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INTRODUCTION 

Within recent years land-owners in Oklahoma have been building 

farm ponds at an ever increasing rate. Many of these ponds have been 

constructed for the dual purpose of providing water for stock and for 

recreational uses. These new aquatic recreational sites have enabled 

more people to enjoy waterfowl hunting., fishing ., boating and swimming 

than heretofore. 

Successful recreational ponds must be successfully managed. 

Water turbidity, fert i lity., fish stocking ratios and control of aquat

ic plants are some of the major management ·problems. Those ponds that 

have been neglected in this respect have returned little in enjoyment 

of recreati.>nal activities (Tiffany ., 1931). 

Najas guadalupensis {Spreng .) Magnus is a submerged aquatic plant 

commonly found in clear water ponds . It affords a breeding place for 

aquatic insects., a refuge for fish and an excellent food for ducks. 

In summer., !• guadalupensis often becomes so rank that it impedes 

boating ., pre~nts swimming and discourages fishing. Forage fish . hid

i ng in beds of~. guadalupensis are practically unavailable as food 

to the larger game fish. This situation tends to create a food short

a ge. This one example illustrates how this usually beneficial aquatic 

can become an undesirable water weed. The word "weed" as used in this 

work is defined as a generally beneficial plant having the tendency . 

of becoming objectionable. The pond owner and sportsman are directly 
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concerned with the problem of controlling it. 

Upon reviewing the literature, the writer concluded that the use 

of the chemical compound sodium arsenite, offered the best possibil

ities for control. In order to determine the proper concentration(s) 

of this herbicide for use in farm ponds, four separate series of ex

periments were done in aquaria in the laboratory. All known condi

tions were controlled with the concentration of sodium arsenite being 

the only variable. It was found that concentrations of S.o, 5.S and 

6.0 p.p.m. (p.irts per million) gave the most satisi"actory results. 

It is intended that these data accumulated on one common aquatic 

plant in the state will add to the information necessary f or success

ful farm pond management. Information gathered was obtained from 

library sources, personal field observations and laboratory experi

ments. 
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Fanil y an c.1 Genus 

The GCn~15 Najas is monotypic of the fa1·1y. The members of the 

genus a re : Na.jas marina ; ~ . f l crilis; .!I.• r,uadal upcnGi s ; £:!• Huenscheri ; 

N. gracillima and N.. minor. 

Gro:rth habit 

NajaG ~adalut,cnsis (StJreng. ) Ha Gnus , of the island of Gua · J upe 

is a r a ther f inn 91.::i.nt . The l eaves arc l inear, obtuse or acute ; deep 

green to pur,,le i n color . The f l at or sli 6 1tly ~rispcd l eaves arc 

o. 5- 2 cm . l one ; l eaf nareins r,radu;.;.l l y s l ooc at the base with 3-10 

S')!11euhat basal spinules . Roots a re somewhat elongated, fibrous and 

rather del icate . (Fig . 1) 

Fie; . 1 Naj as r,uadal u cnsis (Spreng. ) Har;nus . 
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Reprod·1ction 

I t i s an annual , Fl owc1·s are 1misexu.al , borne in t he · -...; l s of 

branchl ets and from s heaths of l eaf- bas e s . St£,Jn.imte f l owers hav e a 

four l ocul a r anther. The pistill ate has 2- 3 stiemas , 0. 1-0. 6 m. m. 

l onr, on a single s tyle. 'l'he dul l col ored s eedc. arc 1 . 5- 2 .S m.m. l ong 

with 15- 18 r ows of clearl y marked s quarish areolae . (Fernal d, 1950; r.. 

Fasset t , 1940) . 

I n t he interest of si..mnl ici ty, Na. jas guadal uponsi s (Sprene.) 

Hagnui:; will hereinaft er be r eferr ed t o a s Naj as . 

Distribution 

Na jo.s is qu · to wide spread i n Centr al a nd Soutl• America . I n 

North _·merica it is found in s.E. Massachussett s , New Yorl-:: , s .w. 

Quebec , N. 1>1 . Pennsyl vania , N. Ohio, s. Hi chigan , Mi nnesota, Idaho 

a;1 d Orcr,on ( Fernald, 1950) . It is quit e comnon in all the Southern 

United States south of the Mason- Dixon Line and west t o New ·lexico 

inclusi ve. In t he Great Pla :.ns it is found in W. and N. E. Sout h 

Dakota and N., central Nebraska . Those s tate~. thc1t border Okl ahoma 

al so DOSSCS:J this s necies : ·s. central and E. Kansas , N. central 

Colorado , New Mexico, N.w. and s • .centra l Texas, E. Arkansas and s.w. 

Mi ssouri (Clausen, 1936). ~Ti thin the boundries of Okl ahoma, i t i s 

found t hroughout the state (deGruchy, 1938). 

,
' 
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EX:OIDGY 

Dis.s er:1ina t i on 

The writer theorizes -that seeds of fajas had adhered to the foot 

scales , body /ea thcrs,_ claws ~nd hair of ni grating wa terfowl, sho1 ... e

birds and mammal s . The s·eeds were then unknowingl y deposited into a 

ond. Favorabl e conditions then resulted in ecesis of the species . 

mhese animals liaVe thus r obably introduced this _ ioneer submergent 

into Okl ahomu waters . 

Beneficial Cliarac teristics 

Typical l y , ponds in the Stil hmter area that do not contain any 

submerged species a re rusty- red in color from coJ.l0idal clay particles. 

Cl ay c;oll oidal particles are neg~ti·1ely charged; positive ions are re-

quired to inactivate them (Ir win, i 945) • Conversely, clear -water ponds 

usu.ally contain Najas in depths up to twelve feet . During its meta-

bolic processes , Najas sup,)l ies a continual source of posi tive ions. 

