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Effect of Spacing and Nitrogen on Growth artd Yield of Manioc, 
Maniteos esculerzta (:santz Grown as am Bnt~rcrcrp rrnder Coconrlt 

l i .  P. bll. G'UNAS~N!% 
Fhculr:. ,.I' /I,yricirltitre. ~jj'niversity of' Perij.rieniya, Perucfeniya. Sri Lnnfia. 

Abstract : An experiment was conducted at  i11e Coco~lut Research Instit;~tc of Sri 
Lanka, Lunuc~la, tci study the effect of spacing and nitrogoit application on dm growth 
and yiold of nlanioc when grown as an intercrop under coconut. Lcvcl of nitrogen had 
no clyect on t~lber fresh weight yield or dry mittfer accumulani~~n. Spacing had a 
marked effcct on tuber fresh weight 'lield and 0.91 x 0.6: m spacing was significantly 
superior to the wider spacin?:~ tcqted. The reduction in le;:f, stem :~nd tuber dry 
matter yields and leaf area index (L) after 8 n.lonths of pkmting indicated that variety 
MU 72 reaches inaturily and is ready for l~arve-.ting at this stage. 'Tot;li and tuber dry 
n.;:rttci yields vvere linearly con.el;ri.ed with 1e:d area duration (D) slioo,ing that leaf 
area i s  the major detel-~ninant of crop yield. 

Owing to tllc widc range of economic and agronomic ;!dv:~ntages of intcrcropping 
coconut lands, it is being increasingly recog~lized it1 almost all t f x  coconut growing 
coul)tries as against tlie outrnoded practices of monoculttire. Of the many crops 
that could bc cultivated as irltercrops under coconut. manioc ~~ppcars to kc onc of tlie 
most promising crops. It i s  a popufar root crop among many farmers. Ttds 
popularity is on  account of its tuber yield which coultl bc obtained with comparatively 
Pow capital expenditure, minimum possible manasement practices needed by the 
crops? tlre longer period for which thc crops could be left i n  the soil with lit!.le or no 
loss of weight, elc. The crop is also rernarkablc in its adaptation ;tiid when establish- 
ed could withstand per-iods of severe drought which would have advcrse etrects on 
most of the crops. Xt is able to make use of the carbohydrates in the roots and make a 
rapid start when the moisture is available. It could also be grown on a wide range 
of soil types and could be filled into poor soils whicl~ gives ic a compa~ative advantage 
over lilost of the other food crops. There are no serious problems in its culture and 
it is relatively free of pest and disease incidences. 'The dernand for manioc is predo- 
minant as a food crop and most of the rni~lioc produced locally is utilized for human 
,consumption. Manioc could be used as a raw material for a variety of products 
such as anin~al feed, starch for laundry work, paper and textib sizing and painting, 
production of power alcohol, adhesives, beer and liquid glucose. Thus, it could 
form the basis for a number of agro-based industries and tliese could create new 
avenues of employment particularly in the villages where uneinpioyment is a serious 
problem. 
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Althcugh intercropping coconut with manioc has been an age old practice, it had 
been done without any scientific foundation particulzrly with reference to agronomic 
prectices d e n  this crop is grown in association with coconut. Due to poor culture, 
the yield of manioc has been vcry low. The trial reported in this p i p r  is a preli- 
lnlnary attempt to investigste into the effect cf plant spacing - a ~ t i  nitragen application 
on the growth and yicid of manioc, and these cultural practices are regarded as King 
thc most important in increasing the yield of manioc when gown under coconut. 

2. Materials: and Methods 

Tile experiment was carried out during M:.y. 1973 to March, 1974 under a mziture 
stand of coconut of about 60 years planted 011 tlle square system at a spacing of 
7.92 x 7.92 m at Bandlrippuwa Estate of the Coconut Research Institute of Sri Lanka, 
Lunuwila. 

rJ-he soil was a deep, me!! drained, brownish tu yellow, to yelIou~ish sandy clay l o a ~ .  
wit11 lateriiic gravel occurring a t  an abersrgc deptli of 50.8 em. Soil 1s classified under 
the great soil group of Red Yello-bv Podsolic soils. 

Climatic data is given in Table 1. Tn ge~~cral, weatl-.er clxditions were s:ltisfi~ctory 
plant gtowth until end of December, 1973. Thereafter, from beginniilg of January 

to mid February the clop expcriericed a period of severe drought during which the 
rainfail receipts amounted to only 0.05 cm. 

