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FORAGE YIELDS AND PLANT
CHARACTER CORRELATIONS IN THIRTY DIGITARIAS

A. SOTOl\IAYOI{-H.ios, J. VJ::LEZ-FOI{TC~O and C;. SPAl:\, (1)

INTIWDUCTION

It is well know that Pangola gr<iss (Digitaria decumbens Stcnt), has positivelv
contributed to the grassland agriculture or many tropical and subtropical countries of
the world. Serious diseases and pests found on Pangola grass pasture sreported
(3, 5, 6, 9, 22), justify the expansion of the Digitaria germ plasm in order to parch
for phenotypes which could be used for forages or superior parents for their utilization
in a hreeding program. Fortunately the Digitaria germ plasm has been significantly
increased in Florida, Puerto Rico and ill many other countries of the Caribbean due
largely to the plant exploration and systematic research conducted by A, J. OAKES

in South Africa in the early 1960's, ·:7).
In Florida. Puerto Rico and other countries detailed studies on the morphology.

taxonomy and agronomy of these Digiiarias have been conducted (I, 3, 8,10-20) ;the
main objective has been to develop new technique aiming to produce through hybri-
dization and selection, superior forages with better agronomic qualities than found in
Pangola grass.

The purpose of the present investigation was to evaluate and compare 29 Digiia-
rias and Pangola grass for total yield and a series of plant characters during the
period of one year at Rio Piedras, Puerto Rico. All possible correlations among yield
and three independent variables were also computed to study the possibility of utili-
zing these plant characters as a tool in the future selection of superior phenotypes.

TIle superior Digitarias from this study, if found to be fertile, will be utilized in an
improved pasture program through the use of hybridization.

:vIATERIALS AX]) :YJETHODS

Over 200 DifJtaria accessions, most of them from the l '. S. D. A. collection (7),
wore space· planted in a 3 '/ 3 feet nursery at Rio Piedras, Puerto Rico, All grasses
WClT planted vegetatively after they were released from a quarantine period.

(I) Associate !,lant Breeder in Charge, Curozal Substation; Head, Department of
!'lant Breeding: and Associate Agronomist Agricultural Experiment Station; :\Iavagucz
Campus. Un iverxi tv or Puerto [{;co, Rio Piedras, P. R .
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The species distribution in this nursery was as follows: D. decumbens Stent ..
D. erianiha Steud., D. gazensis Rendle., D. pongi(lora (Retz.)pers., D. macroglossa
Henr.• D. pentzii Stent., D. polevansii (Stent.), D. setivalvaStent.,D.smutsii. D. suiasi-
landensis Stent., D. ualida Stent., and Digitaria sp.

The main objective of this space-planted nursery was to search for superior pheno-
types which could be used as forage grasses or as potential parent in a breeding pro-
gram. All accessions were evaluated using visual ratings for the following plant cha-
racters : ground cover ability and/or vigor, growth type (hunch. decumbent, prostrate,
etc.,), reaction to the attack of diseases, especially rust, caused by Puccinia caliucnsis
Ell and Fv., reaction to the attack of the yellow aphid (Sipha (lava Forbes) and flowe-
ring habit. The best accessions, selected, thirty in total, their U. S. D. A. (United
States Department of Agriculture) and P. R. P. l. (Puerto Rico Plant Introduction)
numbers. arc shown in table I.

The 30 Digitarias were planted on a « Vega Alta» clay loam at Rio Piedras using a
randomized complete block design with four replications on .J anuary, 1966. A complete
fertilizer, 14-4-10, was applied at a rate of 2,400 pounds per acre per year in six equal
applications after each 60-days harvest interval. Each plot was 9 X 25 feet. A center
row of 42" x 25' was weighed; samples from each plot were sent to the Central Analy-
tical Laboratory for dry matter and nitrogen percent determination. The crude pro-
tein content was calculated using the factor 6.25 times N.

Prior to each 60-day harvest all plots were evaluated using visual ratings of
I to 9, nine being the best condition.