These posit ive ions preciuitate coll oidal c l ay particles and mainta i n 

cl ear water. (Fie. 2 ) This ability is especially notic eable after 

a heavy r a i nfall . Usually two to five days restores a i_)ond 1s original 
·-.t"· .. ~ - - •• 

clarity. 



6 

A f ann pond Kept clear by Naj a s . 

I n areas s ui. table t o waterfowl, i t han been recommended to a rti

ficially introduce this species (Anonymous~ 1939). Hancoc k (19.51 ) 

found Najas to be o:1e of t he most i mportant duck foo ds in the vic:..nity 

of Still uater. Hell.tee (1939) in analyzing duck s tomachs found Darts 

of Najas sn) . in twent y speqies of American wil d ducks . 'l'he Lesser 

Scau Duck was the best patron of the genus . In an earl ier study, 

Mc.fl. tee (191 ' ) considered the fa'Ililies Potomoget onaceac a nd Naiad

acc}ac as stapl e foods f or duc~·rn . A specific s tudy of the Iia llard 

Dnc c shoued that 560 seeds of t he pondweed fa··1il y were found in a 

:,: c,1,;l c s tomach (Hcl\.t ec, 1918). Mabbot (1920) found this aquatic 

fa: ily (Naiadaceae) ~~ a _ diet prefer ence of from·-6 . 53%-to 42 . 33% 

in seven speci es of due cs . 

Beds of Naj as provide a habitat f or the desuos~tion of eggs by 

aquatic insects .. The urit cr has upon numerous occas i ons · s een members 

of t he Order Odonata, Draeonflies , Darnselflies , etc . depositing e ggs 

in the sur fr1ce part::; of t his plant . 

It is qui t o tolerant to brackish water (Mart in, et al. , 1951) . 



Objecttonabl e Char.::i.cterlstics 

During the sumr:icr , Najas tends t o grow in dense rank b eds . 

(Fi g. 3 ) These bods orovide too much protection t o for~ec fish, 

Beds of Naj a s w-lth 
the peripheries . 

'( 

which are ab10st ina cces sible to l a r ger carnivorous sp ecies . Thes e 

l arger f ish s uffer frol"l a f ood shortage . This s hortar;c res ·1l ts in 

stunted ga>ne f ish and a n over- population of fora ge s pecies . 

Swi.rmning in a pond containi ng beds of this weed is somewhat 

trecherous . Suci1 wced- c .oked ponds could be hazardous to poor or ... 
non- swi.mmcrs . 

Doatinr; , wh;_lc i t is safer , soon becomes an unpleasa nt c hore ~ It 

requires c onstant f reei ng of oa rs from entanP:led veGetation . 

A pond that is stocked with f ish is stoc ,cd t o oe fished. The fish-

enna n u .)on retrieving nothing but parts of this weed s·J on gives up in d.i.s-

pai r . tlaj ciS can thus be a barr· er to hn r vesting fi sh used as human food . 
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In a dense ., vigorous grouth sta ,~e ., Najas reposes a barrier to 

many recreational use s of a farm pen 1.• It is in t his c ondit_-__on that 

this pl an t becomes a noxious water ueed if not controlled. (Fig . 4 ) 

Fi g . u Alpha Pond - beds of Naja s extend t hirt y 
ynr ds f rom the shoreline~ 
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1'-1E::"f0;).., OF C ()' ,j'?OL 

There have been t~rn overall methods :Sf un ''!''.;ach in the c · 1'.t::oJ. of 

wat e r weeds . -- OnG o~ these is indi1~cct in t.hat it at tcn,pts t o adversely 

al ter a '_)lon t I s emriroment . This cnvL·c::1JJ,.ontal change o:r-od:uces con-

di t ions unfavora'-1l e t o the : la."1 t ' s survival . The other mct :1od is direct 

attack u on the plant itsel f . 

Fertilization 

The purDose of t h i..s process ls to )roducc a 11uat er bl oom11 of 

p l a nkton by the add.~t i on of sufficient ar:iounts of fertilizer i n t he 

right pro 1ort1.ons . This artificially 9roduced 11-water shude" prevents 

lizht fro~ reaching submcrgents . 1Jithout light submergents thus do 

not synthesize necessary f oods ar. _ t herc:f.',-,re die (Spiers , 19!.i.8). Fer -

tllizers have the advantage of i ncreasing the abundanc e of fish food. 

Swingle and Smith (1938) i n a two pond ex erimcnt used Ni trogen- Phos-

phorus- Potassium- Calciuin carbonat e commercial fertilizer in a ratio of 

4: 2:1 :8. They obtained a f ish p roduction of 578 pounds per a c re com-

pured t o 134 pounds per a c re i n the unferti lized control nond. The 

r csal tine "water bl oom" control led Naj as f l exi.J.is , Cem'bophyllum demer-

s1.L""ll, Pot omo~cton s i r:i.lis , P. spp. anc .. f-1.nacharis canadensis . This -- - . . 

l arge f ertilization project <lid nQt interfere ui th r ec r eational . a c -

ti vi tics of the J.nke . Care must be t aken i n using corrunercial fer-

t 'i.lizers . The crnrJlicati on of an unbal anced ratio may encourage rather 

th::: n retard t he ·-rowth of water weeds (Smith and SHin gl c, 1941b) • 
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Physical Control 