TABLB 1. Climatic data, May 1973 -- tvlarc!~ i974. 

--,-- - - - - - . . - - -. . - - . - - . -- .- - - -- . . - .. . ,,, , . - ... 
Perio(.L Rainfall, c m  Tcnipcr;rture, ''C. 

Maxiniun~ Minimum - - 

May 

June 

July 

August 

Septeinbcr 

October 

Novenlbcr 

Demmbor 

January 

Fcbmaiy 

March 
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The treatments consisted of 4 plant spacings (0.91 x 0.61 rn, 0.91 ic 0.91 m, 
0.91 x 1.21 m arid 0.9i x 1.52 m j  anii, 3 ievels of nitrogen app!ication (44.8, 67.2 
2nd 89.6 kg N/ha). All treatment cr!rr,hinatinx. [stere armaged in randomized blocks 
rrplicn.tcd three timcs. Each plot measured an area of 15.3 x 15.8 171, \.vhicJl is 
i.i.j~>il+di:nt to 4 cnceilnt squares. Half of the t c td  ddtessin~ of i\T as urea (46% N) 
w:ts :i.pgiied ;d tt;e tti~ne of planik~gr while the rcmsisldei \:-ls top dresscd 60 .I:y 
;,?JLLI. planting. A11 plots received a basal application of 44.8 kg P,O,/hn as conccn- 
trated supcr pi:osphak (42 % P,O,) and 112 kg K,O/ha as muriate of potash (60% 
K,O). 15 cm long clittin.gs of' variety MU 72 cont2ining 3 to 5 buds tvere plantd 
r i i  2 c~~tf.ing!; per liill on 7th hlay? 1973. 

Tlle yla.,;ts vJere seque!ltially srslnpled 2t zmorttl~ly ic:ervnls, commencing 2 rnonths 
afier planliilg. At zxl l  saiuplicg, a hill seiectcd I-ii ral~dom horn i.;lch p!ot was 
barnpled, except uc the fii::~l h:uvest when 4 bils were ssmpled per plol. For each 
s:mple, 1:ubcr fresh weight and the dry weights of iubefi, steizs :in4 ',..- .--LLVLVBS were 
&termij~c:.o:i. Tire leal' area was estimated by the disk ~ : ~ c l h o d . ~  

ai~ber I)crra. The main eKects of ?re?-tlxccnts on tuber fresh wei.g!!t :<ield are givc.i: in 
'Table 3. ,2lthough tlxc c'iiEf~i~i~~e!; were nc~i2-significant tllrough:xr~ the entil:. pciiod 
of growtfi there was a mxrked rcspcnse .to levels of applied nftrogcn. The lower level 
of nit.rogn rc3.ci.ked rn;~ximun~ tuber fiesh weight yield 6 months afkr planting while 
the inte~lncdiate and the higher levels of fiitrogen reconlcd maximum tuber fiesh 
weight yielcls 7 and 8 rnontl~s after planting? respectively. Each i n c r c ~ ~ ~ e n t  of nitrogen 
iilcrcased tuber frccl~ weigh? yield ; the higher levcl of ni.trogcn recordcd t!ie highest 
yield 3:'iubr.r~ wlich wa:; nn iccrease of 14% and 27 rcsj~:ct;ively, compzred with the 
~ntarmcdiatc ;rid' lower levels of nitrogen. 

'l'nui.1. 2. Mnin eKxt of treatments on tubor ~ W S ~ I  weight yield kg/1u1. 
....... .................. ...... .... ..... . . .  _ _._I___- _ -  ---- ..-.. 

L..evcl of P4 Months after plailliilg 
............................ . . . . . .  ....... -.- - -- .. .. . - . . . . . . . . . . . . . . . . . .  

2 3 S G 8 9 10 I..cvel of N 
7 

44. 8 kbN,'hu 2i!9 4233 7658 16992 30332 28722 32112 27958 24896 

0'7.2 kgN;'hii 487 .ci63:; 9711 19957 30589 33994 32339 28389 25594 

89.6 kgN/h:l 329 4179 11698 16489 20623. 37316 38586 28905 24791 

L,SD (P = 0.05) N.S N.S N.S N.S N.S N.S S N.S N.S 
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Significant differences in tuber fresh weight yields betwvcen spacing treatments 
were recorded throughout the entire growth except at 2 months after planting. An 
increase in spacing decreased tuber fnesh weight yield ai>d the highest tuber yield 
(47,847 kgllia. or 19 tons/acre) was recorded* for the closer spacing (0.91 x 0.61 m). 
The increase irl tuber fresh weight betwee~l the closest and the x~idcst spicing (0.91 x 
1.52 m) was as lugh as 150% ( P  = 0.01) while tlic increLise over the recomrnenc!ed 
specicing of 0.91 x 0.91 m for crops grown in monocultule was 4 % (P -- 0.05). The 
data cieariy indicated that a higher yield of tubers could be obht::ec~ growing 
n~arlioc at a closer spzcir~g of 0.91 x 0.61 m when grown as ail intercrop under 
coconeit 

