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ABSTRACT 

An experimen t was conducted to evaluate the effect iveness of va rious 
nemat icides in t he control of ne matodes tha t affect plan ta ins (Musa 
acum inata x M . balbi8iana, AAB ). T he results obta ined in d icated t ha t 
applica tion of t he nematicides Nemac ur G, Dasanit G, Moca p G. Te mik 
G, F uradan G, Vydate G. a nd Nem ago n E . C. , a t their recommended 
dosages a nd frequency, prevented reduct ion in y ie ld of pl a nta in pla nts 
due to nematode attack. Use of these nematicides has m ade poss ible for 
the first t ime in P uerto R ico the harvest of t hree success ive crops of 
p la nt a ins without renova t ing the plan t a t ion aft er the first harves t . 

INTRODUCTION 

P la nt ain (M usa acum inata x M . balbisiana, AAB) is the most 
important sta rch crop grown in P uerto R ico. Accord ing to Espinet -Colbn 
et a l. (7). plan tain product io n inc reased from 191 m illion fru its in 
1961- 62 to 25 ::3 mill ion in 1969- 70; a nd produc t ion has been ma in tained 
at t ha t level s ince 1970. T hese invest iga tors a lso reported that t he 
agricultura l gross inco me der ived from pla nt a ins has increased steadily 
si nce 1961- 62 to the ex tent tha t t his crop probab ly wil l soon becom e 
second in economic im porta nce on t he Is land . P la nt a ins are a difficult 
crop to grow successfully. Norma lly, re latively good yields are obtained 
the first year, bu t yie lds decline so rapid ly thereafter that frequent ly a 
second crop is not econom ically feas ible. Ogier a nd Merry ( 14) , and 
H ut ton and Chung (9 ) described a simil ar s it ua t ion in T rin idad an d 
J amaica, respec tively. In T rin idad yield reductions that occurred in spite 
of ot herwise good growing condi tions and careful management were 
shown to be associated with destruct ion of the plan t root system by the 
paras it ic nematod es Praty lenchus spp . Decker et a!. (5 ) reported t hat 
Rado pholu8 sim i/i s is the m a in problem in p lan ta in product ion in Cuba . 

Previous resea rch conducted in P uerto Rico by Ayala and Roman (3 ) 
demonstrated the im portance of t he nematode R. simi/is in plantain 

'Manuscrip t submi tted to Ed itorial Board Apr il 18. 1975 . 
2 Nema tologist and Resea rch Ass ista nts , respective ly, Agricultu ral E xper iment Sta 

ti on, Coll ege of Agr icu ltu ral Sc iences, Mayagi.iez Ca mpus, University of Puer to Rico. Rio 
Piedras, P.R. T hanks are ex pressed to M r. Rafae l Ingles of t his Station for his pa rt ial 
ass ista nce in t he fie ld work. 
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production . Aya la in 1969 (2 l reported t hat in addi tion toR. sim ills other 
nematode spec ies such as Meloidogyne inwgnita , Pratylench us coffeae, 
Rotylench ulus ren iformis , and He/lcotylen ch w; spp . are also co mmonly 
encount ered . Roman et al. ( 15) fou nd tha t R . simi/is is the causa l 
organism of the " bl ack head -toppling d isease" of pl anta ins in P uerto 
Rico . This d isease is characterized by heavy nec ros is and su bsequent 
rotti ng of t he root system a nd rh izom es and premature fa ll ing of the 
plants . It was firs t descr ibed in bananas (Mu sa acumina ta , AAA ) by 
Ashby (1) who named it "b lack head" and later by Leach (10) who added 
the term " toppling. " A more detai led account oft he d isease in bananas 
was published by Loos and Loos (1 :2 ). Subsequent ly, other investigators 
have also report ed on nema tode problems of bananas and their cont rol 
(4,6,8, 11 , 16,1/ ). 

The resea rch reported herein was undert a ken to determ ine the 
effecti\·eness of various nemat ic ides in cont roll ing nema todes that at tac k 
p la nt a ins in P uerto Rico. 