Physica l ~1ethods of c ontrol invol re hand c ut tine , r aking , chaining , 

sawing and noncl draining. In .nost instanc es these proce dures usually 

i nvolve h[..r d l abor and much tlme for noprcciable resul ts . Power - driven 

weeders nnd dr cJ ges opera ted frou a boat or on the bank of a pond re-

quire l ess ··hydcal l abor but t hey are cos tly .• · The ob;j.ect bf oond 

drai ninp: proposes to drJ out seeds , r hizomes and vegetative parts of 
!If*·''-

objectionabl e aquatics . A specific exac1.pl e the rriter obsorvetl ~ms 

t he drn\ning of t he C. R. Carberry Pond. This two ac re pond was l o-

ca t ed 2 1/2 :'1i.l es ,:est ; 1/ 8 mi l e sout h of State Highway 51, Still-

water , Okl ahoma . Uhil o the ourposc of drainL.g the ,and was for fish 

restocking . urooses , it offered a n opoor t uni t y . to obs erve tho effects 

on the a quatics ores ent . The ond was drained by opt:nine a gate-valve 

below the dam. The drained period was from February 1 , through Aprl.l 30, 

1951 . ~-Jea t h r c ondi ti.ans f or t :1is three month period wer e obtained from 

t 1e Hetcrology De,)artnent foa t her Station on the campus . (Tabl e 1 . ) 

Ilonth 
0 

Temperature , F, Precipitation Wine.ls 

No. of days 
Ina i nf all Snow, Sl eet . 01 or .50 or 1 . 0 OJ 

Aver. High Low n'otal In. Hail . Total more mor e more 

' ~ 

2:4a Feb . 43. 0 75 -4 8 7 l 1 N, 1W 
' 

Mar . 47 .4 82 18 .63 .o 4 0 0 N, Nt-J,W 

Apr . S7 .5 90 29 .c,s T 5 0 0 N,Nu,w,s 

Table 1 . ;feather c ondi. tions durine dmined period. 
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During Au-rust 1949 o.nt.1 1950 it wa:; noted that a hu[ e mass of 

Naj a s com'1l etely dor1inated the sh.:i.l lou \ est end (6 inches to 10 feet ) 

as -1ell a s the s 110re line of t he entire nond. (Fig . 5) During the 

l atter Dart of Au ust , 1951 , Najas had rcgaL cd a l nost its original 

a r ea with little retard.at" on . 
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al so that dra-Lnine at t his tir:ie of t he year had l ittle effect on the 

seeds clrld/ or rh-L zoines of Poto mo r;:cton a.11ericanus , Typha L t if olia, 

Carex frankii anc.1 Eleochoris spp . I t i s evident that with a re----
surnntion of 8rowth of these species that seeds and/ or r hi zomes re-

mained v:i...ablc in mofoture- ladcn pond soil f or a long time . The f nal 

resul ts of control wer e slight.., 

Pond draining a t this t:i. "'l e was i:upractical ·.iii. v.iew of results 

obtained. Drainazc at best eave 1:i:l:.'tle s ignificant cont rol of com- . 

mon aqua t i cs i n the C. R. Carberry Pond. Hore si gnificant control 

mi Ght rcsnlt j_f this nond were drained at so!".lo other ti:ne of the 

year. 

This met hod o:: uater weed c ontrol proh.:..bi ts rec :ccat _;_ onal use of 

a pond. Draina::;e of l arge ponds or l akes w:i.. thout built in _;;ate- valves 

would be a m.a..ior w,,1. ter- :)llr!lping ope:cation . Domestic a rrimals must have 

so.:ne other source of water . The f i sh from the wat r area must be 

cared : or until a saticfac t-ory water level is regained. 

Chem:i_ cal control 

Conper fn L .'ate is well known as a controller of 111any f i l anentous 

and non- f ·' 1_ament0us Al gae (Hale , 1948 ) . It is also effocti ve a e;ainst 

nox.i. 'rns Pro t ozoa, notifera , microscopie Crustacea , Schizomycetes , Fungi, 

Blood wonns a nd Gnats usually found in or on water . Various concentra-

t::.. orn::; sorvs to deter t he crowth but not destroy Chara spp., Nitella _spp . 

and Potonogeton s :)-:J . 

Chlorine, an active .halogen is' best ;mown for its use in purifica-

t ion of drinking watf'r sup"'ll ics . As an aquatic herbi c ide , in t he fo rm 

of sodi.um chlorate oI' Chl oramine, it f orms hy,_Jochloro ,:s aci d in water. 

Hyoochlorous a ci d, an active oxidizing a geEt '.<ills by burning up a 

pln..ri t ' s energy resource::; . Ble; ching of a ffected parts is t h e vi sible 



eff ect of t his action . This CO'. "J'lolll1d uhilc very cffcc ti vc is dan

gerous . When. nl aced in wat er it ha~:, a tendency to e:>.."Olode (Spier o, 

1948) . 
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The hydrocar bons , Dcnacl or and diesel oil el:i..rrri.nate a pl ant I s 

mechanism fo r obt0.i_ning light energy. They dissolve · chl oroohast bodi es 

i n olant ti:;sues (Spiers , 191.iB ) . 

Phenol and its derivitives inhibi t plmt mitosis , thus prevcn.ttng 

growth . It a l so decreases th.c ability t o t a,;:e in oxygen, \·1hich further 

d8crc:..ses o.vail ~i ble enerry resources nccossar;y t o sust ain life ( S'.)iers , 

1948) . 

A.rnmonium sul fat e (.A..rnmate) will kill emer gents . It i s bcl' evcd to 

be effective against sul::mergcnts , but i t s cost inhibits its use in 

l arge areas ( Surber, 19 49 ). 

Nigrosine , a b l ack dye which eli.,1:.nates light ha s been used suc

c essfull y on Iiyriophyllum spp . Its cost and objectionable color it 

gives t o watt..r discourage::, its general use ~Eicher, 1948). 

The growth hormone 2, 4- Dichl oropheno~~y ... cetic acid (2 , 4- D) is 

eff ecti Ye on the emer gents Nclumbo lui..e:..-, , ',ft lld. (Wa tcr lotus ); 

Huphar snp . (Spatter dock) ; Tyoha sp . • (C at- tail); Sagittaria spp. 

