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Abstract:
Spring wheat was grown under growth chamber conditions to study the effect of surface soil
temperature on early plant growth, nutrient uptake, and nutrient translocation.

Surface soil temperatures below optimum significantly decreased top growth but not root growth. Total
nutrients accumulated in the tops increased with increases in surface soil temperature. Roots appeared
to accumulate both Cu and Zn under cold surface soil conditions.

Translocation of 86Rb from the roots to the tops was significantly greater when the surface soil was
warm than when it was cold. Translocation of nutrients from the roots to the tops may be restricted by
the cold soil surface zone. Good nutrient status of the soil appears to modify the detrimental effect of
cold surface soils. However, fertility did not completely alleviate the detrimental effect of cold surface
soils.

The crown (transition region) of the plants appears to be the sensitive part to cold soil temperatures.
Location of the crown above the cold zone resulted in near equal dry weights at both cold and warm
surface soil temperatures.

The location of the shoot meristematic region did not influence the effect that surface soil temperature
had on plant growth and. development.

A discussion of the theoretical significance of the transition region is presented in the results and.
discussion section. 



EFFECT OF SURFACE SOIL TEMPERATURE ON EARLY GROWTH, 
NUTRIENT UPTAKE, AND NUTRIENT TRANSLOCATION 

BY SPRING WHEAT (TrIticum aestivum)

by

•GLENNIS OWEN BOATWRIGHT

A thesis submitted to the Graduate Faculty in partial 
fulfillment of the requirements for the degree

DOCTOR OF PHILOSOPHY

in

Crop and Soil Science

Approved:

Head, Major Department 

Cfy&j.rman, Examining Committee

Z
Dean, graduate Divisioi^Z

MONTANA STATE UNIVERSITY 
Bozeman, Montana

August, 1|7.0 ,
. r .  "  I



-iii-

ACKNOWLEDGEMENT

The author would, like to express a sinceie thanks-to Dr. J. R. 
Sims for his consideration and. assistance during the course of this 
work.

A special thanks to Dr. Hayden Ferguson and Dr. C. S. Cooper for 
their assistance in development of certain equipment used, in this 
work.

Also, the author would like to acknowledge the help, and instruc
tion received: from the other committee members, Drs. E. 0. Skogley, 
I. K. Mills and P. W. Jennings.

- :
The author would like to thank Dr. R. A., Olsen; for his assist

ance in working with the radioisotope material and also thank the 
soil testing laboratory personnel for their help .in analyzing both 
plant material and. the soil.

Lastly, the author wishes to express thanks to his patient fam
ily who provided, encouragement throughout the course of this work.



TABLE OF CONTENTS

-iv-

VITA . . . .  ........

ACKNOWLEDGEMENTS . . . 

TABLE OF CONTENTS. . . 

LIST OF TABLES . . . .  

LIST OF FIGURES. . . . 

ABSTRACT . . . . . . .

INTRODUCTION ........

REVIEW OF LITERATURE ./ 

MATERIALS AND METHODS. 

RESULTS AND DISCUSSION 

SUMMARY AND CONCLUSIONS 

APPENDIX ..............

ii

iii

iv

v

vii

viii

I
3
17
23
59
63

Page

LITERATURE CITED 69



-V -

LIST OF TABLES 

Context Tables

1 Selected chemical properties of, Amsterdam silt loam, the
soil used, for all experiments . 19

2 Effect of surface soil temperature on concentration of
various nutrients in tops of spring wheat . . . . . . . .  . 37

3 Effect of surface soil temperature on concentration of
various nutrients in roots of spring wheat. ............... ' 38'

4 Effect of surface soil temperature on. total nutrient content
in tops of spring w h e a t ........ ...........................  40

5 Effect of surface soil temperature on total nutrient content
in roots of spring wheat. . . . . . . . . . . . . . . . . .  41

6 Effect of surface soil temperature on top:root ratio of in
dividual ions in spring wheat ............... .. 42

7 The influence of surface soil temperature on dry matter
yield, when the crown is located above the soil surface. . . 51

8 The position of the growing point (meristematic region) at
various stages of plant growth. . . . . . . ...............  53

9 The effect of surface soil temperature on dry matter produc
tion of spring wheat when the growing point (meristematic

■ region) extends above the soil surface. . . . . . . . . . . .  54

' Appendix Tables .

10 Analysis of variance table and Duncan’s multiple range test 
for dry matter yield of spring wheat tops as influenced by 
4 surface soil temperatures, subjected at 2 days after plant 
emergence

Number Page

64



List of Tables

Appendix Tables 
(continued)

Number Page

-vi-

11 Analysis of variance'table and. Duncan’s multiple range 
test for dry matter yield, of spring wheat tops as in
fluenced. by 4 surface soil temperatures, subjected at 7
days after plant emergence........  ̂ . 65

12 Analysis of variance table and. Duncan's multiple range 
test for dry matter yield of spring wheat tops as in
fluenced by 4 surface soil temperatures, subjected, at
14 days after plant emergence.......... .. i . . . . .  . 66

13 Analysis of variance table and Duncan's multiple range 
test for dry matter yield of spring, wheat tops as in
fluenced. by 4 ,surface soil temperatures, subjected at 7
days after plant emergence . . . .  ............... 67

14 Soil temperature in the surface 2.5 cm horizon during the
temperature treatment period (mean of 4 replications and 4 
readings per day). . . . . . . . . . . . . . . .  . . . . ,. 6.8



-vii-

LIST OF FIGURES

Figure Page

1 Diagram showing top and. side view of one soil chamber
used, to control soil temperatures................. 21

2 Soil temperature fluctuation at 1.5 cm below the soil 
surface for the 4 temperature variables (7, 12, 19 and
26 C ) ...................................... .. 24

3 Effect of surface soil temperature on height of spring
wheat at various stages of growth..................... .. 26

4 Effect of surface soil temperature (from 2-13 days after 
wheat emergence) on dry matter yield, of roots and tops and
on leaf growth. . . . . . .  ........... .. . ........... . 28

5 Effect of surface soil temperature (from 7-18 days after 
wheat emergence) on dry matter yield of roots and. tops and
on leaf growth. . . . . . . . . .  ..........  . . . . . .  29

6 Effect of surface soil temperature (from 14-25 days after 
wheat emergence) on dry matter yield of roots and. tops and
on leaf growth................'. . . ...............   31

7 Effect of surface soil temperature variables on height of
spring wheat during the temperature subjection period . . 34

8 Effect of surface soil temperature on dry weight of roots
and tops after an 11 day.temperature treatment (7-18 days 
after wheat emergence). ..................................  36

9 Diagram showing the system used for studying ^ R b  trans
location from the roots to the tops with a cold barrier
around the crown.............   . . ........................ 44

10 Effect of temperature around the crown on translocation of
86PJ3 from the roots to the tops of spring wheat . . . . .  46

11 Effect of surface soil temperature and fertilization on dry
matter yield, of spring wheat. . . . . ...............   49



-Viii-

ABSTRAGT

Spring wheat was grown under growth chamber conditions to study 
the effect of surface soil temperature on early plant growth, nutrient 
uptake, and nutrient translocation.

Surface soil temperatures below optimum significantly decreased 
top growth but not root growth.'X,Total nutrients accumulated in the 
tops increased, with increases in surface soil temperature. . Roots ap
peared to accumulate both Cu and Zn under cold surface soil conditions.

86Translocation of 00Rb from the roots to the tops was significantly 
greater when the surface soil was warm than when it-was cold. Trans
location of nutrients from the roots to the tops may,'be. restricted by 
the cold soil surface zone.

Good nutrient status of the soil appears to modify the detrimental 
effect of cold surface soils. However, fertility did not completely 
alleviate, the detrimental effect of cold surface soils.

■ The crown (transition region) of the plants appears to be the 
sensitive part to cold soil temperatures. Location of the crown above 
the cold zone resulted in near equal dry weights at both cold and. warm 
surface soil temperatures.

The location of the shoot meristematic region did not influence 
the effect that surface soil temperature had on plant growth and. de
velopment.

A discussion of the theoretical significance of the transition 
region is presented in the results and. discussion section.



INTRODUCTION

During the normal process of plant growth, a plant in the field, 

is subject to continually changing conditions of environment. When 

these conditions lie outside the optimal range, a degree of stress is 

exerted on the organism. The effect of a given stress may differ with 

the condition of the plant at the time of stress (26, 49). Sensitiv

ity and. degree of response are known to vary with stage of development 

(9, 19, 50). Critical periods of high sensitivity prevail during 

early seedling growth and again near the flowering stage.

Soil temperature is recognized as one of the important factors 

in the production of plants. Soil temperature within a given geo

graphic location varies with soil depth, • amount and type of vegetative 

cover, color of the soil, amount of soil water, and type of cultiva

tion.

Recent investigations (16, 54, 64) have demonstrated that stubble 

mulch cultivation often results in decreased yields of many crops. 

