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CHAPTER I 

INTRODUCTION · 

The increase of world population combined with a limited amount ·of 

arable land has compelled soil scientists. to seek more efficient use of 

our natural resources. The natural resources of concern to these 

scientists are land and water, with good quality water the most 

limiting of these resourcesw 

In the conservation of these resources, a measure of efficiency 

would be an intrease in crop production wfth a decrease, or at least. 

a static level, in the consumption of these resources. Furthermore, 

this efficiency needs to be economically feasible and easily adapta­

ble to the prevailing cultural practices. 

An increase of production of row crops can be achieved in many 

cases by increasing the plant population density .if the variety being 

used is well-suited to the specific environmental condition. Plant 

. population density can be increased by: a) reducing the row width, 

b) increasing the number of plants with.in the rows or c) by a combi­

nation of these. The e·lected choice an:€1-its magnitude would be depen­

dent-on economic considerations. 

Conservation of irrigation water applied to row crops can be 

achieved by a) decreasing the total amount of supplemental water 

applied to the crop during the growing season, b) retarding water 

losses by the plant and the soil surface in the evapotranspirational 
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processes with the use of physical barriers, c) reducing the energy. 

available for evapottanspiration by utilizing the physical characteris­

tics of the crop and its terrain and d) ctimbination of any or all of 

the preceding methods. Again, the economic and feasibility factor 

would temper the elected choice. 

The row :crop used for this study was the peanut (Arachi s hypogaea. 

L.). This ~legume is of importance because:- a) its high economic 

value in ·Oklahoma; and b) the high gross value of this crop enables -

both irrigated and nonirrigated culture to be economically profitable. 

The purpose o'f this study was to investi-gate the effects of high 

plant population density on yield. High plant populations were 

obtained- by varying both row widths and by varying the plari~ popula­

tion within rows. Hie influence of row spacings and direction of 

rows-on watet evaporation from the plots was also studied. 



CHAPTER II 

REVIEW OF LITERATURE 

The predominant peanut varieties now being used in commercial pro­

duction exhi"bi t two contrasting morphol ogi cal characteri sti cs--an open, · 

low growing type which is commonly referred to as the runner type and 

an erect; compact plant which is commonly .referred to as the bunch· 

type. Since the work which is being reported here deals mainly with 

the bunch type, the literature reported herein wi 11 be mainly this 

type, but the runner type will be mentioned and noted where there is 

a deficiency of information about the bunch or spanish type. 

Population Studies 

The earliest reported work showing the effect of plant population 

on the yield of peanuts was done by Bennett at Arkansas in 1889 (2). 

Although he gave no details of the experimental procedure he used, 

his investtgations dealt with yield versus plant spacings and widths 

of row. The plant spacings of 4, 6, 8, 12 and 18 in. were.used on 

rows 2 and 3 ft. wide. His results showed that the 4-in. plant· 

spacings on the 2-ft. rows had the highest yield .of 172 bu. per acre, 

but another yield peak occurred with the same plant spacings on the 

3-ft. rows. For convenience of the cultural practice at the time, 

he recommended the 8-9 in. plant spacings on 30 in. rows would give 

the optimum yield. 

3 
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The next major work on row spacing-plant density effects on 

yield was done in Alabama in 1924 (8). Yield results were using 4 row 

spacings (18, 24, 30, and 36 in.) with 3 planting densities (4, 8, and 

12 in. between plants). The results concurred with those of Bennett 1s-­

the general closer rows and higher populations gave higher yields with 

plants 4 in. apart, regardless of the row spacing giving the highest 

yield of the plant spacings and rows 18 in. apart gave the highest 

yield of the row spacings. The two yield peaks occurred one at the 

72 sq. in. per plant and the other at the 216 sq. in, per plant. The 

72 sq. in. per plant was about 25 percent higher than the other spacing. 

In 1931, McClelland reported further studi.es in Arkansas (14). In 

these studies, the yield from the 30-in. rows with plants spaced 6 

to 9 in. apart averaged the highest yield over a 10 year period. The 

yield was about 18 percent higher than that of the 36 in. rows of 

similar plant spacing. In 1944 he made a report on the continuation of 

the study (15). For a 9-year average between 1931 and 1941, he found 

that the 36;..in. rows of 8-in. plant spa_cings averaged about 3 percent 

more than that of the 30-in. rows. A possible source for this contra­

diction was the extremely arid years which were encountered during 

the study. Another possible source was th 1at a change in variety was · 

made in 1937, from Spanish to Improved Spanish. 

West (26) in Mississippi surveyed the work done in that state and 

Texas in a 1942 bulletin. In the Mississippi work, White Spanish pea­

nuts gave the highest average yield in trials conducted in 1940 and 

1941. The row spacings of 24, 30 and 36 in. were compared while the 

plant spacings were 6, 12, and 18 in. within the various rows. As 

expected, the closest plant density"".-24-in. rows with plants 6 in. 
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apart--gave the highest yield. This yield was three times greater than 

that of the·36-in. rows with plants 18 in. apart. The work which was 

reported from Texas was carried out at Angleton and Nacagdoches 

between 1915 and 1922. In the reported work at Angleton, row width 

was kept constant at 30 in., while plant spacings varied from 3 to 

30 in. in multiples of 3 in. This work was rather spotty as there were 

several treatments missing within years. Nevertheless, there was a 

general tendency for closer plant spacing to give the highest yield 

within each year. In the Nacogdoches study, the average yield of the 

18-in. rows was higher than that of the 36-in. rows. The plant 

population within rows was not studied and a 'normal' stand was assumed 

each year. The row widths which were used were 18 and 36 in. 

In studies conducted in the eastern states, closer row spacings 

with close plant spacings gave higher yields. In Georgia, Parkham (21) 

recommended that Improved Spanish variety should be planted in 18-in. 

rows 6 in. apart. This recommendation was a result of an experiment 

in which row widths varied from 6 to 36 in. with plant spacings of 

6 in. On the 36-in. rows, he varied the plant population with plant 

spacings of 3, 6, 12, and 18 in. He found that the spacings of 6 in. 

for the 6, 18, and 24 in. rows averaged the same yield, but higher than 

the other treatments. 

Killinger, et al. in 1928 and 1929 concurred with similar findings 

in Florida {12). Using Spanish peanuts on rows of 30 in. they varied 

the spacings between plants in increments· of 3 in. Their results 

showed that the mean yield of the 3-in. spacings was higher than that 

of the 6 and 9 in. by about 22 percent and 36 percent, respectively. 



Beattie, et al. i.n South Carolina using plot size of 1/20 acre 

compared-plant ·spacfngs with 30 and 36 in. rows (1). The plant spac­

ings used were: 3, 6, 9, 12, and 15 in. , Their 3-year average showed 

that the 3.;in, spacings produced about 20 percent more than the 6-in. 

spacing on both-the-30 and 36 in. rows. The 3-in.· spacings ~n the 

30-in. rows had the highest yield, while the 15-in. spacing on the 

36-i n. rows had the lowest. 

In North Carolina, the early recommendation in peanut culture 

in:iplied ·that Closer row spacing is -more important in the increase of -

yield than closer plant spacings (29). This recommendation was later 

confirmed by the work of Cox and Reid (4). The latter workers ust:ttg 

the Virginia bunch variety, NC2, had plant spacings .at 3, 6, 12, and 

18 in. on rows of 12, 18, 24, and 36 in. These workers concluded 

that the prime effect-in plant population studies-was the reduction 

6 

of row spacing rather than plant spacing. The basis of this conclusion· 

was that the magnitude of change was higher between row spacings than 

between plant·spacings. In addition to the row spacing effect, these 

investigators concluded that the effect of spacing of plants in the 

rows was hi gHly dependent on the environmental conditions of the Pl".e-

vai ling year and that for the NC2 variety when the yield approacbed 

3600 pounds per acre the optimum yield was attained. 

In Virginia, Duke and Alexander had row spacings of 12, 18, and 

36 in. and plant ~pacings of 6, 9, and 12 in. using Virginia Bunch 

46-2 (7). The highest ·yield was obtained with rows spaced 12 in. 

apart and plants within rows 6: in. apart. The threeryear mean yield 

was less than ene percent greater than the 18 in. between rows and 

6 in. between plants. Again the results showed a yearly effect in 



the analys.i s ·of vari'ance; Furthermore; pool irig of ·the 3 years of 

data showed· that the ·row spacing and plant spacing treatments were 

not-significantly different~ 

7 

In Oklahoma, row spacing and pl_ant spacing studies were conducted 

at two locations- in 1960 (17),. In ·addition to these va-riables, two 

Spanish beinch ·variettes...;.;Argentine and Spantex--were ·studied with 4 · 

planting dates-. Irrigated arid noni"rri'gated treatments were imposed 

on these treatments. The ·locations where· th.¢ s ttldy was· undertaken 

were the Perkins Agronomy -Research Sta-ti.on and the Paradise Agronomy 

Research Station .. The row spacings were: 20, 30, and 40 in. while 

the plant spacings were 2.4, 4.8, and 9.6 plants per foot. The 

results showed that the earliest planting date had the higher yield; 
;, 

varieties reacted different.lY to the planting densities, with the. 

Spantex variety-being the least sens.itive to the change of growing 

area; the highest_yield was obtained from 'the narrow rows, and irri~ 

gated conditions gave the high_er yi_elds of better quality than the 

dryland condition. Over-.both locations, the Spantex variety had the 

highest-mean-yield at the 2.4 plants per foot level' over all row 

spacings, while the Argentine variety had the highest mean yield at 

the 2.4 and·:4.8 ·plants -per fo.ot .spacil'.lg. 

In Samaru-,·Nigeria, Meredith (19) used two row spacings--30 and. 

36 in.-- and varied the plant populati,on from 14,520 to 129,392 plants· 

per acre in 1960 and 4,84.0 to· 58,080 plants per -acre in 1961. For all 

three years, a plant-population -of 29;040 plants per acre gave the. 

optimum yield·re~ardless-of the row spacing which was used. He did 

not _mention·the variety which he used in this experiment.-
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Water Requirement 

In the studies of water requirement of a peanut· crop; as affected 

by plant population, no prior research was found in the literature. 

However the effects of irrigation on yield using prevailing row spac­

ings and plant population are reported. 

In Oklahoma (18) compari'sons ·were made between 1956 and 1959 on 

various i'rrigatfon frequencies on 36- and 40-in. rows at 2 locations. 

The criteria for irri'gation·were: · water tensions of a) 6 atmospheres 

in the top 6 to 12 in. of the soil profile, b) 2 atmospheres in the 

same zone, and c) 1 atmosphere tension in the same zone. There was 

also a treatment without supplemental water. The amount of water 

applied at each irrigation was·a little more than 2 in. The water 

treatment of· c gave the highest yield in the three years of study, 

and if monetary return is taken as the criteria of overall quality 

and yield, then this would be the ideal treatment. Nevertheless, a 

combination of- either treatment b or c would have given the optimum 

yield as these values were not statistically different at the 95 per­

cent level of confidence. 

In Israel i rri gatiori frequencies were studied and a 14-day fre­

quency gave the highest yield ·of 6 irrigation frequencies (16). Again 

statistically, the variance was not significantly different from the 

yield obtained from the 30-day frequency. Of interest in this study 

was that less than 20 percent of the water lost by evapotranspiration 

in frequencies of 21 days and less was extracted from the 4 to 5 ft. 

depth of the s.oil profile. These workers also showe.dthat in Israel 

about.26 in. of water would be needed to produce an optimum yield of 

peanuts. 



