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Kconomic Analysis of Sweet Potato
Production in Taiwan

20 potatoes in
vl d '_.[_[_-(':_(_:'_\__ i‘

but the hectarvadge has

Over the: period 1971=5/ the area planted to
declined dramatically. Yields per hec ' e
daverdaging 214 kg gain per yean from 1970 to )
declined so rapidly that the volume of total production also shows

steep . decline (Fig. 1),

A'survey was made in 1976 to evaluate changes in yield and planted
area from the farmers' point of view and shed niore light on these trends.
aleer potatoes are grown as fivst, second, fall. and fall relay (planted
in rice) crops. \e chose the six districts listed in Table 1 because
they best nepresented the island-wide trends in planted area for each of

hese seasons or planting method. In each et, a sample'of farmenrs
was interviewed between dune and September, 1976, Fig, 2 shows the loca-
tion of the villages where interviews were made.

Three types of questionnaires were used. (One Wes given to 129
cuprent producers of sweet potatoes, This was a prod ction-cost question-
naire. Another 122 growers were given a production factor questionnaire
designed to determine producer attitudes. The third type, designed to
seek reasons for abandoning sweet potatoes, was answered by 68 former
growers. '

The survey indicated farmers might be puttine more fertilizep on the
fall relay crops than is profitable. (Note high fertilizer investment

B,
o
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[hese terms are the anes in current use in Taiwan.

and low yields in Changhua in Table 2). Thein nitrogen applications
averaged 3.6 times more nitrogen and 1.6 times more potassium than the
standard recommended for sweet potato by the Chiayi Aaricultural Experi-
ment Branch 4tation (Table 3). Farmers may intend some of this fertilizer
tor subsequent crops.
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Fig. 2. Location of sampli municipalities for AVRDC twoat potate survey, 1076,

Yield Rank by Season

The fall crop ranked highest with an average yield of 25 t/ha. This
was expected, because climatic conditions are the most favorable in the
fall. The first crop yielded 14 t/ha. the relay crop 13 t/ha, and the
second crop 13 t/ha. The farmers interviewed explained that wind and in-
idequate water reduced second crop yields, shading by the rice reduced
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Table 3. Fertilizer use in relay sweet potato, fall crop compared with
Chiayl Agricultural Experiment Station standard and the relay
crop in Chanahua.

[tem N K

Experiment station standard b6 110
Relay sweet potato (Changhua district) 239 173
Fall crop (Tainan) 122 14¢

relay crop yields, and unfavorable temperatures reduced fire ¢ crop vields.
These perceptions are generally st

upported by environmental ata,

Effect of Irrige

1LALTETES
bl bl et &

1ilabilit

‘ Sixty-seven percent of the farmers sunveyed planted sweet potatoes
irrigated fields. Eighty-four percent of fall crop farmers, 487 of seco
crop farmers, 42% of first crop farmers, and 100% of relay crop farmers
used irrigation. Overall, the irrigated craps yielded more than rain‘ec
Crops.

Type of Soil

On the farms included in the survey, best yields came froi cldy loar
and leam soils, followed by sandy loam, clay, sandy, and aravelly soil
(Table 4),

Table 4. Mean yield® of sweet potato root grown in sevéral soil types
and seasons in Taiwan.

Soil type

er S0N e v Tl =y
g gravel sandy sandy loum

lToam & clay loam  clay

First 14.0 14.0 1555 14.0 10,0
Second 8.4 12.5 10.6 12.5
Relay s 18.5 7.9 13.5 13.8

Fall - 24.3 17.2 28.9 1956

“Average based on replies of farmers in the survey.
|2
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Table 5. Labor hours

Lanﬁ preparation

ted formation

Basal fertilizer
Planting

Intertillage & weeding
iop dressing

Vine turning
Irrigation

Pest control

Taitung

(22)

Ist

hrs

Jer hectare

SW

(17)

_2nd crop.
hrs 3§

8 (.’

0
20 5
82 20
A2 10
£5 6
17 4
17 4

a0y

eet potato production,

6

1 23
128 £3
89 16
£ 1

o i

~
3 1

_relay.