Initially, the yield, reductions were attributed, to decreased avail

ability of nutrients. However, with additional fertilization, yields 

are usually lower than when no stubble is involved (36, 54, 64). Thus, 

a stubble mulch must change other growth factors such as soil tempera

ture. Research has demonstrated (2, 43, 54, 64) that the surface soil 

temperature is considerably lower in the fall and. early spring when 

stubble mulching is practiced than when no stubble is used. Soil tem- 

perature appears to exert a profound influence on plant growth and
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nutrition. The direct physiological effect of soil temperature on 

plant growth cannot easily be separated from the indirect effects of ■ 

soil temperature upon nutrient availability and subsequent growth.

The direct effects of soil temperature may result from the activation 

of•temperature-sensitive endogenous mechanisms of the plant, which 

are determined by the genetic character of the plant.

Previous soil temperature studies have usually involved the en

tire root zone. Since stubble mulching exerts maximum influence on ■ 

surface soil temperature and. since this is the area for crown develop

ment, temperature studies of this zone seems important. The present 

research data are based on early growth and development of spring 

wheat and the uptake and. translocation of nutrients as influenced, by 

surface soil temperature when subsoils were maintained, at optimum 

temperatures. . . .

The objectives of this study were: (I) To determine the effect

of surface soil temperature on plant growth and development, nutrient 

uptake, and. nutrient translocation; and. (2) To evaluate the importance 

of the crown (transition region) and meristematic components of wheat 

with respect to soil temperature effects. Fulfillment of these ob

jectives will partially test the hypothesis that low temperatures at

the transition region hinders-normal development and functioning of
, .

the vascular structures therein.



LITERATURE REVIEW

Mulch And. Its Influence On Soil Temperature And Plant Growth

At Lincoln, Nebraska, McCalla and Army (43) reported that 8 tons

of straw mulch per acre decreased soil temperature at the I-inch depth

by as much as 17.7 C. Mulch rates of 2 to 3 tons per acre lowered

soil temperatures 3 to 6/C at the I-inch depth. Shubeck and Holmes

(54) measured soil temperatures at 2-inch depths and found that 1.5

tons, per acre of straw mulch lowered the temperature 15 F When com-
.

pared, to bare soil. Light colored mulch in Kansas -.(iZ) resulted in 

soil temperatures 2.8 C lower than bare soil, while partially decom

posed. mulch had still less influence on soil temperatures. Allmaras, 

et al (I) used straw mulch to vary soil temperatures from 60 to 83 F . 

At Sidney,. Montana, Black^ measured, soil temperatures at 2-inch depths 

and found: temperatures 18 F lower with 1.5, tons per acre of straw than 

when no residue was used. Boatwright and Ferguson^ found soil temper

atures at I-inch depths as much as 28 F colder under 3 tons of mulch 

per acre than When no mulch was used.

Burrows and Larson (16) postulated, that lower soil temperatures 

under mulch was a primary causative factor in reducing corn growth in

Black, A. L. 1965. Effect of residue level on moisture conservation 
and. winter wheat survival in the Northern Great Plains (unpublished 
data).

Boatwright, G. 0. and. H. Ferguson. 1965. Root Distribution of 
Winter Wheat as Influenced, by Residues ' (unpublished, data) .
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the North Central states. Plant height and. dry matter production de

creased. progressively with increasing mulch rates. In cooler areas of 

the country, lower soil temperatures during the spring growing season, 

under mulch, frequently have an inhibiting effect on growth of crops 

such as corn (2).

Research presented, by van Wijk et al (64) on uniform mulching ex

periments in Iowa, Minnesota,. Ohio and. South Carolina indicated that 

mulching caused, a decrease in corn growth where soil.'.- temperatures were 

near the minimum for cron growth. However, when.soil temperatures 

were above optimum for corn growth, the decreased soil temperature due 

to mulch was beneficial.

Brown (12) concluded, that soil temperatures near the surface may 

exert a greater influence on growth of Kentucky bluegrass than air 

temperature or soil temperature at deeper depths.

Controlled Soil Temperature and Subsequent Plant Growth

Willis et al (69) used heating cables to control soil temperature 

under field, conditions. They found, that increases in soil temperature 

accelerated, rate of emergence, rate of growth and promoted, earliness in 

maturity of corn. Growth rates approximately followed the Van1t Hoff 

law, the Q^q C of that law being from 2.0 to 2.8 for the average tem

perature range tested, 60 to 80 F.

In a study conducted by Walker (66), a soil chamber was construct-



ed whereby precise soil temperature could, be maintained.' He showed 

that with each degree increase in soil temperature from 12 to 26 C, 

total maize seedling dry weights were an average of 20% greater than 

weights at previous soil temperatures. At soil temperatures above 

26 C average seedling weights were 12% smaller with each degree in

crease in temperature. .. .

In greenhouse experiments using sand, cultures and. nutrient solu

tions, Knoll et al (36) found, that 15 C root zone temperatures severIy 

restricted growth of young corn plants. High P levels never fully 

counteracted, this harmful effect. In a similar experiments by Beau

champ and Lathwell (3), the time interval required by corn to reach 

specific stages of development increased substantially with decreasing 

temperatures from 25 C to 15 C. In 1967, Beauchamp and. Lathwell (4) 

continued this work to define stages of shoot development, as influenced 

by root zone temperatures. The rate of morphological development of 

corn plants increased, substantially with increasing temperatures. Ab

solute growth rates of both shoots and: roots tended to be greatest at 

20 C and. lowest at 25 C. The optimum root zone temperature decreased 

for shoot growth but increased, for root growth during the 2 to 6-leaf 

growth stage interval. '

Root development of corn was also studied, by Beauchamp and' Lath- 

well (4). They showed, that root growth was slower at. 15 than 20 or y 

25 C. At 20 C, the root diameter was smaller, but the vascular cylinder



diameter was greater at 15 and 25 C. Maturation of the protophloem 

elements occurred closer to the root apex at high temperatures, in

dicating that lower temperatures delayed maturation of the roots. They 

also suggested that cell division may take precedence over cell elonga

tion at high temperatures, while at low temperatures cell elongation 

takes precedence. Walker (66) found that root weights increased lin

early with an increase in soil temperature from 12 to 26 C. From 26 C 

to 35 C root weights decreased. . '•

Shoot growth of young tomato plants increased as root zone tem

perature increased from 10 to 25 C (40). When roots were subjected to 

a 10 C temperature, growth rate of shoots approached zero, even though 

the shoots were exposed to normal greenhouse temperatures.

Davis and Lingle (20) grew tomato plants in distilled water and. 

measured significant promotion of shoot growth in response to increased 

root temperature. They concluded, that the effect Of root temperature 

on shoot growth did not reside primarily in rates of mineral supply to 

the shoot, indicating a possible endogenous mechanism. Root tempera

tures may induce differential production of root-produced substances 

having root regulatory activity. Went and Bonner (68) presented, such 

evidence for tomato plants.

Mack et al (42), found, that as soil temperature increased from 

54 to 78 F dry weight of snap beans increased. The largest increment 

of increase in dry weight occurred, when soil, temperature was increased.

-6-
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from 54 to 62 F .

Diurnal temperature studies by Stanfield et al (58) indicate that 

rate of development by peas increased steadily as the average tempera

ture increased from 7 C day - 4 C night to 32 C night. Rate of stem 

elongation was most rapid at 21/13 G; and the plant height was great

est at 16/10 C. On a dry weight basis, vine growth decreased at tem̂ - 

peratures above and below a optimum which shifted from 21/16 to 16/10 

C in the course of plant development. Tillering was most prolific at 

the lower temperatures and was absent at 32 C day temperatures. Pea 

yield, decreased as temperature increased above 16/10 C, due mainly to 

a reduced number of pods per plant.

Growth of alfalfa was greatly affected by root zone.temperature 

(31). More forage was produced at 27 C and the most root and nodular 

tissue at 12 C. The shape and color of nodular tissue was affected 

by soil temperatures. Beinhart (8) found, that day soil temperatures

markedly affected growth of white clover. Maximum dry weight occurred.
■» •

at 17 and 23 C, significantly less at 30 C and. least at 10 G. Night 

time temperatures had less influence on growth of white clover.

Nelson (45) grew cotton seedlings in nutrient solutions at 3 

growth chamber temperatures for 4 days with an additional 7.5 day per

iod at 27 C. Little or no growth occurred, at 12 C during the 4 day 

treatment period, but growth resumed after returning the temperature 

to 27 C and. the. rate was the same as the 27 G treatment. The detri



-8-

mental effect of a short period of low root temperature was apparently 

caused, by a reduction in water uptake which in turn decreased, leaf 

expansion.