(Arrowhead); D1ant hcr a spp . (Wat er willow); Jusseia spp . (Hater Prim

ro~e) ; Potomoget on spp . (Pond.weeds) ; Pontedcria spp. (Pickerelweed); 

AcortlS calamus , L. (Sweetflag); Alimna spp . (wat er Pla.ri t ain and Lernna 

spp . ( Duclnmcd) . When this herbicide f a ll::, into the water from sprayo, 

it give::, . fish s1; ch a di sasreec>..bl e taste as t o make t her.1 unpal atable 

for hunan c ons mnption . A r el ated homone 2 , 4 , 5- Triet hanolamine est er 

( 2 , 4,5-T) was used in a conc entration of 10 p . p . r.1 . to kill Naj a s f l exilis 

in a l arge l ake . Costs wore about $100 an acre. The toxicity of thi s 
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herbicide killed 1/5 the fi sh ·oormlation in one e-X:")c rir.i.cnt (Spi ers , 

1948) . 

Of tho known herbicides used to control submer gents, sodiur:1. 

arseni tc is one of t he most effec tive and c heapest chetd.c2.ls . Surber 

· (191i9) stated that dur:Lng t he s 1.muner, 4.o p . p . m. sodi um a rsenite would 

kil l the rnotit dense growths of submorgcnts in both hard and sof t waters . 

For control in s mall ponds submerg(~d weeds may r equire from 5.o - 7 .o 

p . p . m. depending upon weed density and water hardness (Ja :~kson, 19h9). 

A snray containi ng sodium a r s enite killed the l eaves, but did r:ot in-

jure the rhizomes of Nunha r advenu l\it, (Spatterdock) (Sr1ith and Si-rlngle., 

19141a ) • Chara sr,m . apparently is quite re~1istant to ~,odium arseni t e in 

conc entrations of 2 .o - 5. 0 p . p .m. S9irogyra spp . and Oscillatoria spp. 

do not a:)pear to be affectecl by t l-:.i s c ::rnc unt r ation range. The floating 

oonQ sclun Al gae Hy drodicton s up.; Cedogonium s '.J. ; Cl adonhora s pp . and 

Zygnema sp-;:, . a r e controlled uetter with sodium arsenite t han iith copper 

s·..ufatc (Surber, 1943). Poto:nor;eton crispus ; _!:. foliosus ~ !,Jaj a s flexilis 

and Anacha ris camdensis are rea ·~i.i ly destroyed by concentrations of 

2. S - 5 .0 p . p .m. of sodi.mn arscnite (Surber , 1943). Adult f ora 0e and 

ga ne fish ev . dc-ntly have a tolerance :r-c1.nge of from 11 - 12 p . p . m. 

(Surber, 1949 ). \Hebe (1930) i n experiments on the effects of sodium 

arscni te on fini erl i..ng forage and game fish found a tol erance r a nge of 
. ~.. , 

uo to 7 . O· p . p .m. Its effects on o.r:.::,hibians a nd r e·)tiles arc not knmm. 

It is toxic to ma n and other mamnw.l s . Domes t i c stock should b e kept 

from ·t reated waters for about one week ( Su rber, 191.:.9 ) . Sodium arsenite 

can be us ed Ln a s el ect area or in an entire po:-id. Car e must be t aken 

in its ap )l icat i.on. Rubber gloves should :Jc used i n :,.ixing solutions . 

In t he outdoors , 0oluti ons s houl d be made in an a r ea ~rotected from the 

wind to pr event pa rticl , s b ei ng b lown on the a nns , f ace and hands . The 
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powdered for::1 of t h5..s herbic i de is conbined a t t he rate of 5.3 lbs . in 

64, 080 cubic feet of water to yi el d 1 . 0 p . p .m. For a concentrati on of 

5.5 p . p .m., 28. 15 l bs . of powdered sodium arsenite wou.ld be required; 

6.0 p . u .m. would require 31.8 l bs . sodium a r s enite . S0diur1 arsenite 

commercially is avail a ]le at a cur rent price of ~1 . 80 per nound. If 

a spray is to be used, i t is obtain '-)l e in liquid fom . One gall on of 

the solution to 64, 080 cubic feet yiel ds 1 . 0 p . p .m. ; 5.5 r,al s / 64, 080 

cubic f eet = 5.5 p ; p .m. ; 6 . 0 gal s/ 6h, 0 '30 cubic feet = 6.0 p. p . rn.. Its 

curred , price is ::.2.40 per gall on. The final concentration of sodium 

a r.se~1.:Lt.: remai..ning in a pond will not be ha mful to fish or man (Ja ck

son , 1949 ) . 



NATL1L \ LS ,\ND I{l:.Tl!ODS 

In treating nonds of an a cre or more, un certain elements can b e 

eii.minat ed greatly by contr~llcd experiments i n aq ,a ria (Surber ~nd 

Meehean , 1931 ) • . Experiments wer e c onduc t ed in aquaria t o effect a 

"ki n - control " . Ti ll - control reduces but does not elll'1inate t h e 

objectionabl e ulant specie s and has no ha:rmful effects u0on other 

organi mns . To dete r.ni!1C a sat isfactory concentra tion f or a kill

cont rol upon Na .jas i n farm ':J6nds, these controlled experiment s are 

prer equisi tc. Chel'li. c~lly n., re sodilD'Tl arseni te was the h e r Jicide 

us ed. The dense 1i r oro·.1s summer r:r out h of tiaj 2s was t he stape of 

t he oJ an t t o be c ontroll ed. Plants ~u1d n ·)nc.wator rnre obtained f rom 

ponds i n t he Stillwater area . These ponds were: The C. R. Carberry 

Pond , 2 1/ 2 miles west , 1/ B mil e s out h of State Highway 51 ; t he 

16 

11 Tom" Berry Pond, 5 mi l es east, 3 mi l e s south, 1/S mile west of State 

Hi ghway 51; the lir.il Kastel Pond , 6 mil es south, 2 miles east , 1/8 

r,ile north of State rii.ghway 40 a nd the Al pha Pond, east end of Vet 

eran ' s Vil l age, 1/2 'til e north -.rest of t he Oklahoma ArI,ricultural and 

Hechanic.J.l College Camms , St:... llra ter , Oklahoma . These 0onds had a n 

· approximate ~;urface acreage of 2 ;2 ; 5 ; 5 acres r espectively. 