CHAPTER III 

MATERIALS AND METHODS 

Plant Population St~dies 

The investigations of 1960 and 1961 were undertaken at the 

Agronomy Research Statton at Perkins~ ·Oklahoma, while those of 1964, 

1968, 1969, and 1911 were at the Caddo Peanut Research Sta ti on, near 

Ft. Cobb, Oklahoma. In the 1960, 1961 and 1964 studies, the plant 

population densities :were varied ·by using various row spacings and 

plant spacings. The 1968, 1969 and 1971 studies had two row spac­

ings and a nominal plant spacing of 2 to 4 plants per foot. Irri­

gated and nonirrigated treatments were imposed on the 1960, 1961, 

1964 and 1968 studies~ while those of 1969 and 1971 had only the 

irrigated treatment. 

The soil on whfch the 1960 and 1961 studies were located was the 

Teller fine sandy. loam. The 1964 study was the Meno fine sandy _loam, 

while the 1968, 1969 and 1971 on the ·cobb fine sandy loam and the Meno 

fine sandy loam. The Cobb fine sandy loam was in 2 phases: . 1-3 per­

cent slope and 3-5 percent slope, severely eroded. The replications 

were oriented-such that 2 replications were on the Cobb fine sandy 

loam, and the other on the Meno fine sandy loam. 
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Studies of. 1960, 1961 and 1964 

Since·:the· 1960, 1961 and 1964 experiments conitaJned the same treat­

ments, these years will_ be treated separately from the other years. 

The cu1tara l practfces ·for 1960, 1961 and 1964 experi·ments were. 

similar, · ln each ·year, the peanut crop ,was· preceded by a rye cover 

crop and the see·ds were planted with a Planet Jr. s.ingle .row planter. 

Weeds. were controlled by -hoeing, insects ·by -DDT and leafspot by 

Di thane. 

The row ·spa_cings which were used in 1960 were_: 40, 30 and 20 in. 

In the 1961· and 1964 experiments~ a 10 in. row spacing was ·added to the / 

study •. :rhe planting derisi.ti'es· in 1960 were:. 2.4, 4.6 and 9.6 viable 

seeds per foot:,. The 1961 and ·1964 planting densities were 2.25, 4.50 

and 6. 75. vi ab 1 e seeds per foot: The vi abfl i ty of the seeds was bas·ed 

orr 85 percent .germination percenta·gel: 

In all three years of -the· study; there were ··four replications ·with· 

the treatments completely randomized .. · The poot·size was 19 feet long 

and -approximately 13.2: ft. Wlde~ The width .of a ·plot was~ determined 

by the width of th:e row spaci.ng. Thus there were ·tour 40 in.·, six 30 

in.~ eight '2P i'n •. and sixteen ·10 in.· row.s· in the plots .of th.os·e ·row 

spacings ... 

The plots were .irrigated when the soil moisture in the top 6 to 

12 in. zone-was approximately -1 bar soil water pressure~ The irriga­

tion wa:s by· sprinklers located .on 30 ft. centers atop 2 ft. risers.· 

A no.mi·nal 1·tn. of-water was app.lied at ea.en· irrigation. 

At the· end ··of. the growing s.ea-son, the center two rows frqm each 

plot were .hartd harve-sted and the yi~Td of ·cleaned, ·air-dried, .unshelled 

pods, along with the final plant ·population was determined. The 



11 

Oklahoma· Federal-State Inspection Service at Durant; Oklahoma, graded 

samples of the unshelled pods from the plots of 2 replications~ 

The measurements which were .deri v_ed from the above data ·were: 

yield, (pounds of unshelled peanuts per acre); yield, {grams per plant); 

percentage of sound mature kernels;. percentage of other kernels; and 

the final plant populatfon· of the harvested area. These -values -wer~ 

then used in the regression model: 
,.. 2 . 2 
'!f =:~CJ+ .!3,1\ + ~il + ~3X2 + ~4X2 + #35X1X2 

with the independent variable!.X1 bei·ng r.ow spacings, in 1-nches, and 

x2 plant spacings, in plants per foot . 
... 

The dependent variables (Y) were: pounds of unshelled peanuts per 

acre; grams per plant; percentage of sound mature kernels; percentage 

of other kernels and the net value of-the crop. The net value of the 

cro·p was calculated from the schedule published from the Southwestern. 

Peanut Grower-'.s News; representi-ng the then current mark.et value of 

the crop, minus the seed costs. The value of the seeds was based on 

the current costs of ·medium size, certi.fied seeds. The least squares 

technique was used in the evaluation of the parameters, .with all cal-­

cul ati ans being- done on the high speed .di gi ta-1 computers 1 ocated at 

the Oklahoma State University Computer Center. 

Study -Of -1968 · 

·. 

In 1968, ~ new test plot area was instituted at the Caddo Peanuf / 

Research Station. Wit.h.,no prior knowledge of the homogeniety of the 
,. I 

soil with respect to plantjield response, a la.in sqµare experimental 

design was instituted. There were 4 replications of 4 treatments in 

the expe'riment. The treatments were: irrigated and noni rri gated, 
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and 12 and 36 in. row spacings. A plant ·density of 2 to 4 plants per 

foot was planted in all treatments. :The size of the plots was 75 by 

90 ft. 

Seed of the Starr/ariety.of peanut was planted using a Planet Jr. 

s.ingle row planter on June 3. Treflan herbicide was incorporated in 

the soi 1 before p 1 anting for weed contra 1 , and 250 pounds of 8-32-16 

fertilizer was applied broadcast. Fungicide and insecticide was 

applied as needed, the fungicid~ being sulphur and the insecticide 

methyl-parathion. Both fungicide and insecticide were applied 

aerially. 

/ On November 19, an area 16 by 6 ft. in the center of each plot 

was hand harvested. The width of the ha_rvested area was either 6 

rows of 12 -in. row spacing or 2 rows of 36 in. row spacings. From the 

harvested area, the final plant population was counted. The harvested 

peanuts were dried, cleaned and shelled for yield determination. 

Studies of 1969 and 1971 

In the 1969 and 1971 studies; only irrigated treatments were con­

sidered. There were 4 treatments, wit~ 3 repHcat.i.onsper'.treatment-:in 

both years. The treatments were 12 and 36 in. row spacings of north­

south and east-west orientation. In both years the treatments within 

replications were randomly assigned, Figure 1 showing the results. 

The size of the plots were 100 by 100 ft. 

In 1969, the herbicide Treflan and 250 pourids of 8-32·"16 ferti­

lizer per acre was incorporated into the soil before planting. Starr ( 

variety of peanuts .was planted with a single row Planet Jr. seed 
' 

planter on June 5, and was hand_ harvested on October 30. The harvested 
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area was 16 by. 6 ft. from the center of each plot and from an area 

which seenied to be representative of the plant population of that plot. 

The plant)opulation and the pounds of cleaned, dried and shelled pea­

nuts were determined as before. A sample from each plot was sent ·to 

the Oklahoma Federal-State Inspection Service at Durant, Oklahoma, to 

be graded. 

In 1971, no herbicide was deemed necessary. Thus, 250 pounds of 

8-32-16 per acre of fertilizer was applied ,before planting. Comet 

variety of peanut was planted on June 4 with a six row seed planter, 

and hand ha·rvested on November 2. As before, the harvested area was 

a 16 by 6 ft. sec ti on i.n the center of the p 1 ots which seemed to be 

representative of the plot. The harvested plants were counted and 

the weight of: the cleaned, dried and shelled peanuts determined. The 

samples were then graded. 

Water Requirement Study 

In the 1961 study, the soil water content of the top 48 in. of 

the soil profile of specific plots was regularly monitored; using a 

Nuclear Chicago P-19 probe. The plots which were monitored were the 

four replications of the 10 and 40 in. row spacings of,4.8 planted 

seeds per foot, for both the irrigated and the nonirrigated treat­

ments. There was one neutron access tube per plot, this being located 

near the center of the plot and in an area which seemed to be rep·~ 

senta:tive of the plant population. For the irrigation treatment, 

water was applied on July 31, August 4, 16, and 28. 

In the 1968 study, the water content of the top 48 in. of the 

soil profile for all plots were monitored by the neutron method, using 
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a Nuclear Chicago P-19 probe. The plots which were monitored were 

the four replications of the 10 and 40 in. row spacings of-4.8 planted 

seeds per foot, for both the irrigated and the nonirrigated treatments. 

There was one neutron access tube per plot, this being located near the 

center of the plot and in an area which seemed to be representative of 

the plant population. For the irrigation treatment, water was 

applied on July 31, August 4, 16, and 28. 

In the 1968 study, the .water content of the top 48 in. of the soil 

profile for all plots were monitored by the neutron method, using a 

Nuclear Chicago· P-19 probe, immediately before and after each irriga­

tion. Since these ·plots were larger than the 1961 study, the neutron 

access tubes· were located at about 10 ft. from the north edges of the 

plots, in areas which seemed to be representative of the plant popula­

tion. In the selection of the north edge of the plot for the location 

of the neutron access tube, the maximum distance for the upwind fetch 

was considered, on the assumption that the predominant winds were from 

the south. Hence, the north edge of the plot afforded this and also 

easy access to the tubes. 

As can be seen in Figure 21, the averaged water content of the 

plots in the 1961 season for the treatments at the commencement of the 

neutron determination, had a maximum spread of about 0.5 in. of water. 

At the end of the monitoring period t~e spread of water contents which 

occurred suggested that the use and accumulation of soil moisture by 

the various treatments was dependent on row spacing. The 1968 data 

did not show this wide spread at the end of the growing season (Figure 

22). 
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A difference· in this layout of the 1961 and 1968 experiments was 

the orientation of the row with respect to the direction of the prevail­

ing wind of the growing season. In the 1961 study, the rows were north­

south oriented, or parallel to the prevailing wind, while .the rows of 

1968 were east-west and henc.e perpendicular to the prevailing wind. 

Thus in 1969 and 1971, studies were undertaken to investigate whether. 

a difference in evapotranspfration existed between north-south and 

east-west oriented rows and between Wide ( 36 in. ) and narrow ( 12 in. ) 

rows. 

In order to obtain the magnitude of evapotranspi ration between 

these various treatments, a complete water budget was necessary. The 

values for the water content of the soil obtained by the neutron. 

method gave the change of water content within the measured profile, 

but did not indicate the direction of flow of water. Some knowledge 

as to the di rec ti on and magnitude of water flux at the 4 ft. depth 

of the soil profile should be known to separate water lost by evapo­

transpiration· and by drainage from the plots. This could be accom­

plished by monitoring this depth with a tensiometer and applying 

water pressure'· gradient information 'to those equations. 

The tensiometers were constructed in the laboratory and were 

similar to the plastic type of .Perrier and Evans (22). The matric;: 

sudtion was measured with a mercury manometer. The direction of. 

fl ow be1 ow the 4 ft. depth could be determined by locating tensiometers 

at the 4 and 5. ft .. depth of the soil profile to measure the difference 

of the matric suction. Since the flow of water is in the direction 

of the higher matric suction, the flow of water in this zone can be 

ascertained. By using the values for the hydraulic conductivity·, 
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det~rmined previously by .Davidson et al. (5) in the Darcy equation, 

the flux of water could·be calculated. Integrating the flux of water 

over days would yield the magnitude of water into or out from the root 

zone, i .-e., the top 48 in. of the ·soil profile. 
i 

Since neiAtron ·measurements 'Using a Nuclear Chicago P-19. probe were 

made in the monitored ·plots. immediately after and before each irrigation, 

the change of soil water content of the plot between this period could 

be determined. As -the directiQn and ma·gnitude of water flow through 

the 4. ft. depth of the ·so-i l profile was ascertained by the tensiometers, 

then by selecting-periods ·of time between neutron measurements which 

were, free from heavy.rainfall, evapotranspiration calculations could 

be made~ 

In both 1969 and 1971, . the neutron :access tubes and tenstometers 

were located 10-15 ft. from the north edge of the plots. The tensio­

meters were located at the 4 and ·5 ft. depth and were 5 to 10 ft. from 

each ·other. The mercury manometers for the tensiometers were located 

at the edge of the plot and were connected to th_e tensiometers by 

4 mm O.D. nylon tubing. ·There· was one neutron access tube per plot, 

with the depth ·of measurement being to 4 ft. Both neutron ·access 

tube and tensiometers ·were located in areas of the plot which seemed 

to be representative ·of the plaht population of tHat plot~ In the 

field, the·tensiometers were read regularly, and purged of air when 

ne~ded. 