MATERIALS AND METHODS 

An experiment was established in Dece mber 1970 a t the Coroza l 
Agricu ltura l Experiment S ubstat ion in a n a rea prev iously known to be 
infested wi th t he ne matode R . simi/is. T his area consisted of a Coroza l 
clay with pH 6.06 . T he com mon Dwarf plan ta in cult ivar was used as 
propagati ng mat eria l. Prior to pla nti ng , the rhizomes or " seeds" were 
peeled to discard necrotic tissue, im mersed in a solu t ion of Nemagon 70 
E .C. 3 ( 1.064 cm 3/ 100 ga l of water ) fo r 5 m in a nd pla nted 24 h r la ter. T he 
experiment al p lot s cons isted of six "seeds" pla nted in doub le rows 1.52 m 
apa rt , 2.74 m be tween the double rows, and 1.52 m between p lants, to 
accom modate approximate ly 2,471 pla nts/ha (1,000 p lan ts/acre). Four
teen treatments were replicated six t imes in a balanced incomplete 
block des ign (table 1) . The nematicides used consisted of granular for 
mula tions of Nemacur (Phenamiphos), Nemagon (1 ,2-dibromo-3-chloro
propane), Dasanit (Fensulfo thion), Mocap (Prophos) , Furadan (Carbofu
ran) , Tem ik (Aldicarb), Vydate (Oxamyl), a nd t he liq u id fo rmu lations of 
Nemagon, E-D-B (ethylene dibromide), and D-D (1,3-dichloro
propene-1,2-dichloropropane). The granular formula tions were applied 
at plant ing time by m ixing the ne mat icide with the soil coveri ng the 
"seeds" and thereafter every 6 or 12 months on the soi l surface in a 3;4 m 
radius around the plant. For this operat ion a small calibra ted plast ic 

3 M ention of a ny product or trade name in t his publica tio n does not constitu te a n en
dorse ment of t be produc t by the Agricultural Experi ment Station nor indicate superiorit y 
to other similar prod ucts not mentioned. 
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TABLI:: 1.-Meannumber of plant-para~itic nematodes recovered from 300 em' of "oil from the rhizosphere of plantains treated with variuu" c.., 

nematicides 1 0 
c: 
;J;J 

Sampling date z 
;... 
r 

Treatment per plant' Dec . Jan. May Sept ,Jan . May Sept . Jan. May Sept. 0 
1970 1971 1971 1971 1972 1972 1972 197:3 197:! 197:1 

.., 
;... 
CJ 
;J;J 

1. Control 1000 1080 586 920 201:1 440 0146 1546 720 520 t=i 
2. Nemacur 15G, 20 g/6 months 626 93 266 5-!6 40 186 9:1 27 66 1:3 c: 

r 
3. Nemagon 8.6G, 48 g/year 626 173 17:3 893 1540 560 346 520 386 .575 ;::! 

4. Dasanit LSG . -!0 g/6 months 49:1 66 560 320 491 133 26 160 66 66 ;J;J 
l:'l 

5. Nemagon 70 E. C ., 9 cm'/year 226 140 53 200 200 760 49:3 466 260 80 0 
6. Nemagon 70 E . C., 9 rm'/6 months 306 80 53 266 17:3 53 0 160 0 26 

.., 
7. Nemagon 70 E .C. , 9 cm'/4 months 29:3 186 26 40 140 26 40 53 53 120 c: 

z 
8. Mocap lOG . 30 g/6 months 506 213 506 1053 26 13 () 146 146 66 --
9. Temik lOG, 30 g/6 months 53:1 3:33 480 520 80 386 () 251 40 66 

l:'i 
::<:: 

10. Furadan lOG. 30 g/6 months 573 293 440 480 53 93 13 26 160 93 
(f. 

=i 
11. Vydate lOG, 30 g/6 months 45:3 626 17:3 506 306 293 40 j:) 200 f>:l ...-: 