Six aquaria wore used in an experime nt o.l s eries. These sa ... 'ilc aqua

r ia ,,;ere used each tir:w in the three followin~ series . Each seri es was 

named. 'i'he first series was called "Concentrati on Det errn · nation" . Thi s 

firs t s eries , rovided a worldnt; c onc entrati on ranp;o . The c.n. Carberry 

Pond s erved as the source of materials . Th e three suc ceeding 
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series were done to verify t he nrcli.:n i.nary f indings . These series are 

indicati ,.re of so n.rec : "Berry ' s Pond" , 11Kastel ' s Pond" and 11!:.l pha Pond" . 

Experimental series were conducted in the order mentioned. 

In describing one series of the f our conducted, the sar:1c .field and 

l aboratory methods were f olloued. in as nea:t'ly the sa..'llc pattern as r ossible . 

The writer fe ,:ls he has thus avoi ded nceciless repetition . Other pertinent 

~ata, have been inqlude into. a co.1nrehensive table on :page 23 . 

At each pond Najas was obtai ned about six feet from he edi;c . The 

sneci cs i;ras nost accessible i n dense beds in ·;.bout three feet of water. 

Each mass of plants was carefully scooped up by hand with tho intention 

of remov.i.ne enour,h nond mud to surround nlan t roots . A handfull contain

i.ng mud, roots and ste:1s was then pl a ced immediately in one of two two

gallon onen-mouthed earthen j ars . These jars were :rinsed in nond water 

and .r illed aLout one- half . Ha ter f or aquaria was obtaj.ned f rom t he s ar1e 

site as plants . Three four- liter glass j ars were first left, in the pond 

whi l e pl ants we re bei ng coll ected . The nrocedure rnentioned helped to 

reduce the t emperature of the gl ass to t hat of the pond water . These 

elass j ars were then rinsed bris .• ly in pond water. Each j a r was t.hen 

submer p;cd under uatcr until ful l. While under water, the narrow mouths 

were cor:{ed. 

Ini.mcdia t el y after each f ield collection, t he ·8l ants and water were 

t a1;:en to the lc:ihoratory . The l o.boratory arec1. consisted of the window 

l edr;c and radi.ator shi.cld of t he Grauu;:.ite. room of the Botany Department , 

Room 102- C, Life Sciences Building, Oklahoma Agr , cult.ural and Mechani ca l 

Coller-;e , Stillwater, Okl2..lloma . (Fie; . 7) 
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Fig . 7. Laboratory area of aquaria experiments. 

Each aquarium was 14" X 611 X 6" with a volume of B,ooo ml . All 

aquaria were rinsed in pond water and then emptied before introducing 

plants. Plants were then divided into six approximately equal por

tions in a clean pan containing pond water. With the mud and root 

ends down, plants were then placed on the bottom of each aquarium. 

Stems were arranged in a natural position over the roots and mud . 

Pond water from the glass jars was then poured slowly into each aqua

rium . When nearly full each aquarium was covered with a pane of glass 

:ut t o size. Glas s covers had been washed in pond water . The se glass 

covers served to eliminate water los s from evaporation. They also kept 

out insects, dust and foreign substances t ha t might interfere with t he 

!'!xperiments . The aquaria were then labeled at random. A series was 

then a l lowed a period of ecesis in this new enviornment . 

The acclimation of Najas was determined as being compl eted by 

:,bservation. !hen plants gave off oxygen bubbles in strong sunlight 
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and produced a noticeabl e number of lighter green branch.lets and l eaves, 

acclimat'. .. on was considered accomol ished. A ta,1 erat ure range f or t his 

oeriod was recorded. (Tabl e 3) 

At the point of accl imation, varying between four to . seven days , 

t he a quaria i;,ere r ei:1oved from the uindow and hotogra_' ed. The arrange-

ment of aqa2.:::·l& f or photoe;ra 1hy ·was a matter of convenience . Their 

pQsitions i n :photogra hs <lo not necessari ly correl ate wi t h t he positions 
. ... .. . ; 

they had on the window l edge o r r a di :itor shiel d . After photor,raphlng, 

the aquaria uere returned to their original pl ac es . 

~-Jith no allouancc f or displacement by mud and pl ants, sodium ar -

senite was calcul .:1ted on a basis of a rts per million. (Table 2) Each 

wei r:ht, Hill i grarns per 8,000 ml . was weir,hed on a 100 Milligram capac-

ity chai n bal ance . 

I n apol yi.ng the herbicide, each glass cover was r e:uoved . Int o a 

50 ml. beaker containi .. ne; water f rom one aquarium t he sodium a rsenite 

was dissolved. 'l'his solution was then poured throughout the aquarium. 

Parts per mil lion 
(p.n.nL.) 

4.o 
4.5 
5.o 
5.5 
6.0 

Mil ligrams ,ooo ml. 
(One aquarium) 

32. 0 
36.o 
40. 0 
W+.o 
48.o 

Table 2 . Concentrati ons of sodium ars enite . 