The cultural practices for 1969 and "1971 have been ·previously· 

discussed. The capacity .of the i rri gati on system was about 200 gpm 

and allowed only two laterals to be operative a.ta time, thus the area 

wa-sirrigated in 4 sets. Two inches of-,water was applied per irriga~ion,: 
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this taking 4 hours per ·set. The distribOtion of appli~d water was 

checked at 0 random points in the plots with a rainguage arid this con­

firmed the amount of water and uniformity of distribution by the system. 

In1969,the dates of irrigation were: July 31, August 10, 21,. 

and September 1. In 1971, the dates of i rri gati on were: July 16, . 

August 2, 12, 22 and September 1. 



/' 

CHAPTER IV 

RESULTS AND DISCUSSION 

Plant Population. 

Results 

Reports on plant population studies are characterized by large. 

differences in yield between irrigated and noni,rri gated con di ti ans 

(17, 18). In this study, large differences also eixiste,d between years 

with respect to yield, both qualitatively and quantitatively. Thus the 

irrigated and~onirrigated data of this study were analyzed independ~ 

ently. Because of the large year-to-year effect, each year was hand.led. 

separately. 

Table I shows the harvested p.1 ants per foot for the study conducted 

in 1960, 1961 and 1964. The ranges of plant spacings between years and 

between ·treatments are clearly .. evident .. ··. Although the sa.me amount of 

viable seeds were planted in each treatment·within a specific year,.a 

differe.nt harvested population resulted. This anomaly occurred withint 

each row·spacing tr.eatment and under.both irrigated and nonirrigated 

conditions, and was expected because of different environmental. condi-

ti ans i which existed, thereby affecting germination. Damage to the se.eds 

which occurreq during planting co.uld also account for part of the. 

anomaly. 
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TABLE I 

PLANT SPACINGS FOR 1960, 1961 AND 1964 

YEAR I-· 11, 

1g50- 1961 
Row 

Sp&ciDg Planted Non- Planted Non-
(in) Vi able Irrigate.d Irrigated Viable Irrigated trrigated 

Seed/Ft Pl ants/Ft Plants/Ft Seed/Ft Plants/Ft Plants/Ft 

·- --; 

40.0 2.40 2.07 ·2:68. 2. 25. 2.-60 2.65 
40.0 4.-60 4.0Q: 4;·23 4 .. 50 5-.02 _5_.~0 
40.0 9.60 8.30 ---- 8~·27 f'.6.75 5.88 6.65 

·30.0 - 2AO - 2.07 2.33 2.25 2.68 2.42 
- 30.0 4.-60 3~60 4.-30 4~50 5.25 5.88 

30.0 9.60 7.00- · 8.33 6.75 6.22 7.10 
20.0 2.40 2. 3] 2.57 2.25 3.08 2.58 
20.0 ·. 4.-60 4.10 4.67 4.50 4.72 5 .. 73 
20.0 9.60 7:17 8.57 6.75 7.00 7 .10 
10.0 - - - 2.25 2.95 2.85 
10.0 - - - 4.50 4.78 6.15 
10.0 - - - - 6. 75 . 6. 50. 6.98 

- .. .. 

Rlanted 
Viable -
Seed/Ft 

2.25 
4~50 
6.75 
2.25 
4.50 
6.75 
2.25 
4.50 
6~75 
2.25 
4~50 
6.75 

1964 ,' 

Non-
Irrigated Irrigated 
Plants/Ft Plants/Ft 

.. 

1.82 1. 95 
2.70 3.17 
4.00 4.45 
1. 78 1. 70 
2~42 3.60 
3.38 4.62 
1.45 1.90 
2.90 3.88 
2~75 4.22 
1.58 1. 78 
2.50 3.30 
2. 36 4.60 

-. 

N 
0 
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Table II shows the upper and l-ower limits-which were selected for 

the observed range of harvested plants per foot-for each year. These. 

limits wereat'.'bitrarily selected to represent the range in which confi­

dence would be pl aced. on extrapol ati,on of the regression of J1ar1Jested 

plants per foot on the row spacing treatments, The upper limit of extra-. 

polation was selected at 8 plants per foot for the 1960 and -1961 study. 

For the 1964 study, 5. plants represented the upper limit of extrapolation 

because of the narrow range of plants which was· harvested that year, 
-
the. highest level of plant spacing which was observed in the year was 

4 plants per foot; with this occurring ,on the 40 in. row spacing. Thus 

it was not odd that the extrapolated value for 6 plants per foot calcu­

lated yields ,in excess of 6,000 pounds of unshelled peanuts per.acre for 

all row spacings. 

Upper 

Lower 

TABLE II 

RANGES OF PLANT SPACINGS USED IN SURFACE RESPONSE GRAPHS 
(PLANTS PER FT. ) , 

. 

YEAR 
1960 1961 

Non Non 
Irri- Irri- Irri- Irri - Irri -
qated qated qated qated qated 

Observed 7.0 8.0 6.5 7.0 3.5 

Extrapolated 8.0 8.0 8.0 8.0 5.0 

Observed 2.0 2.5 2.75 2.5 1.5 

Extrapolated · 1.0 1.0 1.0 1. 0 1.0 

1964 

Non 
Irri -
qated 

4.5 

5.0 

·2.0 

1.0 
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Table III shows the summary of the least squares fit response sur­

faces for yield. As can be seen in this table, there was a wide range 

of values between years and between irrigated and nonirrigated condi· 
A A 

tions for all the calculated Y values. Hence, the Y will be discussed 

independently, except for the irrigated and noni rri gated treatments of 

the same year, which will be discussed together. 

Yield 

Figures 2, 3 and 4 show the. response surfaces for yield in terms 

of pounds of unshelled peanuts per acre, for the three years of study. 

The model which was used in fitting the data was acceptable, as evi­

denced by the small 20' values (two standard deviations) which were 

obtained for the six sets of data. The year effect is shown in the 

three years of data, evidenced by the magnitude of the various parameters, 

i.e., values which were obtained. 

In comparing the irrigated and ·the nonirrigated treatments of 1960 

(Figure 2) the extrapolated 10-in. row spacing had the highest yield. 

In both irrigated and nonirrigated treatments, the 3 to 5 plants per 

foot was the highest yiel_ding plant spacing for the observed data. The 

highest yields, however, were obtained by the 10 and 20 in. irrigated 

row spacings of 1 to 3 plants per foot, values which were obtained upon 

extrapolation of the regression model. The lowest yield of the irri­

gated treatment exceeded the highest of the nonirrigated treatment by 

584 pounds of unshelled peanuts per acre. Also of note in this figure 

is that under irrigated conditions no interaction between plants under 

close spacings could be concluded, but the 'saddleback' type of response 

of the noni rri gated treatment suggested some interaction, 



SUr+1ARY OF SURFACE RESPONSE GRAPHS 

Highest Plant Plant 
Value of Spacing Spaci~g 
Observed Lowest Plants Row Highest Plants Row 

Dependent Std. - Cal. Value on Per Spacing · - Value on Per Spacing 
Variable Treatment Year Dev. Value Graph Foot (in) Graph - Foot (in) 

Yield Noni rrtgated 1960 31. 71 27~67 790.95 1 40 1864.92 5 10 
(Pounds/ 1961 108.02 140.53 1342.45 1 40 2569.50 5 10* 
Acre) 1964 160. 72 · -214.46 1508.64 1 40 2806.47 5 10 

Irrigated 1960 99.10 82.56 2450.91 1 40 5086.73 2 10 
1961 122.13 131. 39 1847.39 8 40 3198.86 8 10 
19o4 185:99 214.70 2067.05 3 40* 6716.33 5 10 

Grams Nonirrigated 1960 4.35 -4,25 0. 77 7 20* 30.44 1 10 
Per 1961 0.46 0.58 3.24 6 10* 28.95 1 40 
Plant 1964 1.96 -2.24 4.86 4 10* 41.20 1 40 

Irrigated 1960 1. 72 -1. 71 3.32 7 10 61.56 1 40 
1961 0.99 1.20 4.57 8 40 37.85 1 40 
1964 1.55 -2.26 11.56 2 10* 83.75 1 40 

Noni rri gated 1960 0.41 D.40 69.41 5 20* 71.68 8 40* 
1961 1.55 -2.59 59.94 8 10 68.74 1 10 
1964 1.80 -2. 20 57 .21 5 10* 69. 17 . 3 40* 

Kerne 1 s 



Irrigated 1960 2.15 -1.94 68.67 
1961 1.24 -1.41 60.59 
1964 1.27 1.65 62.11 

Percent Noni rri gated 1960 0.55 -0.63 2.25 
Other 1961 0.65 0.86 1.80 
Kernels 1964 1. 28 1.45 5.32 

Irrigated 1960 1.00 0.99 1.45 
1961 0.83 -0.88 3.00 
1964 0.26 0.29 0.05 

Net Value Nonirrigated 1960 15.75 14.83 90.62 
of Crop 1961 20.59 31.44 149.89 
{Dollars/ 1964 24.68 32.64 161.18 
Acre) 

Irrigated 1960 27.86 -35.32 209.44 
1961 28.10 35.66 74.22 
1964 37.00 -51.98 221. 92 

*Within region of observed value 

5 10 73.28 
1 40 67.40 
5 10 70.27 

8 40* 5.26 
1 10 6.24 
5 40 11.43 

1 30 2.54 
5 40-30* 5.39 
5 10 4.10 

1 40 155.10 
1 40 273.27 
1 40 253.80 

8 20 549.09 
8 40 330.01 
3 40* 446.95 

8 
5 
3 

8 
7 
5 

5-6 
8 
1 

4 
1 
1 

7 
7 
5 

30 
20 
40* 

10 
20* 
10 

10 
10 
10 

10 
10 
10 

10 
10 
20 

N 
..i:,. 
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Figure 2 .. Sv"'face Response for Irrigated and Nonirrigated Treatments 
fur 1960; 

Y is pounds of unshelled nuts.per acre. The models are: 
Irrigated Y = 6530.33 .. 170.25X1 + 1.42X12 + 30.75X2 - 45.63X22 + 

11. 91X1 X2 
Nonirrigated Y = 1452.91 - 32.43X1 + o.22x12 + 266.42X2 - 26.53X22 + 

0.90X1X2 
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Figure 3. Surface Response for Irrigated and Noni rri gated Treatments. 
for 1960. 

,,.. 

Where Y is pounds of unshelled peanuts per acre, the models 
are: ~ 2 
Irrigated Y = 3308.61 - 15.59X1 - 0.41X12 + 9.69X2 + 1.57X2 

: A- 1.14X1X2 
Nonirrigated Y = 2979.36 - 68.91X1 + 0.63Xi2 + 75.47X2 -

8.84X22 + 1.20 X1X2 
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Figure 4. Surface ·Response for Irrigated and Nonirrigated Treatments 
~ for 1964. . . 
V is pound~ of unshelled peanuts per acre. .The models are: 
Irrigated V = 3966.75 i 49i92X1 - 0.30X12 - 1400.13X2 + · 

321.34X2 . - 25.05_X1X2. 
Nonirrigated V = 2697.6~ - .35~99X1 + 0.05X12 + 67.03X2 + 

0.39X2 + 2.36X1X2 
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In contrast to the 1960 data, ,where 3 to 5 plants. on 10 in. rows 

produced the highest yields, in 1961 (Figure 3) the response was differ­

ent. Both irrigated and nonirrigated treatments had a somewhat linear 

response; excluding the extremes of plant spac.ings: The maximum yield 

for this year was at the plant spacing of 8 plants per foot on 10 in. 

row spacing under irrigation, while the minimum yield was at-the 1 plant 

per foot spacing on ·40 in. row spacings-under nonirrtgated conditions. 