203
(20)

h

LS

=
9

7

Changhua

0

[p]

—
L
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Value of output/ ) 1
Human labo 4
Animal power/ba (hrs)

Machine power {hrs)
Compost/ha 5,
{/ha (kgs) it
P/ha (kgs) 41
K/ha (kas) 7
AVP*/human labor (hrs)

AVP/animal power {hrs) 4
AVP/machine power (hrs)

13
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2. The contribution that inorganic fertilizers made to iﬂfrﬁdiﬂ in yiald
did not differ significantly according to soil type. Howeve
ySis or a seasonal basis showed significant 1nf|;:qc» of fentilizer
yield in two districts. In the second season ¢rop in Miaolil, potas-
sium fertilizer increased yields an average of 411 kg pen %1 invested
In" the Kaohsiung district fall season crop, the addition of %1 worth

of phosphorus increased yield by 1042 Ka.

3. Compost was found to have little influence on sweet potato Vields in
any of the regions.

4. Other investments such as those in insecticides
significant influence on sweet potato vield or
loam soil.

Attitudes of Producers and l Former-P 'roducers

3ased op the interviews with 122 producers of sweet po
former producers who have now abandoned the crop we came to the fal
canclusions:

tato and

1. The farm size of current sweet potato producers is. 1% times that
of former-producers, but the cropping in tensity index per'unit area
on the land of current producers is higher than that of f\rmvr-zrn—
ducers. This suggests a very nigh use of labor in r yroducing house-
hDTdS.

™

The family size of producens is 1.2 members Iarger, and their

families have almost 1/3 more members in the agricultural work
force. They work 33 percent more hours per nPLL in the st
34 percent more hours per week in the winter, which suggests that
the entire farm operation of sweet potato pi oducing households is
more labor intensive than that of former producers.

Lo

sweet potato producers tend to grow less rice and more field crops
than those who quit, suggesting that the availability of irrigation
water is a key factor in decisions to switch from sweet potato and
dry land crops.

4. Low yields of sweet potato are not a significant determinant .of
abandonment, as shown by the fact that producers are getting only
17 tons per hectaie¢ while former-producers got 20 tons per hectare.
Only 29 percent of former-producers said they stopped planting sweet
potato because of low yield.

n

Current sweet potato producers raise 72% more hogs than former-pro-
ducers and use a'much higher percentage of sweet potato chips in
their feed mixture. Thus, hog-raising is directly related to the
cultivation of sweet potato.

k 6. The management background of producers is not significantly dif-

f ferent from that of former-producers. Producers have about one
| year less of education, are one year o]uvr, and have only slightly

I LD S, Ml M ST W -l IR A TS T T,
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Tastier, More Nutritious
Sweet Potato

Breedin g

1ftyv-nine ¢l { i Y { I
cro involving cuiti ! :
I'Ii\ Tewer 1 uUsu 1 1 ol taid ot ol ow
nil 14 i By |
Our entomologist ddentitied si1x cultival whiaot howed low prefereén
!:,' '.'.'l'l"'.'il l_lfl'.[ .!-‘-if' "]:li weanre: now Tng=tnese .-f‘ | i ' LILLT "0
ing. programs along with six lipes which flower more readily to allow

nollenation amang them.

SEGREGATING PORULATTIONS

The seeds we produced and received gave us 3,269 uenotypes' (Table 8).

ATl genotypes were increased and plented an replicated trials for i

liminary. observation,



; 1 : ol ns. 107¢
I ( o aenoty
; ing  fi L] 1 nput Cul atior
f it Lty 1n Asia and the Far st | ow 2duse about
BEA - seasonal rains, lasting about 5
Rice qs ti the monsoon season, After the
on the r Just enough for a month'e growth
yther crop but i i crop Lo maturity. Also, many
t rfarmer I 5t of dinputs for crops other than
Therefore, a minimum input sweet potato could pro-
V' Ancne the present low cropping intensity in these areas.

our sweet potato materials to

| be developed for planting

st. We grew 194 cultivanrs and 495 breeding
ted to rice to select for genotypes that
v level fertility, low management, and

9). After the rice harvest the field was

No irrigation, pesticide, or fertilizer
the best yields in this screening were
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supplemental irrigation was applied. A total of 30 kg {/ha, 60 Kg P/ha,
and 90 kg K/ha, however, was supplied in one basal application and one
side dressing. The results are in Table 10.