12. Nemagon 8.6G, 48 g/6 months 306 2l:l 80 33:3 :360 666 .506 Ti3 2f>1 266 0 .., 
13. E-D-B W-85 , 9 em' (pre-plant) 320 80 260 320 373 493 1460 101:3 986 506 -o 
14. D-D, 30 em' (pre-plant) 280 120 40 :240 306 21:'3 946 510 320 840 c: 

l:'l 
;J;J ...., 

1 Numbers correspond to a mixed population of R. similis, Helicot_v!enchus spp .. R. reniform is, M . incotrnita , Pratylenchus spp .. Tylenchus 0 

spp., Aphelenchoides spp .. and Aphe!enchus spp. ;J;J 
;:; 

2 Treatments were made on Dec . and June of each year (for D-D and EDB, the first and only treatment was given on :\!ov. 1970: treatments 0 

of Nemagon E .C. ever~· 4 months were made on Dec .. Apri l and August of eac h year) . 
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container was used. The liquid form ulations were injected into the soil 
at an approximate depth of 20 em with a hand injector. These nema
t icides were appl ied either pre-plant by treating an area approximately 
1 m 2 where the "seed" was to be planted, or at planting t ime and every 
4, 6 or 12 months after planting by injecting the nematicide in a circle 
60 em from the seed. 

Dieldrin 15%, at t he rate of 2 gal/100 gal of water, was applied every 6 
months to control the corm weevil, Cosmopolites sordidus . Weeds were 
controlled with post-emergence applicat ions of Gramoxone at the rate of 
4 73 em 3 /ha. A 10-10-10 fertilizer was appl ied at 1 and 5 months after 
planting at the rate of 227 and 454 g/plant , respectively . Thereafter, 
every 5-6 months an 8-8-13 fertilizer was appl ied at t he rate of 454 
g/plant. 

Soil samples were collected every 4 months for nematode counts. Root 
samples were collected immediately after the first harvest, but none 
thereafter, to prevent damage to the plant root system. All soil samples 
were processed fo llowing the routine sieving-decanting, Baermann-fun
nel method. Root samples were comminuted and blended for 1.5 s and 
processed in the same way as the soil samples. Nematodes collected were 
identified a nd counted under a microscope . 

Ten months after plant ing, trunk d iameter was measured at a height 1 
m above t he soil surface. At harvest time t he number of fruits and bunch 
weights were recorded . 

RESULTS AND DISCUSSION 

The fluctuat ion in the number of stylet bearing nematodes throughout 
the duration of the experiment is presented in table 1. T his population 
consisted of the following species: Radopholus similis, Rotylenchulus 
reniformis, Helicotylenchus spp ., Meloidogyne incognita, Pratylenchus 
spp .. Tylen chus spp., Aphelenchoides spp., and Aphelenchus spp. 

Table 1 shows that in the majority of the samplings more nematodes 
were recovered from the control than from the nematicide-treated plots. 
In certain cases, however, relatively high populations were observed in 
the treated p lots, especially in t hose treated with Nemagon granules, 
E-D-B and D-D, which were found to be t he least effective nematic ides. 

The population of the endoparasitic nematode R. similis in 100 g of 
roots at the time of the first harvest is presented in figure 1. In general, 
R. simi/is infestation was low in the majority of the treated plots. This 
low infestation, which was associated with overall growth and vigor of the 
plants throughout the duration of t he experiment and with t heir high 
yield, indicates t hat R. similis is the most important parasitic nematode 
recovered in t his study. The populat ion of R. simi/is in plantains does not 
have to reach extremely high numbers in order to cause damage. Studies 
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F tG . !.-Num ber of Radopholus simi /is during the fi rst harves t of plantain s trea ted with 
d iffe rent nematicides. 

to date have not estab lished t he minim u m level of infestat ion requ ired to 
cause detr imental effects . However, these experiments ind icate t hat thi s 
level is lower than the 10,000 nematodes per 100 g of roots that was 
estab lished for bananas by the Campania Bananera Atlan tica of Costa 
Rica , Centra l Ame rica ." T his might ind ica te that ba nanas can to lera t e 
higher infes ta tions of R. simi/is tha n p la nt a ins. 