With total green weight (Y1)' total dry matter (Y2) and total protein pounds (Ya).
the following plant characters were correlated: ground cover ability and/or vigor Xl) ;
resistance to the attack of rust caused by P. cahuensis, (X 2) , and resistance to the
attack of the yellow aphid, Sipha. flava (Xa;. Also all possible correlations between the
dependent and independent variables were made during the six harvests.

RESULTS ASD DISCUSSION

The green weight yields (pounds per acre per year) produced by each Digitari« are
shown in table 2. Selection number 16, D. setiualoa, was the lowest producer with
55,577 pounds while selection number S. D. milanjian« had the highest yields with
124,764 pounds. No significant difference was observed between selections number
5, 24, 30, 15, 22, 4, 28 and I4 at the 5 present level. ,\11 of these grasses were signifi-
cantly better than the remainder 22 Digitarias at the 5 percent level.

All possible interrelationships among green weight yields and the three indepen-
dent variables are shown in table 3. Positive significant correlations, although low,
were observed between total green weight and two of the independent variables,
YI X i- r =.: 34 and Y l Xs' r = 12. A sign ificant negative correlation was observed
between total green weight and resistance to the rust attack, YI X 2 , r = 16. The
correlation coefficients for each of the six harvests are also shown in table 3. Except in
the second harvest, positive significant correlations were observed between green
weight and ground cover ability. The highest negative correlations between green
weight and rust resistance were observed during the 4th and 5th harvests which were
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made on the last part of November, 1966 and January, 1967 respectively. A signifi-
cant correlation (r = 28). was observed between green weight and aphid resistance on
harvest six.

During the period of April 1966 to March 1967 a total of 71.71 inches were recor-
ded in the Rio Piedras Station. The total precipitation (inches), every 60 day interval
during the duration of the experiment was as follows: April-May, 1966: 14.05. June-
July, 1966: 10.89, August-September, 1966: 17.48, October-November, 1966:
13.57, December. 1966: January, 1967: 11.00 and February-March, 1967: 4.72. It
can be observed from this rainfall data that the lowest precipitation was recorded on
the last 60 days of the duration of the experiment or on harvest number six. Also the
h'ghest positive correlation was observed between green weight and insert resistance
(1' = 28), as compared to the remainder five harvests. A positive relationships exist
between the highest yielder Digitarias and resistance to the attack of the yellow aphid
at Rio Piedras.

The data in table 4 and figure 1 show the dry matter yields for the thirty lJigi-
tarias. The bi-monthly comparison for each Digiiaria is also shown in figure 2. It can
be seen clearly that in the July harvest the highest yields were obtained for all the
grasses. Selection number 24, D. eriantha, had the highest yields with 40,484 pounds
of dry matter. This selection proved to be significantly better than the remainder
2) Digitarias at the 5 percent level to include selection number 30 or common Pangola
grass.

The dry matter yield of selection number 24 was higher than that reported for
Pangola grass at Rio Piedras by VICENTE-CHANDLER etat (21) when this grass was cut
every 60 days and 800 pounds of nitrogen were applied.

In table 5 the correlation coefficients between the dry matter yields of the 30 Digi-
tarias and the three independent variables are shown. The partial correlations between
the dependent variable (Y) and the independent variables (X), followed a pattern
similar to that observed in table 2.

The comparisons for the total protein yields of the 30 Digitarias are shown in
table 6. Selection 24, D. erianiha was the highest yielder. It produced 2.449 pounds of
crude protein per acre per year. No significant difference at the 5 percent level was
observed among the top nine Digitarias ; their yields ranged from 1,897to 2,449 pounds
of crude protein per acre per year. The correlation coefficients among protein yields and
the three independent variables are shown in table 7. The correlation coefficient bet-
ween total protein pounds per acre and ground cover ability and or vigor, Y1 X,
(r = 25), was significant at the o percent level. The correlation coefficient between
total protein pounds and rust resistance. was as in previous case negative and signifi-
cant at the 5 percent level.