In both groups, some breeding lines outyielded the local chnck?.
These yields too, were impressive considering the amount of inputs in-
vested,

Table 10, Pertormance of minimum input selections (table cultivars i.e.
orange root flesh) compared to local cultivar; 1976, AVRDC.Z

AVROC selection Pedigree Marketable yield Pest rating Rat damage
(or acc.) no. (or varietal name) (t/ha) score  (T)2 counts (T)2

Table cultivars (orange root flesh)

0122-2 B 6708 (0OP) 26 1.8 1.6
209-2 B 6708/0K-9-3 24 2.0 2.4
272-9 Red Tuber Tail/Allaood 21 15 175
016-2 HOK 12 (0P) 20 1%/ IS8
171 (check) Tainung 63 14 1.8 3.2

L.5.D. 0.05 5 0.3 1.5

[ndustrial cultivars (white of vellow root flesh)

{154) Tainung 10 27 1.9 1.6
( 5) Tainung New 10 25 2.0 234
( 57) (check) Tainung 57 19 1.7 2.2
(115) PI 344123 18 1ol 1.1
276-2 Red Tuber Tajl/OK 6-3-1-6 17 1.8 1.7
A (5 b 0.3 1.4

“planted July 28 and harvested Dec. 6 (130 days). bDate were transformed using
X 1 0.5 before analysis,

Screening for Moisture Tolerance

In 1975, we were not able to obtain reliable marketable yield data
because our experimental plots were under water many times. We observed
that while the tops showed luxuriant growth, numerous small roots were
produced which failed to enlarge. We had also observed that our vields
were betten when we planted during the wet period and harvested duying
the dry period. [In 1976 our screening trials for marketable vield were
planted in the latter part of the wet season.

In the moisture tolerance screening, we included 124 and 203 cultivars
for table and industrial use, respectively. The table varietiec wore

29
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Early maturing
Table selections:
-2 HDK 6/B

35
35-1 HDK 6/B
17

1 (check) Tainung

DT
17 1
15 1

trial selections:

i__r'ij._\‘:_ matur

Table selections:

209-3 B 6708/(

171 (check) Tainung 63
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AVRDC accession 117 continued to show resistance to witches broom ir heavily infect:
fields at Penghu Island (the Pest adores ),
efificiently. . Tips are comilonly eaten in the Philino: o In i, i
atner parts of Southeast Asia. e Led “valla
t (the fikst was conducted in!18975) of t to
ses Bips having acceptable attributes for
fen cultivanrs were included in this trial. e olet
block: desian with three replication: M 6 nVES Ea
14 consecutive times. at neervais ax Whi
was- capried out after 25
The yield and other horticultural traits of the promiss entries ang
aiven in I'(:_;,i‘:_, 1124 ]-“-, |‘,‘-.-\_'-_-}in1:" vields varied f£hom 10 't 16 n
ver oft tips vanied from 613,000 to 1,176,000 per hectare. ng
quality evaluation will be discussed Under a senarate he )
when the roots were I.fii"’] 130 days aftep planting, we some en
couldiyield as high as 16 t/ha 'in spite of the high tin harvesting fre
quency. The effiect of the high harvesting freauency Was quite notj !
in-the'case of Dilaw, Kinangkong, and HM 16 which aave little :
Resistance to Witches! Broom
Cuttings ot five sweelb potatosacecessions that wWera sple ted for re-

Istance to witches broon in 19

S screening. trials at Chi Din were planted
ab a neavily intested area in 1976 at Penghu Island to confirm their

resistance,

Altennate spreader “ows of mycoblasma-infected: susc pit
otatoes were usaed to amplify the spread of the causal erganysm, 0Only
1§ e |
§10ns (dec. no. 117) was confirmed as nesistant tn sWeet
i

ane of the 5. acce
broom under the epiphytotic conditions of Penghu (Table 13).

potato witches

1
&







Table 13. Disease rating of 5 cultivars of sweet potato to the witches'
broom infection planted at Penghiu, 1976.

