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CH.APTER I 

INTRODUCTION 

A luxuriant color and fine vegetative turf' cover are the primary 

goals ot most turx· workers and owners. The maintenance ox· a beautiful 

turf is not only costly but entails much labor. The spreading character

istics of some turf grasses when they encroach into flower gardens and 

ornamental shrubs are troublesome. Reduction of maintenance costs, 

primarily by reducing the number @t· ·times turf would need to be mowed per 

season, might be accomplished by retarding plant growth with plant 

suppressants. 

For many years agriculturists and researchers have used different 

substances to alter plant growth. Primary interest seems to be in growth 

promoting substances. However, much work has been completed with growth 

suppressants or retardants. 

Growth regulator research on turfgrasses has primarily dealt with 

cool season grasses and virtually ignored warm season grasses such as 

bermudagrass (Cynodon spp.). 

The purpose of this study was to determine whether or not vegetative 

growth of bermuda.grass could be suppressed with chemical growth regula

tors. The objective of this investigation was to maintain bermudagra.ss 

at a slow rate of vegetative growth so as to reduce the number of 

mowings needed per growing season. 

It would be most desirable to maintain a low-growing turf which is 

1 
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neither discolored nCJr injured to the extent that tissue is killed. 

Lateral growth of stolons would be acceptable, however, the upright vege

tative growth should be suppressed without .injuring the life processes 

of the ·plant. 



CHAP'l'ER II 

LITERA1'URE REVIEW 

Very little literature can be cited W'iich has direct bearing on 

this studyo This review deals primarily with t:he effect of growth 

suppressants on grasses with as much reference to bermudagrass as 

possible. 

It is an established fact that various growth regulators will sup

press vegetative as well as floral growth. It appears that effects of 

growth substances tend to develop shorter, stockier plants with greener, 

broader leaves. Investigation by Zukel (24-)Ll has shown that suppres

sance was more pronounced upon young plants. Zukel (25) later reported 

that on.e substance, 1, 2-dihydrophyridazine-3-6-dione, hereafter referred 

to as maleic hydrazide, should only be applied to established turf. 

It was first shown :in 1949 by Schoene and Hoffman (15) that plants 

could be suppressed using nRleic hydrazide. It was found that, with 

different rates of application of maleic hydrazi.de, lzlentgrass and blue

grass turf varied from slight retardance to two month's suppression. 

Investigations by Greula.ch and Atchison (6); Greulach and Haesloop (7) 

and Willi.amson (22) have shown that ma.leic hydrazide suppresses cell 

division by reducing the mitotic index. Inhibition of floral and vege

tative growth of bermudagrass with rna.leic hydrazide was reported by 

Folkner (5) and Zukel (24). Schoene and Hoffman (15) also reported that 

lFigures in r,arenthesis refer to Literature Cited 

3 



4 

ma.leic hydrazid.e retarded vegetative growth of bentgrass and bluegrass. 

Tukey (21) reperted that tillering in grasses is favorea by ma.leie 

hydrazide and is retarded by growth pr0m0ting substances. 

It was reported "by Zukel (25) that maleic h.ydrazide is abserbed 

within twenty-four hours, whereas, Crafts et al. (3) found that four hours 

were sufficient for enough a.bsorpt:i.on of chemieal te ohserve its aeti vi ty 

in tb.e plant~ Zukel et a.L (26) reported that the rate of absorption was 

dependent upen the a.mount of the chemical remaining on the leaves after 

spraying and the percent of relative humidity. J'ohnsongrass held at 40~ 

· · and 1oo;i relative humidity gave a ''half life"' value of chemical e.bsorp-
; .~ 

tion of 128 and 2 hours respectively. 

Folkner ( 5), working wi.th maleic hydra.zid.e, spra.yeci flats of 

bermudagra.ss to runoff with con.centratiol'ls of 0.016%, 0.05%, and o.15~ 

with Vel as a ~etting agent. Inhibitioa ef \oth vegetative and floral 

· parts was observed in direct relation to eon.centration. It was found 

that no turf discolorat·ion oecurred at any concentration of maleic hydra-

Zide. 

From experiments conducted. ~y spraying roadsides in Connecticut, 

Zukel (25) reported tha.t male::l:e hydrazide at the rate of 4 peunds per 

acre would reduce the frequeney of mowing. Excessive dosage, however, 

would produce browning of the grasses. Byrd. (2) using 4 pounds per a.ere 

upon sand.bur infested bermuda.gra.ss, reported inhibition of growth with= 

out discoloration of the turf for one season. Moore (14) reported that 

plant root tips of bush bean (Phaseolus vulga~!), Kentucky bluegrass 

(Poa. pratens:i.s), field corn (Zea ~ys var. ind.enta.ta), and crabgrass 

O)igiGaria sanquina.lis and Digitaria ischaemum), were killed with rnaleic 

hydrazide application which interferes with water absorption. Plants not 
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producing lateral buds, such as Kentucky bluegrass and bush bean, were 

killed due to lack of water absorption, whereas, crabgrass and field corn, 

which produced lateral buds, only lost the topgrowth present at the time 

of treatment. Morphological changes caused by the modification of the 

respiratory activity ef the plant were witnessed by Isenberg (10). It 

was found that low concentrations ef applied sprays of maleic hydrazide 

stimulate respiratory activity while high concentrations reduce or inhib

it respiratory activity. 

A study of the residual effects of maleic hydrazide by Levi and 

Crafts (11) on serne California soils shewed no direct correlation be

tween clay content, pH, or fertility level and toxicity. Therefore, 

they concluded that maleic hydrazide would not constitute a problem in 

California soils. 

It was found by Marth et al. (13) and Wirwille and Mitchell (23) 

that the quaternary ammonium compound (4, hydrexy-5-isopropyl-2-methyl

phenyl) trimethylammenium chloride, 1-piperidine carboxylate, hereafter 

to be referred to as Amo-1618, would suppress beans, chrysanthemums and 

a few other plants. Halevy and Cathey (8) also found that cucumbers 

were vegetatively suppressed with application ef Amo-1618. This chemical 

thusfar, as shown by Marth et al. (13) has been nan-active on grass. 

Marth et al. (13) and Wirwille and Mitchell (23), working with bean 

seeds (Phaseolus vulgaris, variety Black Valentine), reported that stem 

length was reduced and maturity delayed with application of from 1 to 

100 pounds active Amo-1618 per acre. Marth and Mitchell (12) stated 

that Amo-1618 was found to persist in the soil for a period of seven 

months under field conditions, and about eight years in the greenhouse. 

Ha.levy and Cathey (8), using dark and light grown cucumber seedlings, 



found that Amo-1618 retarded the growth of all plants. Neither treat

ment of light wade any significant difference on the effects of the 

Ame-Hiil8. 

6 

As early as 1908, Schreiner and Reed (16) reported the use of 

trimethylarnmonium compounds om. plants. In 1959, Telbert and Wittwer (20) 

reported some effects and properties of two quaternary ammonium compounds, 

(2-ehloroethyl) trimethylammonium chloride and allyl trimethylammonium 

bromide, hereafter to be referred to as CCC and AMAS respectively. 

The effect of CCC and .AMA:B upon wheat has been studied extensively 

by Tolbert (18 and 19). Tolbert (19), working with wheat, found that 

the most characteristic development of growth was shorter stems. Also, 

the stems were thicker, the leaves broader and tillering was earlier and 

mere pronounced than the untreated plants. The actions of CCC on wheat 

were mutually antagonistic to the aetions of gibberellin, a. growth 

promoting substance. Tolbert and Wittwer (20) found vegetative growth 

suppressing characteristics were more proneunced on wheat than barley 

or eats. 

In an experiment conducted by Stuart and Cathey (17) CGC reduced the 

internode length, thus reducing stem length of poinsettia and hydrangea 

plants. An over treatment of CCC was found to induce ehlorosis for only 

a short periGd of time in plants before they regained tb.e green color. 

It was also shewn that the dosages considered maximum or minimum to 

retard growth with CCC varied throughout the year and from plant to 

plant. CCC was active for only one seasen's growth. or less and was less 

active in summer than in winter. Hucker et al. (9) found, however, that 

quaternary ammonium compounds were less aetive at @r about 40°F. and 

most active at 120°F. 
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Tolbert (18) stated that the trimethylammonium cation was essential 

for suppression activity. Tolbert (19) later stated that compounds of 

the structure (CH3)3 N+ C:H2 ~CH2 X were active when the nxu was a chloro, 

bromo, or ::eH2 group, or other groups of similar electron density·. It 

was postulated by Tolbert (18) that there is a protein surface with two 

binding positions for the quaternary ammonium molecule. Since the com

pound has sueh a high specificity of structure for biological activity, 

one site rrsy be specific for the trimethylammonium cation; a second site 

would be located about the length of the ethyl carbon chain away from the 

first site. The chloro, bromo or =CH2 group in the compound located 

over the second site woul~ then induce activity. 

Rucker et al, (9) reported the quaternary ammonium compounds were 

active on or around a neutral pH with activity increasing with a rise or 

lowering of pl{. 

It has been reported (1) that improper timing of applications in 

relation te temperature and relative numiaity could be one of the main 

problems i:n retarding appreciably the vegetative growth ef turf grasses 

with CCC. 



C:H:A.PFER III 

METHODS AND MATERIALS 

Four commercially important turf-type bermudagrasses were selected 

from the turfgrass nursery on the Agronomy Research Station located west 

of Stillwater, Oklanoroa, to be used in this study. 'f'he varieties used 

were: 

Common bermuda - Clnodon dactylon 
8unturf - Cynodon n:agennisii 
Tifgreen - Cynoden dactylon x C. transvaalensis 
W-3 - Cynod.on iaetylon -

'l'wo greenhouse studies were conducted to determine the effect of 

four growth suppression substances upon. the four different bermudagrasses. 

One phase of this study involved the use of (2-chloroethyl) trimethyl

ammonium chloride (CCC) and allyl trimethylammonium bromide (.AMAB) on 

established plants. In the second phase, l,2-dihydrophyridazine-3-6-

dione (maleic hydrazide) and (4, hydroxy-5-isopropyl~2-methylphenyl) 

trimethylammonium chloride, 1, piperidine carboxyla.te (Amo-1618) were 

tested on transplanted stolons and CCC and A.MAB were tested for residual 

growth suppressing effect. Stolons from the plants previously treated 

with CCC or AM.AB were used to test for the residual effect. 

Study of the Effect of CCC and A.MAB 

Upon Established Bermuda.grass 

Single bermudagrass sprigs from base material of each variety were 

planted in sixty-four, four inch clay pots. 'f'b.ere were sixteen pots of 

8 
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eia.eh variety. The date of this planting was May 6, 1960. 

The potting soil used in this study consisted of a sterilized soil 

mixture of two parts Norge fine sandy loam, one part of sand and one part 

of peat moss. 'fhe potting soil had a pH of 6.4. The soil was kept at a 

level of one inch from the top of the pot at all times throughout the 

study. 

All plants were increased by two methods: (1) ~Y replanting any 

stolons present back in the pot of their origin and (2) by clipping the 

topgrowth weekly to an inch in height to promote tillering. Attempt was 

made to provide all plants with adequate water and fertilizer throughout 

the study. However, it appeared that lack of water and excessive heat 

and transpiration ea.used some topgrowth of some of the plants to wilt and 

die. This loss was not found consistently in any one variety, chemical, 

or rate of chemical. 