In 1964, as Figure 4 shows, irrigated conditions gave a response 

surface which was of a different shape than _the preceding two years. 

The noni rri gated condition gave a flatter response than the 1961 response 

surface,. while the irrigated condition had a greater yield increi!,se with 

an increase of plant population. Nevertheless, it should be remembered 

that the upper limit of the observed range was 3.5 and 4.5 plants per 

foot for the irrigated and nonirrigated treatments, respectively. 

Viel d Per Plant· 

Figures 5, 6, 7 and 8 show the ·surface response surfaces for the 

three years for-grams per plant. The extrapolated surfaces of 1960 and 

1961 show that at a hfgh population density, the yield of the plants 

was unaffected by i rri gati on on wide rows. Thus in 1960, the surfaces · 

of the irrigated and nonirrigated treatments intersected at about the 

6.5 plants per foot level on 40 in. row spacing at 8 plants per foot on 

about a 35 in. row spacing. In 1961, this intersection occurred at the 

6 plants per foot region of the 40 in. row and at about 8 plants per 

foot on about a 28 in. row spacing. This phenomenon was not observed in 

the 1964 response, and was not evident in the yi.eld of pounds per acre 

in 1960 and 1961. 
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IRRIGATED -·2cr I 

NON IRRIGATED 
2cr I 

Figure 5. Surface Response for Irrigat~d and Nonirrigated Treatments 
for 1960 Where Y Is Grams Per Pl ant·.·. 
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IRRIGATED - 2cr 1 

OBSERVED NON IRRIGATED- 2cr :r 
AREA 

Figure 6. Surface Resp.onse for Irrigated and Nonirrigated Treatments 
for 1961 Where Y Is Grams Per Plant 

The Models are: 

Irrigiated v = 10.28 + l.23X1 - o.01xi2 .. 4.19X2 + 0.4ox? -
O.lOX1X2 

Nonirrigated 9 = 11.72 + 0.73X1 - O.OlX12 - 4.25X2 + 0.37X22 
- 0.06X1X2 
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'· Figure 7. Surface Response for Noni rri gated Treatment for 1964 Where Y 
Is Grams Per Plant 

The Mode 1 is : 

• 2 2 · Y = 17.43 + l.41X1 - 0.01X1 - 11.42X2 + 1.53X2 - O.llX1X2 
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,. 
Figure 8. Surface Response for Irrigated Treatment for 1964 Where Y Is 

Grams Per Plant 

The Model is: 

9 ~ 35.92 + 2.85X1 - O.OlX12 - 37.96X2 + 9.71X22 - 0.77X1X2 
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Figure 5 shows the surface response for both irrigated and noni rri -

gated treatments of 1960. As the surfaces show, the genera.l tendency 

for the response was concave upwards. As expected, the maximum grams 

per plant occurred .at the low plant populations, 1 to 2 plants per foot, 

on wide rows, 40 in. This is seen in both irrigated and nonirrigated 

treatments. The major difference between the irrigated and the nonirri­

gated treatments was that the irrigated treatments had a higher produc­

tion per plant at low populations. Furthermore, the ratio of grams per 

plant to plant spacing was smaller at the higher plant population than 

at the lower populations. 

Figure 6 shows the 196l surfaces. At the narrow row spacings the 

value of the irrigated treatments w.as slightly higher than that of the 

nonirrigated, for all plant spacings. The influence of row spacings 

was greater than that of plant spacings for both treatments at the low 

population density. Thus the highest value attained by both irrigated 

.and nonirrigated treatments occurred at the 1 plant pe.r foot level on 

40 in. row spacings. 

Figures 7 and 8 show the response for both irrigated and noni rri­

gated treatment for 1964. As the fi .gures show, the response of the 

irrigated treatment was more complex than the nonirrigated, and both 

more complex than the previous years. One possible explanation for this 

is that the range of plant spacings which occurred in this year was the 

smallest encountered. Nevertheless, the general tendency of the preced­

ing years holds true that plants with the largest growing area have the 

highest yield. The irrigated yield at the 1 plant per foot spacing on 

40 in •. rows was, unrealistic - 83.75 grams. Furthermore, the yield 



attained by the noni rri gated treatment exceeded that of the irrigated 

treatment of 1961. 

South Mature Kernels 
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One important characteristic of the quality of the crop is the per­

centage of sound mature kernels (SMK). This value is determined by the 

total percentage of undamaged kernels remaining on a 15/64 in. slotted 

sieve plus sound splits. Since this characteristic is based on size, 

then it is primarily dependent on the number of days through which the 

kernels develop or the length of the growing season . .The standard 

deviations obtained from the correlation analysis were too small to be 

plotted and thus were omitted from the graphs. 

In the response surface of 1960 (Figure 9) very little effect of 

the pl ant spacing and row spacing is seen on the percent SMK. The per­

centage of SMK for this year was the highest for the three years studied. 

In general, increasing the plant population on the 40 in. rows increased 

the SMK, while on the 10 in. rows increasing the plant population 

decreased the SMK. This observation was more pronounced under irriga­

tion than on the nonirrigated plots. The range of calculated values 

was about 69.4% for the nonirrigated 20 in. rows of 6 plants per foot 

to 73.3% for the same plant spacing on 30 in. rows for irrigated 

treatment. 

Generally, the 1961 surfaces (Figure 10) show that the nonirrigated 

treatments had a higher percentage of SMK, except at the 6 to 8 plants 

per foot level across all row spacings. When the plant spacing was 

between 4 and 5 plants per foot, for both irrigated and nonirrigated 

treatments, the same percentage of SMK resulted for all row spacings. 
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Surface Response for Irrigated and Noni rri gated Treatment 
for 1960 Where Y Is Percent of Sound Mature 'Kerne 1 s 

The Models are: 

~ 2 ·. 2 
Irrigated V = 66.18 + 0.52X1 - 0.01X1 - 0.74X2 + 0.06X2 

+ 0.01X1x2 

Nonirrigated 9 = 74.22 ~ 0.26X1 + 0.04X12 ·~ 0.73X2 + 
· 0.04X2 + O.OIX1X2 
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OBSERVED 
AREA 

Figure 10. Surface Response for Irrigated and Nonirrigated Treatments 
for 1961 Where Y Is Percent Sound Mature Kernels 

The Models are: 

Irrigated 9 = 57 .. 16 + 0.46X1 - O.OlX12 + 2.02Xz - 0.24X22 
+ O.OlX1X2 

I 

Nonirrigated Y = 74.88 2 0.48X1 + O.OlX12 - 2.46X2 + 
0.08X2 + 0.05X1X2 
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This is in contrast to the 1960 study when the percentage of SMK was 

higher for the irrigated in all but the 10 in. row spacing. The highest· 

and the lowest percentage of SMK was attained by nonirrigation on 10 in. 

rows and at plant population density of 1 and 8 plants per foot, 

respectively. 

In 1964, the response surface was .almost opposite to the preceding 

years, as seen in Figure 11. In coft\trast to the relatively fl at sur­

faces of the preceding years, both irrigated and nonirrigated treat­

ments had a response which was slightly concave downwards. The overall 

percentage of SMK was lower than that of 1960 and wider in range than 

1961. The general trend for this year was that as row spacings decreased 

the percentage of SMK increased under.irrigation, but decreased under 

noni rri gated con di ti ons. 

Other Kernels 

The final aspect of the quality of the crop which was investigated 

was the percentage of other kernels (%OK). The percentage OK is the 

percent of undamaged kernels going through a 15/64 in. slotted sieve. 

The OK is inferior in price to the SMK; thus a low percentage of OK is 

desirable. As with SMK, the amount of OK produced by the crop is deter­

mined by the length and characteristics of the growing season. Thus . 

like the SMK, the percentage of OK varied from year to year. 

In these sets of figures, the magnitude of twice the standard devi a-
,.. 

tion should be noted. The ratios of the 2(J' to Y were the largest 

obtained for all the response surfaces obtained in this study. This 

was expected as .the variables used in the correlation model affected 
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Figure 11. Surface Response for Irrigated and Noni rri gated Treatments 
for 1964 Where Y Is· Percent Sound Mature Kernels · 

The Mode 1 s a re: 

Irrigated 9 = 63.53 - 0.14X1 - O.OOX1 2 + 5.60X2 - 1.23X22 
+ 0.06X1X2 · · . 

Nonirrigated Y = 65.34 - o.2ox1 + o.01xi2 + 1.29X2 -
0.68X22 + 0.08X1X2 



the final response of the magnitude of the other kernels only to a 

small degree .. 
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The range of percen~age OK encountered in 1960 (Figure 12) was 

small, ranging from 1.8 percent to 4.1 percent over the observed range 

and 1~6 to 5.3 percent over the extrapolated rangei The nonirrigated 

treatments had a higher value than that of the irrigated, except for 

the 8 plants per foot plant spacing on 40 in. rows.· The maximum dif­

ference which occurred between these two treatments was at the 8 pl ants 

per foot level on 10 in. rows. The value of the irrigated treatment 

was less than a half of the nonirrigated treatment at this plant density. 

These surfaces also showed that row spacing was more influential on the 

percentage OK at ~lose plant spacings. 

The response of 1961 was different from 1960 (Figure 13). The 

response for the irrigated treatments became concave upwards while that 

of the nonirrigated treatments concave downwards. In this year, the 

irrigated treatments had a higher percentage of OK at about the 1 to 2 

plants per .foot for all row spacings. The minimum percentage of OK in 

both treatments was at the 1 plant per foot level on the 10 in. row 

spacings and the maximum at a plant density of 7 plants per foot on 20 

in. rows. 

Again, the 1964 surface was different from both 1960 and 1961, as 

seen in Figure 14. The nonirrigated conpition had a higher percentage 

OK than the irrigated over both row spacings and plant spacings. The 

projected irrigated treatment for the 5 plants per foot on 10 in. rows 

was the lowest value in all three. years, 0.05 percent OK which is unreal­

istically low. At this plant density, the nonirrigated treatments had 

the highest percentage OK, 11.43 percent which is unrealistically high. 
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Figure 12. Surface Response for Irrigated and Noni rrigated Treatments 
for 1960 Where Y Is Percent Other Kernels 

The Mo de 1 s a re : 

Irrigated Y = 2.69 - 0.09X1 + o.01xi2 + 0.20X'2 - o.02Xl 
+ 0.01X1X2 

Nonirrigated Y = 2.47 -20.02X1 + 0.01X12 + 0.66X2 -
0.02X2 + 0.01x1x2 
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Figure 13. Surface Response for Irrigated and Nonirrigated Treatments 
for 1961 Where Y is Percent Other Kernels 

The Models are: 

Irrigated v = 6.45 - o.o9xi + o.01xi2 - 0.75X2 + o.10xi 
- O.OlX1X2 

Nonirrigated Y = ~2.26 + 0.33X1 - o.01x12 + l.56X2 -
0.08X22 - 0.02X1X2 
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NONIRRIGATED-2cr. 

IRRIGATED-2o-l 

OBSERVED 
AREA 

Figure 14. Surface Response for Irrigated and Nonirrigated Treatments 
for 1964 Where Y Is Percent Other Kernels. 

The Models are: · 

Irrigated v = 6.45 - 0.09X1 + o.01x12 - o.75X2 + o.1ox22 
- O.OlX1X2 

Nonirrigated Y = 7.35 - 0.14X1 + o.01x12 + l.llX2 + 
0.07X22 ~ 0.04X1X2 



Nevertheless, the general trend for the irrigated treatment was an 

increase in the percent OK across all row spacings at the 1 plant per 

foot level, and a decrease in the percentage of OK across al 1 row 

spacings at the 8 plants per foot level. For the nonirrigated treat­

ments, the 40 in. row spacing: was slightly affected by the plant 

spacings, but the 10. row spacing was greatly affected. 