The tuber fresh weight yield decreased a f l ~ r  S months of pl<multing far all :.reatmenis. 
At this stage of growth !oaf area index (Tzble 8) also dccreaseJ indicatjng that thc 
variety M U  72 could be harvested around 8 n~ontils zfter planting."* Thc reduction 
in  tuber bulking and in tubcr yield after the maximura has been re:tched may bc asso- 
ciate~! with dry matlcr losses in respirrrtior-1. 

Tlze mean tuber bulking ratcs were calculated over :: period of 6 months from the 
eomrrlencelnent of tile tuber growth by usicg a lincar r,:grzssion equation 
Y == a -I- bx, where f' = yield of' tubers, a = a constmi, b = slopc of tile regressior, 
atd x -- time. The lowest bulking rate was recordcd fox 0.91 :< 1.52 m, followed by 
0.91 >: 0.61 rn spacing, while the highest bulking rate was recorded for 0.91 x 1.21 m 
spacing. (Appendix, Table 3). 'File tuber bsikinp, rtctcs .~LcT(: li~~c;:!. (R2 = 67, j %) 
however, unlike in the potato tuber, bul!ting rates iveic nor corrclrztct.l v,:i::ll tlic fiilal 
tuber ~ield.2~3 This may be due to t h i  relatjvaly l o ~ ~ g  period of tuber bulking in 
manioc when coinparecl with pota.to whesc th.e period of tu'ber bnIking is comparatively 
short. Elowever, Emyil rcported a closc relalior!.sliip bet:vcs:.! ttkhcr bt~ikitig rittc and 
tuber. yield in coco yams. 

TABLE 3. Mi1i11 effect of treatmnts on tubcr bulking r;:tc. 
......... ---- . -. .. - .............................................. , ........ 

a. Nitrog~n kg/hajwu:k Rl ( Y;) 
......... ....................................................... 

44.8 kgN(ha. 956.0 -" 
1:j.o 

67.2 kgN/ha 662.4 70.0 
59.6 kgN/Ra 91 7.3 67.5 

b. Spacing 
0.91 x 0.61 m 485.11 69.5 
0.91 x 0.91 rn 1003.2 66.1 
0.91 x 1.21 m 1133.7 -.. , 

i i J . 0  

0.91 x 1.52 m $58.7 63.6 
l..XU ( P =- 0.05 ) N.S --- - - 

- - -- -- - 
:kSudl a h!:<ri yield cstirllate perhaps is h i e  to the sinail sample size. 

*:*'&'hcihr,r dii?o!wni times of planting would give silllilar obscmtions 23 reco;ilcc! here need to bc 
iuvo:r;.iga::ct. 
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Maii~ eXcci of treili~~lents on total dry matter yicld is given in Table 4. There 
iverc no interactions betwee11 treatments. Nitrogen increased total dry ma:rer yield 
upto 8 ~~acrnths after planting and then declined. Each increment of nitrogen in- 
creased total dry niatter yield but the difference between leveis of nitrogen were not sig- 
nificzn?. i.Iigher Icvci of nitroger! rccoi-ded the highest dry matter yield which was 
8 % and 9x /,I~;Y-c thzn the intcrxnedizte and !o';.;er,levels of nitrogen, respectively. 

T.~BI.E 4. Main eEcct of treatments on totd dry matter yield kg/ha. 
. . .  .- . . . . . . .  . -. . - . . . .  - ..... 

a. Nit1.cge:eil Months after planting 
...... .- ........... - -. - ..... . -. - - .. - .. - .. . .- 

IS13 (I' =- 0.05) N.S N.S N.S N.S N.S N.S N.S N.S N.S 

Sigll.ilican! diffcrel~ccs in total dry matter yicld between ~pfi.~ii.ig tre8tnl~rii~ wcrc 
r~corcled at ull s?~l~plc: !~i:!~v@sts and an irlclease in spachg decreased total dry 
matter yield. 0.91 X 0.61 rn  sp~cing reachcd the highest dry matter yield 6 months 
a,ft.ftc! p!:;!rtii.i,g kvl-iile other spaciilgs recorded highest total dry mattcr. yiclds in tilc 7th 
and 8iil months ~ifrer planiing. ?'b difference in total dry lniiticr yield betv;een the 
C~oL..,c 6.,.,. t . and thc widest sl?acing was 14.8 0/,. 