On March 19, 1961, all grasses were clipped to one inch heights 

above the top of the pot and six pots of eac.h variety were treated, three 

with cec and three with .AMAB. 'rhree pots of grass of each variety were 

designated as checks to compare their growth with that of the treated 

plants. Both CCC and A.MAB chemicals were applied at the rates of 10-4, 

10-3, and 10-2 molar solutions in 100 ml of water as a soil drench, 

Treatments were applied each week for three weeks. To assure maximum 

absorption, treated plants were not watered for 24 hours. All other 

plants originally planted were maintained for the second study. 

Evaluation of each growth regulator for suppression was determined 

on the number of nodes counted in a given length of stolon, the average 

length of internodes between these nodes and the length of stolon as 

measured to the growing point on each stolon. Four stolons from ea.ch 
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plant were chosen at random and marked with small white ·tags. Measure-

ments from these stolons were recorded. These stolons, except where 

killed by drought were planted in pots in the greenhouse at the beginning 

of the second phase of the study on May 22, 1961. On April 16, May 8, 

and May 22, 1961, recordings of the internode length, number of nodes, 

and length of stolon were taken on ea.eh Qf the plants. 

! Study of the Effects of Maleic Hydrazide 

and Amo-1618 and the Residual Effeets 

A continuation of the first study was conducted in the greenhouse on 

the Agronomy Research Station, west of Stillwater., Oklahoma.. 

On May 22, 1961, four stolons, containing five nodes each, were 

clipped from each of fifteen plants. Plants of the same four varieties 

of bermudagrass were used in both phases of this study. Sixty plants of 

each variety were planted in four inch clay pots. Stolons tagged in the 

earlier stuay were used if possible. If treated stolons bad been killed 

because of drought, other stolons were chosen a.t random from the plant. 

The same ratio of potting soil a.s mixed for the earlier planting 

was used. 

One week after planting maleic hydrazide and Amo-1618 were applied. 

:tillaleic hydrazide was applied at the rate of 2, 4, and 8 pounds active per 

a.ere and Amo-1618 was applied at 50, 100, and 150 pounds active per acre. 

At the time of chemical application a record was taken of the 

number of nodes, average length of internodes and height of plant above 

the top of the pot. Measurements of the overall length of the stolon, 

number of nodes, and average length of internodes were also taken June 9, 
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and June 24, 1961. On the latter date each plant was clipped level with 

the top of the pot. The clippings were oven-dried and weighed to deter

mine the quantity of vegetation produced. All measurements were taken 

primarily to analyze the growth from period to period.. 

Oven-dry weight was determined by placing the samples in sma.11 

racks in a forced-air oven at 140°F. for 24 hours. The samples were 

removed from the oven and weighed immediately. The yield of vegetation 

is recorded in grams per four inch pot as shown in Appendix Table I. 
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'r.ABLE Ig PLANTiliG DATE 1 CBEMICALJ P.A'l'ESJ AND ATMOSPHERIC CONDITIONS AT 
TIME OF APPLICATION OF CCC AND A.MA}] TO FOUR TURF-TYPE BERMIJD.A
GRASSES. 

Planted: June 20, 1960 

Application Bate~ 

March 19, 1961 
.March 26, 1961 
April 2, 1961 

Rates of Application: 

Chemical 

A.MAB 
CCC 

Temperature (.£0 ) Relative Humidity(~) 

22 
22 
19 

Ra.tes 

53 
48 
53 

10-4 10-3, and 10-2 molar 
10=4; 10-3, and 10-2 molar 

TABLE II: PL.ANTING DATE, CHEMICAL, RA'l'ES, Al\lD ATMOSPHERIC CONDI'f'IONS AT 
'l'IME OF APPLICATION OF MH-30 AND AM0-1618 TO FOUR TURF-TYPE 
BERMODAGR.ASSES. 

Planted: May 22, 1961, as terminal five nodes from stolons from 
established sod. 

Application Date 

May 28, 1961 

Rates of Application: 

Chemical 

MH-30 
Arno-1618 

Temperature (() Relative Humidity (~) 

30 46 

Rates 

2, 4, and 8 pounds ai.cti ve per acre 
50, 100, and 150 pounds active per acre 



TABLE III: MEAS'!JREMEN'l" DA'l'ES AND PERIODS BETWEEN MEASUREMENTS OF FOUR 
TURF'-TYPE BERMIJDAGRASSES. 

CCC and A.MAB measurement da;t.es and periods. 

Period I 
Period II 
Period III 

March 19 - April 16 
April 16 - May 8 
May 8 - May 22 

MH-30, .Amo-1618 and CCC, A.MAB residual measurement dates and periods. 

Period I May 22 .. May 28* 
Period II May 28 = June 9 
Period III June 9 - June 24 

*Reference measurement for the stolon internqde. ·length. 

13 



CHAPTER IV 

RESULTS AND DISCUSSION 

This study was conducted to determine the effeet of four growth 

retarding chemicals on four commercially important turf-type bermudagrass 

varieties. 

The results from this study tend to point to the fact that bermuda

grass can be at least temporarily suppressed by use of growth regulating 

chemicals. 

It appears that the two chemicals AMAB and CCC are the most effec

tive of the chemicals studied to reduce the length of stolons, internodes, 

and plant height without damaging the plant tissue. MH=30 appears to 

reduce cell iivision but permits normal elongation of plant eel.ls thereby 

suppressing plant growth. However, a slight to severe burning effect was 

apparent at all rates • .A.mo-1618 appeared to be variable in effect, in 

that growth suppression of U-3 was found only at the 100 pound rate of 

active material per acre. The 150 pound rate reduced the stolon length 

but not to the extent of the 100 pound rate. Growth pramotion occurred 

at the 100 pound rate on common bermudagrass and there was little effeet 

found upon Tifgreen and Bunturf at any rate. 

Study of the Effect of CCC and AM.AB 

Upon Established Bermudagrass 

Treatments of A.MAB and. CCC were applied to esi:;ablished bermudagrass 

sod in the greenhouse. It was desirable to evaluate these two chemicals 

14 
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on established bermudagrass sod rather than young plants because it was 

believed from previous work that established sod would be more resistant 

to chemical action than seedlings. However, a visual effect of growth 

suppression was found at all rates two weeks after the first application. 

Effects of(g-chloroethy~ trimethylarnmonium chloride(~) 

It was found that three weekly applications of 10-4, 10-3, and 10-2 

molar solutions of CCC gave a linear reduction of length of internode 

(Figure 1) except in the case of U-3 and Tifgreen at the 10-3 molar 

concentrations. T.he number of nodes per stolon was linearly increased 

(Figures 2, 3, and 4) in all grasses except Tifgreen at the 1c;r3 molar 

concentration. Plant height was reduced as shown in Figures 3, 4, 5, and 

6, at all concentrations on all grasses. It was also apparent that the 

higher concentrations of 10-3 and 10-2 reduced the stolon length (Figures 

5 a.nd 6). It might appear that since node formation was increased and 

length of stolons and internodes decreased, cell division was being 

carried on at a normal rate, whereas, cell elongation was suppressed. 

At the 10-2 molar rate the grass appeared to be darker green in 

eelor and there was an increase in the number of upright stems. It would 

seem that the darker, intense green color of the treated plants might 

have been developed in some way by the nitrogen from the trimethylammonium 

compound. However, later use ef the qua.ternary ammonium compound 

Amo-1618, which also contains the trimethylammonium group, showed no 

increased green color. It appeared that CCC had a greater suppressing 

effect on all grasses, as shown by an increased num@er of nodes and 

reduction of internode length, than A.MAB (Figures 1 and 2). 'rhe 10-2 

molar concentration showed the greatest suppressing activity of any 

concentration. After ten weeks, when the terminal sections were cut 



46 'S=H 

w 
i... 
(j) 

+' 
(!) 
s 

-rl 
+' 
;::! 
(i) 

D 

43 3 

40 I 

-~ 31 
.£l 
+' 
tlD 
s::: ?8 
Q) -

i-:1 

~ 25 
;::: 
r~ 
,v 22 
~ 
H 

§ 19 
rl 
Q 
+' 
CJ) J 6 

~ 13 

~i ,._ 

, ,. 

I ,, I 

I _l 
_l 
_l 

I 

J;ii 

Gi Ii ' ,t...---U u 1. ..__Li u 10 
10-2 

I I 
I I 
I I 

I 
I I 

I 

I 

_Lj I I Jh 
I j 

I 

T I 
I I 
I I I 1 

: TI l...lj 
-

I I I 

v 
I I ., 
.....i 

L. 

,._ 

,._ 
+-

ii 
--1-1 
,._._,._ 

, 
'-'--
' ,_ 
4-L-L-4-

~ I +-+-

I .1 

l +- 1 l 
1 - L L L- 1.-L.. 

10-3 10-4 

Molar Concentration of CCC 

Cl} 

i.t 
(!) 
+' 
Q) 
E 

•rl 
+' s:: 
Q) 

u 
s:l 

•rl 

.£l 
+' 
tlO s:: 
~ 
Q) 

'() 
0 
s::: 
;, 
Q) 

+' 
s::: 

H 

s::: 
0 
rl 
0 
+' 
Cf) 

46 
I 
I 
I 

41 -
Common ---
Sunturf - - - -

L.o Tifgreeu-x 
U·-3 ------ -·- · 

37 

34 

31 

-28 ~ ,, 

25 

22 

19 

16 

13 

10 
10-2 

,-

~ 

I<. 

10-3 

Molar Concentration of AMAB 

.... 

"' .... 

10-4 

Figure 1. The Effect of Two Growth Suppressant Chemicals at Three Concentrations upon the Growth 
of Stolon Internod.es of Four Turf- type Bermudagrasses. I-' 

0\ 



i::: 
0 
rl 
0 

+:> 
Cl) 

'-< 
(I) 
P-

(I) 
(I) 

'8 
~ 

l:f-i 
0 

'-< 
(l) 

'@ 
:;_j 

t,~ 

8 

... 
7 

' 
6 

~ 5 ,, 

4 

" 

3 

2 
10-2 

, ... 

' 

.. 

' "\ ' 

' ' r 
I'> 

' 
, ... 

" ~ ... 

' ' 
' 

' ' " ' .... - ~- --
10-3 

Mola.r Concentration of CCC 

.. 

-

- -
10-4 

8 

7 

i::: 

~ 6 
0 

+:> 
Cl) 

'-< 
(I) 
p. 

~ 5 
'8 
~ 

l:f-i 
0 

~ 4 
~ 
~ 

3 

.... 
' 

2 
10-2 

I\ 

Common 
Sunturf _____ 
'l'ifgreen -x-
U-3 --- -

Ii' 

" 
, , 

.... 

l'I ,,. " 
,_ 

-

--
10-3 10-4 

Molar Concentration of AMAB 

Figure 2. The Effect of Two Growth Suppressant Chemicals at Three Concentrations upon the Number 
of Nodes per Stolon of Four Turf-type Bermudagrasses. 

I-' 
-J 



Sunturf, six ~eeks after treat ment; CCC, 10-2 
molar and check 

Cummon, six vreeks after t reat ment; CCC, 10-2 
molar and check 

Figure 3. Grorrth suppression in plant height 
and stolon length a s produced by CCC at one 
r ate on t vro turf-type bermudagrasses. 
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Tifgreen, six weeks after treatment; AI.A.B, 10-2 
molar and check 

U-3, six weeks after treatment; AivTAB, 10-2 
molar concentration 

Figure 4. Growth suppression in plant he i ght 
and stolon l ength as produced by AMAB a t 
one r at e on t ,·10 turf-type bermudagra sses. 
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U-3, six vJeeks after t r eatment; ALA.B, 10- 2 
molar and check 

U-3, six ,,eeks after treat ment; ArflAB, 10-4 
mol ar concentration 

Figure 5. Gro,Jth suppress ion o~ the stolon 
length by ANAB at fam r ates on U-3 
bermudagra ss. 
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Ti f green, six weeks af ter treatment; CCC, 10-~ 
molar concentrat ion and check 

Sunturf, six weeks aft er t reatment; CCC, 10-2 
mol ar concentration and check 

Figure 6 . Gro,rth suppression of the stolon 
length by CCC at the 10-2 molar concentration 
on two turf-type ber mudagra sses. 