Between aquaria t he b ca'. er was rinsed t horoughly first in tap water a.nd 

then in water from t he aquarium next to be treat<"d . All six aquaria 

,Jere treated in t he sarne r.ianncr . The ~l ass cover:::; were re·)l c~c ed after 

each solution was ')Oured into the aquaria . The treated series was then 

oennitted a reaction p er iod uhich varied f rom 12 to 1.5 day::i . During this 

period the aquaria u cro not disturb d. 
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After def inite signs of ul tLmatc reacti on (leaf browning, droop

ing, kill- contr ol or com:'.)lete des truction) all aquaria ucro tested for 

a ieneral te:nperature r a nge of the series . The aqua ria were then taken 

from t heir -;,l aces and photo ~ra·0hed. Again, arrangement Jf aquaria uas 

a matter of convonic1ce . The aquaria ·were arrarip;ed in t he same position 

they had in the period of acclimation . This f acilita ted photographic 

comunrisons . AfteJ'.' i_:hotogranhY, . an experimenta l series wa s considered 

compl eted. The a quaria were t hen cnpticd of their c ont ents , washed and 

scrubbed in tap wa ter and made ready .for the next series . 
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RESULTS 

Results from the effects of sodium arsenite in various concentratLons 

varied f rorn no r eacti on, leaf l>rmminr, , d rooo-:.ng, kill - control to total 

destruction. Two aquaria showed no cxternd reaction to so dium arseni te 

during the period of herbicidal a ction. Tho first noticeable effects of 

sodiu'1l arseni te was a brownish a,1near ance of leaves . The ur:L11G.ry effects 

of herbici,hl action 1-rns i nterpreted as lea f bro~rnine. I t exhibited it

self separatel y in one aquarium and i. n co:nbinati on vi. th drooping and/or 

kill -control . Plants that supported tJ1emselve s weakly in an abnonnal 

nositi on were ::.nterpreted a s d roo~ine; . It corresponds to the ap!)ea rance 

of wi l ting l and- plants . This sec ondary effect of herbicidal action was 

coupled with leaf br0t.rm i_ng. ,Jhile ldll- control resulted in the death of 

a l ar r e proportion o .r plants , the ·visible gross cff ccts varied consider

ably. In those aquari.a ha vine; kill-control , some ul ants eave the a 1pear 

ance of being unrooted. These pl ants rose to the top of the wat er. (See 

Fi~ . 9, a quariu"O. 11 F11 , page 23 ) . It was difficul t to distinguish between 

aquaria sh owing 90% ki.11- control and one aquarium ::;howinf; total destruc

t-Lon (or 100% - above the ransc of kill- control). A comparison led the 

wri tcr to assign a fi 5"Ure of 90% kill- control to t hose aqua r'-1.a visibly 

l ess a ffected. 

Plants did not alua ~ -s ac limatc thc::nsel -:es or did so in a doubtful 

manner. Aqua rium "B- 2 11 in the Derry' Pond series; all aquaria in the Al 9ha 

Pond series were c ons idered fai l ures f or acclimat i on . Consequentl y , these 

aquaria were not considered in evaluating he rbicidal a ction . 
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A compila t i on of t hes e data arc s houn in Table 3, on par,e 28. 'l'he 

det ailed effects of the concentr a t i ons u s ed wi ll now be cL. sc ribecl by j_ n

a..;__ vi dual series . 

Concentration Dete1minat i on 

Sodium a :rs cni te i. n two aquaria , 11 A'r and 11 1311 , con ta ning a concen

t ration of ~.o p . p . m. ~ave no not: ceabl e eff e ct s a s com!)arcd t o their 

acclimat ~on ryer i ods . (Fi g. ? ) In one aque.rilun , 11C11 , leaves · became 

slightly brownish i n color . Aquar i um " D" showed inc r eased l ea f browning 

and a sli:":ht droo'Jiug of pl a nts . I n " E" all l eave s wer e brmmish, drooped 

.a .• 25% of t he ··1l ants we r e killed. Lastly, aquarium 11 F11 shmrec~ '"he most 

s::. r;:r•ificant e f f ects wi th 7S% kill ed. (Fi r; . 9) 

Berry• s Pond 

Ex:cept i'or a quarium n:,-2", t he :;il ants in all a qua ria were acclimated. 

(Fi g . 10) Aquaria wi th concentra ti ons of 5.5 p . p . m. sodi um arsenite showed 

l eaf browning of living plants and 75% were killed. The two val id aqua ria 

containing 6. o p . p .m. denote a 90~t ki.11- cor..t rol and even r:i.ore marked leaf 

browning . (Fi g . 11) 



F' • 8 July 6, 19;,l . Concentration Det 
inaV.on series - ac :Lba..,i.on ryer:i.od .. 

Fir, . 9 July 21, 1951 . Concentration Detcrr:1-
ina V .. on ccrics - rcsul t of herbicidal a cti.on . 
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Fi,., • 10 Aueust 2, 1951 . Berry ' s Po nd 
ics - acclimation period . 

Fig. 11 August 13 , 1951. Derry ' s Pond ser
i es - r esult of herbicidal action. 

Kastel I s Pond 

All plants in aquaria of this s eries a ccl ir.lated e:x:cellcntly . (Fi -g • 

.2 ) Com:i c1ering t he original mass of li vine Najas , tho effec t s of her -

1icidal action ,rnre quite startl ing . (Fir; . 13) Leaf brouning of living 

1lants was oreval cnt in aquaria 11 I - V11 inclusive . _.:,pnroxir1ately 90'.; of 



'),., 
:. ::> 

LU. plants in all five aquaria ;:ecrc killed . Total destruction resulted 

.n a0iuarium nvr 11 • (Fig 13) 

Fig . 12 August 16, 1951. 
ics - acclirw.Von Der od. 

astcl ' s Pond s er -

Fig. 13 August 28 , 1951 . Kastel ' s Pond ser 
i es - result of herbicidal a ct~on . 