lltilizing the same Digitarias and the same field experiment reported on this
paper, l_IU (5), concluded that the rust disease observed on these Digitarias and on
Pangola grass is a variant of P. oahuensis ; it was identified tentatively by him as
P. oahuensis var. Digitaria decumbensis. This author concluded that a great number of
Digitaria clones as P. 1. 6438 and 6535 exhibited a high degree of resistance to the
Pangola rust. According to our results, these two selections, P. I. 6438 and P. I.
6 535 also showed a high degree of resistance to rust (table 8), but they were not
immune to it. They both had a mean value of 8.4 throughout the year.
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None of the 30 Digitarias exhibited complete resistance to rust or to the yellow
aphid attack (table 8).

Selection number 24, D. eriantha, had a rating of 9.0 in regard to ground cover
ability and/or vigor throughout the duration of the experiment. Thisselection abo was
the highest yielder in regard to total dry matter and protein. On the other hand, Selec-
tion number 24 exhibited a poor resistance to rust attack, throughout they ear, a mean
value of 5.8.

The data provided in table 8 undoubtedly help to explain the negative correlations
obtained between the total yield of these Digitarias and rust resistance. The highest
yielders and hence the most vigorous and probably the most succulent selections were
also the most susceptible to rust in this experiment.

SUMMARY

A large number of introductions belonging to the genus Digitaria mostly from the
OAKES Collection, were evaluated at Rio Piedras, Puerto Rico. for a period of one year.
AU introductions were studied in a 3 x 3 feet spaceplanted nursery for a series of plant
characters using visual ratings.

From this original nursery, the best 29 Di gitarias and Pangola graBs were planted at
Rio Piedras using a randomized complete block design. The total green weight, dry matter
and protein yields per acre yearly were determined. All grasses were harvested every
60 days; prior to each cutting all plots were evaluated using visual ratings of I to 9. nine
being the best condition. With total green weight (Y1)' total dry matter (Y 2) and total
protein pounds (Y 3), the following plant characters were correlated : ground cover ability
and or vigor (Xl) ; resistance to the attack of rust caused by Puccinia oahuensis Ell
and Ev. (Xa) ; and resistance to the attack of the yellow aphid, Sipha flava Forbes (X 3) ·

Although low, significant positive correlations were obtained between Y 1 Xl (r = 0.34),
YI X 3 (r .~= 0.12), Y 2 Xl (r -== 0.29). Y. X 3 (r c-= 0.10) and Y 3 Xl (r = 0.25). Significant
negative correlations were obtained between total yield and disease resistance; Y 1 X 2

(r = 0.16), Y I XI (r = 0.12) and Y. X. (r = 0.14). A possible explanation to these
negative correlations is that when the grasses were rated after each 60-day interval,
the more vigorous and hence the most succulent grasses were also the most susceptible
to the rust disease studied.

Dry matter yields ranged from 15,841 to 40,484 pounds per acre yearly. One selection,
D. eriantha (P. R. P. 1. 5277), outyielded the other Digitarias including Pangola grass
at the 5 % level.

RESUME

CORRELATION ENTRE LE RENDEMENT ET DIVERS CARAcn~RES ))'APPRECIAl'IO!li

POUR 30 CIGITARIA

Un nombro important d'cspeccs du genre Digitaria provenant essentiellernent de la
collection OAKES a ete experirnente a Rio Piedras sur une peri ode de un an. L'ecartement
de plantation ctait de 90 x 90 ern dans un essai oil les caracteres ont etc reperes par
notation visuelle, de I a 9.
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1>ecette premiere plantation on a selectionne 29 Digitarias qui ont etc mig en compa-
raison avec le Pangola en essai bloc randomise. On a determine : rendement matiere
verte (Y I) : matiere seche (Y 2) ; proteine (Y3) par ha, en recoltant a 60 j. Leg notations
Haient faites avant chaque recolte : degre de couverture du sol et/ou vigueur (XI) ; resis-
tance a la rouille l'l~ccini(l oahuensis Ell. et Ev. {X 2) ; resistance aux attaques de Sipha
!f.(lVa Forbes (Xa)·