21 
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from the stolons and were planted in the field study, it was found that 

there was no significant reduction of stolon length on any grass. 

Effects of allyl trimethylammonium bromide (.AMAB) 

The chemical AM.AB gave a linear reduction of internode length 

(Figure 1) and linear increase in the number of nodes (Figure 2) in all 

four grasses. However, in both cases, the magnitude of change was not 

as great as that produced by CCC. The plant height was reduced (Figures 

l+ and 5) and at the rate of 10-2 molar solution the plants appeared to 

have a deeper green color. It was found that the variety U-3 gave a 

linear and also a quadratic response to the different chemical rates. 

In this instance it was found that 10-3 molar concentration increased 

the number of nodes, however, there was no further increase in the 

number of nodes at the 10-2 concentration. ~e effect upon the internode 

length, however, showed greater suppression at 10=3 and 10-2 thaa 10-4 

molar concentratiens. Since significance of measurements was reduced 

after nine weeks from first application, it was concluded tb.a.t the 

residual effect was declining at the 10-4 and 10-3 molar concentrations. 

It might appear that since node formation was increased and length of 

stolons and internodes were decreased normal cell division was being 

conducted, whereas, cell elongation was suppressed. 

!:; Study of the Effects of Maleic Hydrazide 

and Amo-1618 and the Residual Effects 

of CCC and A.MAB Upon Bermuda.grass 

In this experiment, the chemicals maleic hydrazide (:MH-30) and 

Amo-1618 were appliea to the plants started from the terminal five nod.e 

section of stolons. The other two chemicals A.MAB and CCC, were not 
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applied to these stolons since they had been applied earlier to the 

established plants. This experiment was designed to test the effect of 

MH-30 and Amo-1618 upon the stolon length, internod.e length, number of 

nodes, and dry weight per plant, and the residual effect of CCC and AMAB 

on plant growth. 

Effects of (2-chloroethyl) trimethyla.mmonium chloride (CCC) 

It was found that CCC linearly reduced the internode length for 

fourteen weeks on Tifgreen and for ten weeks on Sunturf (Figure 7). How

ever, after ten weeks the 10-4 molar concentrations appeared to be the 

only concentrations suppressing Sunturf. Also the number of nodes ef 

Sunturf were found to be significantly increased ten weeks after applica

tion (Figures 8 and 9). Commen bermudagrass showed a reduction of the 

:lnternode length from 10-4 to 10-3 molar concentration but did not show 

suppressant action at the 10-2 molar concentration, thus forming a signi• 

ficant quadratic response (Figure 10). It appeared that the dry weight 

of the plant was increased slightly at the highest concentration of the 

chemical (Figure 11). This appeared to be due to the increased number of 

upright stems rather than increased height of plant. It also appeared 

that, since significance of measurements were reduced after about ten 

weeks from application, the residual effect of CCC was declining. 

Effects of allyl trimethylammonium bromide (AMAB) 

Tifgreen showed a quadratic response of the stolon length in the 

first period and the internode length in the second period (Figures 12 

and 13) thus showing a retention of suppression at the 10-3 molar concen

tration but n@t at 10-2 er 10-4 concentrations. Sunturf showed a linear 

reduction of internode length in the second and third periods (Figare 13). 

Stolon length was also reduced at all rates fourteen weeks after 
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treatment en Sunturf (Figure 12). 

AMIU3 appeared to increase oven=dry weight (F'igure 14) at the higher 

c®ncentration. This, howenrer, seemed. to be due to the increased number 

of upright stems, rather than height of plant. 

The growth suppressing effect from A.MAB seemed to subside ten weeks 

after application. The stolon length of Sunturf was the only grass show

ing much suppression when this study was terminated fourteen weeks after 

the first application. 

Effects of :Maleic Nydrazide 

The analysis of the first period or at the time of chemical applica

tien is used as a reference point for the stolon internode length to 

determine whether suppression occurred. The other analyses are shown as 

the growth or formation of nodes from one measurement date to the follow

ing measurement date. The measurement taken on :May 2B was subtracted 

from the measurement on June 9 to analyze the amount of growth. Also 

the June 9 measurement was subtracted from the June 24 measurement to 

analyze growth during that period. These are referred to as first and 

second periods. 

From the data obtained, it would appear that ma.leic hydrazide will 

reduce the length of stolons, internodes, and reduce the oven-dry weight 

of clippings from bermudagrass plants. Plants appeared to be suppressed 

in such a manner that the cell elongation and cell divisim1 were SU:f

pressed, thus suppressing the formation of nodes (Figures 15 and 16 ) . 

The 8 pound rate gave the greatest suppressicm, however, three of the 

four replications of this ·treatment showed a severe burning effect, with 

a slight purple coloration of .leaves, which could be an indication of 

a.nthocyanin accumulation. 'I'he data indicate that 8 pounds of MR-30 
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reduced the size of plants (Figures 17, 18J 19 and 20 . 'rhis probably 

is the result of burning of the planto 

Tb.e data show a significant linear reduct:i.on of length of stolon 

( Figure 19), and internodes ( f<'igure 18) of Tifgreen after two weeks from 

application at the 2, 4, and 8 pound rates of maleic hydrazide. It was 

found that at four weeks after application the formation of nodes was 

suppressed greatly at the 4 pound rate. More suppression was found at 

the 8 pound rate but not in proportion to the suppressi.on from the 2 

and 4 pound rates. In the third period or four weeks after application 

the internode length was signifi.cantly reduced (Appendix Table XXXVII). 

The growth Qf stolons and formation of nodes were linearly suppressed 

for the first two weeks after application. For the remaining two weeks 

it appeared that the 4 pound rate suppressed node formation at about the 

same magnitude as that of the 8 pound rate. Oven-dry weight of clip

pings was linearly reduced from the low rate of 2 pounds to 8 pounds 

active material, except common bermudagrass where the J+ pound rate 

reduced tne oven-dry weight more than the 2 or 8 pound rate (Figure 21). 

Maleic hydrazide linearly reduced the internode length of U-3 

(Appendix Table XXXIX), and the length of stolons of common bermudagrass 

about four weeks after application. 

It would appear that ma:J-eic hydrazide starts to act shortly after 

application and is more effective upon the finer leaved grasses such as 

'rifgreen and Sunturf than the medium to coarse textured U-3 and common 

berrnudagrasses. 

It might appear since tb.e forrnation of nodes was suppressed as well 

as the length of stolons and internodes that cell division was suppressed, 

whereas, cell elongation was normal. 
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Effects of .Amo-1618 

Action of Amo=l618 on bermudagrass was analyzed using the same pro-

eed.ure as with Mli=30, in that the first peri.od, or at the time of a.ppli-

cation, the stolon internode length was used as a reference to determine 

whether growth was suppressed at later measurement dates. 

It was found that, at the end of the study or 27 days after treat-

ment, the 100 pound rate gave what appeared to be a growth promoting 

effect on 'I'ifgreen and common berrnudagrass. 

U-3 tended to have the reverse effect in that the 100 pound rate 

suppressed the growth of internodes, stolon length and reduced the dry 

weight. About 4 weeks after application ~=3 gave a linear reduetion of 

the internode length. with the 150 pound rate giving the greatest su.ppres-

sion (Figure 17 ) • 

As shown in Figures 15 a.nd 16, Amo-1618 did not show any suppres-

sion, at any rate, of' the formation of nodes on any of the four turf-

type bermudagrasses. However, the growth of the length of internode 

appeared to be slowed after application (Figures 17 and 18). 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Two studies to determine the effect of four growth suppressing sub

stances upon four commercially important turf=type bermudagrasses were 

conducted at the Agronomy Research Station, west of Stillwater, Oklahoma.. 

One study was to test the effect of AMAB and CCC upon established bermuda

grass plants. 'I'he second study concerned the residual effects of these 

chemicals upon plants started from stolons of treated plants and the 

effects of MH-30 and Amo-1618 upon plants started from untreated stolons. 

The growth suppression was analyzed by measurements of the length 

of the stolons and internodes, number of nodes per stolon and dry weight 

of the plant. 

All grasses were suppressed after application of CCC or .AMA:B at the 

10-3 and 10-2 molar concentrations. Tifgreen and Sunturf were also 

suppressed with the 10-4 concentration. The highest concentration, 10-2 

molar, of both CCC and A.MAB gave the best response by reducing the 

stolon length, internode length, and increasing the number of nodes per 

stolon. Visual observations throughout the study detected a deeper 

green color and seemingly, an increased numoer of upright stems on all 

plants treated with CCC or .AMA:13. The number of upright stems was not 

counted nor measured in any way. Both chemicals tended to lose some of 

their growth suppression effect about ten weeks after application. After 

fourteen weeks growth of the plants treated with AMAB and CCC were about 
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equal to the checks and., in some comp~ri~ons, such as dry weisht, exceed

ed. the check plants o It would appear that as M-.'lAB and CCC lose tlleir 

suppressing effee·ts tht~y wight act as gr@vth preml!)t,ers. 

Maleie hydra.z.ide, when used on plant~ g:rmm from stolons red.uced 

growth drastically. Plant growth tended to be slowed or to cease about 

two weeks after treatment. At the 8 pound rate a very slow growth rate 

was observed and plants tend.ed to burn or turn a purplish color which 

appeared to be an ind.ic:a:tion of an a:nthoeyani.:n accumulation. Two and 

four pound concentrations were effective in growt,h suppression for the 

duration of this study, or four weeks, and d:i.d not give a.ny noticeable 

burn at two pounds and only ~light discoloration at the four pound rate. 

There selemed to be a large amount of variabi.lity within the 

different rates of .Arno=l.618 and also between grasses. The results ob= 

tained from the Amo=l618 trea:tments tend to show very little growth 

suppressing ability. As shown in Figure J.4, an increased stolon length 

was produced at the 150 pound. rate per acre compared. ·to the 50 pound rate 

on all grasses except U=3· Growth suppression of stolon length was 

found in 11=3 primarily at the 100 pound rate. 

The author is of the opinion that },i!H=30 reduced cell division and 

at the same time ma.inte.ined normal cell elongation. A suppression of 

cell division such as stated here might be substantiated by Esau (4) in 

work upon other grasses such as oats. and barley. The effect of CCC and 

.AM.AB were the reverse in th.at the number of nodes formE·d was increased 

;3.nd in the meantime the length of stolons and internodes were decreased. 

'This would appear to be a suppression of the cell elongation, whereas, 

the cell division remains unaffected, 
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TABLE I 

AVERAGE OVEN-DRY WEIGHT IN GRAMS OF PLANT 

TISSUE FROM TREATED STOLONS* 

'I'reatments Tifgreen Sun turf U-3 

CCC** 
10-4 M. 1.17 0.50 o.47 
10-3 M. 0.92 0.57 0.85 
10-2 M. 1.27 o.47 1.00 

AMAB** 
10-4 M. 1.07 0.50 0.90 
10-3 M. 0.90 0.65 0.77 
10-2 M. 1.12 0.52 1.32 

MH-30*** 
2# 1.25 0.60 0.82 
4# 0.52 o.45 0.52 
8/1 0.12 0.30 0.50 

Amo-1618*** 
50{} 0.75 0.55 1.65 

lOo# 1.12 0.52 0.62 
15off, o.87 0.67 0.95 

Check ·X·*i<"* 
1 1.32 0.55 0.70 
2 1.22 (L52 1.27 
3 1.37 o.47 1.25 

*Average from four replications. 
**Clippings from plants fourteen weeks after treatment. 