Net Value of Crop. 

43 

An important·measure of the success of a crop is the value of the 

crop or its monetary returns. Figures 15, 16 and 17 are the net values 

of the crop--gross values minus the seed costs. The computed gross 

value is the value of the crop in the field and from which no overhead 

expenses have been deducted. The seed cost value assumes that medium 

size, certified seed was used in planting and that the seed had 85 per­

cent germination. 

Figure 15 shows the 1960 response. Due to the high percentage of 

SMK and low OK, the surface responses look similar to that of the crop 

yieldo Unlike the yield responses h.owever, the high populations for / 

both irrigated and noni rri gated treatments had a 1 ow return. At close 

row spacings, the gross value realized did not compensate for the costs 

of additional seed, thus the optimum plant spacing for this year would 

have been 3 to 5 plants per foot for all row spacings. In comparing 

irrigated and nonirrigated treatments, the irrigated value ranged from 

about twice to three-and-a-half time.s that of the nonirrigated. In both 

irrigated and nonirrigated treatments, the maximum value attained was on 

the 10 in. row spacings, with the plant spacing of 1 plant per foot under 

irrigation and 4 plants per foot under nonirrigated conditions. 
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Figure 15. Surface Response for Irrigated and Nonirrigated Conditions 
for 1960 Where Y Is Dollars Per Acre 

The Models are: 

Irrigated i = 764.37 - 23.04X1 = 0.19X12 - 19.81X2 -
5.43X22 + 2.09X1X2 

Nonirrigated i = 127.14 - l.lSX1 - O.OlX12 + 19.53X2 -
2.84X22 + 0.19X1X2 · 
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Figure 16. Surface R~sponse for Irrigated and Nonirrigated Treatments 
for 1961 Where Y Is Dollars Per Acre · 

The Models are: 

Irrigated Y = 176.272+6.05X1 - 0.06X12 + 44.97X2 -
2.33X2 - 1.4bX1X2 

Nonirrigated Y = 351.08 - 8.oox1 - 0.07X12 - 8.55X2 + 
l.08X22 + 0.51X1X2 . 
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Figure 17. Sur face Response foY- Irrigated and Noni rri,gated Treatments 
for 1964 Where Y Is Do~lars Per Acre 

The Mode 1 s are: 

Irrigated Y = 410.99 ~ 4.97X1 - 0.13X1t - 151.68X2 + 
29.67X2 + 0,04X1X2 

Nonir~igated Y = 292.332- 1.14X1 - 0.06X12 - 32.97X2 + 
0.02X2 + 1.22X1X2 
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In comparing the 1961 values, as shown in Figure 16, the response 

surface did not resemble that of the crop yield response. For the irri­

gated treatments, the relatively high percentage of OK, coupled with the 

relatively low crop yield on the high plant population made the value of 

the crop at the high population lower than th~t of ·the nonirrigated 

treatment. Thus the two surfaces intersect from the points 8 plants'per 

foot on 30 in. rows to 5 pl ants per foot on 40 in. rows;- The two sur­

faces had the widest differences at the lowest plant density. The ideal 

range of plant population for this year would thus be dependent on the 

row spacing which was s~lected. 

Figure 17 shows the response surfac:e for the 1964 year. 

1960 response, these surfaces resemble that of the crop yield. 

Like the 

The 

value of the nohi rri gated treatments- was the highest of the three years 

if conventional plant density was considered. Conventional plant den­

sity implied rows of 30 to 40 in. wide and plant spacings of 2 to 4 · 

plants per foot. For the irrigated treatments, the rather high yield 

coupled with the low percentages of OK and high percentages of SMK 

enhanced the value of ·the crop, thereby giving an exceptionally high 

return. 

1968 Study 

Tabls IV shows the average yield and the analysis of variance for 

yield of 1968. Since this was a- latin ~quare desi,gn, columns in the 

table refer to plots in the east-,west direction of the experimental 

area, while rows refer to those in the north-south direction .. As the 

analysis of variance shows, the yield obtained from the various treat­

ments was not statistically ,significant at levels less than 5 perc:ent. 
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Nevertheless, the 1,300 pounds .of shelled peanuts per acre difference 

between the 12 in. row spacings of the irrigated versus the nonirrigated 

treatments seems large. 

TABLE IV 

1968 YIELD CHARACTERISTICS 

Analysis of Variance of Yield of Harvested Area 

Source 

Total 

Column 

Rows 

Treatments. 

Irrigation 
Spacing 
Irrigation 
X Spacing 

Error 

Yield:. Pounds Per Acre 
' 
Grams Per Pl ant 

Plant Density (Plants/Ft) 

D.F. 

15 

3 

3 

3 

1 
1 
1 

6 

S.S. 

34.09 

8.79 

7.70 

2.30 

1.00 
0.49 
0.81 

15.30 

M.S. -
2.93 

2.56 

0.76 

2.55. 

Irrigated Nonirrigated 
12-in Rows 36-in Rows 12-in Rows 36-in Rows 

4367 

18.57 

2.42 

3658 

39.74 

3.13 

3053 

15.85 

2.35 

3355 

42.03 

2.61 
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1969 and 1971 Studies.· 

Table V shows the results of the 1969 and 1971 studies. Like the 

1968 study, the results of the crop yield was not statistically signifi­

cantly different at levels less than 5 percent, but an actual difference 

in the yields of the 12 and 36 in. row spacings did exist. Row orienta­

tion did not affect the yields of the crop, or the quality of the crop~ 

as measured by the percentage of SMK. Nevertheless, the percentage of 

SMK was high for the two years,. in excess of 70 percent. 

In 1971 the plant .spacings in the rows was about a third that of 

the 1969 season, but the plant ~ield which resulted was less than a 

third of the yield of the plants of 1969. This is consistent with .that 

which was found in the previous years of study. This .difference in 

plant yield between 1969 and 1971 could account for the differenGe in 

yield of the crop for the 1971 year. 

Discussion 

Table III shows the summary of results for the 1960, 1961 and 196,4 

studies. In considering the yield of unshelled peanuts per acre, the 

optimum value was approached in all three years by the 10 in. row spac­

ings of 5 plants per foot. The minimum yields which were obtained were 

on 40 ino row spacings of 1 plant per foot. Except for annual variation 

obtained in all instances·, no other trends were evident. Planting den­

sities, as noted earlier, varied from year to year and were different 

from the calculated amount, of viable seeds which were planted. 

Table VII and Figures 18 and 19 show the climatic conditions which 

were encountered during the years of the study. Since ,there were no 

E.S.S.A. temperature recording stations at either the Perkins Agronomy 



TABLE V 

1969 AND 1971 CROP CHARACTERISTICS 

1969 1971 
Row Spacings Row Spacings 

12-in Rows 36-in Rows 12-in Rows 36-in Rows 
Orientation Orientation Orientation·· Orientattori 

North-South East..:.west North-South East..:.west North-'-South East-West North-South East..:.west 

Yield: Pounds Per 
~ere 3448· 3811 3130 3081 ~_?_LQ .. 3220 2590 2680 

Grams Per 
.. ~-----,--- ------

Pound 29.21 30.46 69.82 70.84 9.46 11.32 19.05 18.89 

' Plant Spacing 
(Pl ants/Ft) 1.26 1. 32 1.40 1. 37 3.59 3.80 4.23 4.90 

Percent Sound 
Mature Kernels 75.3 72.6 72.3 73.0 71. 0 73.0 71.0 71.0 

Analysis of Variance 

1969 1971 
Source D.F. S.S. M.S. Source D.f.. S.S. M.S. 

Total u 17.067 Total u 13.989 
Reps 2 5.527 2. 763 Reps 2 0.671 0.335 
Treatments 3 4.667 1.566 Treatments 3 5.790 1. 930 

Spacing 1 3e853 3.853 Spacing. 1 s·.'!.,.740 5.740 
Orientation 1 0.334 0.334 Orientation 1 0.007 0.007 

Spac x Orien 1 0.480 0.480 Spac x Orien 1 0.043 0.043 <.n 

Error 6 6.873 1.146 Error 6 7.530 1. 255 0 
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Research Station or at the Caddo Peanut Research Station, the values 

which are shown are from the Stillwater and the Carnegie 4ENE stations 

(25). The Stillwater station is approximately 12 miles north of the 

Perkins Agronomy Research Station, while the Carnegie 4ENE station is 

approximately 5 miles west of the Caddo Peanut Research Station. The 

precipitation data were taken at the respective stations. 

The wide variation and extreme temperatures encountered during the 

growing season are shown in Table VI. Since there is little known about 

the long term effects of temperature on the growth, yield and quality 

of the peanut fruit, only qualitative analysis of this data is attempted. 

Thus whether the number of days about 95 or below 60 affect the final 

quality and quantity of the crop is speculative. Nevertheless, climate 

does affect the yield and quality of the fruit. 

TABLE VI 

PERCENT OF MAXIMUM NET VALUE ATTAINED BY TWO PLANTS PER FOOT 

Treatment 
Irrigated Noni rri gated 

Row Spacings (in.) 
Year 40 30 20 10 40 30 20 10 

1960 70.49 79.63 87.56 94.30 48.78 58.55 75.62 100.00 

1961 59.46 67.89 81.41 100.00 88.57 · 90.95 89.95 85.5 / 

1964 69.75 82.00 89.45 91.83 49.99 58. 77 61.80 59.09 / 



TABLE VII 

SUMMARY OF CLIMATOLOGICAL DATA DURING THE SIX YEARS OF STUDY 

Monthly Average Temp. Range {°F) Number of Days 

Location Year Month 
High Low High Low (95°F >60°F )50°F 

Stillwater 1960 May*· 83.6 58.1 89-69 67-50 - 9 
June 89.0 65.3 99-51 81-51 5 2 
July · 89. 7 67.8 99-76 76-56 9 2 
Aug. 91. 7 67.7 99-85 72-57 6 1 
Sept. 88.2 61.1 94-80 70-48 - 9 2 
Oct. 79.1 51.1 92-64 66-30 - 23 12 

1961 May* 80.4 56.0 88-72 69-41 - 11 
June 85.6 63.3 97-75 73-51 1 7 
July 90.0 67.3 97-82 74-57 5 4 
Aug. 89. 7 . 66.4 98-77 73-51 9 3 
Sept. 81. 5 59.8 98-67 79-44 2 16 5 
Oct. 75.8 50.7 86-64 68-28 - 23 17 

Carnegie 1964 May* 85.4 60.5 95-68 67-52 - .4 
4ENE June 91. 9 64.0 100-76 74-45 12 5 2 

July 101.5 72. 3 108-91 85-59 30 1 
Aug. 96.9 68.6 113-84 78-59 16 1 
Sept. 85.6 61.5 101-71 71-42 10 15 1 
Oct. 75.6 46.4 92-68 55-29 - 31 16 

1968 May* 80.1 56.5 91-73 67-44 - 13 3 
June 89.3 65.5 100-74 76-57 8 5 
July 91.1 69.1 98-82 79-60 9 
Aug. 94.5 69.2 101-77 76-54 18 2 



Sept, 85.0 §7.4 
Oct. 77. 9 50.3 

1969 May* 85.5 62.2 
June 89.8 65.9 
July· 100.2 72.9 

·Aug. 94.2 69.5 
Sept. 84.6 63.1 
Oct. 68.5 47.3 

1970 May* 87.3 59.2 
June 93.2 68.4 
July 96.8 71.2 
Aug. 89-3 65.3 
Sept. 84.7 62.0 
Oct. 76.3 · 52.0 

*For the month of May, the values are from May 15 to May 31. 

