3- branching 
S-44- 2- 5 
S-44- 2- 6 
S-44- 2- 6 
S-44- 2-7 
S-44-2-7 
S-44- 2-7-1 
S-44- 2- 8 
S-44-2-10 
S-4 l l-2-15 
S-44- 2-17 
s- 44- 2- 21- 1 
S-47-1- 3 
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42 8-47-1-4 
43 8-47-1- 5-1 
44 8-47-2 
45 8-56-1 
46 Texsel mutant-2-1 
47 G-11-2 
48 G-13 
49 G-13-1 
50 K- 2194 
51 Okla- 55-7-1 
52 Na 606-1 
53 (Na 444 x Texsel)- 3-1-1,2 
54 (Na 444 x Texsel)- 3-1 
55 (Na 444 x Texsel)-3-4 
56 PI 116034 
57 PI 158118 
58 PI 158119 
59 PI 158120 
60 PI 158121 
61 PI 158123-1 
62 PI 158123 
63 PI 158124 
64 PI 158125-1 
65 PI 158125-2 
66 PI 158125 
67 PI 158126 
68 PI 158129 
69 PI 163103-1 
70 PI 163103 
71 PI 163104 
72 PI 164170 
73 PI 164290 
74 PI 164353 
75 PI 164386 
76 PI 164420- BL 
77 PI 164/~20 

78 PI 164429 
79 PI 164476 
80 PI 164477 
81 PI 164485- 2 
82 PI 164486 
83 PI 164592 
84 PI 164765 
85 PI 165511 
86 PI 176373 
87 PI 176375 
88 PI 176377 
89 PI 176378 
90 PI 179683 
91 PI 179686 
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92 PI 179686-1 
93 PI 179926 
94 PI 179926-1 
95 PI 179930 
96 PI 179930-4 
97 PI 179931 
98 PI 180285 
99 PI 180287 
100 PI 18028R 
101 PI 180288-1 
102 PI 180L:32 
103 PI 180432-1 
104 PI 180433 
105 PI 182968 
106 PI 182969 
107 PI 183315-7-1 
108 PI 183400 
109 PI 186477-2 
110 PI 186477-5 
111 PI 198296 
112 PI 198297(M ONSTER) 
113 PI 198297-1 
114 PI 198297-2 
115 PI 212900 
116 PI 212987 
117 PI 212988 
118 PI 214319 
119 PI 214320 
120 PI 215590 
121 PI 215591 
122 PI 217924 
123 PI 217924-1 
124 PI 2]7924-2 
125 PI 217924- 3 
126 PI 217925 
127 PI 217925-1 
128 PI 217925-1-1 
129 PI 223686-1 
130 BROOKS 
131 PI 236478-1,2 
132 AG-ll1 
133 PI 250211 
134 PI 250211-1 
135 PI 250212 
136 PI 250213 
137 PI 250214 
138 PI 250357 
139 PI 250358 
140 PI 250359 
141 PI 250260 
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142 PI 253185-2 
143 PI 253187- 2 
144 PI 254367 
145 PI 262151 
146 PI 262153 
147 PI 262157 
148 PI 263874 
149 PI 263876 
150 PI 263877 
151 PI 263877-1 
152 PI 263877-2 
153 PI 263882 
154 PI 263883 
155 PI 263884 
156 PI 263885 
157 PI 263886 
158 PI 263890 
159 PI 263891 
160 PI 263892 
161 PI 263898 
162 PI 263899 
163 PI 263901 
164 KINMAN 
165 GROEHLER- 2- X- 2 
166 S-44-1- 6-1- 3- B 
167 HALL 
168 ESSER 
169 PI 263875-1-2-3-1-2-2-B 
170 MILLS-3-1-B 
171 MILLS- 5-1- B 
172 HALL-I-B 
173 T64001- 3-1- 28- 2- B 
174 T64001-7-1-1- B 
175 T64001-12-14-1-4-B 
176 T64001- 14- 8- 2- 2- B- 2- B 
177 T64001- 28- 2-1- 2- B 
178 T64001- 30-1- 3- 2- B 
179 T64001- 36- 8-1-1 
180 T64001- 36- 8- 4- 4- B 
181 T64001-B-B-2-1-1-B 
182 T64002-1- 6-1- 3- B 
183 T64002-1-7-1-1- B 
184 T64002- 5-1- 8-17-1- B 
185 T64002- 6-1- 2- B 
186 '£64001-7- 10- 1-1- B 
187 T64001-7-10-1- 3- 2 
188 T64001-7-10-1-4 
189 T64001-12-14-1- 2 
190 T64001-12-14-1- 3 
191 T64001-16- 5-1-1 
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192 T64001- 29-11- 2- 2 
193 T64001-30-1-3-3 
194 T64001- 36- 8- 1- 6 
195 T64001- 36-8-4- 2 
196 T64001- 36- 8- 4- 2- B 
197 T64001- 36- 8-4- 8 
198 T6400 1- 36- 8- B- S- 1 
199 T64001- 36- 8- B- S- 2 
200 T68009- 4- 4- 1- 1 
201 T68012- 1- 2- B-l- 3 
202 T68020-1-1-5-6 
203 G-821- 2-B-B 
204 G-1453 
205 PI 164429-1,2 
206 PI 164476-1 
207 PI 164476- 2 
208 PI 164477-1 
209 PI 182968-1 
210 PI 182969-1 
211 PI 182969-2 
212 PI 192969-2 
213 PI 215590-1 
214 PI 215590-2 
215 PI 217924 
216 PI 263877-1 
217 PI 263877-2 
218 PI 263877-1 
219 PI 263877 
220 PI 338891 
221 PI 338893 
222 PI 338896 
223 PI 340224 
224 PI 340226 
225 PI 340227 
226 PI 340235 
227 PI 340236 
228 PI 340237 
229 PI 340239 
230 PI 340240 
231 PI 340241 
232 PI 340243 
233 PI 340244 
234 PI 340245 
235 PI 340246 
236 PI 340248 
237 PI 340252 
238 PI 340253 
239 PI 340255 
240 PI 340256 
241 PI 340257 
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242 PI 340258 
243 PI 340259 
244 PI 340261 
245 PI 340263 
246 PI 340264 
247 PI 340265 
248 PI 340266 
249 PI 340267 
250 PI 340268 
251 PI 340269 
252 PI 340271 
253 PI 340274 
254 PI 340275 
255 PI 340344 
256 PI 340380 
257 PI 340391 
258 PI 340392 
259 PI 340393 
260 PI 340394 
261 PI 340396 
262 PI 340398 
263 PI 340399 
264 PI 340400 
265 PI 340401 
266 PI 340402 
267 PI 340403 
268 PI 340506 
269 PI 340507 
270 PI 340508 
271 PI 340509 
272 PI 340511 
273 PI 340512 
274 PI 340513 
275 PI 340514 
276 PI 340515 
277 PI 340516 
278 PI 340517 
279 PI 340518 
280 PI 340520 
281 PI 340521 
282 PI 340523 
283 PI 340524 
284 PI 340525 
285 PI 340526 
286 PI 340527 
287 PI 340528 
288 PI 340533 
289 PI 340535 
290 PI 340540 
291 PI 340541 
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292 PI 340542 
293 PI 340544 
294 PI 340546 
295 PI 340547 
296 PI 340548 
297 PI 340549 
298 PI 340550 
299 PI 340584 
300 PI 340655 
301 PI 428570 
302 PI 428571 
303 PI 428572 
304 PI 428573 
305 PI 428574 
306 PI 428575 
307 PI 428576 
308 PI 428577 
309 PI 428578 
310 PI 428579 
311 PI 428580 
312 PI 428581 
313 PI 428582 
314 PI 428583 
315 PI 428584 
316 PI 428585 
317 PI 428586 
318 PI 428587 
319 PI 428588 
320 MILLS 
321 SEAH-90 
322 TX78-3726 
323 LEWIS 
324 RGC- 518 
325 DURGAPURA SAFED 
326 CP- 380 
327 RGC-417 
328 B-19-1-55 
329 RGC-47 
330 TX77- 3347 