***Clippings from plants five weeks after treatment. 
*·)HH((!lippings from plants grown from transplanted stolons. 
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Common 

1.17 
1.22 
1.55 

0.65 
1.12 
1.45 

1.50 
0.62 
0.97 

0.80 
2.32 
1.47 

0.75 
0.82 
0.87 



TABLE II 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE GROWTH OF TIFGREEN STOLONS FROM THE FIRST 

TO SECOND PERIOD IN THE GREEN.HO~SE 

Source DF ss MS 

Total 35 536.000 
'!reatments 8 207.ooo 25.875 

Chemical 1 0.000 0.000 
Rate 2 30.000 15.000 
Chem. X Rate 2 7.000 3.500 
Residual 3 170.000 5.667 

Ck. vs. others (1) 168.ooo 168.000 
Within check (2) 2.000 1.000 

Within Chem.I 2 27.167 13.583 
Linear (1) 3.515 3.515 
Quadratic (1) 23.652 23.652 

Within Chem.II 2 9.500 4.750 
Linear (1) 1.116 1.116 
Quadratic (1) 8.384 8.384 

Error 27 329.000 12.185 
*Significant at the .05 level ®f confidence. 

**Significant at the .01 level of confidence. 

TABLE III 

ANALYSIS IF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSAN'J:'S 
UPON THE I~NODE LENGTH OF TIFGREEN STOLONS IN 

THE FIRST PERIOD IN TKE GREENHOUSE 

Source DF ss MS 

Total 35 758.000 
Treatments 8 547.000 68.375 

C::hemical 1 57.000 57.000 
Rate 2 191.000 95.500 
Chem. X Rate 2 30.000 15.000 
Residual 3 269.000 89.667 

Ck. vs. others (1) 253.800 253.800 
Within cheek (2) 15.200 7.600 

Within Chem.I 2 123.167 61.583 
Linear (1) 111.905 111. 905 
Quadratic (1) 11.262 11.262 

Within Chem.II 2 98.002 49.001 
Linear (1) 80.121 80.121 
Quadratic (1) 17.881 17.881 

Error 27 211.000 7.814 

*Significant at the .05 level of confidence. 
**Significant at the .01 level of confidence. 
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"F" 

2.12 
o.oo 
1.23 
1.29 
1.47 

13-79** 
0.08 
1.12 
0.29 
1.94 
0.39 
0.09 
0.69 

"F" 

8.75 
7,30* 

12,22** 
1.92 

11.48** 
32.48** 
0.97 
7,09** 

14,32** 
1.44 
6.27** 

10.25** 
2.29 
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TABLE IV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF SUNTURF STOLONS IN THE 

FIRST PERIOD IN 'fHE GREENHOUSE 

Source DF ss MS 
Total 35 963.000 
Treatments 8 769.000 96.125 

Chemical 1 67.000 67.000 
Rate 2 270.000 135.000 
Chem. X Rate 2 29.000 14-.500 
Residual 3 409.000 136.333 

Ck. vs. 0thers (1) 397.800 397.800 
Within check (2) 11.200 5.600 

Within Chem.I 2 220.500 110.250 
Linear (1) 219.679 219.679 
Quadratic (1) 0.821 0.821 

Within Chem, II 2 78.167 39.083 
Linear (1) 62.486 62.486 
Quad.ratie (1) 15.681 15.681 

Error 27 194.ooo 7.185 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confi.denee. 

TABLE V 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF U-3 STOLONS IN THE 

FIRST PERIOD IN TJIE GREENHOUSE 

Source l'lF ss MS 

Total 35 687.000 
Treatments 8 402.000 50.250 

Chemical l 3.000 3.000 
Rate 2 220.000 110.000 
Chem. X Rate 2 55.000 27 .500 
Residual 3 124.ooo 41.333 

Ck. vs. others (1) 110.500 110.500 
With.in check (2) 13.500 6.750 

Within Chem.I 2 160.167 80.083 
Linear (1) 159.084 159.084 
Quadratic (1) 1.083 1.083 

Within Chem.II 2 114.667 57.333 
Linear (1) 52.998 52.998 
Quadratic (1) 61.669 61.6E9 

Error 27 285.000 10.556 
*Significant at the .05 level of confidence. 

*~Significant at the . 01 level of confidence . 

"F" 

13.38 
9-33** 

l8°79** 
2.02 

18.98** 
55°37** 
0.78 

16.72** 
30.57** 
0.01 
5 .44** 
8,70** 
2.18 

"F" 

4.76 
0.28 

10.42** 
2.61 
3.92* 

10.47** 
o.64 
7 .58** 

15,07** 
1.03 
5.43** 
5.02* 
5.84* 



'r.ABLE VI 

ANALYSIS OF V.ARIAljCE OF 1'HE El<~FECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF COMMON STOLONS IN THE 

FIRST PERIOD IN THE GREENHOUSE 

Source DF ss MS 

Total 35 1819.000 
Treatments 8 1063.000 132.875 

Chemical 1 5.000 5.000 
Rate 2 640.000 320.000 
Chem. X Rate 2 79.000 39.5 )0 
Residual 3 339.000 113.000 

Ck. vs. others {1) 275.500 275.500 
Within check (2) 63.500 31. 750 

Within Chern.I 2 582.167 291.083 
Linear (1) 511.219 511. 219 
Quadratic (1) 70.948 70.948 

Within Chem.II 2 136.167 68.083 
Linear (1) 109. J+59 109.l-1-59 
Quadratic (1) 26.708 26.708 

Error 27 756.000 28.000 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 

TABLE VII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESS.ANTS 
UPON THE INTERNODE LENGTH OF TIFGREEN STOLONS IN THE 

SECOND PERIOD IN THE GREENHOUSE 

Source DF ss MS 

Total 35 570.000 
Treatments 8 411.000 51.375 

Chemical 1 43.000 43.000 
Rate 2 79.000 39.500 
Chem. X Rate 2 4.ooo 2.000 
Residual 3 285.000 95.000 
Ck. vs. others ( 1) 272.800 272.800 
Within check (2) 12.200 6.100 

Within Chem,I 2 50.667 25.333 
Linear (1) 39.405 39.405 
Quadratic (1) 11.262 11.262 

Within Chern.II 2 32.667 16.333 
Linear (1) 32 .41+5 32.445 
Quadratic (1) 0.222 0.222 

Error 27 159.000 5.889 
*Significant at the . 05 level of confidence . 

**Significant at the .01 level of confidence. 
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''F'' 

4.75 
0.18 

11.43** 
1.41 
4.oJ+* 
9.84** 
1.13 

10.39** 
18.26** 

2.53 
2.43 
3.91 
0.95 

"F" 

8.72 
7.30* 
6. 71n· 
0.34 

16.13** 
46.32** 

1.04 
4.30* 
6.69* 
1.91 
2.77 
5.51* 
o.o4 



TABLE VIII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROW'rH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF TIFGREEN IN 

THE FIRST PERIOD IN THE GREE~'HOUSE 

Source DF' ss MS 
'fotal 35 62.000 
Treatments 8 51.000 6.375 

Chemical 1 7.000 7.000 
Rate 2 23.000 11.500 
CJaem. X Rate 2 4.ooo 2.000 
Residual 3 17.000 5.667 

Ck. vs. others (1) 16.300 16.300 
Within check (2) 0.700 0.350 

Within Chem. I 2 20.667 10.333 
Linear (1) 19.513 19.513 
Quadratic (1) 1.154 1.154 

Within Cb.em.II 2 6.167 3.083 
Linear (1) 5.405 5.405 
Quadratic (1) 0.762 0.762 

Error 27 11.000 o.407 
*Significant at the .05 level of emafidence. 

**Significant at the .01 level of confidence. 

TABLE IX 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF SUNTURF IN 

THE FIRST PERIOD IN THE GREEN.ROUSE 

Source DF ss MS 

Total 35 54.ooo 
Treatments 8 47.000 5.875 

Chemical 1 6.000 6.000 
Rate 2 20.000 10.000 
Chem. X Rate 2 5.000 2.500 
Residual 3 16.000 5.333 

Ck. vs. others (1) 15.800 15.800 
Witb.in check (2) 0.200 0.100 

Within Chem.I 2 22.167 11.083 
Linear (1) 22.165 22.165 
Quadratic (1) 0.002 0.002 

Within C::hem.II 2 3.167 1.583 
Linear (1) 2.841 2.841 
Quadratic (1) 0.326 0.326 

Error 27 7.000 0.259 
*Significant at the .05 level of eenfidenee. 

*~Significant at the • 01 level of eenfidenee • 
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"F" 

15.66 
17.20** 
28.26** 
4.91* 

13,92** 
40,05** 
o.86 

25,39** 
47.94** 
2.84 
7.58** 

13.28** 
1.87 

"F" 

22.68 
23.17** 
38.61** 

9.65** 
20,59** 
61.00** 
0.39 

42.79** 
85.58** 
0.01 
6.11** 

10.9T** 
1.26 



TABLE X 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSAN'l'S 
UPON THE NUMBER OF NODE$ PER STOLON OF U-3 IN 

THE FIRST PERIOD IN THE GREENHOUSE 

Source DF ss MS 
'!'Gtal 35 25.000 
Treatments 8 17.000 2.125 

Chemical 1 1.000 1.000 
Rate 2 9.000 4.500 
Chem. X Rate 2 2.000 1.000 
Residual 3 5.000 1.667 

Ck. vs. others (1) 4.500 4.500 
Within check (2) 0.500 0.250 

Within Chern I 2 7.167 3.583 
Linear (1) 7.148 7.1~-8 
Quadratic (1) 0.019 0.019 

Within C:hem II 2 4.167 2.083 
Linear (1) 1.351 1.351 
Quadratie {1) 2.816 2.816 

Error 27 8.000 0.296 
*Significant at the .05 level of confidence. 

**Significant at the • 01 level of confidence • 

TABLE XI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUl'JJBER OF NODES PER STOLON OF COMMON IN 

THE FIRST PERIOD IN THE GREENHOUSE 

Source DF ss MS 

Total 35 19.000 
Treatments 8 11.000 1.375 

Chemical 1 0.000 0.000 
Rate 2 6.000 3.000 
Chem. X Rate 2 2.000 1.000 
Residual 3 3.000 1.000 

Ck. vs. others (1) 2.800 2.800 
Within check (2) 0,200 0.100 

Within Chem I 2 6.500 3.250 
Linear (1) 6.246 6.246 
Quadratic (1) 0.254 0.254 

Within Chem II 2 1.167 0.583 
Linear (1) 1.094 1.094 
Quadratic (1) 0.073 0.073 

Error 27 8.000 0.296 
*Significant at the .05 level of confidence. 