Dates of first freeze are: 

1960 - October 20 
1961 - October 26 
1964 - October 20 
1968 
1969 - October 14 
1971 

96-70 
90-62 

95-74 
105-74 
106-91 
109-82 
96-71 
88-47 

76-95 
87-100 · 
81-105 
78-102 
58-97 
66=82 

71-45 · 2 
69-34 -

72-53 1 
80-52 11 
80-60 29 
75-61 14 
74-49 2 
67-31 1 

49-71 1 
.61-75 12 
55-78 19 
54-75 5 
41-76 5 
36-68 -

18 
24 

6 
7 

8 
25 

8 

2 
1 

12 
25 

5 
14 

1 
17 

3 
11 

u, 
w 
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In assessing the role of climate on peanuts, the work of Davis (6) 

will be ment·ioned. Under controlled environmental conditions, he found 

that the minimum time that the Argentine variety of peanut would bloom 

was 28 days. The temperature in which this occurred was 86 , and which 

temperature can be regarded as the optimum temperature. Under this con­

dition, the plant reached a peak blooming frequency 4 days after bloom-

; ng commenced with about 5 fl owe rs per p 1 ant per day. Furthermore, his 

results showed that 87% of the physiologically mature and imnature pods 

were produced from this period. 96% of the crop was produced from the 

first 22 days of pegging. 

Smith (24) showed that under field conditions, Improved Spanish 

variety required 50 to 60 days from flowering to the formation of mature 

pods. In combining the data of Smith and Davis, under ideal conditions, 

110 days would be needed for the formation of 96% of the crop. Never­

theless, when competition between plants exists, as exemplified by 

close planting densities, no information can be found with peanuts. 

Direct information does exist only with soybeans (13). 

Implied information is available under greenhouse conditions for 

close planting densities of peanuts. Using seeds of the Schwartz 21 

variety, Bolhuis planted 2 and 3 seeds per pot (3). His results showed 

that 3 plants per pot produced an average number of flowers higher than 

that of 2 plants per pot .. The flowering difference was attributed to 

a longer period of flowering of the 3 plants per pot. The fruiting per­

centages between the 2 and 3 plants per pot was the same, with the major 

difference being that the 2 plants per pot had a higher amount of ripe· 

pods than the 3 plants per pot. Thus this work would imply that denser 

pl ant population would have a 1 ower percentage of mature kernels than 
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less dense plant population, and in this study, the higher percentages 

of other kernels -which were encountered at the high population densities. 

Under high plant population density, the fruiting habit of the 

plant magnifies the importance of the first blooming cycle. The close­

ness of the plants force the growing portion to become upright, thereby 

increasing the distance between the gynophore and the soil surface. 

Pickett (23) has estimated that the maximum distance in which the gyno­

phore will grow and remain viable is about 6 in. Thus flowers which are 

produced higher than 6 in. above the soil surface could be regarded as 

being nonproductive. But, flowers which are produced less than 6 in. 

above the soil surface become farther away from the photosynthetically 

active portion of the plant, thereby maturing late. Thus the low yield, 

in terms of grams per plant, which was observed in the high plant popu­

lation densities could be the resultant of fewer gynophores reaching 

the surface of the soil, or the gynophores which reach the soil surface 

being 1 starved 1 by the distance of the photosynthetically active portion 

of the plant. Under wide row conditions, more lateral growth of the 

plant is possible thus a lower amount of flowers are produced 6 inches, 

or farther, from the surface of the soil. This could account for the 

high grams per plant attained by the wide row spacings. Furthermore, 

in combining the information by Bolhuis with this, a niore uniform crop 

could be expected in high plant population densities. 

Beside the flowering pattern of the plant, another aspect of the 

pl ant environment which should be considered is that of the effects of 

moisture, or water, on the plant. Figures 18 and 19 show the precipi­

tation pattern for the years in which the studies were undertaken. 

Since supplemental water was provided late .in the growing season, 
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precipitation becomes important in the early part of the growing season 

for the germination, development and the flowering of the plant. Again, 

flowering becomes important because dryness in the early part of the 

growing season affects the flowering response by causing slow and late 

flowering (9). 

An example of moisture on the overall welfare of the plant is seen 

in 1961, The high amount of precipitation which was observed in Septem­

ber (Figure 18) could have caused germination of the mature fruits which 

were on the plants. This is probably a reason why the observed plant 

densities was greater than those which were planted in all row spacings, 

except the 10 in. This germination factor would also affect the quality 

of the fru'it which was harvested, as the mature fruits had germinated, 

thus the percentage SMK was the lowest of all years studied. The gross 

aspect of the effect of water on the production of fruits by the plant 

is borne out by the large differences in yield by the irrigated and the 

nonirrigated treatments. Under irrigation not only was the yield 

affected but also the quality of the crop as seen in the high percent­

ages of SMK which resulted in the irrigated treatments. The irrigated 

treatments also had the lowest percentages of OK in all years. This 

confirmed earlier works (17, 18). 

In looking at the comparison of narrow versus wide rows, with 

respect to monetary returns, Table I II shows that narrow rows, whether 

irrigated or not, gave the highest returns. Narrow rows of higher 

population density consistently outyielded lower population densities. 

Tab le VI shows a comparison of wide versus narrow rows, for both i rri -

gated and nonirrigated treatments, in terms of monetary return for the 

1960, 1961 and 1964 seasons. In this table, the percentage of maximum 
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return refers to the percent the 2 plants per foot--plant spacing 

attained relative to the maximum value achieved by any planting density 

for that year and treatment. 

Thus the yield and quality, and hence the value of the crop, 

obtained in this study was found to be conditioned by the environment 

of the crop. The climate in the early part of the growing season had 

an important role in the final yield, as it affected flowering. Inter­

action between plants, as shown by the high plant population densities, 

also seemed to have affected yield, since in no year did the yield 

increase proportionate to the increase in plant population. High plant 

population densities, achieved by close row spacings and a high plant 

population within these rows, produced less fruit per plant, but the 

economic return realized seemed to make such culture profitable although 

an increase in seed cost was incurred. 

Water Requirement 

Results 

Although water was applied uniformily over the entire area, runoff 

was not measured, and no attempt was made to determine the water budget 

on accretion. Thus instead of using the total amount of water applied 

in the estimation of evapotranspiration (ET), the depreciation of soil 

moisture following water input was used to gauge evapotranspired water. 

Selection of periods between .neutron determination which were free 

from rainfall excluded a large part of the growing seasons. Figures 18 

and 20 show the precipHtation patterns and attest to this. Thus the 

analysis was modified to the selection of periods when the soil mois­

ture content of any 6-in. increment of the top 36-in. of the soil profile 
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did not exceed the value of the preceding detennination made after irri­

gation. The value of ET obtained by this method is thus an estimate of 

actual EL 

1961 Study 

Figure 21 shows the soil moisture content of the growing season for 

196L As pointed out in the Materials and Methods section, the differ­

ence of water content for a 11 treatments at the beginning of the monitor­

ing period was about 0.5 in. and at the end of this period, the spread 

was about 2 in. Inspection of the individual soil profiles of the treat­

ments showed that the increase of water content of the narrow rows was 

mainly in the top 36 in. of the soil profile. Thus the higher water 

contents of the narrow row spacings, for both irrigated and nonirrigated 

treatments, which was encountered in the latter part of the growing sea­

son was an actual accumulation of moisture in the root zone. 

In looking at some of the changes of water contents~ as detected by 

neutron detennination, Table XII shows that the rate of moisture loss by 

the narrow rows between July 24 and 31 and between August 21 and 28 was 

greater than that of the wide rows. Since·there was no knowledge as to 

the amount of water which was lost by drainage from the profile, the 

estimate of the ET rate is probably too la.rge. 

In this year, there was 14.23 in. of water by precipitation and 7.7 

in. of water by irrigation. 

1968 Study. 

Figure 22. shows the water content of the soil profile by neutron 

determination. A high soil water content, plus timely precipitation, 
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necessitated only 2 irrigations this year. On the graph, the value of 

July 30 for the narrow rows can be disregarded as this point represented 

only one plot, the neutron access tube in the other plots being filled 

with water when the tubes were installed and had not completely drained. 

Of note in Figure 22 is that the narrow row spacings had a lower 

rate of water loss between August 9 and 19 than the wide rows, but the 

inch of precipitation which occurred between August 15 and 16 negates 

any ET calculation. 

1969 Study 

The 1969 growing season was characterized by a very wet June and 

August (Figure 20). Between June and October, the precipitation totalled 

13.5 in. and with 10 in. of supplemental water, a total of 23.5 in. of 

water reached the plots during the growing season. 

Figure 23 shows the soil moisture content, by neutron determination, 

for the growing season. As can be seen in this figure, the phenomenon 

of the water content of the close row spacing surpassing that of the wide 

row spacing was far less than 1961. Nevertheless, intersection of the 

curves did occur, e.g. the 12 in. north-south oriented rows intersected 

with that of similar orientation of 36 in. row spacing on several occa­

sions, but did not surpass it until September 10. The close row spacing 

curve for the east-west orientation did not exceed, or intersect, that 

of the wide row spacings. 

Table VIII shows the tensiometric readings for the plots at the 

4 and 5 ft. depth. As can be seen from the potential gradients, after 

August 7, the movement of water in the close row spacings, regardless 

of orientation, was in the upward direction in this zone of the soil 
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rABLE VIII 

fENSIOMETRIC DATA AT TH[ 4TH AND 5TH FT. DEPTH (TOTAL HEAD, CM WATER SUCTION) 

- ·--~~----~-- '-.·--

1N12 1E12 1N36 1E36 2N12 2E12 2ii36 2E36 3N12 3E12 3N36 3E36 

4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 

July 24 205 207 227 243 186 210 213 221 197 202 238 238 218 273 174 201 204 247 247 277 
25 219 217 235 246 283 234 220 226 203 203 244 243 227 280 177 207 226 256 261 279 
26 211 210 222 243 179 229 218 223 199 197 242 241 223 276 173 201 219 255 - 257 277 
30 230 223 244 251 184 234 224 227 203 203 262 256 228 281 176 207 241 261 247 346 258 259 258 282 

August 1 221 214 242 250 187 234 223 226 202 202 253 251 232 280 176 202 241 257 326 294 260 259 260 282 
4 227 213 247 251 187 234 224 226 205 205 257 252 247 281 176 204 253 259 341 297 262 262 262 272 
5 231 223 251 254 189 236 224 228 205 205 262 250 229 283 178 205 263 262 347 303 262 261 260 286 
7 241 222 257 254 190 236 228 228 184 209 265 257 236 285 179 206 275 266 385 309 268 264 272 291 
8 251 224 261 256 190 236 229 230 213 213 269 260 238 288 179 205 286 272 433 311 272 267 276 293 
9 250 224 246 259 190 236 233 233 212 210 274 261 246 285 181 206 291 269 411 312 ?70 264 271 291 

10 254 224 270 260 193 232 230 230 212 210 277 265 247 288 182 207 309 270 430 316 273 266 275 294 
12 213 212 272 260 194 237 232 232 213 212 280 267 247 288 181 205 328 279 483 331 280 267 277 296 
13 265 223 275 340 195 234 233 232 214 212 285 267 247 290 186 206 363 277 605 333 283 271 281 300 
14 279 228, 284 603 197 239 237 235 217 214 294 273 252 291 188 211 458 297 750 339 286 272 291 303 
15 264 232 292 248 199 239 240 236 223 219 304 273 267 297 191 210 518 412 612 296 274 295 299 
18 302 - 291 271 203 230 237 233 227 220 305 263 272 298 192 211 420 289 693 296 275 298 302 
20 314 304 280 203 240 245 237 238 224 330 320 283 305 196 212 560 560 682 327 276 308 307 
21 289 302 276 204 241 247 238 237 227 355 283 288 301 198 211 615 294 813 313 277 308 307 
22 - 307 284 215 242 248 236 240 223 357 286 294 308 203 216 584 300 812 - 313 277 316 311 
25 347 304 289 217 245 255 240 290 232 350 292 307 315 209 217 590 300 440 376 323 281 328 
?.7 329 306 291 218 247 257 242 247 233 335 292 308 313 207 217 454 437 508 366 320 284 326 316 
29 362 310 293 222 250 259 240 247 235 350 291 314 315 211 217 558 319 686 366 326 254 333 316 
30 372 314 296 225 251 260 241 288 238 367 293 319 440 212 220 688 312 687 376 331 286 340 316 