Finn and Mack (24) measured, increased, vegetative yields of pr- 

chard.grass as soil temperatures were increased, from 10 to 20 C. Ac

cording to Nielsen and. Cunningham (47) maximum grpvrth of ryegrass 

occurred when soil temperature was at 19.5 C with minimum growth at 

11 C. Beevers and Cooper (6) found that perennial ryegrass yields 

decreased, under a continuous soil temperature of 12 C when compared to 

25 C. However, fluctuating temperatures (25 C day, 12 C night) re

sulted. in maximum yields. Total.leaf area per plant and. leaf area 

index was also greatest when temperatures were fluctuated. Lowest 

values were measured at 12 G. Tiller numbers were also lowest at 12 C 

and. 25 C .

Cohen and Tadmor (18) studied, the elongation of seedling roots of 

various grasses and measured two-.to three-fold increases over a tem

perature range of 10 to 20 C. They stated that optimum temperature 

for root elongation near the soil surface was generally higher than at 

deeper depths. Root elongation was positively correlated to seed 

weight. They speculated, that increasing the soil temperature may 

increase enzymatic activity for the mobilization of seed reserves and. 

thus enhance root elongation in the pre-emergence stage. In contrast, 

research by Finn and Mack (24) indicate that root yields of orchard-
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grass increased, when soil temperatures were decreased from 20 to 10 C„ 

Results by Nielsen and Cunningham (47) also showed that maximum rye

grass root yields occurred at 11 C. They speculated that greater res

piration losses may occur at higher temperatures. Using birdsfoot 

trefoil, Qualls and Cooper (50) found that respiration rates varied ' 

with temperature and with age. Maximum respiration occurred at 15.6 C 

when plants were 4 to 8 days old and at 21.1 and 26.7 when only 2 to 
4 days old.

In a greenhouse study with oats. Case et al (17) found that height 

response to added P was greatest at 15 C and. least at 25 C. The ef

fects of temperature on height were greatest.when no P was applied. 

There was a marked, response in forage yields to increasing soil tem

perature. However, root yields were greatest at 15 C and: lowest at 

25 C. Theron (63) found, that yields of oats harvested, just after

heading were higher at a soil temperature of 25 C than at 15 or 20 C,
. ■ '

when N was limiting, whereas yields were much higher at 15 or 20 C than 

at 25 C with adequate N. Nielsen et al (46) found that as oats grown 

at soil temperatures of 5, 12.2, 19.5 and 26.7 C approached maturity, 

shoot yields were highest at 19.5 C and lowest at 26.7 C. In contrast, 

root yields were usually lowest at highest temperatures.

Maximum barley yields (41) were achieved when soil temperatures ■ 

were maintained at 18 C. Lowest yields occurred, at 27 C. Intermedi

ate yields of barley were obtained, at 9 C. Growth chamber studies by
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Power et al (49) indicate that soils warmer than 15 C were best for 

initial plant growth. After tillering, barley developed best at soil 

temperatures near 15 C. Fertilization with P partially offset the ad

verse effects of non-optimal soil temperatures. At sub-OptimaI tem

peratures, growth was less sensitive to changes in P fertilization.

They suggested, that factors limiting growth at low soil temperatures 

may be qnite different from those active at high temperatures. Lang- 

ridge (37) suggested that such differential responses may be explained 

by effects of temperature on the efficiency of enzyme systems within 

the plant.

■ Stewart and. Whitfield (61) studied the influence of temperature 

on wheat yields and found, that as temperatures were increased, from 55 

to 65 F, yields were significantly increased. Although fertilization 

increased, yields, the effect of soil temperature was not completely 

modified.

Dry matter yield of winter wheat tops was considerably less when

grown at soil temperatures maintained at 50 F than at 65 F (27). Phos-/
phorus fertilization influenced dry matter very little when soil tem

peratures were maintained at 50 F regardless of available soil phos

phorus. At 65 and. 80 F, P fertilization doubled the yield of dry 

matter on low P soils.

Wooley (70) found that osmotic pressure and N treatment had. only 

a small effect on dry matter production of wheat, whereas increasing
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root temperatures from 45 to 80 F significantly increased dry matter 

production of shoots and roots.

Burleigh, et al (13) found, that 60 F temperature was optimum for 

coIeoptile elongation of 8 varieties of winter wheat. At temperatures 

greater than 60 F coleoptile lengths decreased with increasing temper

ature. In a nutrient solution study using wheat, Burstrom (15) found 

that as soil temperature increased, cell length decreased, wall elas

ticity decreased, and cell wall plasticity disappeared at 30 C.

Soil Temperature Effect On Uptake And Translocation

Walker (66) found that total uptake of all elements except B, by 

corn, increased with increasing soil temperatures to a maximum value 

at temperatures between 26 and 34 C, depending upon the element. All- 

mar as et al (I) reported that yield, of P and K in corn increased lin

early with increases in soil temperature. At low temperature, (15 C)

P uptake by corn, decreased and Knoll et al (36), suggested that the 

primary cause may be a result of depressed root growth.

Uptake of P and K by tomato plants (20) was significantly greater 

at 24 C than at 18 C. They also suggested that ion concentration in 

the xylem exudate may be temperature dependent. Potassium concen

tration declined from 534 ppm at 15 C to 457 ppm at 27 C. Nitrate N 

was not significantly affected. In an earlier study, Lingle and. Davis 

(40) reported, increased concentrations of P, 'Ca and. Mg with increasing



soil temperatures. In the case of tomatoes, they proposed that reduced, 

rates of mineral transport may be responsible for reduced shoot growth 

at low temperatures.

Riekels and. Lingle (51) showed, that both uptake and translocation 

of Fe by tomato plants was enhanced by increases in root temperature.

At 30 C, radioactive Fe^9 measured, in the leaves was 14 times greater 

than at 12 C. Radioactivity in the roots was nearly twice as great 

at 30 C as at 12 G.

Webb (67) studied the effect of localized temperature treatment 

on translocation of sugars by Cucurbits melopepo. He showed that both 

basipetal and. acropetal movement of C^-Iabeled compounds in the phloem 

was almost completely inhibited, at o C, but at 10 C a partial inhibi

tion occurred. At temperatures between 15 and 35 C, translocation of 

C ^  was not significantly affected. At 45 C, partial inhibition occur

red and at 55 C almost complete cessation was observed. Translocated, 

compounds unable to pass a temperature inhibited zone were diverted, 

toward, other importing regions of the plant. Because of the similar

ity of the translocation response to temperature change in the various 

organs of the plant, he suggested, that a uniform mechanism may control 

movement of compounds through the plant.

Isolated cells from the green tissue of tobacco leaves were sus

pended. and incubated, in aqueous solutions to study Rb and P uptake by'
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Jyung et al (35). They found that both Rb and P uptake were tempera

ture dependent. The Qiq was slightly less than 2 for Rb and greater 

than 2 for phosphate absorption. A Q10 of 2 or more has been a tra
ditional criterion for active uptake.

Beevers et al (7) showed that the induction of nitrate reductase 

in excised radish cotyledons was temperature dependent, with an optimum 

temperature at 31 C. Nitrate uptake was also temperature dependent 

over the entire temperature range tested, and closely'paralled enzyme 

induction until the temperature reached, a lethal point (37 C).

Hartt (29) grew sugarcane under 2 air and 2 soil temperature re- 
14gimes and. fed. COg to the leaves to study translocation. At 17 C root 

temperature, the translocation rate was less (1.3 cm/m) than the trans

location rate at 22 C (1.8 cm/m). Root temperature influenced trans

location more than air temperature. Very little was found, in the

roots, possibly due to their slow rate of metabolism and. growth.

Uptake of C a ^  by tobacco increased significantly with an increase 

in root temperature from 20 to 30 C (44). A further temperature in

crease to 30 C resulted, in a non-significant difference in Ca^S uptake. 

The increase in uptake was not related, to increases in root growth 

during the absorption period..

A study of water movement in plants by Taylor and Jensen (62) 

indicated, that low temperatures decreased both absorption and movement.
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The results depict a straight' line relationship over the temperature 

range 10 to 40 C, Activation energies were higher for water moving 

through roots than through stems or leaves and they were greater for 

leaves than stems. Apparently, molecular mechanisms of water movement 

through these three tissues are different.

Nielsen and Cunningham (47) found that soil temperature affected 

the concentration of Cl, Ca and. Mg in Italian ryegrass, but had little 

influence on the uptake of N, P, S, Na and. K except when it altered, 

yields. As soil temperature increased, an increase in the uptake of 

divalent cations occurred. Beevers and. Cooper (6) working with Irish 

perennial ryegrass and. Italian ryegress, reported, that total N content 

was affected, by temperature and stage of plant development. They con

cluded that both temperature and. age influence N metabolism. Nitrogen 

content was greatest in cool regimes. According to Steward, and Sut

cliffe (60), nitrate content decreases with decreasing temperatures 

and. may in part be attributed to the depressing effect of.low tempera

tures on salt absorption and ion accumulation.

Numerous inventigatdrs have shown that uptake of P by oat plants 

increased, with increasing soil temperatures (17), (11), (71), (46). 