Bien que Iaibles, des correlations positives significatives ont etc obtenues entre :
y] XI (1' = 0.34): "I '"3 (1' = 0.12); Y2 X, (1' = 0.29): '1'2 X a (1' = 0.10) et Ya XI
(1' = 0.25). l)'alltrepartlescorrelationsncgath'cssontlessuivantes:Yl X 2 (1' = -0.16):
Y 2 X 2 (1' = - O. (2) et Y 3 X s (1' = - 0.14). On pourrait estimer que ces correlations
negatives sont liees a la plus grande sensibilite des plantes les plus succulentes a la rouille,
ces plantes etanr aussi les plus vigoureuses.

Les rendements en matiere seche sont compris entre 17,5 et 45,7 Trha. Une selection,
D. eriantha (P. H.. P. 1. 5277) a depasse les autres y compris le Pangola de facon signi-
ficative.
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TABLE I

Thirty Digitarias selected at Rio Piedras. P. R.,
from a space-planted nursery and their Plant Introduction (P, I.) numbers

Selection
I

Plant Introduction Number
Number Specie"

I'. S. D. A. I p, R. P. 1.

I D. milunjiana 299 fi55 G4H4
:! ! D. milanji,,,,a 2991;!I:, 6 t,2i
:1 iJ), milanjiana ::!H!I fj!Jfj fi 'l:l~

'. rD. decumbcns ;, 12;)
s D. ",ilanjia"a :1UH ti9U Ii 5',:1
Ii D. mila"jiana :!9~ tHii 66tU
i D. mi"",jia"a .'ubsp. eylesiana 2~1~ iH; H /t~~
II D. milanjiana ~!f!1 !ill\ f,49'.
9 D, miittnji,ma subsp. cylesiana :!~J~J '; I:i ,,1\13

HI D, milanjiana subsp. eylesian« :!ml,;ui r; 1),)lI
1'1 D. mittlnjiana .~ubsp. eylcsian« ::!~m rn Ii li2~
\2 ID. milanjiana subs]», eylesiana ~!I!J ill:! Ii :I7K
1:1 ./). milanjialla subsp, cytesi{('l1lI :.!~.~J iU~.1 li:l!)l
\10 I D. milanjiana subs]», evlesiana :!H~' 7:to E'j ~I;;

I', D. milanjiana ""b.,p. evtesiana :!!)!I7:11 fi./dH
11; D..,(tivalt'a ::!!J!t 7~J I Ii '/i1
1i D, seuvalv« 2~'U ~u. 6 !j:l/
IN D, smussi, ~!19 ~Ul'l Ii a7:J
'W D..smutsi! 2~)~J )O::!l'": 6 !1:1~
:!ll D. milanjiana subsp, eylesiuna ~~~f 7:!H I; -'tOK
21 D, decumbens :!!f!1 Gill 6 4:l~
~~ D. decumbens

I
-n» t;~d f. '1 :!'t

t:l D. S1"uzilaltdensi.' :!~.!~ ~:r; G 5:~~1
:!~ D. rrianth« s sn
~;) D. valida :!~H' ~7;~, Ii 1,:i:1
2G D. pentzi; :!!l~' 7'J:.! ti l.O:,
2i D. pCllt:ii :.!!m 75:1 li'.:-m
~H Di!!uaria sp. :!9t.J ~9:! it ".O:?
:!~. Digltaria sp. :!!Hi :!lU I. ;):.!:;
:!lI n. decumbr.i« III 1111

._-
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TABLE 2

Comparison [or the total green. we·ight yield [or thirt}· Digitarias

Selection No.

