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I. REGULATION OF CHILLING SENSITIVITY IN.WARM-ZONE CROPS
AID PROJECT (NO‘ 5.143

1I. A REPORT SUBMITTED BY: Chaim Frenkel, PI
RUTGERS UNIVERSITY-USA
Horticulture & Fores’ry Department
P. G. Box 231, Blake Hall
New Brunswick, NJ 08903

and
Paulo J. Araujo, CO-PI
EMBRAPA/CNPFT-BRAZIL
P.0. Box 403
96100 Pelotas, RS

I11. WORK PERFGRMED IN BRAZIL

EXPERIMENT A: Novel Storage Desipn For Field Maintenance of Sweet Potatces.

1. Objectives: To evaluate post-harvest maintenance of sweet poratoes in
a new storap: svystem, and

To evaluate the long term field storage potential of five
different cultivars of sweec potato.

2. Introduction:
Sweet potatoes ave widely girown in Brazil and are an important part of

e diet in Brazil, as well as other warm-zone countries. In the south of
azil, the post harvest losses of sweet potatoes lefc in the field during the
-
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ater months are high due to frequent frosts which in combination with the
ir season, cause chilling ivjury and favors ceve.coment of discases.

The sweetr potato is cultivated during tha summer months ‘Dec to March).
In the fall (around May) wher the first frost occurs, the growels remove the
vine for cattle feed, while the roots are left buried in the ground for later
wher prices are higher. When conditions of prolonged low tempevatures
acccrpanied by frequent riain persist crops located in flat land have to be
harvested and sold to avoid further deterioration. Only those fields located
in inclined areas can be spared from losses. However, these losses can be
reduced if a zood storage svystem is utilized.

In this study we aimed at evaluating the existing field storage
concitions and post-harvest losses of five cultivars of swect potatoes.
Another objective was to develop a low cost storage system, which can
effectively arrest the field chilling conditions.
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3. Materials and Methods:

Five cultivars of sweet potato including: Branca 1, Branca 2, Creme,
Abobora and Roxa were obtained from local growers. The roots were cured for
one week at 25°C and 93% relative hunidity (R.H.Y. Afterward, approximateiy 2
kg of sweet potatoes were placed in nylon nets, immediatelv weipghed, and
stored In bambu silos for cf

wree menchs These silos were constructed {rom
bambw rods of approximately 1.2

S0 meter in height, and were forced 10 cm deep
in tre ground next to each other in a ¢ivele. The top o!f rods were tied

togetter forming a cvliinder of 1.0 meter in diamerer and then covered with
ried weeds (Figure 1), Rice husks were prled 40 em deep inside cach silo to

rovide insulation from the <oil temperature and moisture. The silos were

her packed with alternating lavers of sweet potato baps and rice husk (Figure
.o 0n top of each silo was placed o plustic cover to prevent vater
» o [l 5

traticon from “he rain (Fignre 30,
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To measvre temporaiures of the stovape svstem a set of thermorouples were

talled.  The first and chicd thermocouplers monitored the tubers

!
temperature inside the siitca. The seeond and forth thermecouplers monitored
the silo temperature around the tubers. The fifth thermocoupler monitored the

Soil tempervalure Lext te the storape svsten.

Appr 2imately 3 omonths later, the srored tubers were evaluated.,  The
following paramelers wels measuved:  Percentage of weight-loss, firmness,

disesse. and general appearance and chilling injury. Chilling “njury was
rated by the browning and loss of fivrmness of the treated tissues. These
catlions were deooe middle, and

: ch siic:  top
botzom. Approximaiciv 15 potato bags from each positions was used for

in three positions of cac P

wation.

4. Results:

The results in table 1 show that after 3 months in storage the following
were obtained.

(1). Average weight losses were between 10 to 20% in all cultivars.

(2). Pest (mostly rodents) spoilage was mainly in cultivars Branca 2
and Creme. All other cultivars had none or lower incidence of
pest attack.

(3). The culvivar BRoxa had the highest 1ncidence of disease, which
was around 3 from the bottom of the

Gt
tuber and in some cases spread to the whole tissue.