Brady, et al (11), however, showed, that at high soil temperatures, P 

uptake may decrease.

Uptake of N, P and K by barley plants increased with increasing
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soil temperatures (41). Sosulslci et al (57) found that protein con

tent of wheat was influenced more by varying moisture than by varying 

N except under low temperature conditions. Wooley (70) found that as 

root zone temperature increased from 45 to 80 F, P in wheat shoots in

creased 38% where as shoot N increased only 17%. Temperature- influ

enced P in the roots similarly to the effect on shoot P. However> per

centage N in the roots was highest at lower temperatures.

Temperature and Its Influence On Other Growth Factors

Duncan and Hesketh (21) studied the effect of soil temperature on 

rate of photosynthesis by corn. Net photosynthesis was lowest (48% of 

maximum) at 15 G and. highest at 30 G. Leaf area growth rate increased 

linearly as temperatures increased from 15 to 30 0. Jolliffe and. Tre- 

gunna (34) working with detached wheat leaves showed, no significant 

difference between apparent rates of photosynthesis at 21% and. 3% Og 

below 13 C. Above this temperature, the rate was always less in the 

21% Og chamber. The temperature optimum was also different. In 21%

Og, photosynthesis was most rapid, between 20 and: 26 C, while in 3% Og5 

30 to 36 C was optimum.

Schmidt and Blaser (53) found that carbohydrate reserves in Ber

muda grass were usually higher, and N contents lower When soils are 

warm as compared, to cold, soil conditions. Carbohydrates accumulated
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at high temperatures, although net photosynthesis was low because of 

the high leaf-root ratio. When bermudagrass was switched from cold, to 

warm temperatures, N percentage increased, and. top growth was stimulated, 

with corresponding, reduction in carbohydrates.

Total root KNA was lower at 60 F than at 70 or 80 F (48). Con

tent of DNA in the. entire root increased significantly with each in- " 

crease in temperature. Both RNA and DNA in the lower root section 

(10 mm) decreased at all temperatures and increased in the upper root 

section at 70 and 80 F, but not at 60 F,.

Hodgson (32) studied, the effect of temperature on endosperm utili

zation by orchardgrass. Complete endosperm utilization occurred be

tween 14 and 16 days at 15 and 22 C.■ At 10 C complete endosperm uti

lization did not occur until the 24th d.ay. Although temperature 

affected the rate of endosperm utilization, the amount of endosperm 

utilization was not influenced.

The response of prairie bromegrass to gibbereIlic acid at various 

temperatures was evaluated, by Laubscher and Laude (38). Without gib- 

berellic acid., maximum rate of early growth occurred, at 70 F. At the 

later stages "of growth, optimum temperature was 55 F. Plants sprayed, 

with gibberellic acid, produced, maximum dry weight at 70 F irrespective 

of growth stage. These data suggest that temperature may influence 

growth hormones and could, be a factor in reduced, yields at temperatures 

below or above optimum.



MATERIALS' AMD METHODS

This research project was conducted in controlled, environmental 

plant chambers to study the effect of surface soil temperature Oh 

plant growth, nutrient uptake and. nutrient translocation by Triticum 

aestivum (Thatcher) .

Soil temperatures, both surface and subsurface, were controlled, 

by circulating water of different temperatures through ' specially con

structed containers. Figure I. Plexiglass1 cylinders, 13 cm in diam-
\  : ■. ;■

eter with a wall thickness of 6.'mm, were used for the outside section 

of the water jacket. The inside section of the Water jacket was a 

Plexiglass cylinder, 8 cm in diameter with a wall thickness of 3 mm. 

Stainless steel metal conductors, 4 cm long and 3 mm in diameter, were 

spaced 3 cm apart with one end extending into the water jacket and. the
. ' X,...

other end extending into the soil chamber. Soil temperatures were con

trolled: within + 1.5 C. Air temperature was controlled by plant growth 

chambers and. was maintained, at 18 C + 2 C.

Refrigerated water baths were used to control water temperatures 

for circulation purposes. The baths were custom built and. were 1.51 

meters long, 1.07 meters wide and. 0.44 meters deep. Wall contraction 

included. 7.6 cm styrofoam encased with stainless steel sheeting. Water

Trade names and company names are included for the benefit of the 
reader and. do not imply any endorsement of preferential treatment 
by the author. •
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circulation was obtained with a Goode Pumpl (model GV30, Little Giant 

Pump Co.); which delivers 260 gallons per hour. Water temperature in 

each bath was controlled by a Barber Coleman^ thermostat and a penn 

pressure switch suspended in the bath. The refrigeration compressor 

was a 3/4 H.P. Copeland, ̂  (model ICAG-2-0075-1AB) and was controlled 

by a high and low pressure Penn-*- cutout. ■ The heating element provided. 

1500 watts to heating cables woven across the bottom of the baths. 

Aluminum racks used to support pots permitted wafer circulation through

out the bath. Desired water temperatures were maintained within + 1 C .

The water was pumped, through garden hose leading into and out of 

the water jacket and back into the water baths. To obtain a soil tem

perature of 7.22 G, the circulating water temperature had to be o.56 C. 

At higher soil temperatures, the difference between Soil temperature 

and. water temperature was not so great.

Amsterdam silt loam soil, characterized, in Table I, was used in 

all experiments. Soil pH was measured potentiometrically with a glass- 

calomel electrode pair in the sediment of a I to 2 soil-water ratio 

mixture after % hour was allowed for sedimentation. Conductivity was 

determined in the supernatant of fhe pH sample with a Wheatstone 

bridge. Readings were converted to a saturated paste equivalent by 

the following equation, y = 4 x + .7. The method of Smith et al (56) 

was used, for P determinations. Calcium, Mg and Na was analyzed, using 

the Perkin-Elmer 290 B atomic absorption spectrophotometer. The cations
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Table I. Selected chemical properties of, Amsterdam silt loam, the

soil used for all experiments..

Analysis Values

Soil pH 8.20

Organic Matter % 3.55

Phosphorus, ppm 54.00

Potassium, ppm 780.00

Calcium, meq/lOOg 12.00

Magnesium, meq/lOOg 3.16

Sodium, meq/lOOg 0.52

E.C.e, mmhos/cm 0.60

Zinc, ppm 4.00

Iron, ppm 2.30

Copper, ppm 1.30

Manganese, ppm 9.70
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were extracted, from the soil with neutral normal NH4OAC using a 1:20 

soil to solution ratio. The minor elements, Zn, Cu, Fe and Mn were 

extracted, according to the procedure of Lindsay (39).

The extracts were analyzed, with the Perkin-Elmer 290 B spectro

photometer. The air dry soil (1175 g) was uniformly packed in the soil 

containers. Figure I, after aluminum foil had been used to cover the 

outside of the containers. Foil was used to reflect light, thus per

mitting better control of the water temperature inside the water jac

ket. The soil was watered and 15 kernels of Thatcher wheat seeded 

1.25 cm below the soil surface. After germination the stand was thin

ned to 10 plants. During the early stages of plant growth all plants 

were permitted to grow at growth chamber temperatures of 19 C. At 

specified time intervals, sterile cotton was placed on the soil surface 

to modify heat effect from the light and temperature treatments im

posed. Soil temperatures were monitored during the remainder of the 

experiment using soil thermocouples placed at I, 5 and 10 cm depths.

A Honeywell stripchart recorder was used and. soil temperatures measured 

at 4 hour intervals (0600, 1000, 1400, 1800 and. 2200 hrs).

In most experiments the soil temperature variable applies only to 

the surface 2.54 cm of soil. Both air and. subsurface soil temperatures 

were maintained, at 19 C.

During the temperature treatment period, plant growth and. develop

ment were monitored by plant height measurements, growing point move-



Top View

Figure I. Diagram showing top and side view of one soil chamber 
used to control soil temperatures,
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merit,, and leaf numbers and lengths. At the end. of the temperature

treatment period, plant tops and roots were harvested for dry matter

yield, and in some cases, the material was ground and analyzed, for P,

K, Ca, Mg, Na, Mn, Fe, Zn and Cu. Roots were washed, from the soil with

a fine spray using water from the tap. Heavy material such as small

gravel was hand, picked from the root samples prior to weighing. Plant"

material was dry ashed for analysis by modifying the procedure outlined
.

by Jackson (33,. method 12-32). The modification involved a 525 C ig

nition temperature and the omitting of an alcoholic solution of Mg 

(NOg)2 or Mg (OAC)2- After ashing, the samples were prepared according 

to the procedure outlined, by Haby (28) and. all elements except P were 

determined with a Perkin-Elmer 290 B atomic absorption spectrophoto

meter. Samples for P determinations were analyzed, using the vanado-.
.

molybdophosphoric yellow color procedure described by Jackson (33, 

method 7-61).

Since this project involved a sequence of experiments that varied, 

in treatment numbers and design, the results and. discussion section will 

contain some aspects of materials and methods.