Accession no. Varietal name % infection®
117 PI 344129 0
8 Daja 38( 14
172 American  Yellow Skin \\ 28
115 PT 344123 33
17 HOK 3 100

Planted: April 15, 1976. Inoculation: Natura] epiphytotic conditions.
Reading taken: July 16, Aug 10, Aug 20 and Sept 10, 1976. “Zcultivars
exnibiting less than 8% infection are considered resistant; 8 to: 20%,
intermediate; and 21 to 100%, susceptible.

Sensory FEwvaluation of Leaf Tips and Roots

Three organoleptic evaluations were conducted to assess. the eating
quality of leaf tips and roots of promising cultivars. Twenty-one panel
tasters were involved in the leaf tip evaluation; 51 and 30 tasters par-
ticipated in the two root tacting panels.

samples for leaf *iZ evaluation were prepared by blanching about thir-
ty 10 cm tips for each entry for 3 minutes in boiling water. Then they
were placed on white plates and served to the taste panel for evaluation.
The eating quality characteristics assessed by the panels were tendemness,
fiavor, stem color, leaf color, hairiness, and general acceptability.

The root samples were prepared by slicing the roots into pieces about
5 mm in thickness and steaming them in a pressure cooker for 15 minutes. The
steamed samples were placed on white plates and served to the taste panels
for evaluation of their flavor, dryness, stickiness, color, and general
acceptability. Analysis of data suggests that for subsequent tasting it
would be appropriate to separate the panel by nationaliity.

In the root evaluation, two check cultivars were used, one from the
Philippines and the other from Taiwan (Table 14). Taste panels compared
selections 031-3 and 35-2 favorably with Tainung 62 and rated them better
than BNAS-white as far as flavor was concerned. Except for selection 128,
all other entries had better flavor than BNAS-white, the Philippine check.
selections 031-3, 272-6, and 35-2 were scored as dry as BNAS-white.

A1l entries were comparable in stickenss with the checks except
selection 35-1. The panels scored selections 031-3 and 35-2 as more , »
acceptable in color than BNAS-white but comparable with Tainung 63. ‘vhey
scored selection 128, which was purple, the lowest under this categony.
Other entries were rated slightly acceptable, except for selection 031-3
and Tainung 63, which were generally rated acceptable.

28
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Select Cultivars with Resistance
Sweet Potato Weevils

During 1976 we screened 65 cult

i I 't |
to the sweet potato weevil (ouix inty-thi
cultivars, selected for resistance reenil t Kl
planted at Penghu Island, a subs 1S L Ir
Improvenient Station. The selecti : a rar 124
plete block design with 3 replicates ot
potato weevils were released into the e .
marketable size roots of each cultivar at har ! .
ing to our: evaluation criteria, i.e. I Japvae, pupae,
adults, and percent damaged root, 3 ed nesistant;
17" moderately resistant, and 11 susc

Another field screening was conducted at 18 5pring
N which 32 cultivars were evaluated for weevi CeLUSIng the i
procedures as in the previous experiment. Four cultivars wer: nk
resistant, 12 as moderately resistant. and 15 b labl
listsi the infestation levels of resistant anceei le chac! P
screened at both locations.

Thirteen cultivars from Penghu ; 1o . .
ing were sent to our cooperators in i la \I; .
ing.