September 2 425 325 306 232 252 269 243 299 240 378 296 326 306 219 221 749 320 843 384 347 289 356 321 
4 434 325 308 234 254 272 242 298 238 369 297 341 321 223 222 683 310 826 378 341 290 361 322 
8 501 350 306 245 259 280 247 303 24'.j 350 306 357 326 228 216 808 336 836 447 376 291 390 320 

10 710 - 482 345 247 256 292 247 305 260 315 376 333 467 249 806 351 852 481 411 294 431 332 
13 800 361 356 254 · 262 297 247 300 245 394 341 214 798 352 845 459 465 316 428 333 
15 725 360 354 262 266 299 262 307 250 404 337 226 779 376 827 447 452 295 422 336 
17 517 360 359 264 266 310 253 378 252 400 328 227 790 340 741 434 426 299 421 336 
19 575 361 350 269 259 310 253 287 254 400 335 230 618 337 738 446 451 324 415 322 
22 817 361 360 279 270 318 253 283 253 357 ?40 231 640 341 872 443 482 301 425 338 
24 737 351 360 279 295 320 255 288 259 432 340 230 746 340 96] 436 490 301 428 338 

October 3 812 382 338 297 275 354 260 308 273 473 37 G 23b 795 350 835 484 701 307 500 353 

0) 
0) 
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profile. Hence, these rows did not lose any water by drainage after 

August 7. On the other hand, the wide row spacings, i.e. 36 in., had 

water draining through this portion of the soil profile as late as 

September. 

Tensiometers were used to characterize potenti a 1 gradients. Since 

matric suction is related to the soil water content, tensiometer read­

ings should follow at least the major changes in soil water content, 

and many workers. have used them for this purpose. However, in this 

study there were many instances of disagreement between tensiometers 

and neutron readings. 

Table IX shows a comparison of tensiometric and neutron determina­

tion of water contents at the three and four ft. depth. Almost in all 

plots, the tensiometers did not respond to an increase of water content 

which was detected by the neutron method. In plot 2E36, a relationship 

between the water content, as detected by the neutron method, and pres­

sure head can be observed, but the water content of the soil decreased 

throughout the season. 

Thus, because of this difficulty in establishing the water content­

pressure head relationship for the calculation of the hydraulic conduc­

tivity, a new assumption was made. Since the downward flux of water 

in the 4 and 5 ft. zone was extremely small, less than 0,1 cm3/cm2/day 

(5) when the matric suction was greater than 100 cm water; and since the 

matric suction which was observed in the field often exceeded this rnatric 

suction value in the early part of the growing season, then the amount 

of water which was lost by drainage could be considered to be negligible. 

In support of this assumption, Table X shows calculation of soil-water 
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TABLE IX 

COMPARISON OF TENSIOMETRIC VALUES (PRESSURE HEAD, CM. WATER SUCTION) AND WATER 
CONTENT DETERMINATION BY THE NEUTRON METHOD FOR THE 1969 DATA AT THE 3RD 

AND 4TH FT. DEPTH OF THE SOIL PROFILE 

Plot Depth Moisture July August September October 

Number ( ft) Deter-
mined by 28 4 8 11 20 22 30 4 10 13 3 

1Nl2 3 Neutron · 13.0 10.4 10.2 9.8 10.0 9.0 9.5 9.3 9.4 9.5 
Tensiometer 171 429. 590 703 685 689 538 685 726 716 

4 Neutron 13.2 12.0 12.5 11.1 11. 9 10.5 11. 2 10.5 10.6 10.4 10.1 
Tensiometer 97 107 131 113 194 252 314 590 680 692 

1El2 3 Neutron 14.0 13.1 12.3 11. 7 11.4 10.8 10.8 10.5 10.6 10.7 
Tensiometer 150 228 323 419 654 670 699 720 723 717 

4 Neutron 19.0 13.9 13.6 12.9 12.8 13.1 12.2 12.5 11.6 11.3 11.0 
Tens i ometer 119 127 141 151 184 187 194 205 362 241 262 

1N36 3 Neutron 15.0 13.2 12.8 12.1 12.3 11. 7 11.6 11.8 
Tensiometer 80 88 97 111 165 181 233 256 243 

4 Neutron 19.1 19.9 19.6 17 .6 16.7 16. 7 16.3 15.9 15.3 
Tens iometer 67 67 70 74 83 95 105 114 127 134 177 

1E36 3 Neutron 15.1 13.0 15.6 14.2 13.1 13.0 13.4 12.4 13.4 12.6 
Tensiometer 139 150 165 176 313 444 481 564 713 724 

4 Neutron 17.8 15.9 17.2 16.7 16.4 16.9 17.0 16.5 13.6 15. 7 14.4 
Tens iometer 107 104 109 111 125 128 140 152 172 177 234 

2N12 3 Neutron 11.8 11.5 10.0 10.1 8.8 8.1 7.9 7.8 7.6 7.5 
Tensiometer 147 227 310 471 

4 Neutron 21.1 20.3 19.6 18.9 18.2 17 .0 16.6 12.6 15.3 14 .9 15.3 
Tensiometer 83 85 93 92 118 120 168 178 185 180 188 

2El2 3 Neutron 13 .• 9 12.7 11.8 10.6 10.5 10.4 10.6 10.3 10. l 
Tensi·ometer 222 436 702 739 715 715 102· 726 724 726 

4 Neutron 15.6 15.0 14.A 12.8 12.6 12.6 12.9 12.6 11. 7 11.3 
Tens iometer 134 137 149 158 235 237 247 249 

2N36 3 Neutron 22.5 21.6 17.3 19.4 15.3 15.4 15.6 14.6 15.6 15.4 
Tens.iometer 141 164 193 209 472 537 637 693 718 732 

4 Neutron 18.3 18.8 15.9 17 .9 14.5 16.4 15.6 15.6 15.6 15.4 15.6 
Tensi ometer 108 127 118 127 163 174 199 221 256 274 353 

2E36 3 Neutron 11.8 11.3 . 11.0 10.9 10.0 9.5 9.4 9.2 8.9 8.7 
Tens i ometer 70 78 84 95 154 178 230 282 380 384 

4 Neutron 15.4 16.1 13.6 13.7 15.6 12.4 12.3 11.8 11.5 11.6 10.7 
Tensiometer 54 56 59 61 76 89 92 103 347 

3Nl2 3 Neutron 23.4 22.3 20.9 19.8 17 .6 17 .7 17.3 18.9 18.5 18.8 
Tensiometer 189 511 499 594 686 693 739 730 725 706 

4 Neutron 23.7 23.5 23.1 21.5 18.8 17.9 17 .9 17.8 15.9 16.1 16.8 
Tens i ometer 111 133 166 199 440 464 568 563 686 678 675 

3Nl2 3 Neutron 20.4 17 .6 16.5 16.0 15.5 15.1 14.7 15.7 15.1 14.7 
Tens iometer 476 496 456 502 679 734 751 745 

4 Neutron 27.6 22.7 22.3 21.1 18.6 17.9 18.0 18.9 16.9 16.8 16.5 
Tensi ometer 221 313 336 562 692 567 706 732 725 715 

3N36 3 Neutron 10. 7 10.0 8.8 9.2 8.9 8.5 8.1 8.0 
Tensi ometer 175 199 217 225 309 305 319 339 365 371 

4 Neutron 11. 9 10. l 10.0 9.4 9.3 8.9 8.6 8.3 8.0 7.5 
Tensi ometer 132 142 152 156 207 193 211 231 291 345 581 

3E36 3 Neutron 19.3 16.8 18.1 16.5 15.2 14.6 14.4 19.3 14.0 13.3 
Tens i ometer 177 242 322 429 701 709 762 745 745 732 

4 Neutron 20.6 20.8 19.0 18.2 17 .9 18. 7 17. 7 16.2 17 .6 17 .9 17. 7 
Tensi ometer 136 143 156 156 188 196 220 241 311 308 380 



TABLE X 

CALCULATION OF WATER FLUX AT THE 4TH AND 5TH FT. DEPTH USING 
TENSIOMETRIC DATA OF AUGUST 4TH AND 12TH, 1969 

Plot 
No. Date 

1N12 

1E12 

1N36 

1E36 

2Nl2 

2E12 

2N36 

2E36 

3Nl2 

3El2 

3N36 

3E36 

4 
12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 
4 

12 

0.217 
0.227 
0.166 
0.154 
0.242 
0.225 
0.214 
0.214 
0.240 
0.227 
0.162 
0.149 
0.150 
0.148 
0.266 
0.268 
0.174 
0.136 
0.127 

_+ 

0.156 
0 .149 
0.150 
0.138 

*No flux of soil water 

North Si del 

K 

1.352 
2.098 
0.143 
0.084 
4.095 
1. 911 
1.182 
0. 761 
3.695 
2.099 
0.120 
0.068 
0.071 
0.065 

11. 642 
12.734 
0.203 
0.038 
0.131 

0.092 
0.068 
0.071 
0.042 

-0.631 
-0.070 
0.019 

-0 .034 
6.359 
2.739 
0.079 

-* 
-* 

-0.070 
-0.020 
-0.029 
0.080 
0.088 

10. 865 
10.187 
0.04~ 

-b.038 
-0.192 

-* 
-0.029 
0.023 

-0.026 

e 

0.266 
0.271 
0.240 
o·. 230 
0.272 
0.267 
0.260 
0.254 
0.279 
0.272 
0.237 
0.225 
0.228 
0.226 
0.292 
0.290 
0.247 
0/213 
0.206 

_+ 

0.234 
0.225 
0.227 
0.216 

South Side2 

K 

o. 727 
0.878 
0.273 
0.187 
0.912 
0.756 
0.578 
0.463 
1.185 
0.912 
0.244 
0.155 
0. 174 
0.161 
2.315 
1.788 
0.356 
0.099 
0.076 

o .195 
0.155 
0.167 
0.111 

+Matric suctions too large for water-content estimation 

-0.339 
-0.029 
-0.036 
-0.075 
1.429 
1.083 
0.038 

-* 
-* 

-0.030 
-0.040 
-0.067 
0 .197 
0.220 
2'.161 
1.430 

-0. 071 
-0.162 
-0.111 

-* 
-0.067 
0.055 

-0.070 

lrhese calculations were based on the soil-water characteri sties 
determined on the north side of the experimental area, where: 
e - averaged vo 1 umetri c water content of the 4th and 5th ft. depth 
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K - hydraulic conductivity of the 120-150 cm zone of the soil profile, 
estimated from: K = 9 63 x 10-5 e 43.98e- · 

-v- soil water flux, cm3/cm2 day, computed: 
1.f _ Total Head 150, cm - Total Head 120 cm) 

- 150 - 120 cm 
Negative sign denotes upward flux. 

2These calculation were based on the soil-water characteristics 
.. determined on the south side of the experimental area; 9,K andV-, same 
as above, but I( being computed as K= 3.267 x 10-5 e37.622e 
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flux for August 4 and 12, using the tensiometric data with the available 

water release curve. 