Table 2 presents the mean pseudostem c ircumfere nce of the plants . 
Ten mont hs a fter pla nt in g, the ave rage pseudostem circumfe rence in a ll 
p lants t reated with nematicides was greater than th a t of the cont rol s . 
According to Lossois (13) , in bananas the circ umference of the pseud-

• Personal com munication from nematologist Manuel F . . Ji menez . 
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ste m a t f1 ower ing time is co rrelated wi t h t he weight of the bun ch. T his 
correla tion a lso seems to he true for pl a n t ai ns s ince the data presented in 
tabl es :2 and :i indicat e a te ndencv of pla nts wit h thicker pseudos t em to 
bear heav ier bun ches a nd vice versa . A s im il a r relat ions h ip see ms to 
occu r for the pseudost e m circum ference and nu m be r of fruit s . 

Dat R s imil a r to tha t ment ioned a bove could not be t aken for t he 
following :2 years (firs t and second ratoo n crops ) beca use p la nt s from 
in effective t rea tmen ts were great ly a flec ted in growt h during the first 
ra toon and gradu a lly di ed t hereafter. One of t he mos t str ik ing differences 
o bserved du ring t he first ratoo n was the effec t on growt h (fig. 2) . 

The mean p lan t a in ~' i e ld for :1 co nsec ut i,·e years is presented in tab le :1. 
T he best trea tment s. whic h produced a t least 7 1,41:2 fruits / ha (:28,900 
fruits/ac re ) with a weight of 16.03 m e t ric tons/ha ( 14,:100 !I) /acre) or over 
in t he pla nt crop. were th e gra nular forms of Ne macur. Dasan it . Mocap. 
T emik , F uradan and Vyd a te a nd the Nem agon emuls ifiab le form 
a pplied eve ry 4 and 6 mont hs. T here were no s ig nifica nt differences 
between the a hove- mention ed trea tme nts. However. t he differences 
between th ese treatmen ts a nd t he cont rol were h igh !:-' s ign ifi cant . T he 
effec tiveness of the m ajori t v of these trea tments was m a intai ned 
throughout the dura tion of the expe rim ent. T he plant s t reated wit h 
Ne m agon E. C . every 4. 6 a nd 12 months prod uced s ign ifica n t y ields for 
t he first and sc('ond crops . H owever . a ft er the second c ro p the pla nts 
t rea ted every 4 and 1:2 month s bega n to lose v igor a n d finall y died. T he 
6 -month trea tm ent see med to be the mos t effective t ime in terval for t he 
a pplica tion of this nc nw ti c ide. 

TA HLE 2.-Mr!an pseudoslem circumference of 10-month-old plantain plants treated Leith 
ca rious n<>maticidl's 

T reat men! per plant 

I. Contro l 
2. '-J emac ur UiG . 20 g/6 mon t hs 
:1 . '-Jemagnn 8 .6 G. 48 g/~.'ear 
4. Dasa ni t Ui G. ~ 0 g/6 months 
5. '\emagon 70 E . C .. 9 c m 3/~'ea r 

6. '\emagon 70 E. C .. 9 cm '/6 mon ths 
7 Ne magon 70 E. C .. 9 em '/~ mon ths 
8. Mocap 10 G. :HI g/fi months 
9. T em ik 10 G. :10 g/6 mont hs 

10. Furada n 10 G. :10 g/6 months 
11. Vvda te 10 G, :10 g/6 months 
12 Nemagon 8.6 G. 48 g/6 mon ths 
J:l E-D-8 . W-85. 9 em ' (pre-plant J 

1~. D-D. :]() cm 3 (pre-pl an t) 

' Measured a t 1 m ahove the soil su rface. 