**Significant at the ,01 level of confidence. 
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"F" 

7.18 
3.38 
1.52 
3.38* 
5.63** 

15.20** 
0.85 

12.11** 
24.12** 
0.07 
7.04** 
4.56* 
9-51** 

''F" 

4.65 
o.oo 

10.14** 
3.38* 
3.38* 
9.46** 
0.34 

10.98** 
21,10** 
o.86 
1.97 
3.70 
0,25 



TABLE XII 

.ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF TIFGREEN IN 

THE SECOND PERIOD IN THE GREENHOUSE 

Source DF 88 MS 
Total 35 55.000 
Treatments 8 28.000 3.500 

Chemical 1 12.000 12.000 
Rate 2 8.000 4.ooo 
Chem. x Rate 2 1.000 0.500 
Residual 3 7.000 2.333 

Ck. vs. other (1) 6.900 6.900 
Within check (2) 0.100 0.050 

Within Chem.I 2 4.667 2.333 
Linear (1) 3.905 3.905 
Quadratic (1) 0.762 0.762 

Within Chem-II 2 4.500 2.250 
Linear (1) 3.679 3.679 
Quadratic (1) 0.821 0.821 

Error 27 27.000 1,000 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of coni'idence. 
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"F" 

3.50 
12.00** 

4.00* 
0.50 
2.33 
6,90** 
0.05 
2.33 
3.90 
0.76 
2.25 
3.68 
0.82 



TABLE XIII 

ANALYSIS OF VARIANCE OF T'HE EFFECT OF GROWTH SUPPRESS.ANTS 
UPON THE GROWTH OF STOLONS OF TIFGREEN FROM THE 

FIRST TO SECOND PERIOD IN THE FIELD 

Source DF ss MS 
Total 59 1777.000 
Replications 3 30.000 10,000 
Treatments 14 1080.ooo 77.142 

Chemical 3 446.ooo 148.667 
Rate 2 0.500 40.000 
Chem. X Rate 6 400.000 66.667 
Residual 3 154.ooo 51.333 

Ck, vs. others (1) 16.000 16.000 
Within check (2) 138.000 69.000 

Within Chem. I 2 26. 500 14.250 
Linear (1) 22.165 22.165 
Quadratic (1) 6.335 6.335 

Within Chern. II 2 120.167 60.083 
Linear (1) 9.534 9.534 
Quadratic (1) 110.633 110.633 

Within Chem.III 2 281.167 140.583 
Linear (1) 248.842 248.842 
Quadratic (1) 32.325 32.325 

Within Chem~IV 2 50.160 25.080 
Linear (1) 15.125 15.125 
Quadratic (1) 35.035 35.035 

Error l+2 667.000 15.881 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 

nFn 

0.63 
4.86 
9.36** 
2.52 
3,95** 
3.23 
1.01 
4.34 
0.89 
1.39 
o.4o 
3.78 
0.60 
6.97H.· 
8,85** 

15,67** 
2.04 
1.58 
0.95 
2.21 



TABLE XIV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESS.ANTS 
UPON THE GROWTH OF STOLONS OF SUNTURF FROM THE 

FIRS~ TO SECOND PERIOD IN THE FIELD 

Source DF ss MS 
Total 59 1638.000 
Replications 3 70.000 23.333 
Treatments 14 867.000 61.929 

Chemical 3 543.000 181.000 
Rate 2 32.000 16.000 
Chem. X Rate 6 245.000 40.833 
Residual 3 47.000 15.660 

Ck. vs. others (1) 31.800 31.800 
Within check (2) 15.200 7.600 

Within Chem. I 2 42.667 21.333 
Linear (1) 10.976 10.976 
Quadratic (1) 31.691 31.691 

Within Chem.II 2 43.167 21.583 
Linear (1) 41.625 41.625 
Quadratic (1) 1.542 1.542 

Within Chem.III 2 148.167 74.083 
Linear (1) 144.293 144.293 
Quadratic (1) 3.874 3.874 

Within Chem.IV 2 45. 500 22,750 
Linear (1) 36.125 36.125 
Quadratic (1) 9.125 9.125 

Error 42 701.000 16.690 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 
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nF" 

1.40 
3.71 

10.85** 
0.96 
2.45* 
0.94 
1.91 
o.46 

. 1.28 
o.66 
1.89 
1.29 
1.49 
0.09 
4.44* 
8.65** 
0.23 
1.36 
2.16 
0.55 



TABLE XV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE GROWTH OF STOLONS OF U-3 FROM THE FIRST TO 

SECOND PERIOD IN THE FIELD 

Source DF ss MS 
'fotal 59 4735.000 
Replications 3 55.000 18.333 
'freatments 14 2507.000 179.071 

Chemical 3 692.000 230.667 
Rate 2 550.000 225.000 
Chem. X Rate 6 454.ooo 75.667 
Residual 3 811.000 270.333 

Ck. vs. others (1) 767.800 767.800 
Within check (2) 43.200 21.600 

Within Chem.I 2 8.167 4.083 
Linear (1) 8.111 8.111 
Quadratic (1) 0.056 0.056 

Within Chem.II 2 56.168 28.084 
Linear (1) 0.165 0.165 
Quadratic (1) 56.003 56.003 

Within Chem.III 2 210.167 105.083 
Linear (1) 118.870 118.870 
Quadratic (1) 91. 297 91.297 

Within Chern.IV 2 730.167 305.083 
Linear (1) 450.000 450.000 
Quadratic (1) 280.167 280.167 

Error 1+2 1725.000 41.071 
*Significant at the .05 level of confiden.ce. 

**Significant at the .01 level of confidence. 

''F" 

o.35 
3.46 
4.46** 
5.32** 
1.46 
5,23** 

14.84** 
o.42 
0.10 
0.19 
o.oo 
o.68 
o.o4 
1.36 
2.56 
2.89 
2.22 
8.89** 

10.96** 
6.82* 



T.ABLE XVI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE GROWTH OF STOLONS OF COMMON FROM 'I'HE 

FIRST TO SECOND PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 241+0.ooo 
Replications 3 91.000 30.333 
Treatments 14 624.ooo !+4. 571 

Chemical 3 296.000 98.667 
Rate 2 37.000 18. 500 
Chem. X Rate 6 232.000 38.667 
Residual 3 59.000 19.667 

Ck. vs. others (1) L1 .• 8QO 1+. Boo 
Within check (2) 5l+.200 27.100 

Within Chem.I 2 1.166 o. 583 
Linear (1) 0.000 0.000 
Quadratic (1) 1.166 1.166 

Within Chem.II 2 12.500 6.250 
Linear (1) 0.08!+ 0.08!+ 
Quadratic (1) 12.416 12.11.16 

Within Chem.III 2 85.167 42. 583 
Linear (1) 78.363 78.363 
Quadratic (1) 6. 80L~ 6.804 

Within Chem.IV 2 170.168 85.084 
Linear (1) 15.125 15.125 
Quadratic (1) 55.043 55.043 

Error !:~2 1725.000 ~-1.071 
*Significant at the . 05 level of confidence . 

**Significant at the .01 level of confidence. 

t:;7 
/I 

"F" 

0.74 
1.09 
2.40* 
o.45 
0.94 
o.48 
0.12 
o.66 
0.01 
o.oo 
c.03 
0.15 
o.oo 
0.30 
1.04 
1,91 
0.16 
2.07 
0.37 
1.34 



TABLE XVII 

ANALYSIS OF VARIANCE OF '!'HE h""FFECT OF GROW'l'H SUPPRESSANTS 
UPON THE NUM:BER OF NODES PER STOLON 0F TIFGREEN FROM 

THE FIRS! TO SECOND PERIOD IN 'l'li!E FIEIJll 

Source DF ss MS 
Total 59 76.000 
Replications 3 4.ooo 1.333 
Treatments 14 31.000 2.214 

Chemical 3 17.000 5.667 
Rate 2 2.000 1.000 
Chem. X Rate 6 10.000 1.667 
Residual 3 5.000 1.667 

Ck. vs. others (1) 4.200 L~. 200 
Within check (2) 0.200 0.100 

Within Chem. I 2 1.167 0.583 
Linear (1) 0.014 0.014 
Quadratic (1) 1.153 1.153 

Within Chem.II 2 0.167 0.083 
Linear (1) 0.165 0.165 
Quadratic (1) 0.002 0.002 

Within Chem.III 2 8.667 4.333 
Linear (1) 6.749 6.749 
Quadratic (1) 1.918 1.918 

Within Chem. IV 2 2.167 1.083 
Linear (1) 0.125 0.125 
Quadratic (1) 2.042 2.042 

Error 42 41.000 0.976 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 

"F" 

1.37 
2.27 
5.81** 
1.03 
1.71 
1.71 
4.30* 
0.10 
0.59 
0.01 
1.18 
0.09 
0,17 
0,00 
4.44 
6.91* 
1.96 
1.11 
0.13 
2.09 



TABLE XVIII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF SUN'I'URF FROM 

THE FIRST TO SECOND PERIOD IN THE FIELD 

Source 
Total 
Replications 
Treatments 

Chemical 
Rate 
Chem. x Rate 
Residual 

Ck, vs. others 
Within check 

Within Chem.I 
Linear 
Quadratic 

Within Chem.II 
Linear 
Quadratic 

Within Chem.III 
Linear 
Quadratic 

Within Chern.IV 
Linear 
Quadratic 

Error 

(1) 
(2) 

(1) 
(1) 

(1) 
(1) 

(1) 
(1) 

(1) 
(1) 

3 
2 
6 
3 

2 

2 

2 

2 

EJF 

59 
3 

14 

42 

ss 
52.000 
4.ooo 

26.000 
16.000 
0,000 
9.000 
1.000 
1.000 
0.000 
3.500 
3.250 
0.250 
1.167 
0.084 
1.083 
3.167 
2.823 
0.344 
5.000 
0.500 
0.000 

22.000 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 

1.333 
1.857 
5.333 
0.000 
1.500 
0.333 
1.000 
0.000 
1.750 
3.250 
0.250 
0.583 
0.084 
1.083 
1.583 
2.823 
0.344 
2.500 
0.500 
0.000 
0.524 

"Fn 

2.54 
3.54 
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10.18*-)(· 
o.oo 
2.86* 
o.64 
1.91 
o.oo 
3.34* 
6.20* 
o.48 
1.11 
0.16 
2.07 
3.02 
5,39* 
o.66 
4,77** 
0.95 
o.oo 



Source 
'l'E!ta.l 

Ai:lALYSIB 01" V ARIANC.E OF 'I'HE J:i;Ji'F'l•~C'l' 0:F' GROWI'H SUPPRESSANTS 
UPOl{ THE NUMBER OF Nom:s PE..'R B'l'OLOH 01•' U - 3 ],l'ROM 

THF! Ji'Il1J3T '1'0 SI!!COl~D PE:]UOD IN fi"H:E F'IELD 

DF 
138.000 

0.667 
2 .11:~3 
l-1- 0 000 
2. '500 
1.667 
1.000 
0.800 
1.100 
2.500 
0.003 
1~ • 997 
L750 
0.976 
2, 521~ 
3.250 
1.927 
4.573 
3.250 
3.126 
3.374 
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0.26 
0.85 
1.59 
0.99 
o.66 
o.lro 
0.32 
o .l+4 
0.99 
o.oo 
1.98 
0.69 
0.39 
LOO 
1.29 
0.76 
1.81 
1.29 
1.24 
1.34 



TABLE XX 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF COMMON FROM 

THE FIRST TO SECOND PERIOD IN THE FIELD 

Source DF ss MS ''FH 
Total 59 52.000 
Replieations 3 5.000 1.667 2.06 
Treatments 14 13.000 0.929 1.15 

Chemical 3 3.000 1.000 1.24 
Rate 2 0.000 0.000 o.oo 
Chem. x Rate 6 8.000 1.333 1.65 
Residual 3 2.000 0.667 0.82 

Ck. vs. others (1) 1.333 1.333 1.65 
Within check (2) 0.667 0.333 o.41 

Within Chem.I 2 0.167 0.083 0.10 
Linear (1) 0,()30 0.030 o.o4 
Quadratic (1) 0.137 0.137 0.17 

Within Chem.II 2 2.167 1.083 1.34 
Linear (1) 0.041 0.041 0.05 
Quadratic (1) 2.126 2.126 2.62 

Within Chem. III 2 3.167 1.583 1.96 
Linear (1) 2.876 2.876 3.55 
Quadratic (1) 0.289 0.289 0.36 

Within Chem.IV 2 2.667 1.333 1.65 
Linear (1) 0.000 0.000 o.oo 
Quadratic (1) 2.667 2.667 3.29 

Error 42 34.ooo 0.810 
*Significant at the .05 level of confidence. 