RESULTS AMD DISCUSSION

Experiment I

This experiment was initiated to evaluate the influence of 4 sur

face soil temperatures, imposed at different stages of plant growth, 

on dry matter production of .plant tops and. roots. The experimental 

design was a complete randomized block with two replications. The 

four temperature treatments (8, 12, 19 and 26 C) were imposed at three 

stages of plant growth (2, 7 and 14 days after emergence). The tem

perature variable period was 11 days, after which tops arid, roots were 

harvested for dry matter yields. Statistical analyses included an 

analysis of variance and Duncan's new multiple range test.

The control of soil temperature within specific soil zones is 

very difficult. The heat conductance of soils is quite high, thus 

warmer subsoil tends to conduct heat to the cooler surface soil. Fur

ther radiation tends to warm the soil from the surface downward. To 

modify the effect of light on surface soil temperature, sterile cotton 

was placed on the soil surface. In this study there was not a dis

tinct boundary between the surface 2.5 cm soil temperature arid, the sub

surface soil temperature. For example, there was a linear gradient 

(8 to 19 C) from 2.5 cm depth to the 5.0 cm depth.

Surface soil temperature fluctuations during the temperature sub

jection period are shown in Figure 2. These data demoristrate that soil 

temperature control was acceptable. Desired temperatures were main

tained within + 1.5 C. The low value, shown in the 26 C temperature
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Temperature Degrees C

6 am

6 am

6 am

6 am

6 am

6 am

Figure 2. Soil temperature fluctuation at 1.5 cm below the soil
surface for the 4 temperature variables (8, 12, 19, and 
26 C).



treatment was due to a water pump failure, an indication of the prob

lems common to experiments of this type. Soil temperatures were moni

tored during all experiments with temperature control similar to that 

shown in Figure 2.

The effect of surface soil temperature on plant growth is illu

strated. in Figure 3. Plant height was fairly uniform prior to in

itiation of the temperature variables. Plant growth during the 11 day
\temperature subjection period was drastically reduced when surface 

soils were maintained at 8 C compared to 19 C. Stage of plant growth,, 

prior to the temperature treatment period, did not drastically alter 

the effect of surface soil temperatures. Wlien surface soil tempera

ture was at 8 C, plant height increased only about 2 cm during the 11 

day temperature period. At a soil temperature of 12 C, the increase 

in plant height was from 3 to 4 cm. Greatest increase occurred when 

plants were youngest prior to imposing the temperature treatments.

When the surface soil was maintained at 19 C, plant height increased, 

as much as 13 cm during the 11 day temperature period. .. Greatest in

crease in plant height occurred with the youngest plants followed, by 

"lesser increases as the plant increased, in age prior to the temperature 

treatment period. Plant height was less when surface soils Were main

tained. at 26 C than at 19 C irrespective of growth stage.,

These data indicate that low surface soil temperatures hinder 

early growth of spring wheat even though subsoil temperatures are near
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Days after temperature subjection

Figure 3. Effect of surface soil temperature on height of spring 
wheat at various stages of growth.
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/optimum. Of the temperatures studied, 19 C appears to be optimum

- ' ’ • Y ■
whereas 26 C is too high for maximum growth.

Dry matter yield of tops and roots and the length of individual 

leaves' as influenced by surface soil temperature from 2 to 13 days 

after plants emerged are shown in Figure 4. Statistical analysis, 

appendix Table 10 indicate that dry matter-yield of the tops, was 

significantly greater when surface soil temperatures were 19 and .26 C • 

than when 8 and 12 C. Greatest differences in yield, occurred: when the 

surface soil temperature was increased from 12 to 19 C. Dry matter 

yield of roots was not. significantIy altered, due to the surface.soil 'O

temperature variable.

Leaf growth was most rapid when surface soil temperature was

maintained at 19 C, Figure 4. The data showing growth pattern whs

very similar to that of dry matter yield. After 13 days of growth,

plants grown in the soil with a surface temperature of 8 and 12 C had.

not developed, the second leaf. In contrast, when the'surface soil was

19 or 26 C, the second, leaf had. extended, to about 10 cm in length.
.

When soil temperature treatments were delayed, until 7 days after 

plant emergence, the 11 day temperature treatment period resulted in 

significant changes in plant growth and development, Figure 5. With 

increasing surface soil temperatures (8, 12 and. 19 C) dry weight of 

tops significantly increased, appendix Table 11. However, soil tern- ■,
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Roots, D . W.

^  20
1st leaf

2nd leaf

12 C

Soil temperature in surface 2.54 cm

Figure 4. Effect of surface soil temperature (from 2-13 days after 
wheat emergence) on dry matter yield of roots and tops 

- and. on leaf growth.
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Roots, D. W.

1st leaf

2nd leaf

3rd leaf

8 C . 12 C

Soil temperature in surface 2.54 cm

Figure 5. Effect of surface soil temperature (from 7-18 days after 
wheat emergence) on dry matter yield of roots and tops 
(oven dry weight and on leaf growth).
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peratures at 26 C significantly decreased dry matter production when 

compared to yields from the 19 C treatment. Perhaps the differential 

between soil and air temperature influenced growth to some degree when 

the soil surface temperature was 26 C. Dry weight of roots was not 

significantly altered by the surface soil temperature treatments. Pre

vious research (5, 58) indicates that as root temperature increased, up 

to about 25 C, root yields increased. At higher temperatures, Finn 

(24) measured less growth by orchardgrass roofs and speculated that x /  

greater respiration losses may account for the decreased, root growth. 

Perhaps dry weights of roots were not influenced, in this study because 

most of the roots were located, in a subsoil of 19 C.

Length of individual leaves increased as surface soil temperatures 

increased, up to 19 C. At the lower surface soil temperatures leaf 

length decreased.

When surface soil temperature treatments were delayed until 14 

days after plant emergence, the 11 day temperature subjection period, 

significantly influenced, dry matter yield: of the tops, appendix Table 

12. Top yields shown in Figure 6 were about equal when surface soil 

temperatures were maintained, at 8 and 12 C. However, increasing the 

temperature from 12 C to 19 C resulted in a 60% increase in dry weight 

of tops.

Maximum length of individual leaves occurred at a surface soil 

temperature of 19 C. In general, temperatures at 26 G resulted, in
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1.60J ■ .

1st leaf

2nd leaf

Roots, D . W

3rd. leaf

4th leaf

5th leaf

6th leaf

7th leaf

Soil temperature in surface 2.54 cm.'

Figure 6. Effect of surface soil temperature (from 14-25 days after 
wheat’emergence) on dry matter yield of roots and tops 
and. on leaf growth.

Ov
en

 d
ry

 w
ei

gh
t,

 
g/

po
t



-32-

slightly shorter leaves. The number of leaves present at harvest .

time (25 days after emergence) was also influenced by surface soil

temperature. At 8 C, plants produced only 4 leaves. At 12 C, 5 
•-
leaves were present and at 19 and 26 C, plants produced 7 measurable 

leaves.

These data indicate that surface soil temperatures did not sig

nificantly alter root yields and that temperature effects may be 

slightly different as the plant increases in age. They also indicate 

that leaf development is delayed at lower surface soil temperatures. 

Considering the temperatures studied, 19 C appears to be near optimum, 

irrespective of growth stage. Speculation of reasons for decreased, 

growth and development are discusses in a latter section.

Experiment II

This experiment was conducted to more closely evaluate optimum 

surface soil temperatures for maximum plant growth, and to determine 

the temperature effects on uptake of various elements by spring wheat, 

The experimental design was a complete randomized block involving 4 

replications and 4 surface-soil temperature treatments (11, 14, 18 and 

22 C). Subsurface soil temperatures were maintained, at 22 C. Soil 

temperature subjection period, was delayed, until 7 days after plants 

emerged. TIie temperature treatment period, was also 11 days. Plant 

material, tops and: roots, were harvested at 18 days after plants emer
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ged. The temperature treatment period, was also 11 days. Plant ma

terial, tops and roots, were harvested at 18 days after plants emerged. 

Plant material was dried, weighed and ground for chemical analysis 

(P, K, Ca, Mg, Mn, Fe, Zn and. Cu).

Soil temperature treatments were changed from those in experiment 

I to more closely evaluate optimum surface-soil temperatures for maxi

mum spring wheat growth and nutrient uptake.

Data presented in appendix Table 14 shows the temperature control 

achieved for each soil temperature variable. It is noted, that the 18 

C temperature treatment was not achieved. This was due to a water 

bath failure after the experiment was initiated. Initially, the sur

face soil temperature for this treatment was 2 C colder than 18 C, 

followed by temperatures that were 3 C higher than 18 C. The remaining 

3 temperature variables were maintained within + I C of that desired. .

Plant growth, measured, in terms of plant height, increased with 

each increment increase in surface soil temperature. Figure 7. During 

the 11 day temperature treatment period, plants grew only about 6 cm 

at a soil temperature of 11 C. This compares with an increase of 11,

14 and. 16 cm at soil temperatures of 14, 18 and. 22 C respectively.