APPENDIX B 

PARTIAL ENVIRONMENTAL DATA AT CAMPUS AGRICULTURAL CENTER FOR 1983. 
LISTING OF WEEKLY MAXIMUM AND MINIMUM TEMPERATURE MEANS IN DEGREES 
FAHRENHEIT AND THE LENGTH OF THE DAY FROM SUNRISE TO SUNSET ON THE 
FIRST DAY OF THE WEEK AT THE CAMPUS AGRICULTURAL CENTER FROM MAY 1 TO 
NOVEMBER 26, 1983 WITH THE FIRST DAY OF THE WEEK BEING SUNDAY. 

Time from 
Week beginning Maximum Minimum sunrise to sunset 

May 1 , 1983 81.7 46.4 5:38 to 7:04 
8 87.1 50.4 5:32 to 7:09 

15 84.3 49.1 5:26 to 7: 14 
22 100.0 60.1 5:22 to 7:19 
29 97.0 63.3 5: 19 to 7:23 

June 5 96.7 59.4 5: 17 to 7:27 
12 99.9 62.3 5:17 to 7:30 
19 100.4 61.7 5:17 to 7:33 
26 99.7 60.4 5: 19 to 7:34 

July 3 104.7 69.3 5:22 to 7:34 
10 101.7 72.4 5:25 to 7 :33 
17 99.9 71.7 5:29 to 7:30 
24 99.9 72.4 5:33 to 7:27 
31 102.3 73.0 5:38 to 7:22 

Aug. 7 96.0 70.0 5:42 to 7: 16 
14 93.9 69.1 5:47 to 7:09 
21 97.6 67.3 5:52 to 7:02 
28 101.9 71.7 5:56 to 6:53 

Sept. 4 103.7 71.7 6:01 to 6:45 
11 98.0 71.3 6:05 to 6:36 
18 94.6 68.0 6:09 to 6:26 
25 88.7 63.7 6:14 to 6:17 

Oct. 2 78.9 58.7 6: 18 to 6:08 
9 87.0 54.1 6:23 to 5:59 

16 82.6 52.4 6:28 to 5:51 
23 80.3 54.0 6:33 to 5:43 
30 80.1 53.6 6:39 to 5:36 

Nov. 6 77.4 47.1 6:45 to 5:30 
13 76.3 40.4 6:51 to 5: 25 
20 59.7 35.4 6:57 to 5:22 
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