**Significant at the . 01 level of confidence . 



TABLE XXI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE IN'l'ERNODE LENGTH OF TIFGREEN STOLONS 

IN THE FIRST PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 2226.000 
Replications 3 114.ooo 38.000 
Treatments 14 890.000 63.571 

Chemical 3 327.000 109.000 
Rate 2 358.000 179.000 
Chem. X !Rate 6 143.000 23.8:33 
Residual 3 62.000 20.667 

Ck. vs. others (1) 0.000 0.000 
Within check (2) 62.000 31.000 

Within Chem.I 2 81.167 40.583 
Linear (1) 81.165 81.165 
Quadratic (1) 0.002 0.002 

Within Chem.II 2 7l+.667 37.333 
Linear (1) 18.059 18.059 
Quadratic (1) 56.608 56.608 

Within Chem.III 2 166.167 83.083 
Linear (1) 146.608 146.608 
Quadratic (1) 19.559 19.559 

Within Chern.IV 2 178.667 89.333 
Linear (1) 162.000 162.000 
Quadratic (1) 16.667 16.667 

Error 42 1222.000 29.095 
*Significant at the .05 level of confid.ence. 

**Significant at the . 01 level of confidence • 
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"F" 

1.31 
2.19 
3.75 
6.15** 
0.82 
0.71 
o.oo 
1.07 
1.39 
2.79 
o.oo 
1.28 
0.62 
1.95 
2.86 
5.04* 
0.67 
3.07 
5-57* 
0.57 



TABLE XXII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF SUNTURF' STOLONS 

IN THE FIRST PERIOD IN THE FIELD 

Source DF ss MS 
Total 59 3120.000 
Replications 3 276.000 92.000 
Treatments 14 1265.000 90.357 

Chemical 3 186.000 62.000 
Rate 2 103.000 51. 500 
Chern. X Rate 6 916.000 152.667 
Residual 3 60.000 20.000 

Ck. VS, others (1) 0.000 0.000 
Within check (2) 60.000 30.000 

Within Chem.I 2 585.167 292.583 
Linear (1) 576. 2q.6 576.246 
Quadratic (1) 8.921 8.921 

Within Chern.II 2 1011-. 667 52.333 
Linear (1) lQq .. 649 104.649 
Quadratic (1) 0.018 0.018 

Within Chern. III 2 93.167 46. 583 
Linear (1) 92.999 92.999 
Quadratic (1) 0.168 0.168 

Within Chem.IV 2 236.167 118.083 
Linear ( 1) 8.000 8.000 
Quadratic (1) 228.167 228.167 

Error 42 1579.000 37.595 
*Significant at the .c5 level of confidence. 

**Significant at the .01 level of confidence. 

nFu 

2.45 
2.40 
1.65 
1.37 
4.06** 
0.53 
o.oo 
o.oo 
7.78 

15,33** 
0. 2/+ 
1.39 
2.78 
o.oo 
1.24 
2.47 
0.01 
3.14 
0.22 
6,07* 
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TABLE XXIII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF U-3 STOLONS 

IN THE FIRST PERIOD IN THE FIELD 

Source DF ss MS ' "Fn 

Total 59 4883.000 
Replications 3 5.000 1.667 0.02 
Treatments 14 1763.000 125.929 1.70 

Chemical 3 953.000 317.667 4.28* 
Rate 2 164.ooo 82.000 1.11 
Chem. x Rate 6 352.000 5.866 0.08 
Residual 3 294.ooo 98.000 1.32 

Ck. vs. others (1) 40.500 40.500 0.55 
Within check (2) 253.500 126.750 1.71 

Within Chem. I 2 28.167 14.083 0.19 
Linear (1) 27.976 27.976 0.38 
Quadratic (1) 0.191 0.191 o.oo 

Within Chem. II 2 78.000 39.000 (). 53 
Linear (1) 32.612 32.612 o.44 
Quadratic (1) 45.388 45.388 0.61 

Within Chem. III 2 57.167 28.583 0.38 
Linear (1) 1.129 1.129 0.02 
Quadratic (1) 56.038 56.038 0.76 

Within Chem. IV 2 353.167 176. 584 2.38 
Linear (1) 66.126 66.126 0.89 
Quadratic (1) 287.041 287.041 3.87 

:e;rror 42 3115.000 74.167 
*Significant at the .05 level of confidence. 

**Significant at the .Ol level of confidence. 



TABLE XXIV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF COMMON STOLONS 

IN THE FIRST PERIOD IN THE FIELD 

Source DF ss MS 
Total 59 10861.000 
Replications 3 475.000 158.333 
Treatments 14 4793.000 342.357 

Chemical 3 706.000 235.333 
Rate 2 786.000 393.000 
Chem. x Rate 6 3113.000 518.833 
Residual 3 188.000 62.667 

Ck. vs. others (1) 8.900 8.900 
W1thin check (2) 179.100 89.550 

Within Chem. I 2 712.500 356.250 
Linear (1) 0.754 0.754 
Quadratic (1) 711.446 711.446 

Within Chem. II 2 1004.167 502.083 
Linear (1) 379.138 379.138 
Quadratic (1) 625.029 625.029 

Within Chem. III 2 353.167 176.583 
Linear (1) 328.540 328. 540 
Quadratic (1) 24.627 24.627 

Within Chem. IV 2 1829.167 914.583 
Linear (1) 78.126 78.126 
Quadratic (1) 1751.041 1751.041 

Error 42 5533.000 131.738 
*Significant at the .05 level of confidence . 

**Significant at the • 01 level of confidence. 

"Fu 

1.20 
2.60 
1.79 
2.98 
3.94** 
o.48 
0.07 
o.68 
2.70 
0.01 
5.40* 

· 3.81 
2.15 
3.54 
1.34 
2.49 
0.18 
6:.94** 
0.59 

13.29** 



TABLE XXV 

.ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE GROWTH OF STOLONS OF TIFGREEN FROM 

THE SECOJ\TD TO 'J:HIRD PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 11628.000 
Replications 3 26!1-.000 88.ooo 
Treatments 1L~ 8!+63 .ooo 6oJ+. 500 

Chemical 3 3657.000 1219.000 
Rate 2 526.000 263.000 
Chem. x Rate 6 2275.000 379.160 
Residual 3 2005.000 688.333 

Ck. vs. others (1) 1696.800 1696.800 
Within check (2) 308.200 154.100 

Within Chem. I 2 18.167 9.083 
Linear (1) 16.08)1- 16.084 
Quadratic (1) 2.083 2.083 

Within Chern. II 2 166.167 83.083 
Linear (1) 0.976 0.976 
Quadratic (1) 165.191 165.191 

Within Chern. III 2 2290.167 1145.083 
Linear (1) 19.127 19.127 
Quadratic (1) 2271.011-0 2271.040 

Within Chern. IV 2 326.167 163.083 
Linear (1) 98.000 98.000 
Quadratic (1) 228.167 228.167 

Error 1+2 ~~90\_ 000 690. 71)1-
*Significant at the . 0'5 level of confidence. 

**Significant at the .Cl level of confidence. 

"F" 

0.13 
o.88 
1. 77 
0.38 
0.55 
0.97 
2.46 
0,22 
0.01 
0.02 
o.oo 
0.12 
o.oo 
0.24 
1.66 
0.02 
3.29 
0.24 
0.14 
0.33 



'I'ABLE XXVI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE GROWTH OF STOLONS OF SUNTURF FROM 

THE SECOND TO THIRD PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 8283.000 
Replications 3 306.000 102.000 
Treatments 14 4924.ooo 351.714 

Chemical 3 2680.000 893.333 
Rate 2 980.000 490.000 
Chem. X Rate 6 1152.000 192.000 
Residual 3 112.000 37.333 

Ck. VS, others (1) 0.000 0,000 
Within check (2) 112,000 56.000 

Within Chern. I 2 88.667 44.333 
Linear (1) 21.622 21.622 
Quadratic (1) 67.045 67.045 

Within Chern, II 2 4-60. 500 230.250 
Linear (1) 460.003 460.003 
Quadratic (l) o.497 o.497 

Within Chern, III 2 1429.167 714.583 
Linear (1) 410.727 410.727 
Quadratic (1) 1018.1~40 1018.!+40 

Within Chern. IV 2 153.500 76.750 
Linear (1) 32.000 32.000 
Quadratic (1) 121. 500 121. 500 

Error 42 3053.000 726.904 
*Significant at the . 05 level of confidence . 

**Significant at the .01 level of confidence. 

11Fn 

0.14 
o.48 
1.23 
0.67 
0.26 
0.05 
o.oo 
0.08 
0.06 
0.03 
0.09 
0.32 
0.63 
o.oo 
0.98 
0.57 
1.40 
0,11 
o.o4 
0.17 



'I'ABLE XXVII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROw'l'H SUPPRESSANTS 
UPON THE GROWTH OF STOLONS OF U-3 FROM THE 

SECOND TO THIRD PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 35025.000 
Replications 3 1825.000 608.333 
Treatments 14 13923.000 994.500 

Chemical 3 4178.000 1392.667 
Rate 2 1879.000 939.333 
Chem. X Rate 6 2994.ooo 499.000 
Residual 3 4872.000 1624.ooo 

Ck. vs. others (1) 2912.000 2912.000 
Within check (2) 1960.000 980.000 

Within Chern. I 2 302.167 151.083 
Linear (1) 81.165 81.165 
Quadratic (1) 221.002 221.002 

Within Chem. II 2 370.667 185.333 
Linear (1) 140. 594 140. 594 
Quadratic (1) 230.073 230.073 

Within Chern. III 2 2307.167 1153.583 
Linear (1) 994.990 994.990 
Quadratic (1) 1312.177 1312.177 

Within Chern. IV 2 1893.167 946. 583 
Linear (1) 276.126 276.126 
Quadratic (1) 1617.041 1617.041 

Error 42 19277.000 458.976 
*Significant at the .05 level of confidence. 

·**Significant at the .01 level of confidence. 
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"F" 

2.33 
2.17 
3.03* 
2.05 
1.09 
3.54* 
6,35* 
2.14 
0.33 
0.18 
o.48 
o.4o 
0.31 
0.50 
2.51 
2.17 
2.85 
2.06 
0.60 
3.52 



TABLE XXVIII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE GROWTH OF STOLONS OF COMMON FROM THE 

SECOND TO THIRD PERIOD IN THE FIELD 

Source DF ss MS "F" 
Total 59 18314.ooo 
Replications 3 1858.000 619.333 3.21 
Treatments 14 8348.ooo 596.284 3.09 

Chemical 3 2823.000 94.100 o.49 
Rate 2 793.000 396.500 2.05 
Chem. x Rate 6 3915.000 652.500 3.38** 
Residual 3 817.000 272.333 1.41 

Ck. vs. others (1) 798.300 798.300 4.11+* 
Within check (2) 18.668 9.334 0.05 

Within Chem. I 2 129.500 64.750 0.34 
Linear (1) 0.084 0.084 o.oo 
Quadratic (1) 129.416 129.416 0.67 

Within Chem. II 2 32.167 16.083 0.08 
Linear (1) 23.838 23.838 0.12 
Quadratic (1) 8.329 8.329 o.o4 

Within Chem. III 2 1554.167 777.083 4.03* 
Linear (1) 1151.547 1151.547 5-97* 
Quadratic (1) 402.620 402.620 2.09 

Within Chem. IV 2 2992.167 1496.083 7-75** 
Linear (1) 325.126 325.126 1.68 
Quadratic (1) 2667.041 2667.041 13.82** 

Error 42 8108.000 193.048 
*Significant at the .05 level of confidence. 