This indicates that 22 C surface-soil temperatures may be closer to 

optimum than 19 C. However, the temperature problems encountered, with 

the 18 C treatment makes it impossible' to make a definite conclusion.



-34-

8 9

Days after temperature subjection

Figure 7. Effect of surface soil temperature variables on height of 
spring wheat during the temperature subjection period.
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Dry weight of spring wheat tops was significantly increased with 

each increment increase in.surface soil temperature. Figure 8. Tem

perature did. not influence dry weight of roots. These data are in 

agreement with those of the first experiment, except maximum top yields 

occurred at 22 C instead of at 19 C. Assuming that 22 C surface soil 

temperature results in maximum yield, only 58% of maximum yield was 

achieved, when the soil temperature was 11 C. Slightly greater yields 

were obtained., 68.2 and 77.1% of maximum, at surface soil temperatures 

of 14 and 18 C respectively.

Chemical analysis of the tops, Table 2, indicate that the concen

tration of most elements was not significantly influenced by surface 

soil temperatures. Only percentage calcium and manganese in the tops 

showed significant differences due to surface soil temperature. In 

both cases, highest percentage values were found, at the lowest soil 

temperature.

Analyses of the roots, table 3, indicate that both Cu and Zn 

appeared to accumulate in the roots of plants grown in cold surface 

soils. Since these plants did. not contain higher concentrations of Cu 

and. Zn in the tops, it is possible that the cold, surface zone restrict

ed. translocation from the roots to the tops. If less Cu and. Zn was 

translocated, this could, result in the yield decrease observed. The 

concentrations of other ions in the roots were not significantly in-
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Roots

Soil surfacetemperature

■ Figure 8. Effect of surface soil temperature on dry weight of roots 
and tops after an Il day temperature treatment (7-18 days 
after wheat emergence).



Table 2. Effect of surface soil temperature on concentration of various nutrients in tops

of spring wheat.

Temperature Nutrient

treatment P K Ca Mg Mn Fe Zn Cu

in, C % % % ppm ppm. ppm Ppm PPm

11 0.443 a 7.117 a 0.691 a 1855 a 53.52 a 146.0 a 135.8 a 83.9 a

14 0.401 a 5.960 a 0.525 b 1003.a 3 3 .4 8 C 86.5 a 102.9 a 48.3 a

18 0.402 a 6,032 a 0.585 ab 1686 a 47.43 ab . 91.2 a 92.8 a 53.7 a

CNCM 0.383 a ■ 6.530 a 0.513 b 1779 a 3,6.06 be 177.4 a 96.0 a 55.0 a

Means followed by the same letter are not significantly different at the 5% level.
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Table 3. Effect of surface soil temperature on concentration of various nutrients in roots

of spring wheat.

Temperature Nutrient

treatment 

in, C

P

%

K

%

Ca

%

• Mg 

ppm

Mn

ppm

Fe"

ppm

Zn

ppm

Cu

ppm

11 .300 a 4.189 a .360 a 8 7 3 .4 a 4 7 .6 a 554.1 a 159.0 a 80.5 a

14 . .20 8 a 3 .8 2 2 a .48 8  a 1 23 6 .0 a 4 2 .7 a 546.3 a 99.7 b 65.1 a

18 .250 a 3.463 a .411 a 1048.0 a 45.0 a 604.0 a 54.16 c 3 8 ,0  b

22 .275 a 3.752 a .417 a 8 5 4 ,9 a 57.2 a 548.3 a 58.2 c 31.3 b

Means followed by the same letter are not significantly different at the 5% level.

-38-
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fluenced by the surface soil temperature variable.

Calculations showing yield of individual nutrients as influenced, 

by surface soil temperature are presented in Table 4 and 5 . In gen

eral, total content of P, K, Ca, Mg, Mn, Fe, Zn and Cu in spring wheat 

tops was greatest at the highest surface soil temperature. Surface 

soil temperatures significantly influenced, total content of all ions ' 

except Fe. Although Fe was not significantly influenced by soil tem

perature, a trend is shown for greater uptake at the'.highest tempera

ture .

Total nutrient content in the roots also influenced, by surface 

soil temperature. Manganese in the roots of plants grown under 22 C 

surface soil temperature was greater than when grown under cooler sur

face soil conditions. In contrast, maximum amounts of Zn and. Cu was 

found, in plant roots grown in soils with lowest surface soil tempera

tures. Surface soil temperatures did. not significantly influenced 

total content of the other elements measured.

The amounts of individual nutrients in the tops compared, to the 

amount in the roots are shown in Table 6. As surface soil temperatures 

increased, the amount of F and. K increased, in the tops compared, to the 

amount in the roots. Wheat tops contained as much as 84% more P' than 

wheat roots, while tops contained 120% more K than the roots. Surface 

soil temperature had little influence on the amount of Ca and. Mn in the



Table 4. Effect of surface soil temperature on total nutrient content in tops of

spring wheat. -

Temperature Nutrient

treatment, C P K Ca ■ Mg Mn Fe Zn Cu

Mg/pot

11 1.34 b 20o84 b 2.03 ab 0.55 ab 0.016 b 0.042. a 0.040 ab 0.022 b.

14 1.40 b 20.38 b 1.82 b 0.34 b 0.012 C 0.031 a 0.036 b 0.016 c

18' 1.56 ab 23.04 b 2.19 ab 0.64 ab 0.018 a 0.035 a 0.036 b 0.021 be

22 1.97 a 32.69 a 2.60 a 0.91 a ■ 0.018 a 0.090 a 0.049 a 0.028 a

Means followed by the same letter are not significantly different at the 5% level.
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Table 5. Effect of surface soil temperature on total nutrient content in roots of

spring wheat.

Temperature Nutrient

treatment, C P K  Ca ■ Mg Mn Fe Zn Cu

Mg/pot

11 1.10 a 15,53 a. 1.30 a 0.30 a 0.017 b 0 .2 0 6 a 0.058 a 0.030 a

14 0.80 a 14.49 a 1.86 a 0.47 a 0.016 b 0.206 a 0.038 b 0.025 a

18 0 .9 8 a . 13.31 a 1.59 a 0.30 a 0.017 b 0.239 a 0.021 C 0.011 b

22 ‘ 1.07 a 14.86 a 1.65 a 0.33 a 0.023 a 0.218 a 0.022 C 0.012 b

Means followed by the same letter are not significantly different at the 5% level.
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Table 6. Effect of surface soil temperature bn top:root ratio of

individual ions in spring wheat.

Temperature Nutrient

treatment, .C P K Ca Mg Mn Fe Zn Cu

11 1.22

Ratio of 

1.34 1.56

nutrient

1,83

in tops and 

0.94 0.20

roots

0.69 0.73

14 1.75 1.40 0.98 0.72 0.75 0.15 0,94 0.64 ■

18 1.59 1.73 1.37 1.64 1.06 0.15 1.71 1.91

22 1.84 2.20 1.57 2.75 0.78 . 0.41 2.23 2.33
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tops as compared to the amount in the roots. In general, tops contain

ed about 50% more Ca than roots and about equal amounts of Mn. The 

amount of Zn and Cu in the tops compared to the amount in the roots 

increased as surface soil temperatures increased. When surface soil 

temperatures were 22 C tops contained more than twice as much Zn and 

Cu as was found in the roots. However, at 11 C surface soil tempera

ture, roots contained about 30% more Zn and Cu than the tops. These 

results indicate that the surface soil temperature may hinder trans

location of these ions from the roots to the tops of spring wheat.

Experiment III

The objective of this study. Was to evaluate translocation of ^ R b  

from the roots to the tops as influenced by temperature in the crown 

region of the plant. The experimental design was a complete random

ized block involving 3 replications and 2 temperature treatments. Pre

vious data by Stevenson and Boersma (59) in which Rb was used indicated, 

that water movement from the roots to the tops was linked to the act

ive transport system. Rubidium was used because of its nearly identi

cal translocation characteristics to those of K, as reported by Fried 

et al (25). Temperature of the crown region was controlled by cir

culating water through a plastic tray as illustrated in Figure 9. 

Thatcher wheat seeds Were germinated on-slant boards and: grown for 7 

days using only distilled water. Three plants for each treatment were
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wax

6 cm
7 cm

22 cm.

Figure 9. Diagram showing the system used for studying 'Rb trans -
location from the roots to the tops with a cold barrier 
around the crown. •
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selected and placed, through holes' drilled, in the top plastic tray. Bol 

wax, which remains pliable at temperatures slightly above or near 

freezing and melts at about 69 C, was used to support the plants and 

seal the holes in the top tray. Plants were positioned so that the 

crown area was just above the bottom of the top tray. Roots were su

spended. in 50 ml of distilled, water containing IOXC of ^ R b  placed, in 

the bottom tray. Water at 2 temperatures (22 C and 11 C) was circu

lated. through, the top tray for temperature variables in the crown 

region. The ^ R b  solution was at greenhouse temperature which ranged, 

from about 13 to 22 C during the,24. hour subjection period. Plant 

samples were obtained, at 4 hour intervals for the time sequence study 

of 8()Rb translocation from the roots to the tops. The entire top por

tion of the plant was harvested and. chopped into segments about 1.5 cm 

in length and place in planchetts for radioactive counts. Radioactiv

ity was measured using a conventional end. window G.M. counter.