During the summer of 1976 we studied the bioloay of su fil )
weevils in storage to find out whether their Iife cycle Under our storage
conditions differed firom what has been observed in other places we fou
that the female weevil excavates a cavity just beneath the surfac ot
roots and deposits eggs singly or in groups of up to 26 edgas 16 the cavity
The egg is oval in shape with creamy-white color and grainy: sunface and
measures about 0,50 x 0.80 mm. The incubationl periad lasts from 4 to 13

days. The larva is a legless grub with'a

:i!]?if—!'r'il'.-,"'. head and 1.5

¥a
b1l8

e T
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: i cultivars along witl isceptible
ning uring 1976
MSA T (et Wer 1
: ! { ra
f | j
i
(oW} ‘
whel tched mvory white whern
! served three instars du 1 the larval period
rup | f il is acout 5 mm
A ure wnite in color but wing pads, and
1y Y neary black and the remdinder of the body becomes

ire larval and pupal period the insect remains

y root. The adults emerge after a pupal period of

: l of Sweet P

the control of sv

t potato

e con ted in &b ne provided control
tist Y i f However, from sub-
: parison of the dat the Primicid 65 G and
' banded il respectively, and Thiodan

ide sprayed monthly at 2 kg and 0.5 kg a.i./ha, respectively

3 phostoxin fumigant for the control of

1 in sizes of weevil infested roots with a total
nt kg were placed in 12-l1ter containers. Phos-
n ta the pate of 1,6 and 3.2 g/liter volume. The

were dissected and veevil counts were made after a treatment hold-

seriad of 72 hours., able 16 summarizes the results.

g s T T e

e o e T oy f




Table 16. Mortality of different stages of the syeet potato weevil fol-
lowing treatment with phostoxin,

Phr}stux in dose LAl DS ) 7 20 .r"].".’f.f-.,‘a_l_.‘- _r'./ {)_ e A T E
mg/liter larvae plipae adults
32 100 100 100
1.6 98 \ 96,3 100
- 18 0.7 4.7

oo

It 'was found tpnat both levels of phostoxin were effective inl killing
Lhis insect. Phostoxin fumigation thus appears to be an effective way
of eradicating the weevil in storage. Caution must be observed in its
use, however, because the phosphene gas is very toxic to mammale. A pros=
longed funiigation period at high numidity also tends to encourage the
decomposition'of the roots.

Testing Molluscicides

Giant African snail (derazing fulzea) s a polyphagous moliusc that
attacks sweet potato in the field, especially during summer, It feads
maialy on leaves and tender stems. Among the 4 molluscicides (Mesural,
Metaldehyde, Luxan Slakken, and Temik) utilized in one experiment. during
1976 ) we found application of Luxan Slakken around sweet' potato vines at
d rate of |1 Kg a.i./ha gave the best control.
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Sweet Potato -Management Levels after Rice
To determine the most important input for syeet potato

production under low levels of management CONG i Ce crops: a
series of experiments was initiated in 1975, e fipst experiment was

designed as a randomized complete block with 3 replications and a split
plot arvangement of treatments. Main plot treatments incluced planting
methods and supplemental irrigation, and the subplots included wee
trol, supplemental fertilizer, and vine turning. The finst e
Farvested in 1976,

Lowest yields aocclrred in plots withi no weed cantrol |

- It wibun and a few other weeds predominated in the
Where weed control was practiced, there was a significant difference in
root vields between the management treatment with no fertilizer pius vine
turning and the treatment with fertilizer and no vine turning. Vine turn-
ing may not be necessary during the cool-dry season. This experinent fail-
ed to indicate differences in yield hetween rice-stubble culture and bed
culture. Supplemental irrigation and fertilizer applied at banking time
hoth failed to increase yield.
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Nutritional Progress and Potential
for Sweet Potatoes

WeEL | 10 [ 1y 1l A
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vataming B, o vitamif G, ashicontent, fiibet contant
cantent among tho varieties tested.
Compared with other leafv veqetablos, swe
goodivitamintA, BELipon, andiproted WiGes: He-vitanin
contentiof sweet potato tLips orobably is ofie of the Withasd
min Ba o sources among vegetables (including fruitsiand root 1
tables) and this vitamin® isdeficiént inimost Asian countrie
ineluding Taiwans Korea, and possiblycdapan,
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3, Oxalate ?s present in sweet potato tips, although the content is
not so high as in amaranth. and spinach,

4. The fiber content is relatively nigher than in other leafy vege-
tables, especially when the plant is getting older (Table 19).
This may reduce its acceptability.,