*~Significant at the .05 level of confidence. 
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TABLE XXIX 

A.ls;i:ALYSIS OF VARIANCE OF THE F..FFECT OF GROWTH SUPPRESS.ANTS 
UPON TID.: NUMBER OF NODES PER STOLON OF TIFGREEN 

FROM THE SECOND TO THIRD PE~IOD IN '11HE FIELD 

Source DF ss MB "F" 

Total 59 592.000 
Replications 3 16.000 .5 .333 1.53 
Treatments 14 430.000 30.714 8.84 

Chemical 3 239.000 79.667 22.92** 
Rate 2 19.000 9.500 2.73 
Chem. x Rate 6 122.000 20.333 5.85** 
Residual 3 50.000 16.667 4.80** 

Ck, vs. others (1) 18. 500 18.500 5,32* 
Within check (2) 31.500 15.750 4,53* 

Within Chem. I 2 1,167 0.583 0.17 
Linear (1) 0.014 0.014 0.01 
Quadratic (1) 1.153 1.153 0.33 

Within Chem. II 2 3.167 1.583 o.46 
Linear (1) 2.463 2.463 0.71 
Quadratic (1) 0.704 0.704 0.20 

Within Chem. III 2 120.167 60.830 17,50** 
Linear (1) 87.089 87.089 25,05** 
Quadratic (1) 33.078 33.078 9,52** 

Within Chem. Dl 2 16.167 8.083 2.33 
Linear (1) 1.125 1.125 0-32 
Quadratic (1) 15.042 15.042 4,33* 

Error 42 146.ooo 3.476 
*Significant at the • 05 level of confidence . 

**Significant at the .01 level of confidence. 
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TABLE XXX 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSAN1S 
UPON THE NUMBER OF NODES PER S'fOLON OF SUNTURF FROM 

THE SECOND TO THIRD PERIOD IN THE FIELD 

Source DF ss MS "Fn 
Total 59 300.000 
Replications 3 13.000 4.333 1.66 
Treatn:;ents 14 177.000 12 .6L~3 4.84 

Chemical 3 106.000 35.333 13.54 
Rate 2 11.000 5.500 2.11 
Chern. x Rate 6 55.000 9.167 3,51** 
Residual 3 5.000 1.667 o.64 

Ck, VS, others (1) 0.000 0.000 o.oo 
Within check (2) 5.000 2.500 0.90 

Within Chem. I 2 1.167 0.583 0.22 
Linear (1) 1.102 1.102 o.42 
Quadratic ( :i..) 0.065 0.065 0.02 

Within Chem. II 2 8.667 4.333 1.66 
Linear (1) 3.459 3.459 1.33 
Quadratic (1) 5.208 5.208 1.99 

Within Chem. III 2 50.167 25.083 9.61** 
Linear (1) 38.066 38.066 14.58** 
Quadratic (1) 12.101 12.101 4.64* 

Within Chem. rr 2 6.002 3.001 1.15 
Linear (1) 0.000 0.000 o.oo 
Quadratic (1) 6.002 6.002 2.30 

Error 42 110,000 2.610 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 



TABLE XXXI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF U-3 FROM 

'l'HE SECOND TO 'l'HIRD PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 967.000 
Replications 3 88.ooo 29.333 
Treatments 14 361.000 25,785 

Chemical 3 180.000 60.000 
Rate 2 45.000 22. 500 
Chem. X Rate 6 116.000 19.333 
Residual 3 20.000 6.667 

Ck, vs. others (1) 9.500 9.500 
Within check (2) 10.500 5.250 

Within Chem. I 2 18.500 9.250 
Linear (1) 7.460 7.460 
Quadratic (1) 11,040 11.040 

Within Chem. II 2 24.667 12.337 
Linear (1) 3.411 3.411 
Quadratic (1) 21.256 21.258 

Within Chem. III 2 57,167 28,584 
Linear (1) 29.982 29.982 
Quadratic (1) 27.185 27.185 

Within Chem, IV 2 60.667 30.333 
Linear (1) 18.000 18.000 
Quadratic (1) 42.667 42.667 

Error 42 518.000 12.333 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 
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''F" 

2.38 
2.09 
4.87** 
1.82 
1.57 
0.54 
0.77 
o.43 
0.75 
0.60 
0.90 
1.00 
0.28 
1.72 
2.32 
2.43 
2.20 
2.46 
1.46 
3.46 
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TABLE XXXII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE NUMBER OF NODES PER STOLON OF COMMON FROM 

'!'HE SECOND TO THIRD PERIOD IN THE FIELD 

Source DF ss MS HF" 
Total 59 241.000 
Replicatio:p.s 3 35.000 11.667 5.44 
Treatments 14 116.000 8.286 3.87 

Chemical 3 29.000 7.333 3.42* 
Rate 2 15.000 7.500 3-50* 
Chem. x Rate 6 58.000 9.667 4.51** 
Residual 3 14.ooo 4.667 2.18 

Ck. vs. others (1) 13.500 13.500 6.30*. 
Within check (2) 0.500 0.250 0.12 

Within Chem. I 2 3.500 1.750 0.82 
Linear (1) 0.216 0.216 0.10 
Quadratic (l) 3.284 3.284 1,53 

Within Chem. II 2 0.500 0.250 0.12 
Linear (1) o.409 o.409 0.19 
·Quadrati~ (1) 0.091 0.091 0,04 

Within Chem. III 2 30.167 15.083 7-39** 
Linear (1) 24.360 24.360 11.37** 
Quadratic (1) 5.807 5.807 2.7,1'. 

Within Chem. IV 2 39.500 18.750 8. 75,** 
Linear (1) 2.000 2,000 0.93 
Quadratic (1) 37.500 37.500 17,49** 

Error 42 90.000 2.143 
*S:!.gnificant at the • 05 level of confidence . 

**Significant at the .01 level of confidence. 
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TABLE XXXIII 

.ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF TIFGREEN IN 

'I11IE SECOND PERIOD TN THE FIELD 

Source DF ss MS UF" 
Total 59 3393.000 
Replications 3 10.000 3-333 0.13 
Treatments 14 2306.000 164.714 6.42 

ChemiQal 3 451.000 150.333 4.86** 
Rate 2 751.000 375.500 14.64** 
Chem. x Rate 6 553.000 92.167 3-59** 
Residual 3 551.000 183.667 7.16** 

Ck. vs. others (1) 496.840 996.840 19.38** 
Within check (2) 54.160 27.080 1.06 

Within Chem. I 2 216.667 108.333 4.23* 
Linear (1) 211.148 211.148 8.23** 
Quadratic (1) 5.519 5.519 0.22 

Within Chem. II 2 454.167 227.083 8.86** 
Linear (1) 0.084 0.084 o.oo 
Quadratic (1) 454.083 454.083 17-71** 

Within Chem. III 2 616.667 308-.333 12.02** 
Linear (1) 571. 578 571.578 22.29** 
Quadratic (1) 45.089 45.089 1.76 

Within Chem. IV 2 16.667 8.333 0.33 
Linear (1) 12.500 12.500 o.49 
Quadratic (1) 4.167 4.167 0.16 

Error 42 1077.000 25.643 
*Significant at the • 05 level of confidence • 

**Significant at the .01 level of confidence. 
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TABLE XXXIV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF SUNTURF IN 

THE SECOND PERIOD IN THE FIELD 

Source DF ss MS 11FII 

Total 59 3065.000 
Replications 3 35.000 11.667 0.36 
Treatments 14 1665.000 118.928 3.66 

Chemical 3 665.000 221.667 6.82** 
Rate 2 313.000 156.500 4.82** 
Chern. x Rate 6 400.000 66.667 2.95 
Residual 3 287.000 95.667 2.94* 

Ck. vs. others (1) 132.800 132.800 4,09* 
Within check (2) 154.200 77.100 2.37 

Within Chem. I 2 216.667 108.333 3.33 
Linear (1) 86.486 86.486 2.66 
Quadratic (1) 130.181 130.181 4.01 

Within Chem. II 2 350.000 175.000 5.38** 
Linear (1) 345.945 345.945 10.64* 
Quadratic (1) 4.055 4.055 0.12 

Within Chem. III 2 116.667 58.333 1. 79 
Linear (1) 71.969 71.969 2.21 
Quadratic (1) 44.698 44.698 1.37 

Within Chem. IV 2 29.167 14.583 o.45 
Linear (1) 3.125 3.125 0.09 
Quadratic (1) 26.042 26.042 0.80 

Error 42 1365.000 32.500 
*Significant at the .05 level of confidence. 

~*Significant at the .01 level of confidence. 



TABLE XXXV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF U-3 IN 

THE SECOND PERIOD IN THE FIELD 

Source DF ss MS ''F" 
Total 59 13305.000 
Replications 3 85.000 28.333 0.20 
Treatments 14 6524.ooo 466.ooo 3.21 

Chemical 3 997.000 332.333 2.29 
Rate 2 755.000 377.500 2.60 
Chem. x Rate 6 1563.000 260.500 1.80 
Residual 3 3209.000 1069.667 7,37** 
Ck. vs. others (1) 3179.800 3179.800 21.91** 
Within check (2) 29.200 14.900 0.10 

Within Chem. I 2 487.500 243.750 1.68 
Linear (1) 19.004 19.004 0.13 
Quadratic (1) 468.496 468.496 3.23 

Within Chem. II 2 612.500 306.250 2.11 
Linear (1) 121.959 121.959 o.$4 
Quadratic (1) 490.541 490.541 3.37 

Within Chern. III 2 54.167 27.083 0.19 
Linear (1) 42.971 42.971 0.29 
Quadratic (1) 11.196 11.196 0.07 

Within Chem. IV 2 1079.167 539.583 3.72 
Linear (1) 1012.500 1012.500 6,97* 
Quadratic (1) 66.667 66.667 o.46 

Error 42 6696.000 145.143 
*Significant at the ,05 level of confidence. 