:30
15
22
4

~8
H
.:!I
20
.:!:l
2(i
19
29
27

7
·11

6
18

2
1i

K
1.:!
1;1
10
1
:1

.:!5
9

Hi

I:.?,'t,iti-'t
1:!~,~a~
t 1'1;1.77
II :J'7~j':!
11:1,;;U
·110,711
HIl'i,:l.:!\
lOll, lit,
·IU1,:II:1
100,;(1'0
9i,:in'•
\1(;,\111
~J5,!)65
~J5,X'dJ
H'.,-'t31
!1:I,I;;
~n.n:v.
87,801
IlI,:lfji
!!6,70~)
7~. ~~J1
7tJ,l:ri
7:1,1l6:l
IIJ,I:Il'i
/;Il,Il:I'.
liK,l!!fi
l)r),:!5~

'i'.,llM
.i.'1,fi6ti
- r: ~ ......
".),iJlJI

Statistical Significance"

II
i
!

" Significance determiner! by Duncan's new multiple range test. Any two means not spanned hy thr-
same vertical line an' significantly different at the ;. % level.

TABI.E 3

Correlation coefficients between green !L'ei«ht yield ground
COVel' ability and/or oigo«, resistance to rust attack,

and resistance 10 the yellow aphid attach for thirty Digitarias

Ground COVet· Resistance to Resistance to
ability "n/or rust attack the yellow

vigor (Xl) (X 2) aphid attack (Xli)

Tutal Ilreen \wight/A/year ('i't)······ 0.:14" -fl.16" fl.12*
Green weight yield, 'lst harvest ..... tl.:lll" 0.16 Il.O';

- - .:!lld - .. " .. 1),1)2 -lUI O.O.:!
- .- ;lnl --- ..... 1).1l(~ -O,O~ 0.1)(,
- ~ '.til -- ., , .. O.:I~~ ·-O..:!7* 4).O~

-- - :;th - .... - O.4HM .- 0.22" n.15
_., .- lith - ..... O.;l!\~ -0.12 0.28*

• Significunt at the" % level.
D/ for tolal green weight A rear - 71 r..
D/ for green weight lbs on each of the six harvests ~ II Ii.
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TABLE 4

Comparison lor the total dry matter yield lor thirty Digitarias

Selection No. LbsjAcre/year Statistical Significance*

i

II

It O,!tfl,4
:~:!,,, 'j.'"
;1I,657
:1l,5!J7
:JI,5:!:!
:lU,G7Ii
:IO,2Ii:1
:m,:J07
2):(,:!t~
:!7,fi74
2fi,8(i~
26,59'.
2ti,'155
25,!lOi
:!!i,1l:12
~!f,~)f)l

2-1,702
2{1,:l7~l
23,931
~:iJ~lf)
:l:l,U:!O
:lI,7UO
21,(J:!!1
20/,11
'19,1:1ti
18,703
18,;,29
17,9;)7
17,026
15,~lol

,~

5
21
I!)
27
-I',
11
15

28
29
20

Ii
OJfi
HI

7
17
12
1:1
:l
I

10
~
!I

25

_._1h~
=~============c--=======

* Significance determined by Duncan's new multiple range test.
Any two means not spanned by the same vertical line are significantly dit1(>rcnt at the 5 % level.

TABLE 5

Correlation coefficient, between dr~' matter yield,
ground cover ability and/or vigor. resistance to rust attack,
lmd resistance to the yellow aphid attack lor thirty Digitarias

Ground cover
abili ty anti/for

vigor (XI'

Resistance to
rust attack

(X 2)

Resistance to
the yellow aphid

attack (X~)

·· .. ··1......

Tutal dry matter yield/A/year (Yz) ..
Dry matter yield, l st harvest .. , .. '

2nd
3rd
4th
5th
r,th

0.29*
0.24·
0.0:1
O.\Ii
0.'00*
OJ.I·
0.3:1*

- 0.:12·
0.09

-0.02
._- 0.01
-- O.2!1*
- 0.11'\*
-(I.Oti

0.10*
-0.01

0.04
n.70
0.20*
0.13
0.23*

* Significan! at the 5 % level.
Df for total dry llIatter/a("e/~'ear = 71(i.
D] for dry matter lbs 011 each of the six harvests ~' IHi,
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TABLE 6

Comparison lor the total protein yield lor thirty Digitarias

Selection No.