LmS tlry m:;t'i'::.r yield increased upto 6 mr~nt11s after plniiting and declined fsr all 
~i t rogen treutmcnts (Tabic 5 ) .  Eacl~ iikcrement of nitrogcii il~ereascd 1c;d dry 
~l.l::.:~;:a yiclj ,  ih,: difi'i;rel:ces bciwccn i ~ ~ ~ . ~ m ~ 1 ~ ~ s  yvc:.~ r i ~ i  sianifi<a!;, at i;ay Stage 

.... 
o I .  1 hc l-~igher ic\d or ~litrogen i::cre;.'iseCi leaf dry niatfer yicld by 10% and 
12 y ;  rospoctive!y, whcn compared with thc il-~terinedlzte and the lower lcvels of nitro- 
gcrl at 6 munli?s aftel' :?!anfir?@. 



TABLE 5. Main effect of treatments on leaf dry matter yield. kglhn 
. ............ . -- . ........ 

R. Nitrogen hfonths after planting. 

b. Spacing 

0.91 x 0.61 mi 346 827 1054 $84 2834 !905 2200 805 563 

Maximum leaf dry in:ilter for spacing tre:.rtmen.ts wx, rrccordcd at 6 ~nonths after 
planting except for t h t  6.91 x 0.91 an spacing wh.ich recorded maximum leaf dry 
matter two months later. Tile n~rrsin~un~ leaf dry rnactcr recorded for thc closesi 
spacing (0.91 x 0.61 ril) was 2834 !:g/ha, vihich was an increase of 42%, 86% and 
265 %, respectively when compared with the \vic?tr spacings in an itlcrcr:sing ordcr. 
This was due to the direct effect of plane population, more plants per unit area progres- 
sively increasing the lcaf dry matter yield. The decrcasc in I cd  dry maf!:ci yield 
6 months after planting was due to rapid defoliation. 

Nitrogen increased stem dry matter yield upto 9 months from planting and then 
declined (Table 6). Significant differences between treatments were recordeci at the 
9th harvest taken 10 months afier planting ~v11en rhc intermediate and the higher 
levels of nitrogen wore significantly superior to the lo~vcr level of nitrogen ( P := 0.05). 
The: reduction in stem dry matter yield after 9 months could be regardcd as ttn index 
of crop maturity as the fresh weight yiold of tubers also kicve dcclirled al-ier this stage 
of gl owrh. 

A dccrease in spacing increased stem dry matter yield due to the procluction of 
more stems per unit area. Similar to that of the level of nitrogen, the maximum stcm 
dry matter yield for all spacings wepe recorded at 9 months after planting. The 
l~ighest stem dry matter yield recorded for the closest spacing (0.91 x 0.61 m) was 
6280 kgjha, this being an increasc of 147% compared with the widest spacing 
(0.91 x 1.52 m). 
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TABLE 6.  Main effect of treatments on stem dry matter yield, kg/ha. 

a. Nitrogen Months after planting 
- - .- - .. -- - - 

Level of N 2 3 4 5 6 7 8 9 10 

LSD ( P - 0.05 ) i\l.S N.S N.S N.S N.S N.S N.S N.S 744 

b. Spacing 

Nlesogen had no sigiificant effect on tuber dry matter >idd (Table 7). Highest. 
tubcr dry matter y~eld for all nitrogen levels wtre recorded at 8 mnntl~s dter planting. 
Tlls m:~xirnum tuber dry matter yielcl was recorcied for tllc highest level of nitrclgtjr~ 
(1 2,597 kg/ha) was only 2 % more when compared with other levels of nitrog~t. 