The damage starced

(4Y. Two cultivars, Branca 1 and Abobora had high incidence of
chilling injury. Except for chese two cultivars ali the other
tubers had good appearance,

(3). Only the cultivar Roxa showed no sign of sprouting. All other

cultivar showed less than 5 to 22% rate of sprouting.



The results in table 2 show some physical and chemical evaluation of all
cultivars performed after the curing process. The usefulness of these
measurements will be evaluated when the data gathering and analysis are
completed.

EXPERIMENT B: A Study cf Chilling Sensicivity of Five Cultivars of Sweet
Potatoes Stored Under Controlled Temperature Conditions.

1. Objectives: To evaluate the chilling sensitivity of different
cultivars of sweet potato.
To determine the lenpth of time necessary to cause
chilling damage in cold storage.

2. Introduction:

Sweet Potato are very sensitive to chilling temperatures. The chilling
damage can occur in leaves and ths roots while in the field or when stored for
later consumption.

Other workers demonstrated that the depree of chilling damage depends on
the temperature and the cxposure time. Importantly, varieties differ in their
chilling sensitivity.

we employed controlled cold storage conditions to test varietal response
to chilling as basis for selecticn for field trials.

3. Materials and Methods:

Sweet Potatoes were harvested from local fields and allowed to cure for
48 hours. Some samples of the cured tubers were treated with Ionol, an
anticwidant, and subjected to different regimes of chilling in refrigereted
room at 5°C and 95% R.H. Samples were composed of approximately 2 kg of sweet
potazoes placed in nylon net. Twenty two bags were separated and weighed.
Half of them were wrapped with paper previously impregnated with 1.0% Tonol.
Afterwards all bags were placed in cold <torage. Bags were removed form cold
storage after 2, 4, 8 hours and in longer term tests afte , 8, 15 and 30
days. The samples were left to stand at room temperature r at least one
week before evaluating for chilling injury.
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Results:

L

The results from table 3 and 4 were obtained after exposing sweet potato
to different regimes orf chilling and allewing them to cure &t room temperature
for at least one weck before analyses were made. Table 3 shows the degree of
external chilling injury occurring in five cultivar of sweet potato after
exposure to different chilling regimes. After 2 hours in cold storage all
cultivars had some sign of chilling injury. After 4 hours, the cultivars
Brarnca 1, Creme and Abobora showed a higher incidence of chilling injury.
These cultivars were also highly sensitive to 2 hours of chilling
temperatures,

Table 4 show the degree of internal chilling injury in five culctivars of
Sweet Potato in cold storage. The cultivar Branca 1 and Creme showed higher
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degree of internal chilling injury after 1 day. After 4 davs in cold storage
all cultivars were severely damaged by the chilling temperatures.

The antioxidant treatment (cable 3) appears to ameliorate the external
chilling injury svmptoms (up to 1> days). After 30 days, however, no
difference was noted between the treated and the untreated tubers (table 4).
The antioxidant had no effect on the internal injurvy of the tubers.

The antioxidant treatment is in keeping with our hypothesis that oxyvgen
activity mav account for the chilling durage and a-cordingly antaponizing
oxicdartion conditiens may be beveficial., The anticxidans effect is reflected
in soge arrest of the ohilling injury but only o the c¢xterior of the tissue
due o limited penciration T future experiments, we will sock the use of a

1
olatite antioxidant to allow ¢ .vimail ¢ . with id senctration ins the
Voiatlie antloxldant to allow ooaxlma contact wiin in peiriatlon 1nto thne

bulk of the root tis o extend the beneficial effect of the antioxidants.

(e.g.. 1 to 2% oxveeny will be {mplemented to reduce

Alsc . atmospheric repin

the oxvygen toxicity,

wn

General Cocnclusions:

(1) The cultivars Branca 1 and Abcbora showed higher sensitivity to
chilling injurv zhan the other cultivars when stored under field
condivions or utder controlled temperazure conditvions in
rEfl‘ig&X'iilL‘(l TOo,

(2) These cultvivars
testing antl:
damage (in

be an appropriate experimental material for
r

olling chilling

nts or other treatments for cont

O I
Alwed STorage .,
&

(3) The zultivars Brunca 2 and Foxa showed betrer potential then the
other cultivars Zov long term storvability under field conditions in
an ilmproved ficid-storare desipn,  These cultivars «ill be

OV e s .