Table XI shows the calculation of water flux, surrmed over the per­

iod of August 11-20. The values for the hydraulic conductivity were the 

same as those used in Table X. Gross difference in the fluxes of plots 

1N36 and 2E36 can be seen when the soil water-matric suction character­

istics of the north portion of the field (denoted as Point A in Figure 

1) and the south portion (Point B in Fi'gure 1) are compared. In both 

plots, the amount of water calculated to be lost by drainage exceeded 

the 1 oss of water from the profi 1 e detected by the neutron method. The 

magnitude of upward fluxes obtained for several plots also seemed too 

large to be acceptable. 

Except for plots 1N12, 1N36 and 2E36, the magnitude of the flux 

values were generally,of the order of 0.1 cm per day, in both the up­

ward and downward directions. In plot 1N12, the magnitude of the up­

ward flux was deemed too large to be creditable .. Similarly, the 

magnitude of the downward fluxes for plots 1N36 and 2E36 were too large 

to be valid when the pressure gradients were considered. The discrepancy 

of the magnitude for fluxes probably lies in the .moisture release curve, 

i.e., the relationship between the matric suction .and water content. 

Table ·xru shows the calculation of ET from changes of neutron 

determined water content. As the table shows, in the early part of 

August, the 12 in. row spacing of north-south orientation had the low­

est daily loss of moisture. This value was about half of that of the 

east-west oriented rows of similar spacings. In the later part of 

August, the 12 in. north-south oriented rows continued to be the lowest 

in ET, but the ET rate for the east-west oriented 36 and 12 in. rows 



North 

South 

TABLE XI 

CUMULATIVE FLUX (IN. WATER) FOR AUGUST 11-20, 1969, USING THE HYDRAULIC CONDUCTIVITIES 
DETERMINED AT THE NORTH AND SOUTH PORTIONS OF THE EXPERIMENTAL AREA 

1N12 1E12 1N36 1E36 2N12 2E12 

* 0.02 12.98 -0.34 -1.04 -0.18 

* -1.60 4.63 -0.16 -0.45 -0.44 

2N36 2E36 

0.98 20.64 

0.65 3.23 

3N12 

* 

* 

3E12 3N36 

* -0.13 

* -0.66 

3E36 

0.05 

0.13 

*No value assigned due to a) missing data within period orb) the values of the matric suction obtained 
within this period for these plots exceeded the lower limit of the water desorbtion versus matric suction 
relationship found in the lab, thus water content could not be otained. 

NOTE: Negative sign denotes upward flux 

........ 

...... 



were about the same. In early September, the ET rate for a 11 but the 

36 in. north-south oriented rows were about the same. 

1971 Study 

72 

At the start of the growing season, the .soil profile was exceed­

ingly dry due to the deficiency of precipitation in the preceding winter. 

This is evidenced by the low water contents of the plots, by neutron 

determination, and by the high matri c suction shown by the tensi ometers, 

Figure 24 and Table XI, respectively. 

Figure 24 shows the water content of the plots during the growing 

season. Accumulation of moisture by the narrow rows was evident only 

for a small part of the growing season by the. north-south oriented 

rows, and only for a several day period for the east-west oriented 

rows. The 36 in. east-west oriented rows showed a high accumulation of 

moisture on August 16, but this point of the graph represented only one 

neutron determination as there was water ponding on the surface of the 

soil in the vicinity of the other access tubes. 

In the calculation of ET, as shown in Table XIII, only two periods 

could be selected. In the early part -0f August, the 12 in. north-south 

oriented rows had the lowest ET in agreement with what had been found 

the previous year of study. In the other period of calculation, the ET 

rate was higher than that of the previous year of the same date. 

In looking at the tensiometric data, Table XII, there was a large 

amount of missing data •. Problems were encountered in the field this 

year by rodents gnawing at the nylon tubing which connected the tensio­

meters with the mercury manometers. Also, several tensiometers malfunc­

tioned at the end of the growing season. Nevertheless, where data were 
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TABLE XII 

1971 TENSIOMETRIC DATA AT THE 4TH AND 5TH FT. DEPTH (TOTAL HEAD, CM WATER SUCTION) 

--
Plot: 1N12 1E12 1N36 1E36 2N12 2E12 2N36 2E36 3N12 3E12 3N36 3E36 

Depth: 4 ft 5 ft 4 ft 5 ft 4 ft 5ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 4 ft 5 ft 
------· ------

July 14 448 244 444 488 362 319 352 599 501 565 421 323 363 · 196 105 363 335 550 381 458 

15 534 380 370 373 659 558 629 327 345 336 374 295 557 480 477 174 201 

16 539 388 409 383 720 657 292 327 552 525 476 204 238 

19 385 490 387 779 638 351 435 324 383 602 696 486 

21 182 513 313 455 667 342 477 380 421 539 632 442 

22 573 369 405 535 367 789 495 441 423 328 355 589 677 467 

23 586 397 425 554 368 805 466 464 382 339 356 586 673 477 435 

26 452 353 578 358 534 342 340 351 586 663 470 

27 170 473 414 524 422 312 338 550 384 463 410 

28 254 565 483 530 587 597 435 345 370 590 491 476 420 

29 263 445 282 347 579 431 321 331 383 274 561 495 453 401 

August 2 303 562 318 503 367 360 676 442 357 354 395 310 593 681 463 406 

4 342 487 365 507 638 425 364 432 312 568 582 444 - 404 

378 479 644 431 375 355 414 574 644 458 

10 339 430 369 504 433 457 349 327 590 

11 . 456 359 436 475 358 330 592 

16 516 495 510 727 498 378 335 

17 535 510 516 433 360 331 

18 320 533 524 516 480 442 485 366 336 

19 538 523 446 504 372 336 

24 546 630 455 582 388 335 "-J 
.i::,. 
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TABLE XII I 

CALCULATION OF EVAPOTRANSPIRATION FOR 1961, 1969 AND 
1971, BASED ON NEUTRON DETERMINATION 

Year Date -
1961 July 24-31 

July 24-28 
August 21-28 
August 21-31 

1969 August 11-20 
August 22-30 
Septe·mber 4-10 

1971 August 2-12 
August 16-21 

lvalue from 1 tube 

No. 
of 
Days Treatment 

7 Irrigated 
4 Nonirrigated 
7 Irrigated 

10 Nonirrigated 

North-:-South 
Oriented Rows 

12 11 36 11 

0.48 
0.38 
1.04 

0.561 
0.85 

1.22 
0.85 
1.86 

0.671 
1,471 

Total ET for Period 
(In. Water) 
Row Spacing 

1011 40 11 

0.84 0.70 
1.00 0.76 
1.00 0.70 
0.56 0.63 

East..:west 
Oriented Rows 

12 11 36 11 

0.81 
0.75 
1.25 

0.82 
1.04 

1. 36 
0. 72 
1.18 

1. 39 
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available, only two plots did not show an upward flux of water before 

July 26. The matric suction in the plots was higher than that of 1969. 

Discussion 

In considering the relationship between the water content of the 

soil, as determined by the neutron method, versus the matric suction, 

as indicated by tensiometric response, the sampling volume characteris­

tic of the respective instruments, along with water conductivity ·Of the 

non homogeneous soil is important. For example, the entire area was 

irrigated on August 10, 1969. The time lag for the tensiometers to 

reflect this pulse of water at the 4 ft, depth varied from August 12 

(plots 1Nl2, 1N36, 2N36 and 3E36) to August 18 {plots 1Nl2, 1E36, 2Nl2 

and 2El2). Using the neutron method, however, an increase of water 

content was detected at tlie 4 ft. depth two days after irrigation in all 

plots. It would have been desirable to compare conductivities in the 

above plots between the 1969 and 1971 data. In 1971, insufficient 

tensiometric data prohibited this comparison. This is unfortunate in 

that such comparisons could have established whether further sampling 

for water content versus matric suction relationship need be established 

for the nonconforming portions of the field. 

Table XIV shows the calc~lated ET values, expressed as a percent­

age of the maximum ET obtained for each period. Two definite relation­

ships can be seen in this table. The first is that the no.rth-south 

oriented rows ·had the extremes in ET. Hence, the 12 in. row spacings 

had the lowest ET for all treatments, while (except for the August 11-

20 period) the 36 in. row spacings had the highest. The second relation­

ship is that except for the early part of September, 1969, the 12 in. 
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TABLE XIV 

EVAPOTRANSPIRATION OF 1969 AND 1971 ON A PERCENTAGE BASIS* 

North-So.uth East-West 
Oriented Rows Oriented Rows 

Year Date 12 11 36 11 12 11 36 11 

1969 August 11-20 35 90 · 60 100 / 
' August 22-30 45 100 (86 '-1y 91 

September 4-10 55 100 66 62 

1971 August 2-12 29 J. 100 73 

August 16-21 58 100 70 95 

*100 Percent Being Assigned to the Highest Value Within a Given Period 

east-west and north~south oriented rows had a lower ET than the 36 in. 

rows of similar orientations. 

Because no micrometerological measurements were made during this 

study, no explanation can be offered for this phenomenon. Yao and Shaw 

(27, 28) found that in 42 in. rows, the net radiation of east-west 

oriented corn crop was higher than the north-south oriented rows. · The 

authors concluded that this higher net radiation contributed to a more 

11efficient water usage 11 by the north-south oriented rows. In this study, 

the only time that the north-south wide rows had a lower ET than the 

east-west oriented rows was during the period of August 11-20, 1969. 

Thus, the observations by these workers may be valid for tal.l crops, 
r 

where the soil surface has a better chance of being exposed to diffuse· 

sunlight, but not for peanuts. 
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Lysimetry is the accepted method in obtaining accurate determina­

tion of ET. The depth of most lysimeters is about 3 ft. Mantel and 

Goldin (16) estimated that 20 percent of the water extracted by peanut 

plants .from the soil during the growing season is extracted from about 

the 4 ft. depth. Thus a lysimetric study would probably be not reflec­

tive of the extraction pattern of the rooting zone of the plant. The 

solution is to employ field scale studies and either account for the 

water flux at the bottom of the rooting zone or determine water budget 

during periods of zero flux. The problems encountered in field approach 

are obvious in these results. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

In experiments which were conducted in the field for 6 years, bunch 

peanuts, planted in narrow rows {10 or 12 in.) consistently yielded 

higher than 36 or 40 in. rows. 

In three of six years, plant population varied from 2 to about 7 

plants per foot on 20, 30 and 40 in. rows. A regression model was used 

to relate row spacing and plant spacing to several dependent variables. 

The dependent variables were: yield, in terms of pounds of unshelled 

peanuts per acre and also in terms of grams per plant; percentage of 

sound mature kernels; percentage of other kernels, and net value of the 

crop. The regression model accented the year effect on production by . 

resulting in different response surfaces within dependent variables and 

between years. The model fitted all the data for the dependent variables 

except that of percent ot_her kernels. 

Two to four plants per foot was found to be the ideal plant spacing/ 

within row spacings. For row spacings, the row spacing which consist­

ently gave the highest yields was the 10 in. For nonirrfgated crops, 

closer row and plant spacings seemed to enhance the yield, both quali­

tative·ly and quantitatively. 

In comparing the irrigated and nonirrigated treatments, irrigation 

was found to enhance both yield and quality of the crop, regardless of 

79 



plant spacings. In some years, the yield of the irrigated treatments 

doubled that of the nonirrigated treatments. 

80 

By altering the geometry of the crop, through the orientation of 

the rows with respect to the wind direction and by close row spacings, 

the amount of water lost by the ET process was reduced. A higher amount 

of water was conserved in the soil profile when the orientation of the 

12 in. rows were in the north-south direction. In practi ca 1 terms, 

this study showed that the north-south oriented narrow row spacings 

had a decrease of the amount of water lost by ET without being detri­

mental to the quality of quantity of the peanut crop for the tw9 years , 

of study. A water budget analysis was used in the calculation of ET. 

I 
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