Al nha Pond 

Fi "• 1h Scutembcr 4, 1951. Al D 1a Pm er -
i cs - acclimation period. 

Fig. 15 Se?tEnber 16, 1951. Al ha 
i cs - result of herbicidal action. 
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Two aquaria, 11 c 11 a nd 11 d11 , def:i_ni tely S'1.0W t :-1at t he T)Urnts t herein 

did not acclirrw:te themselves. (Fig. 14) The -water in all the aquaria 

of this seriGs sta yed turbid t hroup;hout t he enti re experiment . I t was 

:i.Jlmossible t o detern1ine if the r emaining a quaria 11 a 11 , 11b 11 , "e" and 11 f 11 

had acclinated pl ants . The ;.rriter a s smncs that they did not. Aq11.:.1.ria. 

in previous series cont aining plants t hat ~d definitely accl inat cd, 

kept the water r el atively clear. Even in v:i.:ew of non-acclimation, the 

exper:l.mental series wan carried to co~,,r,l et ion. After scel: g little dif

ference in herbicidal action (Fip;. 15) , it was then concluded t hi s entire 

series was a fai lure . It was a f a i l ure as f ar as successful acclir.iation 

of lants and valid effects of herbicidal acti on a rc concerned. Tts 

significance wi l l be brought out in the discussion.. 



Concentration 
Series Dete!"."iinat~on de r ry ' s Pcmd Kast el ' s T'·md 

·-·- -

Ti me July 1- 21 J 11l y 27- li u ·, t1st 13 1',.Uf(llst 13- 28 
Perioct ( 22 .days ) (1~ da.ys ) (16 d:lys ) 

-
Aquar. A E C D E F A- 1 D-1 C-1 • r, 

1.~- t:.. B- 2 C-2 I II E I IV 

Per . of July 1- u J ul v 2 7- f. u r.:ust 2 August 13-16 (7 day s ) · ;.,_ ccli !ll . (6 days) () I days ) 
- - - - - ·-- --------- - ··~-
'fat e r 
'l' err 11 . 27 .5°c . 29°c . 29°c . JO 0 

29°C . co - - c. - 30. ,;J c . 

Per. of 
herb . July 6- 21 JI.Uf::\J.Gt 2-13 August 16- 28 
act lon. (15 Gays ) (12 days ) (13 da-,rs ) ., 

Hat e r 
temo. 28°c. 0 

( 50 0 0 0 - 29 c. 29 • C, - 30 .s c. 29 c. 31 c. -
Sod. A:i.''"' • 
(p . p .m. ) 4. 4. 4 c . .., 5. 5.5 6. r ~ ;) . .... 5.S 5 r.: . :) 6. 6. 6. s.s 5.5 5.5 6. 

. 
Result X X y y, z y ,z y y y y y y y ~, y ~, 

" " 2' 7.5 7$ ·r, '75 90 
.,.,. 90 90 90 90 90 

-
X IJo rec1ction 
y Leaf brownLng 
z Droo')ing 
100 Totill clcst r ucti .: n ; l ower m ... "Tlbers (25- •' ·~ i nci.i cates % of all kFl- con t.rol 
~~ F'c:: i l c d t o accl i:····a'.:..e 

'.:::u ..:lc 3 . Ex)e::.i mc::nto.l seri..c ::; . 

J.. l ;.i:1a Pond 

,. ug. 29- Sept . 16 
(l? days ) 

V VI a b C d e f 

l'l"u. •' . 29 - Seut . 4 
. ) 

(7 days ) 

29°c . - 30°c . 
' 

Sept . 4-16 
., (13 days) . 

0 0 
29 .5 c. 30. ) c. -

6. / o • 5.5 s .. s r ' 5 ;) . 6. 6. G. 

y .>,< ~l- 4~ ~} ~~ * 90 100 

,, 
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DISCUSSI ON 

.Na jas guadalupensis (Spreng.) Magnus i s one of the most beneficial 

S'll '!'.".J rgent lants in the Stillwater area . Throughout the state it pro-

bably has ,(?qual significance . Hore f a nn ponds woul d benefit by artifi-

c :L-ally int:roc:;.ieing thi.s specie. . Its ability ,tc, maintl!i.n clear water , 

provide a f ccvored du.ck food and a l ace for the der:,osition of insect 

eg·_,s has few equal s . 

However, Na j as in a.n over- abundant state of p;rowth can offset i ts -
eenerally beneficial characteristics by beco ·ing a · no:x:i.ous water weed 

if not controlled . It can c,:rnse a stlmted, unbal anc ed fish rat i o , haz-

ard0us swimminp-; c onditions , tedious boating and discourascmcnt of fish

ing. The extent of its dense viP,orous growth st.'..lf,e in summer thus gen-

erally inh.i.bits recreational enjoyment of a fann oond. Fig . 4 shows that 

beds extended 30 yards into one pond, thus exemplifying t his condition, 

Of the va.ri ous methods used to control submer~ed water weeds , no 

one method is perf ect . They all have their clisndvantagcs . 

Fertilization is useful in adding fertility t o fann pond water. Its 

use in t he control of Na jas is often difficult to a c comoli.sh . h. -or oper 

i~tio must be used. It usually requires a relatively l ong period of time 

f or R')'Jrcciabl e r esults . In l a r ge bodies of water it can he l abori ous and 

costly. 