[

recomronded for production to local ¢
(4) A new and cost-aitordable stovage desinn appears to be an effective
post-productin preservation method.

(5) Remedial treatments (antioxidants) for arresting the chilling stress
show promise and will be further explore

IV. WORK PERFORMED AT RUTGERS UNIVERSITY
1. Background

The research at Rutgers University is aimed at elucidating the basic
mecr.anics of rhe chilling stress, bv relating the chilling conditions to the
onset of oxidative conditions which are persumably deleterious to tissues.

The working hypothesis views membrane lipid peroxidation as the origin of
patnological membranal changes and furthermore, that lipid oxidation products
may be the toxic oxidatien agents. The process may be initiated by membrane
destabilization due to the release of a lipase (a lipid hvdrolase) activity
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2. Results

We identified a proteinaceous lipase inhibitor in cotyledons of
germinating cucumber seeds (a chilling sensitive tissue). Chromatographic
methods are used to purify and characterize the lipase inhibitor. We
discovered furthermore, that chilling temperatures lead to the de-activation
of the lipase inhibitor. Hence, we may have the molecular basis for relating
chilling cornditions to the onset of lipid degradation and the subsequent
toxicity resulting from lipid peroxidation. In future work, we will study:

(1) the time kinc:ics of the chilling-induced disapprarance of lipase
inhibitor and the accomoanving emergence of lipase activity.

(2) Onset of lipid peroxidation as related to lipase activity.

(3) The mechanism of the temperature-deactivation of the lipase-
inhibitor.

The process according to the above scheme is central to the whole
process, since the release of lipolvtic activity may set in motion membranes
lipids degradation and peroxidation. The chilling induced inhibito. de-
activation may be of a bio-phvsical nature (perhaps changes in the hydration
state of the lipase inhibitor).

v, WORK PERFORMED BY OTHER COLLABORATIVE COUNTRY:

Report on the Panama collaboraction was submitted previously. CATIE,
Costa Rica was ldentified as a potential future collaborator to replace
Panama. An Lotober meeting (in Josta Rica) i{s scheduled for making the
appropriate arrangement for joint work with Costa Rica.

VI. SUMMARY:

An important chilling-sensitive commoditv (sweet potato) was selected for
fieid studies.

Novel low cost storage design was rested for field post production
maintenance of sweet potatoes and has shown promise.

Field and laboratory varietv trials led to selection of chilling
resistant cultivars which mav be recommended for production.

Remedial treatments for chilling (with antioxidants) suggest that this
direction may be wviable and will be expliored further.

Basic studies revealed that under chilling conditions membrane lipid
degradation and subsequent peroxidation, may be initiated by the de-activation
of & lipase inhibitor. Future studies will focus on the mechanism of the
temgerature de-acativation of the enzyme inhibitor, and the accompanying
release and peroxidation of membrane lipids.
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TABLE 1 - Post Harvest Losses of Sweet Potatoes Stored Under Improved Field Conditions During the Winter of 1988