Translocation of ^ R b  from the roots to the tops of spring wheat 

was 3 times as great when the crown zone was subjected, to temperatures 

of 22 C as compared to temperatures of 11 C, Figure 10. A Q^q of 

nearly 3.25 was calculated from these data. This indicates that tem

peratures may affect metabolic activity in that Q^q values of 1.5 or 

less are expected, for physical reactions and. Q-̂ q values greater than

1.5 are generally associated with metabolic reactions (52). This then
■

suggest that the temperature variable influenced, a metabolically re-



6

. Effect of temperature around the crown on translocation 
of °Rb from the roots to the tops of spring wheat.

Figure 10
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fluenced a metabolically regulated active translocation process.

There appears to be a time Iage for 86Rb translocation at both 

temperatures studied. However, at all time periods following sub

jection of the plants to 88Rb, the warm condition resulted in the 

greatest activity in the tops of plants. These data suggest that if 

the crown is placed in a cold region, translocation.of 88Rb is restric

ted. even though both roots and tops are exposed to warm conditions. If 

one assumes that uptake and translocation of 88Rb is''similar to that of 

K then perhaps low surface soils restrict translocation of K with sub

sequent reductions . in plant growth. .Speculating further, if the 

mechanism of translocation is similar for all ions, decreased trans

location of ions could cause the reduced, growth rate of young wheat 

seedlings in a cold, surface soil environment. Results from experiment 

II indicate that low surface soils reduced growth rates and that trans

location of most ions may have been reduced.

Experiment IV

The objectives of this experiment were to evaluate the influence 

of fertility level on modifying the surface soil temperature effect., on 

early growth of spring wheat. The experimental design was a randomized 

split plot involving 4 replications, 2 fertility treatments and 2 sur

face soil temperature treatments. Tlie fertility treatments were: (I) 

no fertilization and (2) the equivalent of 89, 40, and 53 kg/ha of N,
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P and K respectively. Surface soil temperatures were 11 and. 21 C, 

subjected. 7 days after emergence for an 11 day period.

The influence of surface soil temperature on dry matter produc

tion of spring wheat was very similar to that in previous experiments'. 

Figure 11. The addition of N,' P, and K increased, yield by about 40%. 

Fertilization also modified the effect that cold surface soil has on 

dry matter production of spring wheat. Under fertilized conditions, 

yield, of plants grown in a cold, surface soil was about 25% less than 

when grown in a warm surface soil environment. Under non-fertilized, 

conditions, dry matter yields were about 36% less when surface soils 

were cold than when they were warm. Fertilization of the cold surface 

soil also resulted in greater yields than warm surface soils without 

fertilizers.

These results suggest that nutritional status of the soil may 

modify the effects of surface soil temperature variables. However, 

the elements studied did not completely correct the adverse effect of 

soil temperatures. Other researchers (17, 27 and. 49) have obtained, 

similar results. However, in their studies the entire soil medium was 

subjected to the temperature treatments. Apparently surface soil tem

perature affects plant growth in much the same way as when the whole 

soil medium was subjected to temperature variables.
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11 C

0- 0-0 89-40-53 
Rates of N, P, and K (kg/ha)

Figure 11. Effect of surface soil temperature and'fertilization on 
dry matter yield of spring wheat.
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Experiment V

The purpose of this experiment was to evaluate surface soil tem

perature effects on plant growth when the crowns were located above 

the temperature treatment zone. The crown position was regulated by 

the used of sterile cotton placed on the soil surface immediately after 

seeding. Upon germination the cotton increased the period of time be

fore light impinged, upon the coleoptile. This resulted in increased 

elongation of the internode below the crown which then extended above 

the soil surface^ Seven days after germination soil temperatures. (11 

and. 21 C) were imposed, for an 11 day period, after which tops were 

harvested for dry matter yields. The design of this experiment was a 

complete randomized, block with 3 replications and 2 surface soil tem

perature variables.

At harvest, the plants were examined.' and. in all cases the crowns 

were at least 3 mm above the soil surface. Yield, data presented: in 

Table 7 indicate that the surface soil temperature variable had no in

fluence on dry weights. This supports further the hypothesis that the. 

crown portion of the plant is its temperature sensitive region. These 

findings may explain why Brown (12) observed that surface soil tempera

tures appeared. to be more critical for plant growth than sub-surface 

soil temperatures. Perhaps a concentrated study of the crown region 

of the plant could lead, to a better understanding of the factors caus

ing reduced growth rates when soil temperatures are sub-optimal.
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Table 7. The influence of surface soil temperature on dry matter

yield, when the crown is located above the soil surface.

Temperature Dry weight (g/pot)

treatment, C Rep I Rep II . Rep III Mean

11 0.4107 0.4203 0.4156 0.4221

21 0.4209 0.4170 0.4251 0.4209
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Experiment VI

Since surface soil temperatures did not influence'the growth of 

young wheat plants when the crown was located above the soil tempera

ture variable zone, it seemed desirable to evaluate the influence o f . 

the location of the meristematic region of the shoot with respect to 

the soil temperature variables. The experimental design was a com

plete randomized block involving 4 replications and. 2 temperature 

treatments (12 and. 21 C). The study was designed to keep the crown 

position within the temperature variable zone but not subject the tem

perature treatments until the growing point extended above the soil 

surface. To determine the growing point position, additional plants 

were grown and disected to establish the stage of growth at which the 

meristematic region extended above the soil surface.

Data presented in Table 8 indicate that movement of the growing 

point is associated, with the development of the fourth leaf. The 

growing point was found to be above the soil surface when the fourth 

leaf was approximately 50 mm long. With this information, the surface 

soil temperature variable was imposed, upon plants that were in the 

fourth leaf stage (23 days after emergence) for a 12 day period.

Data presented in Table 9 show that cold surface soils restricted 

plant growth during the 12 day temperature period even though the 

growing point was in the 21 C temperature regime. This further sup- ,, 

ports the hypothesis that low surface soil temperature effects are v \)
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Table 8. The position of the growing point (meristematic region) at 

various stages of plant growth.

Days after 

emergence

Number of 

measurements

Crown

depth

. Meristem 

above 

crown

Development Stage 

3rd leaf 4th leaf

mm mm iran
. ••

mm

15 6 10.0 2.0 : ' 3 . 7 0.0

18 6 10.1 2.8 164.6 0.0

22 6 11.7 11.7 42.7

23 18 12.5 14.4 73.9

24 6 11.8 42.7 103.7

26 6 12.5 4 9 .9 127.7
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Table 9. The effect of surface soil temperatures on dry matter pro

duction of spring wheat when the growing point (meri.stematic 

region) extended, above the soil surface.

Temperature Rep I Rep II Rep III Rep IV Mean

treatment C g g g g g

12 1.69 1.41 1.51 1.55 1.53 b

21 1.94 1.81 1.91 2.24 1.98 a

Means followed by the same letter are not significantly different at

the 5% level.
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associated. with the crown (transition region) and not other tissue 

such as the meristematic region of the shoot.

Theoretical Significance of Temperature 

Effects on the Transition Region

According to Hayward (30), the arrangement of the xylem and. phloem 

in the first internode of wheat is transitional, lacking the definite 

arrangement found in the upper internod.es. Thus there is a transition 

region (crown) where roots and. stems meet. Eames and MacDaniels (22) . 

state that ''in some of the monocotyledons the transition region is 

very short and. its structure difficult of determination, owing to the 

development.of a ring of vascular tissue in connection with the attach

ment of numerous strong lateral roots which develop at that period". 

According to Esau (23), the vascular system of the root and. the coty

ledon is a unit" from the early stages of embryogeny, but the epicotyl 

often appears to be a separate structure attached: to the root-hypocotyl- 

cotyledon unit.

Data presented in this report show that low surface soil tempera

tures retard plant growth even when the bulk of the soil is warm. With 

increased, fertilization the temperature effect is modified. If within 

the transition region, cell arrangement results in a nodal plate (10) 

or a ring of vascular tissue that does not pass directly from the roots 

to the coleoptile, then perhaps, increased ion concentrations in the
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soil solution increases transloct'ion, even at low temperatures. At 

low ion concentrations a non-continuous vascular system might have a 

greater influence "on ion transport than at higher ion concentrations, 

thus temperature effects would be modified..