C' ircumfercnce 1 

em 
26.:] 

:31.2 
:n .:-, 
45 .:1 

:l6A 
42.:1 

:198 
44.8 
40 .8 

4 t.:l 
36.:1 
:36.:1 
:18 .1 
:15.2 



TABLE 3.-Estimated mean number and wei{?ht of marketable fruits per hectare of plantain plants treated wi th various nematicides 

Yield pe r hec tare' 

Treatment per pl an t Plant crop F irst ratoo n Second ra toon 

Fruits \Ve ight Fruits Weight Fr ui ts \Veight 

Num ber Metric ton.-; Number M etric Ions Nu mber Metric tons 

1. Cont ro l 34, lOO 5 16 395 0 0 0 
2. Nemacur 15G, 20 g/6 months 83.767** 19.39*' 38,:308** 5.99·' · :l8.u:; :l 2.58 
3. Nemagon 8.6G, 48 g/ vear 41,513 7.06 6,1Tl 1.20 0 () 

4. Dasani t 15G, 40 g/months 80.060*-" 20.18** 92 .. 598" 18.48 ** 51.:3 :2/ 4.8 :2 

5. Nemagon 70 E.C. , 9 cm'/year 68, 447** 16.14'* 37.962 '* 4.67* 0 l) 

6. Ne magon 70 E.C., 9 cm'/6 months 96, 122** 23.76** 82.606* * 15. 19<* 5S 103 6.:l9 
7. Nemagon 70 E.C., 9 cm 3/4 months 98.099 ** 2:3.6.5 ** 73.48R* * 11.31 ** 0 0 
8. Mocap lOG, 30 g/6 months 82.215** 21.97 ** 67,770** 11.90** 39.3:36 3. :-,9 

9. Temik lOG, 30 g/G months 8:J,767 ** 19.95** 5 7.1 8~ ** 8.88 ** :Z9.405 :u;; 
10. Furada n JOG , 30 g/6 months 78.578** 21.6:l '" ~ 8.854 * * 8.60** 23.-175 2 :l5 

11. Vydate lOG, :30 g/ 6 months 71,4 12* * 16.o:r • 36.7.56** 5.:36 ' 30. 146 :3.0:3 
12. :\emagon 8.6G. 48 g/6 months 61,281 * 11.66' 6,565 0 9:3 0 0 
13. E-D-B, W-8S. 9 em' (pre-plant) 58.069 9.98 7.65:3 l. J:l 0 () 

14 D-D, :lo em 3 (pre-p lant ) 62.5 16** 11.32* 14.596 2.04 () 0 

1 1 hect are = 2.47 acres. 
** Signifi cant difference (1 "i ) over the control. 
* Significant difference (5 c( ) ove r the contro l. 
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F1c . 2.-Plantain plants of the second crop: front plot. untreated control; back plot. 

treated with the granular nematicide Dasanit. 

During the first ratoon the treatments with Nemagon granules. D-D 
and E-D-B. at the dosages and t ime interva ls applied. proved their 
ineffectiveness by the relativelv low yields obtained . At the time of the 
second ratoon. plants from these treat ments had died. 

Increases in yield and num ber of crops obtained by the use of granular 
nematicides like 1 emacur, Dasa nit , Mocap. T em ik, F uradan and 
Vydate are not their only advantages . The granular form in which thev 
are formulated permits fas t. easy and economic application to the soil 
surface without using s pecial applicators. This is especiallv important in 
Puerto Rico where labor is scarce a nd wages are h igh. 

RESUMEN 

Un ensayo se efectuo con el propbsito de evaluar Ia efi cacia de varios nematicidas en el 
control de los nematodos que atacan el platanero (Musa acumiTUJ ta x M. balbisiana, AAB) . 
Los resultados ohtenidos indicaron que los nemat icidas Nemacur G, Dasanit G, Mocap G, 
Temik G, Furadan G, Vydate G y 1 emagon C. E . usados adecuadamente prote!(en las 
plantas del ataque de nematodos a l extremo de que se evita n reducciones en e l rendimiento 
causadas por los nematodos. Mediante el uso indicado de estos compuestos ha sido factible 
por primera vez en Puerto Rico, producir hasta tres cosechas de platanos sin necesidad de 
resembrar Ia plantae ion despues de Ia primera cosecha como es Ia pn\ctica corriente. 
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