Percent Percent Change Percent CHILLING GENERAL
Weight Pest Fungus INJURY™™ APPEARANCE *** SPROUT
loss Spoi lage spoilage (Percent) (Percent) (Percent)
CULTIVAR™ low medium high good average ba
18.08 0 4.63 35.7M 50.00 7.4 92.85 7.4 0] 5.22
BRANCA 1 8 20.11 ¢} 2.68 28.57 42.85 28.57 78.14 7.14 7.14 2.14
16.14 0 5.24 21.42 42.85 28.57 71.42 28.57 €] 0.81
13.38 7.65 2.04 21.42 0 0 100.00 0 0 e
BRANCA 2 B 13.13 6.38 10.31 0 0 0 92.85 7.4 0 3.97
o 12.23 7.85 9.92 0 0 0 100.00 0 0 0
18.18 11.67 2.21 1] 0 0 100.00 ¢] 0 4.62
CREME 8 14.89 20.71 L.T6 7.4 0 0 100.00 U 0 2.77
15.07 17.66 0 7.1 0 0 100.00 0 0 3.53
14.66 0 7.97 15.38 3.84 30.76 46.15 3.46 7.59 14.17
ABOBORA B 16.84 1.50 11.43 14.28 50.00 35.71 42.85 50.00 7.74 2.85
14.98 3.2 7.57 35.7M 14 .88 50.00 50.00 57.14 35.71% 4.90
A 14.32 1.02 33.33 7.4 0 0 100.00
ROXA B 12.51 .89 29.94 0 0 0 100.00 0 0 0
[o 10.1 £} 31.32 0 0 0 110, 00 0 0 0
*A = Upper part of the silo **low = < 10% chilling injury *** Good = mare than 70% ot roots had good anpearance
B = Middle part of the si{o Tediun = Between 10-30% chitling injury Average = Between 40-70% of the roots had good appcarance
€ = Bottom part of the silo High = > 30% chailting 1njury Bad = Less than 3U0% of root had good appearance



Table 2 Physical and Chemical Changes in Five Cultivars of Sweet Potato After Harvest and Curing.

TOTAL ASH MOISTURE SHEAR FROSS
CULTIVAR Percent Fresh Tissue Weight Percent Fresh Tissue Weight Kg/mm2
BRANCA 1 0.77 56.11 5.9
BRANCA 2 0.77 54.42 7.3
CREME 0.68 54.75 5.5
ABOFPORA 0.62 58.96 5.9

ROXA 0.56 57.94 4.8




Table 3 - Degree of external chiliing injury in five cultivars of sweet potatoes after different
time exposure in cold storage (5°C 90% RH) with and without Ionol (an antioxidant)

Chilling time

2 HOURS 4 HOURS 1 DAY 4 DAYS 8 DAYS 15 DAYS 30
CULTIVARS -+ - 4 -+ - + - + - + -
BRANCA 1 1 X 2 2 1 1 2 1 2 2 3 3 3
BRANCA 2 1 X 1 1 1 l,‘, 1 1 2 2 7 2 1 3
CREME 1 X 2 2 1 1A~m 2 2 1 1 2 1. 3
ABOBORA 1 X 2 2 1 1 1 1 2 1 3 3 3
ROXA 1 X 1 1 1 1 1 1 2 1 2 1 3
- = Minus Icnol 0 = No chilling injury
+ = Plus Ionol = 1 = Less than 10% chilling injucy
2 = Between 10-30% chilling injury

3 = More than 30% chilling injury

<

DAYS



Table 4

CULTIVARS

BRANCA 1

BRANCA 2

CREME

ABOEORA

RCXA

- Degree of internal chilling in five cultivars of sweet potato after different exposure
of time in cold storage (5°C 90% RH) with and without Ionol (an antioxidant).

2 HOURS
- +
3 3
1 1
3 3
2 2
1 1
4+ =

4 HOURS 1 DAY
- + -+
3 3 3 3
1 1 1 1
3 3 3 3
2 2 2 2
1 1 2 2

Minus Ionol

Plus Ionol

Chilling time

4 DAYS 8 DAYS 15 DAYS
- + - + - +
3 3 3 3 3 3
2 2 3 3 2 2
2 2 3 3 3 3
2 3 3 3 3 3
2 3 3 3 3 3

0 = No chilling injury

=
1l

Less than 10% chilling injury

2 = Between 10-30% chilling injury

w
I

More than 30% chilling injury

30

DAYS



LEGEND FOR THE COMBINED FIGURES
Number 1, 2, and 3

Figure 1 (top) shows the use of bambu for the construction of a stcrage silo
for sweet potatocs.

Figure 2 (middle) is a top view of thi silo packed with alternating layers of
rice husks and sweet potato roots (in nylon nets).

Figure 3 is view of the ftinished and functional silo with plastic cover for
shielding against rain.
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