Table 19. Fiber content of sweet potato tips at various’ harvest times*,

_Days after planting

Acc, # Entry A 70 TN Mean
112 PI 344120 1.81 155 2,35 1.97
33 Earlyport 1.85 1.83 2.01 1.90
119 PI 344138 1.79 1.89 2.20 1.96
229 Kinangkong 1.85 2.14 2.42 2.14
212 Dilaw 1.83 1.75 2.11 1.90
1 BNAS-White (check) 2.26 2.26 2.42 2881
8 Daja 380 2.01 2.11 2.00 2.04
31 Rose Centennial 2.03 1.99 2,57 2.20
127 HM 16 1.94 1.95 2.40 2.10
104 PI 318856 2.24 2.09 2.29 vl
Mean 1006 RSN o8 M 2o 8 IR T o7

LSD (between harvest mean) 5% 0.08

LSD (between entry means) 5% 0.20

* - -
Date planted: July 28, 1976. 15 cm tips were harvested. All values are

means of 3 replications,

Protein and Oxalate Content

Above ground porticns of two sweet potato cultivars were analyzed for
the distribution of protein and oxalate content. The tips consisting of
the vine and Teaves in the first 15 cm from the apex and the remaining
leaves were separated into groups of 15 cm intervals. The distribution of
each of the nutritional constituents along the stems is presented in Figure
5. Note that the oxalate contents of both varieties increased basipetally.
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A difference of three-fold may be obtained between the tip and older leaves.,
lhe protein content fupther supports the 1dea that only youna tins of
swWeet potato should be eaten,

Tastel Tests
Relationships were studied between physical and morphological
charactenistics and eating quality scores by test panels.

some chemical or morphological characteristics of sweet potatyd tips
were measured jin the laboratory. Those dnalytical data were compared with
the results obtained from an orgdnoleptic evaluation in which panels farled
to detect differences in the flavor, hairiness, and general acceptability.
Thus tenderness was the only eating quality characteristic we used in this
study, There was a significant negative correlation between tenderness and
dry weight per leaf (r=-=0.717) and diameter of stem at cutting point
(r=-0,672). Tenderness was not significantly correlated with' fiber and dry
matter content in this experiment.

Relationship of Sweet Potato Yield and Protein Content

Many crops have a negative correlation between yield and protein con-
tent. The usual arqunent against breeding for high-protein in the Staple
Crop is that any increase in protein is accompanied Oy a corresponding
decrease in yield. We wanted Losseeliifiithis relationship exists in sweat
potato.

four trials were associated WIth ‘this project. The first trial Was a
yield trial conducted in 1974, Seventeen varieties were planted in AVRDC
fields with three replications. The second trial was conducted in the
spring of 1975. Nine varieties selected on the Dasis of thein protein
content were planted in AVRDG fields under a higher management level. The
third trial was conducted in the winter of 1975 by a contracted Pinatuig
farmer. Ten varieties were included in this experiment. Again a highen
Management Tevel was applied. The fourth trial was fhe fertilizer
experiment conducted by’ crop management in the Wint., af 1975, Only one
line was planted under 15 different fertilizen treatments .

Sweet potato samples were analyzed for their dry matter content and
protein content with the over (1059C) dry method and the micro~-kjeldahl
method.

The ranges of yield and protein content of these four trials are
summarized in Table 20. The correlation coefficients between yvield and
protein content are also given. First trial yields were relatively Tow
but had a wider range of protein content among-lines . The. nega- M.
tive correlation coefficient between yield and protein count was not signi-
ficant in the first trial but was highly significant in the second and
third trials (Table 20). In the fourth trial we founa a highly ‘signifi-
cant positive correlation. In the second trial yield was improved by
better management but the protein content was reduced. Results of the
first three trials indicate that there is a negative correlation between
yield and protein content.

40
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Three of the accessions used were included in the fire
The yield performances af those lines and their protein ¢
summarized in Table 21.

t three frials.

Table 21. The root yield and protein content of three accessions -included
in three sweet potato trials.?

AL T
vield protein’

167 1.1 1.32 41.1 0.4 23.9

“Some' trials as first 3 trials in Tabl

(D
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