2ft

"29
tH
I!l
23
11, 22
:10

'.
15
21
~71 1f•

20
7, Ii

III
t~
26

2
17
1
8
:I

10
25
tI

13
16

LbslAcre/Yloar

:!,~,,,~

:.!,:.!r,5
2,nHI
1,0; 'I
2.n:1I
2,Olti
I,!l:iti
1,897
1,857
I.H',;
1.ili7
1.757
1.7.52
1.1'8H
'J ~f;'.:-I
1,55,1
'1,~13
1,508
1,_lI8
"1/.f)9
f,:l!j',
1.:lW.
1,:1511
t.:!2!1
·f.205
1,170
l,mm

* Significance deterruiued by Duncan's new mul tiple range test.
AllY two means not spanned by the same vertical line are. signilkantly different at the;' % level,

TARI.E 7

Correlation coefficients between protein yield,
ground cover ability andior vigor, resistance to rust attack

and resistance to the yellow aphid attack lor thirty Digitarias

Ground cover Resistance to Resistance to
ahility anel/or rust attack the yellow

vigor (Xl) (X 2) aphid attack (X 3)

Total protein Ibsl Afyear 0'3)' ...... 0.15- -0.1"* o.ns
Protein Jbs, '15t harvest ........... 0.25" ·-n.n7 -0.02

- 21111 '- ........... - O.ill -n.11 -(UO
-"-. 3rd - ........... 0.06 --·0.0\ 0.01
--- loth .- ., ......... 0.20" i -0.20- o.os
_. "th _.- ......... _, (U6· -0.01 0.115

6th - ........... 0.16-
I

0.00 0:17-
I

- Sii!nifieant at the .; % 1..,"('1.
Df for total protein JbsrAI~'f:ar = 71li.
Df for protein Ibs OIl each of the six harvests ,~ Uti.
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TABLE 8

Visual rating means» tor ground cover ability and/or vigor.
(Xl) resistance to rust attack. (X z) and resistance to the yellow aphid attack.

(X a) on thirty Digitarias at IUo Piedras. Puerto Rico

Visual Rating's (Means)
Salce lion l'iumber

Xl Xs Xs

I fi.7 f') 7.11).-

:! 1\.0 6.5 6.4
3 5.:1 s.s 4.11

" 11.6 s.s li.9
5 8.1 1<.1 5';)

Ii 7.0 7.5 5.8
7 1;.8 7.U 5.1<
K 7.1) 7.'. ' -"./
9 6.9 7.1 I 4.8

10 I 5.8 ti.5 ~.:l
11 7.0 Vi 5.3
I') 5.)3 -- tL:l.. ,
1:1 Ii.S 7.:1 4.2
1 ~I 8.1 7.:1 6.11
15 7.:1 i.ti li.l
16 ;1.2 5.n .'•. :.!
17 8.:) i.~J 7.1
18 7.5 8.0 5 "
'J!I 1<.7 n.o 6.6
20 7.:1 7.5 5.8
:!J ~.7 8.'. 7.8
22 1<.9 5.7 7.5
2:1 8.9 H,,'. 7.5
:H. 9.0 5.11 7.:1
2;) 5.\1 7.:i 5. t
:!('l 8.5 7.fi 6.0
~7 lUI R.:I 7.l-\
211 8.3 8.1 :l.!l
2H 7.1 F).It 5.H
:JIi 8.8 f"a 7.2

• From a total of 2', ratings per selection, made every (j()·(J;.ys and during the period of one year.
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FIG. I. - Hi-monthly comparison of 20 Digitaria during the period
of one year at Rio Piedras, Puerto Rico.
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