Pond drairrbg a s a control met hod is questionable . In the C. R. Car

berry Pond it ha d insieni ficant effects on t he seeds and/or rhi zomes of 

Na j as guac.lalupensis , Potomogeton nmericanus , Tyoha l atifolia , Carex frankii , 
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and Eleochorls s n-:1 . during the weather condi ti.ans of l a te wint,er and 

early spring in t his area . I t may p rove more benef i c i al nt so:1e other 

time of t he yea r , f or a l oneer !)eriod a nd more intense weat her condition::; . 

Considering its chea 9n ess , simnl i ci ty of apnlica ti.on and immediate 

ef .fec ts , sodium arsehi te a~mears t o have the oropert ies of do i.:ig the most 

effective j ob on Naja s when its control is needed. A pond mmer may wish 

to k t,ep one or more dense bed~s i n a pond. This chanica l can be used select-

i vel y by treating one area of a pond a t a t i me or an entire ond . The veg-

etation killed by this herbicide w:5.11 add sor,1ewhat to the fertility of t he 

uond water. 

Exneriments c onducted i n aquaria on Najas obtained from 0onds in t he 

Stillwater area were of significanc e . It was noted that pl ants in aqua-

rium 11 B-211 of the Berry ' s Pond series (Fig. 10) and all plant s in all aqua

ria of the Al pha Pond s eries (Fi g . 14) did not acclimate . 'l'he ,· r iter can 

only sulgcst pr obably causes . Pl ants may not have accl ir.J.atcd due to err-

or(s ) in fiel d c ollect:i.on and/or transpl ant-; n:-; r ocesses . Water turbid-

i t y throughout the Alnha Pond s eries probably prevented an adequate rate 

of !Jhotosynthesis to enabl e plant ecesis. An inc reasingly high per cent 

of ki ll- control was obbined from Au~u ;t 13, 1951 to August 28, 1951. 

Next , t he Al pha Pond s eries failed t o acclimate . (Ta'ble 3) These data 

apncar to indicate that a s the species mat ures and rGacaes its flower -
... -.. 

ing a'1d fruiting per i od it ,is even Lore susc eptible t o t oxic a gents and 

the physiolog:i cal shock of tra:,spl.a.ntation than a t any other criod of 

its l ife cycle . 

,:;_ concentration of 4.o p . p . m. of sodium arsenite had no noticeable 

effects on Na j a s in aquaria . Conc entrations of 4.5, 5.o had s l i ght ef

f ects of leaf browning and drooping r espectively, but no k ill- control . 

A kill- control of 75% to 90~;'. was obta ined from conc entrations of S.S p . p . m. 
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and 6.o p . p .m .. of sodi u.T"'J. arsenite . One aquarium had 100% kill or to-

tal destruction above kill- control. The1:,c res J.l ts uoul d indicate tha t 

conc ent:?.'at.:.ons of 5.o - 6 . 0 p . p . m. of sodium al'Senite would be the one(s ) 

to try in a farm nond to cor.trol ?fa jas . These concentrations could be 

exoe:::ted t.o r i ve an np::,roximate·· kill- control o.( from 75~ to 90t i n a 

treated area whether it be a selected section or an entire nond. The 

coru11on game and foraeo fishec would tolera te these concentrations in 
t 

pond water . 
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SUM~iARY 

The mana~ement of farm ponds for recreati onal use involves 1r.any 

probl ems . One of t hese is the control of su1r,cr ged weeds . Hh5.lc een

cral ly beneficial, Naja::, gu.dalu-pensis ( S!)renr, . ) 1·:ar,nus tends to become 

an ob j ectionable water weed. Th;~ species is q uite comnon in t he Still

water , O'<la.1oma area . It is found t h rou:;hout the state and is also p re

sent ln those states borderinp: Okl ahoma . Naja s ha s probably bcrJl orig

i nally introduced into the s tate by water asoociated animal s . 

All methods in water weed cont rol h0.ve their disadvanta~; es . Ono 

obcervati on on controllinr aq11at i cs by drain..i.ng proved i neffectl ve . Of 

the chc.""licals , s odium arsenite offers the best immediate resul ts for kill

control on Na j a s . 

Prior to Dond treatment , aquaria exncriments should be made to elim

i nate many uncertainties . Four controlled aquaria expcri:r.cntc.l series were 

conducted . W::i.t er and plant materials were obta:i.nc·d fron f our ~onds around 

Stillwater. The l abora 4.:.ory cc•ns · sted of a wlndow lcdee and radiator cover, 

unon which the aquaria uere placed. The four series werg photogra:::,hed both 

at the pont of accli_rnation and the md of the period af herbi cidal acti on . 

t,~· concentr;.ti~n o·f 4.0 p.p.m. was ineffective ; h.5 p . p .m. produc ed 

leaf browning ; 5.o •• m. r cs1 t e d in leaf Ol\J,ming a.".ld droop:i.nr; ; 5.5 p . , . m. 

s ho :ed l eaf brovmi ng, dr0 '.)".)5 .. nc,. 25%, :5)~ and 90~ k:Lll- contr::J l fro:n :::;oc:.1.um 

arsenite in aquaria . Plants s u.b jer'S·scd tc :Y . 0 p . p . m. demonstra ted l eaf 

brownin _, , 75~~ and 90% kill- control . ::0rie a c;uariura ha d total dcstruc 'Gion 

wit h a concentration of 6.0 p . p .m. Seven aquaria failed to acclimate . 

These a quaria were not consi dered in c::;timc.:. ting herbicidal eff octs. 
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Sor:ic sug:;;estions as to accli.r:10.ti on fail-:.ire arc Lri vcn. 

Calcul ations are gi vcn f or nond use of so dLun ars eni t e conccntra tions 

found effective i n aquaria . Data from aquaria ex-pe rimcnts i ndicate con

cent rations of S.o p . p .m., 5.5 p . p .m. and/or 6 . 0 p . p .m. sodilun arserJ. t e 

would be most effective in obt aining a kill-control in a ?Ond. 
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