Gautheret (26) working with artichoke, observed, that at a tem

perature of 11 C there was no root formation, whereas at 26 C maximum 

root formation occurred. He concluded, that warmer temperatures were 

essential for the formation of normal vascular tissues and particularly 

cambia which constitute an essential stage in the formation of root 

meristems. At 15 C temperature plants differentiated but did. not 

develop to give islets of phloem or xylem, or even rudimentary forma

tion of vascular bundles let along well individualized cambia.

Although these data are dealing with the root tissue below the 

transition region, it seems logical to theorize that similar effects 

might occur within the transition region., If low temperatures within 

the crown region does indeed hinder the formation of vascular tissue 

and ultimately the initiation of meristematic development, this would, 

help account for reduced growth rates that occurred under low surface 

soil temperatures. A reduction in the vascular formation and subse

quent effects within the transition region could, possibly decrease 

growth and nutrient translocation because cell development within this 

region does not keep pace with cell development of tops and roots that
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are exposed to. warmer conditions. Results from the 86%% experiment 

certainly demonstrate that low temperatures in the crown region reduced

translocation from the roots to the tops.

Burley, et al (14) studied translocation from isolated root 

zones to maize tops and concluded that the number and size of function

al xylem elements was the determining factor controlling the quantity
O n

of P translocated. Perhaps low soil temperatures within the transi

tion region decrease the number and or size of phloeifr.and xylem elements
.:

in the crown. If this is true, translocation of ions through this 

region would be reduced when surface soil temperatures are below op

timum. Also, increased substrate concentrations would be expected to 

increase translocation of ions at these low temperatures as indeed was 

observed in this study.

Research conducted, by Van’t Hof (65) could lead one to speculate 

that low temperatures for a 3 day period, may influence development of 

xylem and. phloem elements. He showed, that continuous gama radiation 

reduced, cell division and that the reduction was greater at 10 C than 

at 20 C. If cell division is reduced at low temperatures, the develop

ment of phloem and. xylem tissue within the crown region could be re

duced.

Since the ^ R b  data reported, in this paper indicate that low 

temperatures influenced, a metabolically regulated active translocation
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process, reduced cell division and. phloem formation due to low tempera

tures might account for the lag in 86Rb translocation from the roots 

to the tops0



SUMMARY AND CONCLUSIONS

The apparatus designed to control surface soil temperature main

tained the surface 2.5 cm within + 1.5 C of that desired. This equip

ment permitted the study of surface soil temperature effects on plant 

growth with subsoils and ambient temperature near optimum.

Although subsoil temperature was optimum for maximum plant growth, 

lower surface soil temperatures drastically reduced dry weight of tops 

and slowed leaf development at all stages of growth, studied. Surface 

soil temperature did not significantly influence root development of 

spring wheat. .

Maximum growth of spring wheat occurred at about 21 C. When the 

surface soil was either raised or lowered, from this temperature, growth 

of spring wheat was retarded.

Wlien surface soil temperature variables were imposed at different 

stages of plant growth, growth rates were influenced at all stages of 

development.

Analysis of plant material indicate that the concentration of 

most nutrients was not significantly influenced by surface soil temper

ature. However, Cu and Zn appeared, to accumulate in the roots oT plants 

grown in a cold surface soil. This indicates that translocation of 

these ions from the roots to the tops may be restricted, due to the cold, 

surface soil. Calculations of total ions present in the tops showed 

that warm surface soils permitted, greater amounts of all nutrients to 

be translocated, to the tops than occurred when the surface was cold.
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Although yield of nutrients was greatest when the soil surface was 

warm, this still does not prove that nutrient uptake and translocation 

accounts for reduced yields when the soil surface temperature is below 

optimum. One can still ask the question, did lack of nutrients re

strict growth or did reduced growth restrict total nutrient uptake and 

translocation?

A time sequence study using ^ R b  indicated that low temperatures 

around the crown of spring wheat decreased translocation of Rb from 

the roots to the tops. A Q^q of nearly 3.25 was calculated from the 

data. This suggests that metabolic functions are involved which may 

be retarded in the region of cold surface soils; thus, restricting 

translocation from the roots to the tops.

Nutrient status of the soil appears to modify the detrimental 

effect of low surface soil temperatures. When N, P and K were added 

to the soil, yield reductions due to the cold surface soil was about 

25%. However, without fertilization, the yield, reduction was about 

36%.

. The effect of surface soil temperature on plant growth appears 

to be associated with the plant crown. Altering the location of the 

crown so that it was not positioned in the cold zone resulted in near 

equal dry weight of the tops regardless of surface soil temperature. 

This suggests that the crown may be the sensitive component to soil 

temperature.
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During early development of spring wheat, the meristematic region 

is located, within the crown region. Initiation of movement of the 

meristematic region appears to be associated with development of the 

fourth leaf in spring wheat. Withholding the temperature stress peri

od. until the meristematic region extended above the cold zone did. not 

significantly alter the temperature effect. This suggests that the 

effects of low soil temperature is associated, with the crown component 

and not the meristematic region of the plant.

The crown (transition region) is made up of cellular tissue lack

ing the definite arrangement found in the upper internodes. Perhaps 

this characteristic results in non-continuous phloem vessels through 

which ions and. other material must pass during plant growth. Thus, 

increased substrate concentration might increase translocation of ions 

even at low temperatures. It is also possible that low temperatu s 

around the transition region may decrease cell division and the forma

tion of meristematic tissue and normal vascular elements. This could; 

help explain the decrease in growth rates and. reduced rates of trans

location of ions observed in this study. ,

Although these studies have not completely elucidated the effects 

that low surface soil temperatures exert upon spring wheat plants, it 

has demonstrated, that temperatures below 11 C at the crown (transition 

region) has a considerable influence on the development and growth of 

wheat seedlings.,
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The results of this investigation suggests that histological studies 

of the transition region are needed, to further pinpoint the deleter

ious effects of low temperatures on the growth and development of wheat 

plants.



APPENDIX
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Table 10. Analysis of variance table and Duncan's multiple range 

test for dry matter yield of spring wheat tops as inr- 

fluenced by 4 surface soil temperatures, subjected at 2 

days after plant emergence.

Source of variation D.F. S.'S. M.S. ' F

Total 7 0.0077

Replications I 0.010 0,0010 5.88 N.S.

Treatments 3 0.0062 O'. 0021 12.37 *

Error 3 0.0005 0.00017

Treatment means ranked in order

Temperature 8 C 12 C 26 C 19 C

Means 0.17 a 0.20 ab 0.23 be 0.24 c

Means followed, by the same letter are not significantly different at

the 5% level.
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Table 11. Analysis of variance table'and Duncan's multiple range

test for dry matter yield of spring wheat tops as in

fluenced by 4 surface temperatures, subject at 7 days 

after plant emergence.

Source of variation D.F. S.S. M.S. F

Total 7 0.1724

Replications I 0.0128 0.0128 4.41 N.S.

Treatments 3 0.1509 0.0503 17.34 *

Error 3 0.0087 . 0.0029

Treatment means ranked: in order

Temperature 8 C 12 C 26 C 19 C

Means 0.46 a 0.61 b 0.63 b 0.85 c

Means followed by the same letter are not significantly different at

the 57o level.
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Table 12. Analysis of variance table and Duncan's multiple range

test for dry matter yield of spring wheat tops as in

fluenced by 4 surface soil temperatures, subjected at 

14 days after plant emergence.

Source of variation D.F. S. S.. M.S, ' F1

Total 7 0.6571

Replications I 0.0000 0.0000' 0.00

Treatments 3 0.6225 0,2075 18.07 *

Error 3 0.0346 0.0115

Treatment means ranked in order

Temperature 8 G 12 C 26 C . 19 C

Means 0.99 a 1.06' a 1.56 b 1.60 b

Means followed by the same letter are not significantly different at

the 57= level.
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Table 13. Analysis of variance table and Duncan's multiple range

test for dry matter yield of spring wheat tops as in

fluenced by 4 surface soil temperatures, subjected at 

7 days after plant emergence.

Source of variation D.F. S.S. M.S. F

Total 15 0.1173

Replications 3 0.0077 0.0026 3.04 M.S.

Treatments . 3 0.1019 0.0340 . 40.19 **

Error 9 " 0.0076 0.0008 ■

Treatment means ranked in order

Temperature 11 C 14 C 18 C 22 G

Means 0.282 a 0.342 b 0.386 b 0.500 c

Means followed by the same letter are not significantly different at •

the 57= level.
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Table 14. Soil temperature in the surface 2.5 cm horizon during 

the temperature treatment period. (Mean of 4 repli

cations and 4 readings per day).

July

Temperature . 19-20 20-21 22-23 24-25 26-27 28-29 29-30

12 C 10.6 10.6 10.6 11.6 11.6 11,6 11.1

14 C 13.9 13.4 14.4 13.9 13.9 13.9 13.9

18 G 15.6 19.4 20.0 20.6 21,1 21.1 12.6

22 C 21.1 21.1 21,6 , 21.6 21.6 21.6 21.6

Note: The desired temperature of 18.3 was not achieved because of a

water bath failure.
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