**Significant at the .01 level of confidence. 



TABLE X:X .. XVI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENG1'H OF COMJYION IN 

THE SECOND PERIOD IN THE FIELD 

Source DF ss MS 

Total 59 !+098.000 
Replications 3 288.000 96.000 
Treatments 14 1148.ooo 82.000 

Chemical 3 418.000 139.333 
Rate 2 204.ooo 102.000 
Chern. X Rate 6 371.000 61.833 
Residual 3 155.000 51.667 

Ck. vs. others ( 1) 142.500 142.500 
Within check (2) 12. 500 6.250 

Within Chern. I 2 237.500 118.750 
Linear (1) 228.797 228.797 
Quadratic (1) 8.703 8.703 

Within Chern. II 2 254.167 127.083 
Linear (1) 186. 570 186.570 
Quadratic (1) 67.597 67.597 

Within Chern. III 2 51~. 167 27.083 
Linear (1) 37.502 37. 502 
Quadratic (1) 15.665 15.665 

Within Chem. IV 2 29.167 14.583 
Linear (1) 3.125 3.125 
Quadratic (1) 26.0L1.2 26.042 

Error L~2 2662.000 63.381 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 
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"F" 

1.52 
1.29 
2.20 
1.61 
0.98 
0.82 
2.25 
0.20 
1.87 
3.61 
0.14 
2.01 
2.94 
1.07 
o.43 
0.59 
0.25 
0.23 
0.05 
o.41 



TABLE XXXVII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWrH SUPPRESS.ANTS 
UPON THE INTERNODE LENGT'rl OF TIFGREEN IN 

THE THIRD PERIOD IN THE :HELD 

Source DF ss MS 

Total 59 4200.000 
Replications 3 127.000 42.333 
Treatments 14 3005.000 214.642 

Chemical 3 938.000 312.667 
Rate 2 572.000 286.000 
Chem. X Rate 6 616.000 102.667 
Residual 3 879.000 293.000 

Ck, VS, others (1) 874.200 874.200 
Within check (2) 4.800 2.400 

Within Chem. I 2 29.167 14,583 
Linear (1) 13.51.4 13. 514 
Quadratic (1) 15.653 15.653 

Within Chem. II 2 66.667 33.333 
Linear (1) 18.657 18.657 
Quadratic (1) 48.010 48.01.0 

Within Chem. III 2 1088.167 544.083 
Linear (1) 107!+. 371 1074.371 
Quadratic (1) 13.796 13.796 

Within Chern. IV 2 4.167 2.083 
Linear (1) 1.125 3.125 
Q,TlA.Ol"A.t.i f' (1) 1,042 1.042 

Error 1~2 1068.000 25.429 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 

78 

nF'' 

1.67 
8.44 

12,30** 
11.25** 
4.04** 

11. 52** 
34.38 
0.09 
0.57 
0.53 
0.62 
1.31 
0.73 
1.88 

21,39** 
42.24** 
0.54 
0.08 
0.12 
o.o4 



'1~ABLE XXXVIII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON 'rHE INTERNODE LENGTH OF SUN'l'URF IN 

'l'HE THIRD PERIOD IN THE FIELD 

Source DF C'-"'' C,ij MS 
Total 59 2168.000 
Replications 3 35.000 11.667 
Treatments lii B18.ooo 58.429 

Chemical 3 155.000 51.667 
Rate 2 319.000 159,500 
Chem. X Rate 6 219.000 36,500 
Residual 3 125.000 in.667 

Ck. vs. others (1) 45.800 45.800 
Within check (2) 79.200 39.600 

Within Chem. I 2 200.000 100.000 
Linear (1) 135.135 1.35.135 
Quadratic (1) 64.865 64.865 

Within Chem. II 2 204.167 102.083 
Linear (1) 186.570 186.570 
Quadratic (1) 17 .597 17 .597 

Within Chern. III 2 129.167 64.583 
Linear (1) 100. 517 100.517 
Quadratic (1) 28.650 28.650 

Within Chem. IV 2 4.167 2.083 
Linear (1) 0.000 0.000 
Quadratic (1) 4.167 4.167 

Error 42 13150000 31.310 
*Significant at the .05 level of confi.dence. 

**Significant at the .01 level of confidence. 
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u];i"' 

0.37 
1.87 
1.65 
5.09* 
1.17 
1.33 
1.46 
1.27 
3.19 
4,31* 
2.07 
3.26 
5.96* 
0.56 
2.06 
3.21 
0.92 
0.07 
o.oo 
0.13 



TABLE XXXIX 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF U-3 IN 

THE THIRD PERIOD IN THE FIELD 

Source DF ss MS 
Total 59 7025.000 
Replications 3 455.000 151.667 
Treatments 14 3119.000 222.786 

Chemical 3 546.ooo 182.000 
Rate 2 1083.000 541.500 
Chem. X Rate 6 251.000 41.833 
Residual 3 1239.000 413.000 

Ck. vs. others (1) 1126.500 1126.500 
Within check (2) 112.506 56.250 

Within Chem. I 2 279.167 139. 583 
Linear (1) 40.875 4-o. 875 
Quadratic (1) 238.292 238.292 

Within Chern. II 2 237 .500 118.750 
Linear (1) 237.250 237.250 
Quadratic (1) 0.250 0.250 

Within Chem. III 2 466.667 233.333 
Linear (1) 466.320 466.320 
Quadratic (1) 0.347 0.347 

Within Chern. IV 2 350.000 175.000 
Linear (1) 312. 500 312.500 
Quadratic (1) 37,500 37.500 

Error 42 3451.000 · 82.167 
-i<-Significant at the .05 level of confidence. 

·**Significant at the .01 level of confidence. 
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"'Fn 

1.85 
2.71 
2.23 
6. 59** 
0.51 
5 .03H· 

13.71** 
0.69 
1.70 
o. 50 
2.90 
1.45 
2.89 
o.oo 
2.84 
5.67* 
0.01 
2.13 
3.80 
o.46 
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TABLE XXXX 

ANALYSIS OF VARIANCE OF THE EFFECT or GROWTH SUPPRESSANTS 
UPON THE INTERNODE LENGTH OF COMMON IN 

'!'HE '!'HIRD PERIOD IN THE FIELD 

Source DF ss MS "F" 
Total 59 5165.000 
Replications 3 455.000 151.667 1.77 
Treatments 14 1109.000 79.214 0.92 

Chemical 3 560.000 186.667 2.18 
Rate 2 129.000 64.500 0.75 
Chem. x Rate 6 254.ooo 42.333 o.49 
Residual 3 166.000 55.333 0.65 
Ck. vs. others ~1) 128.500 128.500 1.49 
Within check 2) 37,500 18.750 0.22 

Within Chem. I 2 162.500 81.250 0.95 
Linear (1) 97.635 97.635 l,,14 
Quadratic (l) 64.865 64.865 0.76 

Within Chem, II 2 54.168 27.084 0.32 
Linear (1) 48.648 48.648 0,57 
Quadratic (1) 5.520 5.520 o.o6 

Withlin Chem, III 2 37.500 19.750 0.23 
Linear (1) 33.458 33.458 0.39 
Quadratic (l) 4.042 4.042 0.05 

Within Chem. IV 2 129.167 64.583 0.75 
Linear (1) 3.126 3.126 o.o4 
Quadratic (1) 126.041 126.041 1.47 

Error 42 3601.000 a5.73e 
*Significant at the ,05 level of confidence. 

**Significant. at the ,01 level of confidence, 



TABLE XXXXI 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE OVEN-DRY WEIGHT OF PLANT TISSUE 

FROM TIFGREEN IN THE FIELD 

Source DF ss MS "Fn 
Total 59 10.720 
Replications 3 1.590 0.530 0.80 
Treatments 14 6.350 o.454 0.69 

Chemical 3 1.640 0.547 0.83 
Rate 2 o.44o 0.220 0.33 
Chem. x Rate 6 2.820 o.470 0.71 
Residual 3 1.450 o.463 0.70 

Ck. vs. others (1) 1.403 1.403 2.12 
Within check (2) 0.047 0.024 o.o4 

Within Chern. I 2 2.600 1.300 1.96 
Linear (1) 0.114 0.114 0.17 
Quadratic (1) 1.J+86 1.486 2.25 

Within Chern. II 2 0.112 0.056 0.08 
Linear (1) 0.041 0.041 0.06 
Quadratic (1) 0.069 0.)69 0.01 

Within Chem. III 2 2.602 1,301 1.97 
Linear (1) 2.285 2.285 3.45 
Quadratic (1) 0.317 0.317 o.48 

Within Chern. IV 2 0.292 0.146 0.22 
Linear (1) 0.031 0.031 0.05 
Quadratic (1) 0.260 0.260 0.39 

Error L~2 2.780 0.662 
*Significant at the or-. ) level of confidence. 

*~Significant at. the .01 level of confidence. 



'?ABLE XXXXII 

ANALYSIS OF VilIA.NCE OF THE EFFECT OF GROWTH SUPPRESSAN!S 
UPON THE OVEN-DRY WEIGHT OF PIJUlllf TISSUE 

FROM SUNTURF IN THE FIELD 

Source DF ss MS 

'!'otal 59 1.290 
Replications 3 uo.ooo 0.000 
Treatments 14 o.44o 0.031 

Chemical 3 0.120 o.o4o 
Rate 2 0.020 0.010 
Chern. X Rate 6 0.280 0.047 
Residual 3 0.020 0.007 

Ck. VS, others (1) 0.008 0.008 
Within check (2) 0.012 0.006 

Within Chem, I 2 0.022 0.011 
Linear (1) 0.009 0.009 
Quadratic (1) 0.013 0.013 

Within Chem. II 2 0.052 0.026 
Linear (1) 0.004 0.004 
Quadratic (1) 0.048 0.048 

Within Chem. III 2 0.180 0,090 
Linear (1) 0.173 0, 1'(3 
Quadratic (1) 0.007 0.007 

Within Chem. IV 2 0.047 0.024 
Linear (1) 0.031 0.031 
Quadratic (1) 0.016 0.016 

Error 42 0.850 0.020 
*Significant at the .05 level of confidence. 

**Significant at the .01 level of confidence. 

"F'' 

o.oo 
1.55 
1.98 
o.49 
2.31 
0.33 
o.41 
0.29 
0,53 
o.o4 
o.64 
1.28 
0.20 
2.35 · 
4.44 
8. 57** 
0.03 
1.17 
1.54 
0.79 
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TABLE XXXXIII 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE OVEN-DRY WEIGHT OF PLANT TISSUE 

FROM U-3 IN TEE FIELD 

Source DF ss MS nFtt 

Total 59 17.840 
Replications 3 1.640 0.557 2.42 
Treatments 14 6.550 · o.468 2.04 

Chemical 3 1.540 0.513 2.23 
Rate 2 0.710 0.355 1.55 
Chem. x Rate 6 3.030 0.505 2.20 
Residual 3 1.270 o.423 1.84 

Ck. vs. others (1) o.425 o.425 1.85 
Within check (2) o.845 o.422 1.84 

Within Chem. I 2 0.585 0.293 1.73 
Linear (1) 0.351 0.351 1.53 
Quadratic (1) 0.134 0.134 0.58 

Within Chem. II 2 0.665 0.333 1.45 
Linear (1) 0.607 0.607 2.64 
Quadratic (1) 0.058 0.058 0.25 

Within Chem. III 2 0.262 0.131 1.55 
Linear (1) 0.167 0.167 0.73 
Quadratic (1) 0.095 0.095 o.41 

Within Chem. IV 2 2.222 1.111 4.83* 
Linear (1) 1.051 1.051 4,57* 
Quadratic (1) 1.270 1.270 5.52* 

Error 42 9.650 0.230 
*Significant at the • 05 level of confidence . 

**Significant at the .01 level of confidence. 



TABLE XXXXIV 

ANALYSIS OF VARIANCE OF THE EFFECT OF GROWTH SUPPRESSANTS 
UPON THE OVEN-DRY WEIGHT OF PLANT TISSUE 

FROM COMMON IN THE FIELD 

Source DF ss MS nFrr 

Total 59 27.770 
Re-plications 3 2.630 0.877 2.71 
Treatments 14 11.540 0.824 . 2.55 

Chemical 3 1.940 0.62n 1.20 
Rate 2 1.050 0.525 1.62 
Chem. x Rate 6 6.800 · 1.133 3,50** 
Residual 3 1.750 0.583 1.80 

Ck. vs. others (1) 1.718 1.718 5,31* · 
Within check (2) 0.032 0.016 o.49 

Within Chem. I 2 0.332 0.166 . 0.51 
Linear (1) 0.101 0.101 0.31 
Quadratic (1) o.484 o.484 1.49 

Within Chem. II 2 1.295 o.648 1.99 
Linear (1) 0.942 0.9!+2 2.91 
Quadratic (1) 0.353 0.353 1.09 

Within Chem. III 2 1.552 0.776 2.39 
Linear (1) 0.291 0.291 0.09 
Quadratic (1) .. 1.260 1.260 3.89 

Within Chem. IV 2 4.672 2.336 7,21** 
Linear (1) 0.911 0.911 2.81 
Quadratic (1) 3.760 3.760 11.61** 

Error 42 13.600 0.22~-
*Significant at the .05 level of confidence. 

*:*.Significant .. at the .01 level of confidence. 
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