TABLE 7 .  Main effect of treatments on tuber dry weight, kdha. 
. . . - . . . . - - - ..- . .. . - - . - -. - -. - - .- .- - -. - - -. - .- ... .. 

a. Ni!ruga~ Months after planting 
- 

Level of N 2 3 4 5 6 7 8 9 10 

b. Spacing 

0.91 r: 0.61 in 54 1050 3190 6743 11490 14494 13958 11208 13504 



?'he tuber dry matter yield inci-cased progressively and ri:::ched 2- pez.k value bci-.vc:i.:a 
the 7th and 8th months d ~ e r  planting and then declined. An inci~asl: in spicing 
decreased tuber dry matter yield. The l~iighest tuber dry matizr yield was recorded 
for 0.91 x 0.61 rn at 7 months after planting. There was no sigr~ificant difkrence in 
highest tuber dry matter yield between 0.91 x 0.61 m and 0.91 s 0.91 m, but both 
these treatments were superior to the other widcr spacings. TI]. closcsi spacing 
increased tuber dry mattcl- yield by 135 % when comparcd wi th  thc widest spacing 
(0.91 x 1.52 m). 

Leaf area per area of land, tilo lodf area index was incrcased by nitrogen applica- 
tion (Table 8). The highest level of nitrogen had a maximum L value of 6.57, this 
Scing an increase of 18 "/;:and 21 % when compared with tho ~nletmediate and lower 
levels of nitrogen. 

T A L I L ~  S. Main o i k t  of treatments on leaf area indox, L. 
. - - .. . ~ . .  .. .~ 

a. Nitrogen Months after planting 
...... . ... . . . . .. . .. 

Level of N 2 3 4 5 6 7 8 9 Id 

b. Spacing 
0.91 >: 0.61 m 1.28 3.54 3.38 2.96 7.96 8.30 7.67 2.56 147 

'The closest spacing (0.91 ;.( 0.61 rn I had the highest L and th is  value was reached a 
n~ontll in advance of the other specings. T11is could be attributed to the increase in 
sl~csot number resulting from the higher plant popuiation. TIlc rnaximum L recor- 
ded for the closest spacing (0.931 x 0.61 m) was 7.96 followed immediately by 7.49, 
4.96 and 3.26 for the otixr wider spacings in an increasing order. Aftet the 8th 
month of planting, defoliation was rapid and L declined quickly, but the population 
effects persisted until the final harvest was made 12 months after planting. This 
would mean that the tuber bulking will be reduced after 8 months of growth due to 
the reduction in L, leaf being the most important organ in manioc. 
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Leaf area duratlon (Df , the i~ilegral of leaf area lndex with time was calculated 
f s s ~ u  tllc firat sdmple harvcst taken 2 montlts afier planting to tlze final sample 
Il~tvest made 12 months after planting (Table 9). Each increment of nitrogen in- 
(.reil\ed D Tile cloaest spacing (0.91 x 0.61 m) recorded thc highcst D. followed by a 
prn!:re.csive reductloll in D as the spacing ~ncrcased. Tile total and tuber dry matter 
y~ddn were linearly correlated u i ~ l l  D. and these lelatioml~ips couldrbe represented 
by the cqaaatioils Y - - 15743.0 f 93.47 D (P = 0.01) and Y-= - 12746 -: 56.73 D. 
( P  -- 0.01). I) accounting for 97% and 86% of the variation in total and tuber dry 
matter yields rcspectlvely Similar rclatioiisl~ips between D and total and tuber dry 
m;lttcr yields have been reported for other root crops sucl~ as the potato' and Coco 
vamb.1 The results reported supports Watson's5 contention that leaf area is the chief 
dekrrnlnal~t of crop yield. 

TARLE 9. Main effect of treatments on leaf a:ca duration. D. 
~ ~ 

% increaw/dwwase with 
a. N.itrogen D, woeks irymasing level, of 

nl trogon or spacing - .- . 

h. Spacing 

'File tubers of a single replicate har-vcsted 8 months after planting were anirlyscd for 
hydrocyanic acid content. The values ~anged betwcen 0.050:{, to 0.053 5'/, in fresh 
peelcii tubors which ;:ccording to Singha i i ~ d  Nair i s  innocuous. 

'I'i~anks arc due to Prof. A. S. B. Rrijagarn fgi HCN analysis, tc> Mr.V. Abeywardena 
for st;itistical aclvicc, to Messrs. W. S. C .  Pcrera and M. Bastian of tltr Aprostology 
l)ivisio~z cfihc Coc.:onut Rcsza~clz  1nr;titute of Sri Lanka for assistance with the organi- 
zatton or tlzc field work 2nd to Mr. W. A4. T. Wanisekera, for the preparation of the 
tnanuscripr. A research g:ar~i given to the first author by the University of Sri 
I-ankn, Peradeniya Campus; I'or conducting thiq invastigation is gratefully 
acknowledged. 
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